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Dispersal of aquatic insects is difficult to measure with traditional direct trapping
methodologies. However, genetic markers are an ideal surrogate to indirectly infer
dispersal and gene flow. For this research, a portion of the cytochrome oxidase | gene
was used to evaluate gene flow and dispersal of Epeorus pleuralis located in the
northern Appalachian headwater streams of the Allegheny, Genesee, and
Susquehanna watersheds. A total of 536 basepairs from 16 individual insects were
used for analysis. Thirteen haplotypes were discovered, two of which were shared
between the Allegheny and Genesee streams. Although no shared haplotypes were
found in the Susquehanna, analysis of molecular variance results suggest that there is
not a significant genetic difference between the three populations and attributes the

majority of variation to within population differences.
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INTRODUCTION
Aquatic Insect Dispersal

Aquatic insect dispersal has been largely unstudied, despite its importance in the
colonization of new habitats, entry of aquatic species into the terrestrial food web, and
association with species-specific developmental or reproductive behavior (Kovats et al.
1996). According to Muller (1982), aquatic insect flight movements can be interpreted
to be a consequence of food search, copulation rituals, or propagation. Furthermore,
propagation flight and subsequent colonization cycles are thought to be either over-
wintering strategies, compensations for downstream drift, or simply exploitations of
different biotypes.

Aquatic insect flight dispersal can be measured directly with attracting traps (i.e.
light traps), non-attracting traps (i.e. Malaise traps), or capture-mark-recapture methods
(Schultheis 2000). Kovats et al. (1996) utilized light traps to examine the inland
dispersal of hydropsychid caddisflies and species of the Hexagenia mayfly. The
authors determined that inland dispersal of these adult aquatic insects was limited,
because most specimens were collected within 100 meters of the water. Similar results
were found by Peterson et al. (1999) who measured movement of stoneflies and
caddisflies with bilateral Malaise traps. The majority of captured adult stoneflies
traveled lass than 16 and 51 meters, respectively, from the stream. Caddisfly adults
showed a similar pattern, and the authors concluded that this may be a reason why
recolonization of disturbed streams is sometimes prolonged (Peterson et al. 1999). A

problem associated with measuring dispersal with attracting and non-attracting traps is



that the proportion of individuals caught may not represent the entire population since
small trap size limits the number captured (Schultheis 2000).

Another direct method to measure dispersal as well as levels of gene flow
between populations is with capture-mark-recapture techniques. This involves the
capture of insects, giving each a characteristic mark or number, and subsequently
releasing and recapturing them at varying time intervals. This technique was used to
estimate gene flow of eight Belgium populations of the adult damselfly Lestes virdis
(Linden, 1825) (Geenen et al. 2000). L. virdis were released and recaptured daily or at
2-day intervals during a 1-month peak flying period. Forty-seven percent of the marked
individuals were recaptured, but none were found to move between water bodies (0.2 to
28.4 km apart). These results indicate that L. virdis adults do not disperse but
demonstrate a high fidelity to breeding ponds.

Potential problems of the capture-mark-recapture method are the possibility of
behavior change of the marked individuals (Bilton et al. 2001) and the inability to mark
fragile, teneral adults. Indirect measures of dispersal (allozyme electrophoresis and
isoelectric focusing) of L. virdis revealed high gene flow estimates in three of the
aforementioned study sites. This illustrates that dispersal of L. virdis is primarily by
teneral adults, since they could not be included in the capture-mark-recapture study
(Geenen et al. 2000).

Indirect measures of dispersal infer patterns of movement between populations
by using the relationship between dispersal and population genetic structure. This
technique is valuable, because it can be used to determine both the extent and likely

mechanism (i.e. adult or larval) for dispersal (Schultheis 2000). If movement is primarily



by immature insects, most genetic differentiation will occur between populations in
different drainages but if primary dispersal is by adults, populations in nearby but
independent drainages will show either little or no genetic differentiation (Gibbs et al.
1998). Furthermore, population genetic theory states that high levels of dispersal
among species will result in the mixing of alleles and produce homogeneity of gene
frequencies (Hughes et al. 1999). Conversely, lack of a dispersal mechanism or failure
to distribute between adjacent areas will result in the absence of appreciable levels of
gene flow and perhaps reproductive isolation followed by speciation (Bilton et al. 2001).

When indirectly measuring dispersal, it is often assumed that the population in
guestion has reached equilibrium between gene flow and genetic drift (Hughes et al.
2003). This requires that the rate at which gene frequencies become homogenized is
equal to the rate at which they become differentiated. It has been estimated that the
time it takes a population to reach the halfway point to equilibrium is ty2 = (In2)/(2 m +
1/Ne) where ty/, is time in generations, m is the probability of migration per generation,
and N is the effective population size (Hughes et al. 2003). Therefore, small
populations will meet the equilibrium between gene flow and genetic drift at a faster rate
than will large populations.

A synthesis of observed relationships between genetic population structure and
dispersal modes was proposed by Monaghan et al. (2002). The authors explain that
species experiencing equilibrium between genetic drift and gene flow will show an
increase in genetic differentiation with spatial distance and that two spatial dependent
types of equilibrium are possible. The first, drainage equilibrium, is reached when there

is sufficient gene flow within and among streams but not between drainages. This



equilibrium would be expected for populations of strong fliers or those who can readily
disperse. Drainage equilibrium has been observed in the mayfly Rithrogenia loyolaea
(Navas) (Monaghan et al. 2002) and caddisfly Helicopsyche borealis (Hagen) (Jackson
and Resh, 1992). The second, stream equilibrium, is reached when there is sufficient
gene flow within streams but not at larger scales. Taxa with limited dispersal
capabilities are the most likely to be at this equilibrium (Monaghan et al. 2002). Stream
equilibrium has been observed in populations of the water strider Aquaris remigis
(Gerris) (Preziosi and Fairbairn, 1992) and the atyid shrimp Paratya australiensis
(Kemp) (Hughes et al. 1995).

According to Monaghan et al. (2002), species that have not reached gene flow
and genetic drift equilibrium will not demonstrate an increase in genetic differentiation
as spatial distance increases. One type of non-equilibrium is at the reach level where
reduced genetic differentiation is seen at a large scale (i.e. drainages and streams) but
markedly higher differentiation is found at small scales (i.e. within streams). Small-scale
differences are thought to be the product of recent evolutionary events such as
repeated bottlenecks or oviposition by a limited number of females. Reach non-
equilibrium has been observed in the mayfly Baetis alpinus (Pictet) (Monaghan et al.
2002) and the caddisfly Tasiagma ciliata (Neboiss) (Hughes et al. 1998).

When high genetic differentiation is found only among streams, the species is
considered to be at stream non-equilibrium (Monaghan et al. 2002). These species are
believed to be biogeographically widespread, have recently colonized areas from large
populations, and maintain low gene flow among streams. Stream non-equilibrium is a

possible explanation of the genetic structure of Yoraperla brevis (Banks) (Hughes et al.



1999) populations. Dispersal and population genetic structure have been indirectly
guantified using molecular markers such as allozymes (Hughes et al. 1999, Jackson
and Resh 1991), and mitochondrial DNA (Ravel et al. 2001, Gibbs et al. 1998,

Schultheis 2000, Zhang et al. 1995, Simon et al. 1994).

Allozyme Electrophoresis

Allozymes generate variants of an isozyme enzyme system that are encoded by
different alleles of the same gene locus (Karp et al., 1998). Isozymes mark allelic
variation at a single locus causing different alleles to express different electrophoretic
mobility (Karp et al., 1998). Allozyme electrophoresis is considered a relatively cheap
and effective way to measure genetic variation because results can often be achieved
from 0.5-2.0 ul of extract or from specimens whose body length does not exceed 0.5
mm (Herbert and Beaton 1993).

Allozyme electrophoresis has been used to successfully quantify dispersal and
genetic structure of several aquatic insects (Hughes et al. 2003, Monaghan et al. 2002,
Wilcock et al. 2001, Monaghan et al. 2001, Hughes et al. 1999, Jackson and Resh
1992, 1991, and Zurwerra et al. 1986). For example, in 1991, Jackson and Resh
analyzed populations of H. borealis in three northern California streams. The authors
concluded that H. borealis from geographically isolated sites may be genetically distinct
and speculated that genetic structure may contribute to the differences in life history
traits noted in the widely distributed species (Jackson and Resh 1991). A subsequent
study compared the genetically differentiated H. borealis species of California to

specimens collected from sites in Indiana, Oklahoma, and Pennsylvania (Jackson and



Resh, 1992). As expected, small genetic differences were found in populations located
in the same drainage basins and large differences were found between populations
from different basins. Allozyme electrophoresis revealed four different species of H.
borealis that were validated by differences in the male genitalia and in14 other
morphological characteristics on the 9" and 10" abdominal segments (Jackson and
Resh, 1992).

Similar results were found by Hughes et al.(1999), who measured genetic
variation of the stonefly Y. brevis inhabiting seven streams in Montana. Due to the
synchronous emergence of Y. brevis and the low regional temperatures restricting flight
periods, the authors predicted little genetic differentiation between sites in the same
stream as well as between the streams themselves. Allozyme electrophoresis results
demonstrated small genetic variation within streams as predicted, but large variation
between streams. The authors determined that the dispersal of Y. brevis is limited to
within streams despite the insect’s ability to move between catchments (Hughes et al.
1999).

Populations of the mayfly Baetis alpinus (Pictet) were also determined to be
genetically differentiated among habitat fragments in alpine streams (Monaghan et al.
2001). The authors determined that B. alpinus dispersal over lakes was limited but that
genetic differentiation was not limited to lake size. Instead, genetic differentiation
occurred only if the lakes were located in valleys that were ice-free throughout the
Holocene (Monaghan et al. 2001).

Monaghan et al. (2002) investigated how habitat fragmentation affected

population genetics at multiple spatial scales using populations of the mayfly B. alpinus,



and R. loyolae, and the caddisfly Allogamus auricollis (Pictet). The authors measured
genetic diversity within streams, among streams, and within major drainages of the
Swiss Alps. Interestingly, results showed that R. loyolaea was genetically distinct
between drainages but not within or among streams, while B. alpinus showed significant
genetic distance within and among streams but not drainages, and A. auricollis showed
little or no difference among drainages or within streams (Monaghan et al. 2002).

The role of local and long distance dispersal by the adult caddisfly Plectoncnemia
conspersa (Curtis) was examined in order to infer a pattern of recolonization of Britain
after glacial refugium (Wilcock et al. 2001). The authors assumed that if P. conspersa
exhibited limited dispersal, genetic structure would follow local drainage networks and
that genetic structure at the large scale would reflect climate change. It was predicted
that the populations did not have sufficient time to reach equilibrium between genetic
drift and gene flow since the last glacial expansion. Results showed that the highest
genetic variation was found between Britain and Mainland Europe, more so than within
either of the areas themselves. Furthermore, Britain had considerable lower levels of
heterozygosity, percent polymorphic loci, and allele numbers. In addition, observed and
expected heterozygosity showed a significant negative relationship with northern
latitudes. Surprisingly, genetic differentiation did not relate to the pattern of the drainage
network, and the authors concluded that P. conspersa has the ability to colonize sites
up to 10 km away (Wilcock et al. 2001).

Although allozymes have been successfully used to determine genetic distances
in many populations, they are biparentally inherited and subject to selection, indicating

that the genetic variability levels required for fine-scale dispersal studies may not be



achieved with their use (Schultheis, 2000). Therefore, other molecular makers (i.e.

mitochondrial DNA) may be more suited for population genetic studies.

Microsatellite and Mitochondrial DNA

Equilibrium between gene flow and genetic drift is reached faster in microsattelite
and mitochondrial DNA because it requires a smaller effective population size (N¢) than
does nuclear DNA (Hughes et al. 2003). To date, genetic differentiation has been
determined using microsatellites and several portions of the mitochondrial genome
(Gibbs et al. 1998) including the control region (Simon et al. 1994, Zhang et al. 1995,
Schultheis 2000) and the cytochrome oxidase | gene (Hughes et al. 2003).

Microsatellite DNA is a tandem repeating sequence unit generally less than 5
base pairs (Bruford and Wayne, 1993). Microsatellites are found in a wide range of
eukaryotic organisms and are often highly polymorphic due to their variation in number
of repetitive units. Because this DNA is non-coding, it is ideal for sequence variation
without interference from selection pressure (Haymer, 1994). Microsatellite DNA has
been successfully used in a range of applications including genetic disease
identification as well as population genetic studies (Jarne and Lagoda, 1996).
Specifically, this type of assay has been used to genetically differentiate populations of
the mayfly Siphlonisca aerodromia (Needham) (Gibbs et al. 1998).

According to Gibbs et al. (1998), S. aerdoromia is a threatened species in Maine
and has been listed as a candidate for the US Federal Endangered Species List
(category 2), because only 13 populations have been located despite extensive search

efforts. Populations of S. aerodoromia were analyzed for genetic differentiation by



comparing microsatellite DNA sequences, and it was determined that all populations
were genetically distinct from each other, even those located in the same river drainage.
In fact, populations only 4 km apart in the same stream showed significant differences in
allele frequencies (Gibbs et al. 1998).

Despite the relative success of microsatellites in population genetic studies, only
a few publications have characterized this region in aquatic invertebrates (Williams et
al., 2002). A potential problem associated with sequencing microsatellite DNA is that
the presence of large and complicated GC-rich satellite sequences leave little or no
single copy sequence in the insert in which to locate primers (Gibbs et al. 1998).

The mitochondrial control region (A + T rich region) is the only major non-coding
portion of the insect genome. It is high in adenine and thymine nucleotides and is
thought to evolve under a strong directional mutation pressure (Zhang et al., 1997).
The mitochondrial control region has been successfully amplified and sequenced in
several insects, including the fruit fly Drosphila yakuba (Simon et al., 1994), the locust
Schistocerca gregaria greagaria (Zhang et al., 1995), and the stonefly Peltoperla tarteri
(Schultheis, 2000).

Schultheis (2000) used the control region of mtDNA to study gene flow and
dispersal among populations of Peltoperla tarteri (Needham & Kondratieff). P. tarteri
demonstrates a semivoltine lifecycle denoting that the cohorts should reproduce every
other year. Samples were collected from two consecutive summers and were assumed
to be from different cohorts. Surprisingly, comparison of control regions showed that

the cohorts were leaky or that there was enough gene flow between them to counteract



the effects of genetic drift and selection, making the two populations homogeneous
(Schultheis 2000).

Recently, the cytochrome oxidase | gene has also proved useful in population
genetic studies of aquatic insects. Hughes et al. (2003) used this region of the
mitochondrial genome to determine if it shows the same pattern as allozymes in
populations of the mayfly Bungona narilla (Harker). In a previous study, allozyme data
showed the most genetic variation among pools within a stream, and, effectively, no
variation among subcatchments and catchments (Hughes et al. 2003). The authors
predicted that adult dispersal was actually limited and that this had not been detected
with allozymes, because there was insufficient time to reach gene flow and genetic drift
equilibrium. Surprisingly, the authors concluded that the mitochondrial DNA results did
not differ from the allozymes and that genetic differentiation was non-significant at the
largest spatial scale (Hughes et al. 2003).

Hughes et al. (2004) again used allozymes and a portion of the cytochrome
oxidase | gene, this time to evaluate the dispersal of the montane mayfly Baetis
bicaudatus (Dodds). Results from allozyme electrophoresis indicated that there was no
evidence of isolation by distance. Conversely, results from a portion of the cytochrome
oxidase | gene produced genetic differentiation an order of magnitude higher between
different streams than among streams. The authors suggest that the difference in
results may reflect different evolutionary rates of the markers or the difference in male
and female dispersal, since allozymes are bi-parentally inherited and mtDNA is

maternally inherited (Hughes et al. 2004).
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For this research, the 1) the best molecular techniques were identified for DNA
extraction and PCR clean-up of a portion of the cytochrome oxidase | gene of Epeorus
pleuralis and 2) sequences from the cytochrome oxidase | gene were used to infer
patterns of gene flow and dispersal of E. pleuralis populations in the northern
Appalachian headwater streams of the Allegheny, Genesee, and Susquehanna
watersheds.

E. pleuralis populations in these waters are hypothesized to be genetically
similar, since the insect possesses a flight mechanism and the headwaters are closely
located.

Ho: E. pleuralis populations in the Allegheny, Genesee, and Susquehanna

headwaters are not genetically similar.

Study Organism

A larval description of Epeorus pleuralis has not been published. However, the
genus Epeorus is known to be a Heptageniidae mayfly found in lotic erosional streams
across the United States. They are classified trophically as collector gathers,
specifically, scrapers (Merritt and Cummins, 1996) indicating that they feed on
periphyton and algae that encrust stream debris. Epeorus sp. possess a distinctly
depressed body and a prognathous head capsule that forms the entire dorsal surface.
The frontal and anterolateral margins of the head are expanded with dense marginal
setae. The labrum is 0.25 to 0.2 as wide as the head and the maxillary and labial palpi
are two-segmented. Eyes and antennae are dorsally located, and two caudal filaments

are present. Abdominal gills, composed of plate-like lamellae and a reduced fibrilliform
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portion, are present on segments 1-7. Nymphs are found in shallow, cool rapidly
flowing water in the southeast and northeast United States where they are attached to
rocks, sticks, or other firmly anchored material (Edmunds, et al., 1976).

Nymphal development of Epeorus sp. has been observed to take 7 to 8 months.
Upon completion of development, nymphs rise to the surface, and the subimagoes
immediately escape from the water. They have been observed crawling within an few
centimeters of the water surface, emerging from their skin, and breaking the surface
with wings fully exposed. Adults emerge in the early morning and late afternoon with
wings measuring 7-19mm. Males possess large eyes that are usually dorsally
contiguous with forelegs as long or slightly longer than the body (Edmunds, et al. 1976).

Epeorus pleuralis is reported to be univoltine in Erie Co., Pennsylvania with
emergence occurring from late April to late May with peak emergence in mid-May

(Grant et al. 1997).

Site Locations

Headwaters of the Allegheny, Genesee, and Susquehanna watersheds (Figure
1) are located in the Appalachian Plateau physiographic province, which extends from
the western border of Pennsylvania to the Allegheny Front. The waters are located at
the southern boundary of the Glaciated High Plateau Section of the province. This
section consists of elongate uplands separated in most places from the adjacent
Glaciated Low Plateau Section by a steep-sloped, well-defined escarpment. The
southern boundary of the Glaciated High Plateau Section is by definition, the limit of the

late Wisconsinan glaciation extent (Fenneman, 1938). Radiocarbon dating has
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established that the late Wisconsinan glaciation occurred between 25,000 and 12,000
ybp, and that the ice reached its maximum extent in the Glaciated High Plateau
approximately 20,000 ybp (Sevon and Fleeger, 1999). The Allegheny, Genesee, and
Susquehanna rivers began flowing in their present day drainages with the retreat of the
glacier (< 20,000 ybp).

Samples sites are located within a short distance from each other (Tables 1 and
2). Interestingly, despite their close location, each stream empties into a unique major
water body. Specifically, the waters of the Allegheny flow into the Mississippi River, the

Genesee into the St. Lawrence River, and the Susquehanna into the Chesapeake Bay.

Table 1. Spatial Location of the Allegheny, Genesee, and Susquehanna Watershed
Headwaters

Headwater N W
Allegheny 41°52.288  77°50.236
Genesee 41°51.711 77°52.561

Susquehanna 41°56.777 77°41.124

Table 2. Approximate Distances Between the Allegheny, Genesee, and Susquehanna
Headwaters (Kilometers)

Allegheny Genesee  Susguehanna
Allegheny X 3.4 9.1
Genesee 3.4 X 7.7
Susquehanna 9.1 7.7 X

13



Figure 1. Headwaters of the Allegheny, Genesee, and Susquehanna Watersheds
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METHODS
Larvae Collection

A qualitative collection method was implemented in which E. pleuralis larvae
were hand picked off rocks and boulders and preserved in ethanol. Specimens were
shipped to the University of North Texas on ice and stored at either -6°C or -80°C.
Insects were collected from the headwaters of the Susquehanna in December of 2003
and insects from the Allegheny and Genesee waters were collected in April of 2004.
The insects were identified as E. pleuralis based on previous species level descriptions

made for the area and similarities in nymph morphology.

DNA Extraction

Several protocols for DNA extraction, PCR amplification, and PCR cleanup were
evaluated using a variety of mayfly species (Stenacron interpunctatum, Stenonema
femoratum, Stenonema sp., and Stenonema viacarium) (n=50), because a limited
number of suitable E. pleuralis (n=37) were available.

A version of the guanidium thiocyanate (GTC) DNA extraction method
(Hammond et al. 1996) was used to attempt DNA extraction from 32 individual insects.
This process involves homogenization of single insects in a microcentrifuge tube with
liquid nitrogen and a disposable polypropylene pestle. 0.5 ml of GITC/EDTA (0.5 M
guanidium thiocyanate and 0.1 M EDTA) and 250 pl of ice cold ammonium acetate were
added and the tubes mixed. Tubes were left on ice for 10 minutes and then mixed with
500 pl of a 24:1 choloroform:pentanol mix. Samples were centrifuged at 13,000 rpm for

10 minutes in a microcentrifuge after which the upper agueous phase was recovered
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and placed into a new tube. DNA was precipitated with the addition of 500 pl of cold
isopropanol; the tubes were mixed and stored at -80° C for 20minutes. Tubes were
centrifuged at 13,000 rpm at 4° C for 20 minutes. The supernatant was removed, and
the DNA pellet was washed with 1 ml of 70% ethanol and centrifuged at 13,000 rpm at
4° C for 2 minutes. The supernatant was removed, and the DNA pellet was dried in a
speed vacuum system. The pellet was resuspended in 100 pl TE buffer and heated in a
65° C water bath for 5 minutes. The sample was then placed in a -80° C freezer for 2
minutes and mixed. 20 pl of sample and 5 pl of loading dye were run on a 0.8%
agarose gel to ensure that the DNA had been properly isolated. The remainder of the
sample was kept frozen until PCR protocols could be performed.

QIAGEN® DNeasy® tissue kit (QIAGEN, Inc.) methodology was used to isolate
DNA from 54 individual specimens. Individual insects were homogenized in a
microcentrifuge tube with liquid nitrogen. Biffer ATL (180ul) and 20ul of proteinase K
was added to each tube. Samples were vortexed and incubated at 55°C until the tissue
was completely lysed (1-3 hours). 200ul of Buffer AL was added to each tube, and
samples were vortexed and incubated at 70°C for 10 minutes. 200pl of ethanol (96-
100%) was added and samples were again vortexed. Tube contents were then
removed with a pipette and placed into a DNeasy® spin column and a 2ml collection
tube. The spin column was centrifuged at 8,000 rpm for 1 minute, and flow-through and
collection tubes were discarded. The DNeasy® spin column was placed in a new 2ml
collection tube and 500ul of Buffer AW1 was added. Samples were again centrifuged at
8,000 rpm for 1 minute and flow-through and collection tubes were discarded. The

DNeasy® spin column was again placed in a new 2ml collection tube and 500ul of

16



Buffer AW2 was added. Samples were centrifuged for 3 minutes at full speed to dry the
membrane. The DNeasy® spin column was placed in a clean 1.5 ml microcentrifuge
tube, and 200l of Buffer AE was added directly to the membrane. Samples were
incubated at room temperature for 1 minute and centrifuged at 8,000 rpm for an
additional minute. 20 pl of sample and 5 pl of loading dye were run on a 0.8% agarose

gel to ensure that the DNA had been properly isolated.

Polymerase Chain Reaction (PCR) and Amplification

During polymerse chain reaction (PCR) two synthetic oligonucleotides
(replication primers) are designed to be complementary to the sequences on the
opposite strands of target DNA. The 3’ end of the probes are oriented toward each
other and the portion of DNA to be amplified is denatured by heating. A brief cooling
period allows the target DNA and the oligonucleotide primers to bind. Four
deoxynucleoside triphosphates (DNTP) are added and the primed DNA is selectively
replicated. The cycling of this process 25 or 30 times allows minute amounts of DNA to
be replicated to measurable size (Nelson and Cox, 2000).

The primers used by Hughes et al. (2003) (Table 3) to amplify 720 base pairs of
the cytochrome oxidase | gene of B. narilla were used to amplify a similar size and
region of this gene in E. pleuralis.

Table 3. Primers for Amplification of Mitochondrial Cytochrome C Oxidase Subunit |
(Folmer et al. 1994)

Name Sequence
LCO1490 5'-ggtcaacaaatcataaagatattgg-3'
HCO2198 5'-taaacttcagggtgaccaaaaaatca-3'

17



Prior to PCR, a concentrated oligonucleotide stock (10x or 100x) was made from
lypophilized primers. 1ul of each primer (10puM) was used in each 25pul PCR reaction
that contained 22ul ddH,O and 1pul undiluted template. The PCR program (Table 4)
was cycled 30 times. 3 pl of PCR product was run on a 0.8% agarose gel and stained
with ethidium bromide to ensure that the DNA was properly amplified.

Table 4. PCR Program (30 cycles)

Temperature Time Cycles

94°C 3 minutes
94°C 30 seconds 5
44°C 30 seconds

1:15
72°C minutes
94°C 30 seconds 25
46°C 30 seconds

1:15
72°C minutes
72°C 4 minutes

PCR Clean-Up

PCR reaction buffers, enzymes, primers, and dNTPs were removed from PCR
products via 1) microCLEAN methodologies and 2) QlAquick Gel Extraction
methodologies. 80pul of each 100ul PCR reaction and 80ul of microCLEAN was
required to complete MicroCLEAN procedures. MicroCLEAN and PCR reactions were
placed into a clean microcentrifuge tube, and contents were briefly vortexed. The
solution was incubated at room temperature for 5 minutes and subsequently centrifuged
on high speed for 5 minutes. The supernatant was removed and the solution was
vortexed for an additional five minutes at high speed. Any remaining supernatant was
removed and the tube contents were resuspended in 20-25ul of ddH,0. 4pl of

microcleaned product was added to a tube containing 2ul loading dye and 4ul of ddH,0.
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This mixture was run on a 0.8% agarose gel stained with ethidium bromide to ensure
that the PCR reactants were properly removed.

The QIAquick Gel Extraction Protocol using a microcentrifuge was designed to
extract and purify DNA of 70bp to 10kb from standard low-melt agarose gels in TAE or
TBE buffer. Target DNA bands were excised from agarose gel with a clean razor blade
and a black light. DNA fragments were placed into a pre-weighed colorless
microcentrifuge tube. The mass of the agarose slice containing the target DNA was
determined by weighing the tube and its contents and subsequently subtracting the
empty weight of the tube from this result. Three volumes of Buffer QG was added for
each one volume of gel (100 mg ~ 100ul). Microcentrifuge tubes were incubated at
50°C for 10 minutes or until the agarose gel was completely melted. Samples were
vortexed every 2-3 minutes during incubation to help dissolve the agarose. Additionally,
each sample was checked for a yellow color. The adsorption of DNA to the QIAquick
membrane is efficient only at pH equal to or greater than 7.5. Buffer QG contains a pH
indicator which is yellow at pH greater than 7.5 and orange or violet at a high pH
(QIAGEN, 2002).

A QIAquick spin column was placed in a 2ml collection tube and 800ul of sample
was applied. The spin column and collection tube were centrifuged at high speed for
one minute to bind the DNA to the column. The flow-through was discarded, and the
procedure was repeated for any remaining sample. Trace amounts of agarose were
removed from the spin column with the addition of 0.5ml of Buffer QG and an additional
spin at high speed for 1 minute. Samples were washed with the application of 0.75ml of

Buffer PE to the spin column and centrifuged on high for one minute. The flow through
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was discarded and the QIAquick column was centrifuged for an additional one minute at
13,000 rpm. The QIAquick column was placed into a clean microcentrifuge tube and

DNA was eluted in 50pul of Buffer EB.

Sequencing and Alignment

An aliquot of cleaned DNA and stocks of 5umol primers were forwarded to a
University of North Texas technician for sequencing with an ABI 373 Automated
Sequencer. Sequencing results (APPENDIX I) were viewed with Chromas Version 1.5
(Chromas, 1996) to verify a suitable sequencing product. Forward and reverse
sequences were visually aligned with BioEdit Version 5.0.9 (Hall, T.A. 1999) and a 536
bp contiguous sequence, a consensus sequence from the region of overlap between
the 5’ and 3’ sequences, was created for each insect.

Related sequences were obtained with a BLAST search (Altschul et al 1990),
and a bit-score, E-value, and related species were recorded. A bit score is calculated
by assigning a one to each match site and a zero to each mismatch site and subtracting
penalties for gaps. Thus, the higher the bit score the more closely related the two
individuals.  An E-value represents the number of matches to the current
nonredundant sequence that are expected by chance alone. The lower the E-value the

higher the likelihood that the similarity is not a result of chance (Hall, 2001).

Genetic Variation

Arelquin population genetic analysis software version 2000 (Schneider et al.

2000) was used to determine haplotypes, calculate transition transversion ratios and

20



pairwise difference statistics, and create a minimum spanning tree. The tree was
printed with TreeView Version 1.6.6 (Roderic D. M.et al.2001) and rooted with the
cytochrome oxidase | sequence from Epeorus fragilis obtained from the BLAST search

(Altschul et al. 1990).
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RESULTS
DNA Extraction
Of the 32 isolations completed with GTC techniques, approximately 35% did not
produce visible bands of DNA. It is unclear whether the lack of DNA bands was a result
of technician error or faulty reagents. QIAGEN DNeasy® methodology consistently

produced visible bands of DNA in all 54 individual samples.

PCR Clean-Up
Procedures to remove PCR reactants with microCLEAN techniques were used
successfully for eight individual insects and proved to be quick and efficient. QIAquick
Gel Extraction procedures were used to purify PCR product from 46 insects. Although
this procedure was more time consuming, it also consistently produced a clean, usable

elution for sequencing.

Sequencing and Alignment
Related sequences for 21 insects were obtained with a BLAST search on the
NCBI website. All sequences with a high Bit-score (>690) and low E-value (=0)
relationship with known Epeorus fragilis sequences were kept for further analysis. Four
sequences were considered contaminated and were subsequently eliminated because
of their close relationship to known coleopteran or algal sequences. An additional
sample was eliminated from further analysis because of the degraded quality of its

sequence (Table 5).
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Table 5. NCBI Blast Results from the 21 Insects Analyzed

Bit-
Sample 1.D. Related Sequence Score  E-Value
Al Ephemeroptera: Epeorus fragilis 835 0
A2 Ephemeroptera: Epeorus fragilis 868 0
A3 Ephemeroptera: Epeorus fragilis 1233 0
A4 Ephemeroptera: Epeorus fragilis 781 0
A5 Ephemeroptera: Epeorus fragilis 860 0
A6 Coleoptera: Cychrus brezinai 48 5.00E-04
A7 Ephemeroptera: Epeorus fragilis 985 0
A8 Ephemeroptera: Epeorus fragilis 868 0
S1 Ephemeroptera: Epeorus fragilis 860 0
S2 Ephemeroptera: Epeorus fragilis 694 0
S3 Ephemeroptera: Epeorus fragilis 868 0
sS4 Ephemeroptera: Epeorus fragilis 839 0
S5 Ephemeroptera: Epeorus fragilis 860
Gl P.littoralis (algae) 90 7.00E-15
G2 Ephemeroptera: Epeorus fragilis 868 0
G3 Ephemeroptera: Epeorus fragilis 860 0
G4 Ephemeroptera: Epeorus fragilis 868 0
G5 Ephemeroptera: Epeorus fragilis 878 0
G6 Ephemeroptera: Heptagenia adaequata 343 3.00E-91
G7 Ephemeroptera: Epeorus fragilis 876 0
G8 P littoralis (algae) 90 7.00E-15

Genetic Variation

Of the 536 base pairs that were analyzed, 67 sites were variable (Table 6) and

13 haplotypes were identified. Haplotype A3, from the Allegheny headwaters, had

considerably more variable sites (n=43) than did the other 12 haplotypes (n= 1 to 16)

(Table 6). Two haplotypes were shared between the Allegheny and Genesee

Headwaters and eleven were unique (found only in a single individual). Shared

haplotypes between the Allegheny and Genesee headwaters indicate that either 1) E.

pleuralis are likely to disburse between the two streams or 2) there has not been

sufficient time for the isolated populations to reach the equilibrium between gene flow

and genetic drift.
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Table 6. Variable Sites for 13 Haplotypes of the Cytochrome Oxidase | Gene from 16 E.pleuralis Individuals. Dashes
Indicate Similarity to Halpotype B2. N Indicates an Undecipherable Site.

Haplotype 4 6 9 12 15 33 36 65 66 87 93 95 96 111 114 118 119 122 125 131
B2 T A C G T T A C A T C G T - G T T A G G
B4 T -

Bl G -

B5 -

B3 -

A3 G T A G A G T - - T A
A2 -

A5 G -

A8 - -

Al G C C -

A4 C A C A -

G3 - G

G5 G -

140 148 149 155 167 174 191 197 202 206 215 218 221 231 236 265 274 278 281 284

B2 T C G A T C A C T A T T T A A A C T C G
B4

Bl G T A
BS

B3 T G

A3 C G C T A G G C C G T G T

A2

A5

A8

Al A N G N

A4 A T G A

G3

G5
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Table 6 (continued).

Position
Haplotype 287 294 299 305 308 311 317 325 341 362 374 376 389 392 398 401 410 445 452 457

B2 G T T A A A G C A A C A T T G T T T C A
B4 C

Bl

BS

B3

A3 A A G C T A T G G T

A2

A5

A8

Al

A4 C T G
G3

G5

C
C

O0O000000000O0

Position
Haplotype 461 473 488 505 515 521 532
B2 A C C C T A A
B4
Bl T
B5
B3
A3 G T T T A G
A2
A5
A8
Al T T
A4 T G
G3
G5 N
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The transition/transversion ratio for the Allegheny, Genesee, and Susquehanna
samples was 42:13, 2:0, and 9:2, respectively. The ratio of the Allegheny was 2:1 upon
removal of haplotype A3 from the analysis. Hughes et al. (2003) reports a
transition/transversion ratio of 8:1 in the same region of the cytochrome oxidase | gene
in samples of B. bicaudatus. Transitions, or the substitution of purine (A or G) for
another purine or a pyrimidine (T or C) for another pyrimidine, are commonly thought to
outnumber transversions, or the substitution of a purine for a pyrimidine or a pyrimidine
for a purine, by at least 2:1 (Freeman et al. 2004).

Of the 67 variable sites, 29% (n=20) were determined to have occurred at 3rd
position. This percentage increased to 67% (n=45) with removal of haplotype A3 from
the analysis. Hughes et al. (2003) reports 85% (n=16) 3" position changes in 19
haplotypes in the same region of the cytochrome oxidase | gene in samples of B.
bicaudatus.

No significant pairwise difference was found (Fst = 0.02088) among the three
populations studied. Furthermore, 97.91% of the variation in the samples analyzed was
attributed to within population variation (Table 7). However, removal of Haplotype A3
from the analysis resulted in a Fst of 0.05087 and 94.9% of within population variation
(Table 8). Although there was a Fst of 0.05087 in the comparison among and within
populations, no significant Fst values were found between the populations.

Table 7. Pairwise Difference (Fsr) for all Haplotypes

Source of Variance % of

Variation d.f. SS Components Variation Fsr
Among

Populations 2 11.104 0.10633 2.09

Within 0.02088
Populations 13 64.833 4,91878 97.91

Total 15 75.938 5.09351
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Table 8. Pairwise Difference (Fsr) for all Haplotypes Minus A3

Source of Variance % of

Variation d.f. SS Components Variation Fst
Among

Populations 2 6.467 0.13667 5.09

Within 0.05087
Populations 12 30.6 2.55 94.9

Total 14 37.067 2.8667

The minimum spanning tree, (Figure 2) does not group halpotypes from the three
different headwaters into distinct clades further supporting the results that there is no
difference between the populations studied.

E1
A3
a7
es
B3
G2
ca
A2
As
G3
B1
B2
AL
A8
A4
B4

B5

Figure 2. Minimum Spanning Tree for 13 Halplotypes from the 3 Headwaters (E. fragilis
(E 1) = Outroup).
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DISCUSSION

Results of this study failed to reject the hypothesis that populations of E. pleuralis
located in the headwaters of the Allegheny, Genesee, and Susquehanna are genetically
similar. 536 basepair sequences of the cytochrome oxidase | gene from 16 E. pleuralis
were used to infer patterns of gene flow and dispersal in the northern Appalachian
headwater streams of the Allegheny, Genesee, and Susquehanna watersheds. Of the
13 haplotypes discovered, two were shared between and Allegheny and Genesee.
Although no shared haplotypes were found in the Susquehanna, analysis of molecular
variance results suggest that there is not a significant genetic difference between the
three populations and attributes most variation to within population differences.

A considerable amount of haplotype variability was attributed to Haplotype A3
and removal of this specimen from the pairwise statistical analysis increased the
resulting Fst. These results suggest that this specimen may possibly be a sibling
species.

The Allegheny, Genesee, and Susquehanna headwaters began flowing in their
present day drainages with the retreat of the ice from the late Wisconsinan glaciation
period approximately 20,000 ybp. Historical populations of E. pleuralis are predicted to
be homogenous in the three headwaters before the glacial retreat occurred. Results
from this study indicate that the present day populations of E. pleuralis are also
genetically similar. This implies that either 1) the populations are isolated and have not
yet reached equilibrium between gene flow and genetic drift 2) the isolation was
undetected due to the evolutionary rate of the cytochrome oxidase | gene and/or the

restricted power of the analysis of molecular variance resulting from small sample size
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or 3) E. pleuralis populations have been homogenous since the late Wisconsinan
glaciation.

Gibbs et al. (1998) detected differences in populations of the mayfly S. aerdormia
located only 4 km apart using microsatellite DNA. Since microsatellites are non-coding
and do not experience selection pressure, they have a higher ability to detect population
differences than does the maternally inherited cytochrome oxidase | gene. Therefore, it
is possible that the populations of E. pleuralis became isolated as the headwaters
began flowing into their respective drainages after the Wisconsinan glaciation and the
isolation was undetected in this study, because of small sample size or the slower
evolutionary rate of the cytochrome oxidase | gene.

It is also possible that the populations have experienced historical isolation and
that there has not been sufficient time for the equilibrium between gene flow and genetic
drift to be met. One explanation for this scenario is that E. pleuralis could not efficiently
disperse between the headwaters until the area was heavily logged in the late 19" and
early 20" centuries. During the period of heavy logging, E. pleuralis could have easily
exchanged genes between the headwaters, and the populations could have
experienced partial or complete homogenization. The ability of the insects to disperse
may have decreased with increased forest regeneration, and there may not have been
sufficient time for the cytochrome oxidase | gene to detect the recent re-isolation. This
type of stream non-equilibrium has been cited as a possible explanation for the genetic
structure of the stonefly Yoraperla brevis (Hughes et al. 1999).

It is likely that the populations of E. pleuralis in the three headwaters are in fact

genetically similar given the close spatial relationship of the streams and the flight
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mechanism of the insect. Similar results were found using the same region of the
cytochrome oxidase | gene by Hughes et al. (2003) in populations of the mayfly
Bungona narilla.

This likely scenario is of particular importance to the region. Peterson et al.
(1999) concluded that recolonization of disturbed streams is sometimes prolonged due
to the short distances traveled by some adult aquatic insects. In 2001, construction on
the Wending Creek Golf Club, adjacent to the headwaters of the Allegheny, was halted
leaving the stream vulnerable to high inputs of sediment and loss of aquatic life. Itis
unknown if populations of E. pleuralis were affected by the construction. However since
the results of this study indicate that the populations of E. pleuralis in the three
headwaters are genetically similar, it is likely that the Allegheny headwaters would be
recolonized by populations of E. pleuralis from the Genesee and Susquehanna streams

if its population were jeopardized.
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Model 373 File: 18+G1 LCO1490 Signal G:739 A:305 T:593 C:472 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G1 LCO1490 dRhod2 Spacing: 9.51000022888184
BioEdit version 5.0.9 Lane 18 Points 1087 to 9796
NNCACNTTATATCTTTTTTT CGCAATCTTTGGTGGGTTGTTGGGCACGATTCTT TCGGTAATGATGCGCCT TCAGCTGGCCCACCCGGGAGGATTTTT GCTGGGGTATAACCATCAG
10 20 30 40 50 60 70 80 90 100 110

A I AR el

CTTTATAACGTGATCATCACAGCCCATGGCCTTTTAATGATTTTTTTCATGGTGATGCCCGCTTTGATTGGGGGCTTTGGCAATTGGTTTGTGCCCTTGATGATTGGCGCG
120 130 140 150 160 170 180 190 200 210 220

im.‘m.s.&mm.s.uMMAJMMAMWDML\MMM.&,o‘cuuauumuhm.l&ﬁﬂﬂ.ibst&ﬁh.ﬁ

CCGGATATGGCTTTCCCGCGGCTGAATAACATCAGCTTTTGGTTGTTAGTCCCCTCTTTGATGCTGCTGTGCCTTTCTGCGTTTGTGGGGGGCGGCGCTGGAACT GGC
230 240 250 260 270 280 290 300 310 320 330

Wt e e e e e

TGGACATTTTACCCACCGTTAAGCTCCACCTTCGGGCACCCGGATGCTGCCGTTGATTTTATGCTGTTTAGCCTCCACCTAGCAGGGATTTCTTCCATTTTA
340 350 360 370 380 390 400 410 420 430

L e e e I T A

GGCTCCATCAACTTCATTACCACCAT T TTTTAACATGCGCGCGCCAGGGATGACGCTCCATAAAATGCCTTTGTTCGTTTGGGGAATGTTGATCACGC

440 450 460 470 480 490 500 510 520 530
TCCTTTCTGTTATT ACT CTCCGTCCCCGTACTGGCGGGCGGCATCACCATGCTGATAACGGA CGCGGGTTTG GCACCACTTTTTTTG ACC CT G CAG GCG (]
540 550 560 570 580 590 600 610 620 630

Q) A R R 000 ' A o) “ X
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Model 373 File: 18+G1 LCO1490 Signal G:739 A:305 T:593 C:472 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G1 LCO1490 dRhod2 Spacing: 9.51000022888184
Lane 18 Points 1087 to 9796

BioEdit version 5.0.9

CGGAGACCGGTGCTTTTCCACACCTGTTTTIG AATTTTTGGC NCCCCCCCN AATANC
640 650 660 670 680 690
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Model 373 File: 34-G1 HC0O2198 Signal G:570 A:354 T:265 C:359 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G1 HCO2198 dRhod2 Spacing: 9.43000030517578
Lane 34 Points 1098 to 9796

BioEdit version 5.0.9

A NCAGGTGT TGGAAAAGCAC CGGGT CTCCGCCGCCT GCAGGGT CAAAAAAAGT GGTGCCAAACCCGCGGTCCGT TATCAGCATGGTGATGCCGCCCGCCAGTACGGGGACGGAGAG
10 20 30 40 50 60 70 80 90 100 110

TAATAACAGAAAGGACGT GATCAACATTCCCCAAACGAACAAAGGCATTTTATGGAGCGTCATCCCTGGCGCGCGCATGTTAAAAAT GGT GGTA AT GAAGTTGAT GGAGC(Q
120 130 140 150 160 170 180 190 200 210 220

i A e Vv g m,;uunu.ammmk.a,am,g.dmm Mgty

TAAAAT GGAAGAAATCCCTGCTAGGT GGAGGCT AAACAGCATAAAAT CAACGGCAGCATCCGGGT GCCCGAAGGTGGAGCTTAACGGT GGGTAAAATGTCCAGCCAGTT
230 240 250 260 270 280 290 300 310 320 330

sm&.mhtmdmm.hmnmuu,..ammmua,a,‘.mm.l.u.hmm_:,mmmm..mmuu..;

CCAGCGCCGCCCCCCACAAACGCAGAAAGGCACAGCAGCATCAAAGAGGGGACTAACAACCAAAAGCTGATGTTAT TCAGCCGCGGGAAAGCCATATCCGGCG
340 350 360 370 380 390 400 410 420 430 440

oot et b B o e

CGC CAAT CATCAAGGGCACAAACCAATTGCCAAAGCCCCCAAT CAAAGCGGGCAT CACCATGAAAAAAAT CATTAAAAGGCCATGGGCTGT G AT G AT
450 460 470 480 490 500 510 520 530

e . A ) )

CACGTTATAAAGCT GATGGTT ATACCCCAGCAAAAATCCTCCCGGGTGGGCCAGCTGAAGGCGCAT CATT AC CGAAAGAAT CGTGCCCAACAACCCACCAAAG
540 550 560 570 580 590 600 610 620 630 64




Model 373 File: 34-G1 HC0O2198 Signal G:570 A:354 T:265 C:359 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G1 HCO2198 dRhod2 Spacing: 9.43000030517578
Lane 34 Points 1098 to 9796

BioEdit version 5.0.9

AT TGCGAAAAAAAG AT ATAACGT GCCAATTTTCT TNTGANNNTNTTTT TNCAAANNNNNNNC
650 660 670 680 690 700
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Model 373 File: 19:G2 LCO1490 Signal G:742 A:518 T:741 C:591 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G2 LCO1490 dRhod2 Spacing: 9.68000030517578
Lane 19 Points 1100 to 9796

BioEdit version 5.0.9

ACTTTATACTTCATTTTTGGTGCT TGG CCGGTATAGT CGGAACCTCACTCAGACTACTTATTCGTGCTGAACTTGGTCAACCCGGTTCACTAATTGGGGACGACCAAATTTATAAT G
10 20 30 40 50 60 70 80 90 100 110

TCATTGTAACTGCT CATGCATTTATTAT GATTTTCTTTATAGTTAT GCCTATTATAATCGGGGGGTTTGGTAATTGGITGGTGCCTTTAATATTAGGAGCCCCAGATATAGC
120 130 140 150 160 170 180 190 200 210 220

mmms.‘Mm.ﬁ»mu.tm.uu,mmMA.tmm.u.uMmhmmm.lu.mumJA.MM.M.&.«...

AT TCCCACGAATAAATAATATAAGCTTCTGACTGCTCCCTCCTGCCTTGACTCTTCTTCTTGCTAGTAGTATAGTAGAAAGTGGAGCCGGGACAGGGTGGACCGTCT ACC
30 240 250 260 270 280 290 300 310 320 330

T T e ey

CTCCTCTTTCCGCAGGAATT GCCCACGC CGGGGCATCTGTTGATCTTGCCATCTTTTCATTACACTTAGCCGGGGTTTCTTCAATC CTAGGAGCAGTAAATTTT
340 350 360 370 380 390 400 410 420 430 440

T L e G S e e

AT TACA ACAACGATTAAT ATACGATCAACAGGGATAACCCTAGACCGAACTCCTCTCTTCGTGTG ATCAGTTTTAATCACAGC CATTTTACTTCTTCT
450 460 470 480 490 500 510 520 530 540

) A 000y 1 A ) IS

TTCTTTACCTGTACTG GCAG GAGCTATCACAAT ACTTTTAACTGACCGTAACTTAAATACCTCATTCTTTG ATCCAGCAGGAGGGGGAGACCCAAT CTTGTATC
550 560 570 580 590 600 610 620 630 640

NSO N Ca i e N el 0 X 200 e e s
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Model 373 File: 19:G2 LCO1490

ABI50 BIF
Bi0. A -

Version 3.0 G2 LCO1490
TRACE Lane 19

BioEdit version 5.0.9

Signal G:742 A:518 T:741 C:591
DT373{BDv3}v1.mob

dRhod2

Points 1100 to 9796

Page 2 of 2
5/10/2004
Spacing: 9.68000030517578

AACACTTAAT CNGAATT TTGNNGNNNCCCCCCNNNTANAAC

650 660 670 680
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Model 373 File: 35:G2 HC0O2198 Signal G:820 A:614 T:589 C:505 Page 1 of 1
BIOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
Version 3.0 G2 HCO2198 dRhod2 Spacing: 9.59000015258789

TRACE Lane 35

BioEdit version 5.0.9 Points 1096 to 9796

A TAAGT GTTGAT ACAAGAT TGGGTCTCCCCCT CCTGCT GGATCAAA GAATTGAGGTATTTAAGTTACG GTCAGTTAAAAGTATTGT GATAGCTCCTGCCAGTACAGGTAAAGAAAGA
10 20 30 40 50 60 70 80 90 100 110

l)}sml AR A el ) ‘ ‘ A

IAGAAGTAAAATGGCTGTGATTAAAACTGATCACA CGAAGAGAGGAGTTCGGT CTAGGGTTATCCCTGTTGATCGTATATTAATCGTTGTTGTAATAAAATT TACTGCTCCTAG
120 130 140 150 160 170 180 190 200 210 220 23

umumMAl.u.muu.ummumt:MMmmmmm.dmmmuummumuummM&A

GAT TGAAGAAACCCCGGCTAAGT GTAAT GAAAAGATGGCAAGATCAACAGAT GCCCCGGCGTGGGCAATTCCTGCGGAAAGAGGAGGGTAGACGGTCCACCCTGTCCCGG
240 250 260 270 280 290 300 310 320 330 340

vy oy l

CTCCACTTTCTACT ATACTACTAGCAAGAAGAAGAGTCAAGGCAGGAGGGAGCAGTCAGAAGCTTATATTATTTATTCGTGGGAATGCTATATCTGGGGCTCCTA
350 360 370 380 390 400 410 420 430 440

sm.AW.&mw.mﬁ,n,a.A.um.h.mum.mm.tm.‘«.‘..ho;m.«mm,o‘uﬁ.;h.mmos.m.ahsm

AT AT TAAAGGCACCAACCAATTACCAAACCCCCCGATTATAAT AGGCATAACTATAAAGAAAAT CAT AAT AAATGCAT GAGCAGT TACAAT GACATT A
450 460 470 480 490 500 510 520 530 540

A A m‘ .‘ X A n‘ ) ( (

TAAATTTGGTCGTCCCCAATTAGT GAAC CGGGTTGAC CAAGTTCAGCACGAAT AAGT AGT CT GAGTTIGAG GTTCCGACTATACCGGACCAAG CACCAAAAAT GAA
550 560 570 580 590 600 610 620 630 640

N i R T U A e A..omm..Amm.mm.A....:m.

GT ATAAAGGTCCATAACCTTNNGNNNNNNNNNTT CAAC
650 660 670 680
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Model 373 File: 20G3 LCO1490 Signal G:872 A:594 T:870 C:688 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G3 LCO1490 dRhod2 Spacing: 9.68000030517578
BioEdit version 5.0.9 Lane 20 Points 1100 to 9796
ACTTTATACT TCATTTTTGG GCTTAEG CCGGTATAAGT CGGAACCT CACTCAGACTACTTATTCGTIGCTGAACTTGGTCAACCCGGTTCACTAATTGGG GACGACCAAATTTATAATG
10 20 30 40 50 60 70 80 920 100 110

I :AAJMMMMM.\.4.‘MMMMM&.‘A\M&.\h&m‘mﬂﬂ&&AA&.““A\A‘MM“MMA |

TCATTGTAACTGCTCATGCATTTATTATGATTTTCTTTATAGTTAT GCCTATTATAATCGGGGGGTTTGGTAATTGGTTGGTGCCT TTAATATTAGGAGCCCCAGATATAGC
20 130 140 150 160 170 180 190 200 210 220 230

e e e L e

ATTCCCACGAATAAATAATATAAGCTTCTGACTGCTCCCTCCTGCCTTGACTCTTCTTCTTGCTAGTAGT ATAGT AGAAAGTGGAGCCGGGACAGGGTGGACCGTCTACCC
240 250 260 270 280 290 300 310 320 330 340

W pvigeernonetwgreve el o e et et e M

TCCTCTTTCCGCAGGAATTGCCCACGCCGGGGCATCTGTTGATCTTGCCATCTTTTCATTACACTTAGCCGGGGTTTCTTCAATC CTAGGAGCAGT AAATTTT A
350 360 370 380 390 400 410 420 430 440

T T e P o e

TTACAACAACGATTA AT ATACGATCAACAGGGATAACCCTAGACCGAACTCCTCTCTTCGTGTGATCAGTTTTAATCACAGC CATCTTACT TCTTCT
450 460 470 480 490 500 510 520 530 540

R T

TTCTTTACCT GTACTGGCAGGAGCT ATCACAAT ACTTTTAACT G ACCGTAACTTAAAT ACCTCATT CTTTGATC CAGCAGGAGGGGGAGACC CAATCTT GTAT CA
550 560 570 580 590 600 610 620 630 640

(LR 0000000 OO0 0 0 g e log
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Model 373 File: 20eG3 LC0O1490
ABI50 BIF
BloA -
Version 3.0 G3 LCO1490
TRACE Lane 20

BioEdit version 5.0.9

Signal G:872 A:594 T:870 C:688
DT373{BDv3}v1.mob

dRhod2

Points 1100 to 9796

Page 2 of 2
5/10/2004
Spacing: 9.68000030517578

ACACTTAATCNG AAA TTTTGTNNNNNCCCCCNNN TNA A AANN
650 660 670 680 690
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Model 373 File: 36:G3 HC0O2198 Signal G:781 A:567 T:552 C:464 Page 1 of 1

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G3 HCO02198 dRhod2 Spacing: 9.52000045776367
BioEdit version 5.0.9 Lane 36 Points 1096 to 9796
AT AAGT GTTGAT ACAAGAT TGGGTCT CCCCCTCCTGCT GGATCAAAGAATIGAGGTATTTAAGT TACGGTCAGTTAAAAGTATTGTGATAGCTCCTGCCAGTACAGGTAAAGAAAG
10 20 30 40 50 60 70 80 920 100 110

IAAGAAGTAAGATGGCT GTGATTAAAACT GATCACACGAAGAGAGGAGTTCGGTCTAGGGTTATCCCTGTTGATCGTATATTAATCGT TGTTGTAATAAAATTTACTGCTCCT
120 130 140 150 160 170 180 190 200 210 220

L | A l

AGGATTGAAGAAACCCCGGCTAAGTGTAATGAAAAGATGGCAAGATCAACAGATGCCCCGGCGTGGGCAATTCCTGCGGAAAGAGGAGGGTAGACGGTCCACCCTGTCCC
230 240 250 260 270 280 290 300 310 320 330

o oo et I oy

GGCTCCACTTTCTACTATACTACTAGCAAGAAGAAGAGTCAAGGCAGGAGGGAGCAGT CAGAAGCTTATATTATTTATTCGTGGGAAT GCTATATCTGGGGCTC
340 350 360 370 380 390 400 410 420 430 440

) W 0 ety (

CTAATATTAAAGGCACCAACCAATT ACCAAACCCCCCGATTATAAT AGGCAT AACTAT AAAGAAAATCATAAT AAATGCATGAGCAGTT ACAAT
450 460 470 480 490 500 510 520 530

e et e e e s At e o
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Model 373 File: 22.G5 LCO1490 Signal G:964 A:658 T:926 C:772 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G5 LCO1490 dRhod2 Spacing: 9.64000034332275
BioEdit version 5.0.9 Lane 22 Points 1099 to 9796
ACNTTATACT TCATTTTTGG T CI'TAEG CCGGTATAGT CGGAACCTCACTCAGACTACTTATTCGTGCTGAACTTGGTCAACCCGGTTCACTAATTGGGGACGACCAAATTTATA AT G
10 20 30 40 50 60 70 80 920 100 110

TCATTGTAACTGCTCATGCATTTATTATGATTT TCTTTATAGTTATNCCTATTATAATCGGGGGGTTTGGTAATTGGITGGTGCCTTTAATATTAGGAGCCCCAGATATAG
120 130 140 150 160 170 180 190 200 210 220

T e e Y L e e

CATTCCCACGAATAAATAATATAAGCTTCT GACTGCTCCCTCCTGCCTTGACTCTTCTTCTTGCTAGTAGTATAGTAGAAAGTGGAGCCGGGACAGGGT GGACCGTCTACAA
230 240 250 260 270 280 290 300 310 320 330

.Mm.«.mmmm:mmmV_A.Am.uduuh.«u.u‘&u‘&mA;A,A.mu.._t.h.&\Mm.MM»MMM

CTCCTCTTTCCGCAGGAATTGCCCACGCCGGGGCATCTGTTGATCTTGCCATCTTTTCATTACACTTAGCCGGGGTTTCTTCAATC CTAGGAGCAGT AAATTT

340 350 360 370 380 390 400 410 420 430 440
AN .‘A A ‘ A ‘ “‘ d A . A ’ ‘A ‘ A
TATTACAACAACGATTAATATACGATCAACAGGGATAACCCTAGACCGAACTCCTCTCTTCGTGTGATCAGTTTTAATCACAGC CATTTTACTTCTT (1}
450 460 470 480 490 500 510 520 530 54

Y LoDl e Ml 0000 000000l ey

TTTCTTTACCTGTACTGGCAGGAGCT AT CACAAT ACTTTTAACTGACCGTAACTTAAATACCTCATTCTTT GACC CAGCAGGAGGGGGAGACCCAAT CTTGTA
550 560 570 580 590 600 610 620 630 640
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Model 373 File: 22.G5 LCO1490

ABI50 BIF
Bi0. A -

Version 3.0 G5 LCO1490
TRACE Lane 22

BioEdit version 5.0.9

Signal G:964 A:658 T:926 C:772
DT373{BDv3}v1.mob

dRhod2

Points 1099 to 9796

Page 2 of 2
5/10/2004
Spacing: 9.64000034332275

[T CAAC ACTT AAT CNGGAAATTTTGNNNNNCCCCCCN ATNN AANNA

650 660 670 680

43




Model 373 File: 35:G2 HC0O2198 Signal G:820 A:614 T:589 C:505 Page 1 of 1
BIOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
Version 3.0 G2 HCO2198 dRhod2 Spacing: 9.59000015258789

TRACE Lane 35

BioEdit version 5.0.9 Points 1096 to 9796

A TAAGT GTTGAT ACAAGAT TGGGTCTCCCCCT CCTGCT GGATCAAA GAATTGAGGTATTTAAGTTACG GTCAGTTAAAAGTATTGT GATAGCTCCTGCCAGTACAGGTAAAGAAAGA
10 20 30 40 50 60 70 80 90 100 110

l)}sml AR A el ) ‘ ‘ A

IAGAAGTAAAATGGCTGTGATTAAAACTGATCACA CGAAGAGAGGAGTTCGGT CTAGGGTTATCCCTGTTGATCGTATATTAATCGTTGTTGTAATAAAATT TACTGCTCCTAG
120 130 140 150 160 170 180 190 200 210 220 23

umumMAl.u.muu.ummumt:MMmmmmm.dmmmuummumuummM&A

GAT TGAAGAAACCCCGGCTAAGT GTAAT GAAAAGATGGCAAGATCAACAGAT GCCCCGGCGTGGGCAATTCCTGCGGAAAGAGGAGGGTAGACGGTCCACCCTGTCCCGG
240 250 260 270 280 290 300 310 320 330 340

vy oy l

CTCCACTTTCTACT ATACTACTAGCAAGAAGAAGAGTCAAGGCAGGAGGGAGCAGTCAGAAGCTTATATTATTTATTCGTGGGAATGCTATATCTGGGGCTCCTA
350 360 370 380 390 400 410 420 430 440

sm.AW.&mw.mﬁ,n,a.A.um.h.mum.mm.tm.‘«.‘..ho;m.«mm,o‘uﬁ.;h.mmos.m.ahsm

AT AT TAAAGGCACCAACCAATTACCAAACCCCCCGATTATAAT AGGCATAACTATAAAGAAAAT CAT AAT AAATGCAT GAGCAGT TACAAT GACATT A
450 460 470 480 490 500 510 520 530 540

A A m‘ .‘ X A n‘ ) ( (

TAAATTTGGTCGTCCCCAATTAGT GAAC CGGGTTGAC CAAGTTCAGCACGAAT AAGT AGT CT GAGTTIGAG GTTCCGACTATACCGGACCAAG CACCAAAAAT GAA
550 560 570 580 590 600 610 620 630 640

N i R T U A e A..omm..Amm.mm.A....:m.

GT ATAAAGGTCCATAACCTTNNGNNNNNNNNNTT CAAC
650 660 670 680
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Model 373 File: 23+G6 LCO1490 Signal G:442 A:274 T:407 C:299 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G6 LCO1490 dRhod2 Spacing: 9.55000019073486
BioEdit version 5.0.9 Lane 23 Points 1099 to 9796
AACCTATACT TCATT TT NGGGGCTT G AT CCGGTATAGT AGGAACTTCTCTTAGTCTCCTGATTCGGGCAGAACTTGGGCAACCCGGTTCCCTCATTGGGGATGACCAAATTTATAAT
10 20 30 40 50 60 70 80 920 100 110

e L T e T

GTTATT GTTACCGCACACGCCTTTATTATAATTTTTTTCATGGTTATACCTATTATAATTGGAGGATTTGGTAATT GGTT GGTACCTCTTATACTAGGAGCTCCCGATATA
120 130 140 150 160 170 180 190 200 210 220

.}..Jd&

,,.&umbmmm.ummm.«mnuumhmmAummhmbmmy.uhuMmAmmAAAAAAMM

GCTTTCCCCCGAATAAATAATATAAGATTTTGATTATTACCTCCTGCT TTAACTCTCCTTCTTGCTAGAAGTATAGTGGAAAGCGGGGCTGGTACAGGATGGACCGTTT
230 240 250 260 270 280 290 300 310 320 330

B T e e

ACCCTCCACTTTCTGCAGGGATTGCTCACGCTGGGGCATCAGTTGATCTTGCTATTTTCTCTCTTCACCTGGCTGGGGTGTCTTCTATTCT AGGGGCTGTAAAL
340 350 360 370 380 390 400 410 420 430 44

’.lmmm.m.m.u!m..Ao.cm.m..u‘ma,umm,.Ac.;a.ms‘.m.&,m.Juu‘c,.mu.cmm

TTTCATTACAACAACTATTA ATATACGATCAACTGGTATAACAAT AGACCGAATTCCCCTTTTTGTATGGTCCGTTCTAATTACTGCTGTTCTACT
450 460 470 480 490 500 510 520 530

) \ . 5 / ALY 000 ool

TCTTCTTTCT CTACCTGTTTTAGCTGGAGCT ATTACAATACTTTTAACTGACCGTAACTTAAATACTTCATT CTTCGATC CTG CAGGGGGAGGAGATCCAAT
540 550 560 570 580 590 600 610 620 630

0‘ Q 0 ( § ) ‘ (0 X0 t‘A’ 0 "‘
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Model 373 File: 23+G6 LCO1490 Signal G:442 A:274 T:407 C:299 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G6 LCO1490 dRhod2 Spacing: 9.55000019073486
Lane 23 Points 1099 to 9796

BioEdit version 5.0.9

T TTAT ACCAACATTTATTTTG A TTTTTTGG CCCCC CCCNATAANNNNC
640 650 660 670 680
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Model 373 File: 39:G6 HC0O2198 Signal G:354 A:258 T:210 C:198 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G6 HCO2198 dRhod2 Spacing: 9.47000026702881
BioEdit version 5.0.9 Lane 39 Points 1098 to 9796
AAC AATG TG NACAAAATTGG TCTCCTCCCCCTGCAGGAT CGAAGAAT GAAGTATTTAAGTTACGGTCAGTTAAAAGTATTGTAATAGCTCCAGCTAAAACAGGTAGAGAAAG
10 20 30 40 50 60 70 80 90 100 110

AAGAAGTAGAACAGCAGTAAT TAGAACGGACCATACAAAAAGGGGAATTCGGTCTATTGTTATACCAGTTGATCGTATAT TAATAGTT GTT GTAAT GAAATTTACA GCCCCT]|
120 130 140 150 160 170 180 190 200 210 220

L T T e e e et

AGAATAGAAGACACCCCAGCCAGGTGAAGAGAGAAAATAGCAAGATCAACTGATGCCCCAGCGT GAGCAATCCCTGCAGAAAGT GGAGGGTAAACGGTCCATCCTGTAC
230 240 250 260 270 280 290 300 310 320 330

e e e e

CAGCCCCGCTTTCCACTATACTTCTAGCAAGAAGGAGAGTTAAAGCAGGAGGTAATAATCAAAATCTTATATTATTTAT TCGGGGGAAAGCTATATCGGGAGCT
340 350 360 370 380 390 400 410 420 430

CCTAGT ATAAGAGGTACCAACCAATTACCAAATCCT CCAAT TAT AAT AG GT AT AAC CAT GAAAAAAATTATAAT AAAGGCGTGTGCGGTAACAAT AA
440 450 460 470 480 490 500 510 520 530

m.&.mu;Msm.uu,u.dmmmmm.uu.aomu,..mwm._o.«..mm,.‘..MA..@..Mu

CAT TATAAATTTGGTCATCCCCAATGAGGGAACCGGGTT GCCCAAGTTCT GCCCGAATCAG GAGACTAAGAGAAGTTCCTACT ATAC CGGATCAAGCCCCGAA
540 550 560 570 580 590 600 610 620 630

..u“s.x_““‘& A"“A‘A.A‘x.A*L.“A‘L‘A‘A‘A“L‘L'A’A.‘“Abk’&’x"A’.‘A’A’s‘Ox.A .’&'A.A‘A‘l‘&’b&'n"ﬁ’&.ﬂ’A" ,
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Model 373 File: 39:G6 HC0O2198
ABI50 BIF
BloA -
Version 3.0 G6 HC0O2198
TRACE Lane 39

Signal G:354 A:258 T:210 C:198
DT373{BDv3}v1.mob

dRhod2

Points 1098 to 9796

Page 2 of 2
5/10/2004
Spacing: 9.47000026702881

BioEdit version 5.0.9
AATGAAATATAGAGTTCCAAT AACCTTNTGANNNNTTTTGACAAAN NC

640 650
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Model 373 File: 24-G7 LCO1490 Signal G:938 A:664 T:991 C:792 Page 1 of 1

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G7 LCO1490 dRhod2 Spacing: 9.64000034332275
Lane 24 Points 1098 to 9796

BioEdit version 5.0.9

CTTATACT TCAT TTTTGGTGCTTGG CCGGTATAGTCG GAACCTCACT CAGACTACTTATTCGTGCT GAACTTGGTCAACCCGGTTCACTAATTGGGGACGACCAAATTTATAAT G
10 20 30 40 50 60 70 80 920 100 110

TCATTGTAACTGCTCAT GCATTTATTATGATTT TCTTTATAGTTATGCCTATTATAATCGGGGGGTTTGGTAATTGGTTGGTGCCTTTAATATTAGGAGCCC CAGATATAG
120 130 140 150 160 170 180 190 200 210 220

e L T e e

CATTCCCACGAATAAATAATATAAGCTTCTGACTGCTCCCTCCTGCCTTGACTCTTCTTCTTGCTAGTAGTATAGTAGAAAGTGGAGCCGGGACAGGGTGGACCGTCTACC
230 240 250 260 270 280 290 300 310 320 330

ot/ pegogwvnrp st o o e M W

CTCCTCTTTCCGCAGGAATTGCCCACGCCGGGGCATCTGTTGATCTTGCCATCTTTTC CATTACACTTAGCCGGGGTTTCT TCAATCCTAGGAGCAGTAAATTTT
340 350 360 370 380 390 400 410 420 430 440

ATTACAACAACGATTAATATACGATCAACAGGGATAACCCT AGACCGAACTCCTCTCTTCGTGTG ATCAGTTTTAATCACAGC CATTTTACTTCTTC
450 460 470 480 490 500 510 520 530

T e e S L e e Y

TTTCTTTACCTGTACTG GCAGGAGCT ATCACAAT ACTTTTAACTGACCGTAACTTAAATACCTCATTCTTTGA CCAGCAGGAGGGGGAGACCCAATCTTGTAT
540 550 560 570 580 590 600 610 620 630 640

.u,qmm&mﬁm,J,nmmmmumMmm‘b‘ummm‘n&&m.s}.Jsmh!m-‘o&nh

CAACACTT ATTCTGAATTTTTG NG CNNCCCCCCNNANA AANNN
650 660 670 680
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Model 373 File: 40-G7 HC0O2198 Signal G:879 A:665 T:652 C:550 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G7 HCO2198 dRhod2 Spacing: 9.63000011444092
Lane 40 Points 1097 to 9796

BioEdit version 5.0.9
A TAAGTG TGATACAAGATTGG T CTCCCCCTCCTGCT GGGTCAAAGAAT GAGGTATTTAAGT TACGGTCAGTTAAAAGTATTGTGATAGCTCCTGCCAGTACAGGTAAAGAAAGAA
10 20 30 40 50 60 70 80 920 100 110

el YA

GAAGTAAAATGGCTGTGATTAAAACTGATCACACGAAGAGAGGAGTTCGGTCTAGGGTTATCCCTGTTGATCGTATATTAATCGTTGTTGTAATAAAATTTACT GCTCCT AGG]
120 130 140 150 160 170 180 190 200 210 220

) /

ATTGAAGAAACCCCGGCTAAGT GTAAT GAAAAGATGGCAAGATCAACAGATGCCCCGGCGTGGGCAATTCCT GCGGAAAGAGGAGGGTAGACGGTCCACCCTGTCCCGGCT
230 240 250 260 270 280 290 300 310 320 330

(oot ot o e 0 ooty

CCACTTTCTACTATACTACTAGCAAGAAGAAGAGTCAAGGCAGGAGGGAGCAGT CAGAAGCTTATATTATTTAT TCGTGGGAATGCTAT ATCTGGGGCTCCT AAT
340 350 360 370 380 390 400 410 420 430 440

R e e L e

ATTAAAG GCACCAACCAAT TACCAAACCCCCCGATTATAAT AGGCATAACT ATAAAGAAAATCAT AATAAATGCAT GAGCAGT  TACAATGACAT TAT A
450 460 470 480 490 500 510 520 530 540

A A -

) ) (00 A OO0 (Y 0 OO X0

AAT TTGGTCGTCCCCAATTAGT GAACCGGGT TGACCAAGT TCAGCACGAAT AAGT AGT CT GAGTTGAG GTTC CGACT ATACCGG ACCAAG CACCAAAAAT GA A TAT
550 560 570 580 590 600 610 620 630 640

AL (o X ’ o AN0 OO0 ‘V A“L. J ' XX R0
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Model 373 File: 40-G7 HC0O2198 Signal G:879 A:665 T:652 C:550 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G7 HCO2198 dRhod2 Spacing: 9.63000011444092
Lane 40 Points 1097 to 9796

BioEdit version 5.0.9

AAAG TTACATATCCTTNNANNNNGNNTTGT CAAC
650 660 670 680

Mﬂm@%
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Model 373 File: 25:G8 LC0O1490 Signal G:757 A:326 T:550 C:469 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G8 LCO1490 dRhod2 Spacing: 9.47000026702881
Lane 25 Points 1096 to 9796

BioEdit version 5.0.9

CACNTTATAT CTTTTTTTCGCAATCTT TGGTGGGTTGTTGGGCACGATTCTTTCGGTAATIGATGCGCCTTCAGCTGGCCCACCCGGGAGGATTTTTGCTGGGGTATAACCATCAGCT]
10 20 30 40 50 60 70 80 90 100 110

TTATAACGTGATCATCACAGCCCATGGCCTTTTAATGATTTTTTTCATGGTGATGCCCGCTTTGATTGGGGGCTTTGGCAATTGGTTTGTGCCCTTGATGATTGGCGCG(
120 130 140 150 160 170 180 190 200 210 220

e 0 e e oo gt el O gl

CGGATATGGCTTTCCCGCGGCTGAATAACATCAGCTTTTGGTTGTTAGTCCCCTCTTTGATGCTGCTGTGCCTTTCTGCGTTTGTGGGGGGCGGCGCTGGAACTGGCT
230 240 250 260 270 280 290 300 310 320 330

T T e T

GGACATTTTACCCACCGTTAAGCTCCACCTTCGGGCACCCGGATGCTGCCGTTGATTTTATGCTGTTTAGCCTCCACCTAGCAGGGATTTCTTCCATTTTAG
340 350 360 370 380 390 400 410 420 430

e M e A e e e e Mg

GCTCCATCAACTTCATTACCACCATTTTTAACATGCGCGCGCCAGGGATGACGCTCCATAAAATGCCTTTGTTCGTTTG GGGA ATGTTG ATCACGT
440 450 460 470 480 490 500 510 520 530

‘x oL ‘A . \ "

CCTTTCTGTTATTACTCTCCGTCCCCGTACTGGCGGGCG GCAT CACCATGCTGATAACGG ACCGCGGGTTTGGCACCACTTTTTTTGA C CTGCAG GCGGC
540 550 560 570 580 590 600 610 620 630

b ‘l “ .‘u o '. QAN ' WA R “ O
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Model 373 File: 25:G8 LC0O1490 Signal G:757 A:326 T:550 C:469 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G8 LCO1490 dRhod2 Spacing: 9.47000026702881
Lane 25 Points 1096 to 9796

BioEdit version 5.0.9

GGAG ACCGG GCTTTTCCAACACCTG TTTGAATTTTTGGNNCCC C CCCCATNTA
640 650 660 670 680
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Model 373 File: 41-G8 HC0O2198 Signal G:435 A:275 T:178 C:248 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 G8 HC0O2198 dRhod2 Spacing: 9.26000022888184
Lane 41 Points 1098 to 9796

BioEdit version 5.0.9

ACAG GTGT TG GAAAAGCACCGGGT CTCCGC CGCCTGCAGGGT CAAAAAAAGTIGGTIGCCAAACCCGCGGTCCGTTATCAGCATGGTGATGCCGCCCGCCAGTACGGGGACGGAG
10 20 30 40 50 60 70 80 90 100 110

o e e el

AGTAATAACAGAAAGGACGT GATCAACATTCCCCAAACGAACAAAGGCATTTTATGGAGCGTCATCCCTGGCGCGCGCATGTTAAAAAT GGT GGTAAT GAAGTTGATG
120 130 140 150 160 170 180 190 200 210 220

e e A e

GAGCCTAAAATGGAAGAAATCCCTGCTAGGT GGAGGCTAAACAGCATAAAATCAACGGCAGCATCCGGGTGCCCGAAGGTGGAGCTTAACGGTGGGTAAAATGTCCAG
230 240 250 260 270 280 290 300 310 320 330

|.hﬂ.mumu)‘L“mdmm““MMMM“M“MJMM“AUJNL&J&M“.hmmm.«MA‘MA

CCAGTTCCAGCGCCGCCCCCCACAAACGCAGAAAGGCACAGCAGCATCAAAGAGGGGACTA ACAACCAAAAGCTGATGTTAT T TCAGCCGCGGGAAAGCCAT A
340 350 360 370 380 390 400 410 420 430

o L L T L T e

TCCGGCGCGCCAAT CATCAAGGGCACAAACCAATTGC CAAAGCCCCCAAT CAAAGCGGGCATCACCAT GAAAAAAAT CAT TAAAAGGCCATGGGCT
440 450 460 470 480 490 500 510 520

‘A. A ‘ /) A L

GT GAT GATCACGTTAT AAAGCT GATGGTT AT ACCCCAGCAAAAATCCTCCCGGGTGGGC CAGCTIGAAGGCGCAT CATTAC CGAAAGAAT CGT G C CAACA
530 540 550 560 570 580 590 600 610 620

) o0 4, 00 y 240 WO o "m‘
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Model 373 File: 41-G8 HCO2198 Signal G:435 A:275 T:178 C:248
A ABI50 BIF DT373{BDv3}v1.mob
BIO Version 3.0 G8 HCO2198 dRhod2
TRACE Lane 41 Points 1098 to 9796

BioEdit version 5.0.9

Page 2 of 2
5/10/2004
Spacing: 9.26000022888184

ACCCACCAAAGATTGCGAAAAAAAGATAT AACGTGCCA TAT  CTTTTNANNNNNTTTGCCCA
630 640 650 660 670 680 690

D 0 e L T AT ey

95




Model 373 File: 26.A1 LCO1490 Signal G:691 A:432 T:597 C:520 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A1 LCO1490 dRhod2 Spacing: 9.52999973297119
Lane 26 Points 1096 to 9796

BioEdit version 5.0.9
CTTATACTTCATTTTTGGACTTGIGTCCGGTATAGT CG GAAC CT CACTCAGACTACTTATTCGTGCTGAACTTGGT CAACCTGGTTCACTAATTGGGNACGACCAAATTTATAA
10 20 30 40 50 60 70 80 920 100 110

D000 X0

T GACAT TGTAACTGCTCATGCATTTNTTATGATTTTCTTTATAGTTATGCCTAT TATAATCGGAGGGTTTGGTAATTGGTTGGTGCCTTTNATATTANGAGCCCCAGATAT
120 130 140 150 160 170 180 190 200 210 220

l‘,‘sAAAA.‘A.».MA!MAAA.‘MAM&AAA& v A Y ;s.mﬁémﬁuh,ha&.,_ A ‘A._\ALA\Am.&@AAAMA;,.Q.‘MMAA&é;.

AGCATTCCCACNAATGAATAATATAAGCTTCT GACTGCTCCCTCCTGCCTTGACTCTTCTTCTTGCTAGTAGTAT AGTAGAAAGT GGAGCCGGGACAGGNI GGACCGTC
230 240 250 260 270 280 290 300 310 320 330

TACCCTCCTCTTTCCGCAGGAATTGCCCACGCCGGNGCNTCTGTTGATCTCGC CATCTTTTCATTACACTTAGCCGGGGTTTCTTCAATCCT AGGAGCAGT NA
340 350 360 370 380 390 400 410 420 430

T T T T

ATTTTATTACT ACAACGATTA AT AT ACG AT CAACAGGGATAACCCTAGACCGAACTCCTCTCTTCGTGTGATCAGTTTTAATCACAGCCATTT TGCT
440 450 460 470 480 490 500 510 520 530

IO A0 Aﬁbﬂ&‘.’.&a’ﬁ‘é‘t&uA&‘Q‘O_&QA\"‘A&QQﬂ‘k@&’&t_@&-&».‘ MY A8y 00 DR k)

TCTTCTT TCTTTACCTGTGCTGGCAG GAGCTAT CACAATACT TTTAACNGACCGTAACTTANAT ACCT CATT CTTTGATCCAG CANGAGGNGGAGACC CAAT
540 550 560 570 580 590 600 610 620 630
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Model 373 File: 26.A1 LCO1490 Signal G:691 A:432 T:597 C:520 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A1 LCO1490 dRhod2 Spacing: 9.52999973297119
Lane 26 Points 1096 to 9796

BioEdit version 5.0.9

CTTGTAT CAACACTTATTCNG AATTTTTTGGNCN CCCNANN AT AAAATANC
640 650 660 670 680

&QA_QcA!s.’&mn&_
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Model 373 File: 42:A1 HCO2198 Signal G:417 A:275 T:259 C:248 Page 1 of 1

A ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
BIO Version 3.0 A1 HCO2198 dRhod2 Spacing: 9.47000026702881
TRACE Lane 42 Points 1098 to 9796

BioEdit version 5.0.9

ACAAGTG T GATACAAGATTGGGTCTCCCCCT CCTGCT GGAT CAAAGAATIGAGGTATT TAACGGT TACGGTCGGTTAANAGTATTGTGATAGCTCCTGCCAGCACAGGTAAAGAAAG
10 20 30 40 50 60 70 80 90 100 110

&M\Mt&&‘x\m«.&mm‘mA&.«.MN:A.JMMA.Qoml.\)‘OAE«,.MM Moy

AAGAAGCAAAATGGCTGTGATTAANACT GATCACACGAAGAGAGGAGTTCGGT CTAGGGTTATCCCTGTTGATCGNATNTTAATCNT TGTNGTAATAAANTTNACT GCTCC
120 130 140 150 160 170 180 190 200 210 220

R T e e

TAGGATTGAAGAAACCCCGGCTAAGTGTAAT GAAAAGATGGCGAGATCAACAGANGCCCCGGCGTG NGCAATTCCTGCGGAAAGAGGAGGGT AGACGGTCCACCCTGTC
230 240 250 260 270 280 290 300 310 320 330

“.;AQM’ML“M&“&“MA.A\M-AA@.-.m.,A&&‘Aﬂ&&.‘m)&.‘m.:AL'A_‘M&AJA@!@A.ﬁ..éMA.&M@AA‘MA_&@a&&‘&

CCGGCTCCACTTTCTACTATACTACTAGCAAGAAGAAGAGTCAAGGCAGGANGGAGCAGT CAGANGCTTATATTAT T TCATTCGTGGNAATGCTAT ATCTGGGGC
340 350 360 370 380 390 400 410 420 430 440

N L Y L e LY e

TCCT ANT AT TANAG GCACCANC CAATTACCAAACCCTC CGATTATNNTAGGCT TACCTT TAAAGAAAATCAT AATANGT GCATTGAGCAGTT ACA ATG
450 460 470 480 490 500 510 520 530

;\“Eﬁz d |

TCATT ATAAATT  TGGTCGT TCC CAAT TAGT GAACCANGTT GACCNAGTTCAGCACAAATAAGT AGT CTGAGTGAG GTTCCNACTATACCGG AC CAAG CACCTT
540 550 560 570 580 590 600 610 620 630 640

= ;.A’A'.'“ e

NAATGAAGTATAAAG TCCCNTAATCTTTTGA NNNNAT TT ANA CAA
650 660 670 680
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Model 373 File: 27-A2 LCO1490 Signal G:974 A:695 T:1066 C:814 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A2 LCO1490 dRhod2 Spacing: 9.57999992370605
BioEdit version 5.0.9 Lane 27 Points 1098 to 9796
A CTTATACTTCAT TTTTGGTGCTTIGG CCGGTATAGT CG GAACCTCACTCAGACTACTTATTCGTGCTGAACTTGGTCAACCCGGTTCACTAATTGGGGACGACCAAATTTATAAT
10 20 30 40 50 60 70 80 90 100 110

GTCATTGTAACTGCTCATGCATTTATTATGATTTTCTTTATAGTTATGCCTATTATAATCGGGGGGTTTGGTAATTGGTTGGTGCCTTTAATATTAGGAGCCCCAGATATA
120 130 140 150 160 170 180 190 200 210 220

e e e e T T

GCATTCCCACGAATAAATAATATAAGCTTCTGACTGCTCCCTCCTGCCTTGACT CTTCTTCTTGCTAGTAGTATAGTAGAAAGTGGAGCCGGGACAGGGTGGACCGTCTA
230 240 250 260 270 280 290 300 310 320 330

»Mm.u.m.mm.mu:.mnAmMmmluum.t.lu,mm.la,um.;.mm..M,IAMMMuMm‘mml

CCCTCCTCTTTCCGCAGGAATTGCCCACGCCGGGGCATCTGTTGATCTTGCCATCTTTTCATTACACTTAGCCGGGGTTTCTTCAATCCTAGGAGCAGTAAATT
340 350 360 370 380 390 400 410 420 430 440

T e T e

TTATTACAACAACGATTAAT ATACGATCAACAGG GATAACCCTAGACCGAACTCCTCTCTTCGTGTGATCAGTTTTAAT CACAGC CATTTTACTTCT
450 460 470 480 490 500 510 520 530

O ) \ N o AR U 0

TCTTTCTTTACCT GTACTG GCAGGAGCTATCACAATACTTTTAACTG ACCGTAACTTAAATACCTCAT T CTTTGATCCAGCAGGAGGGGGAGACC CAAT CTIT G
540 550 560 570 580 590 600 610 620 630 640

A

A0 000 OO RO e 0000000 B hee0a ) 000
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Model 373 File: 27-A2 LCO1490 Signal G:974 A:695 T:1066 C:814 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A2 LCO1490 dRhod2 Spacing: 9.57999992370605
Lane 27 Points 1098 to 9796

BioEdit version 5.0.9

TATCAACACTT AATCNG AANTT TTG NNNNNNCC CCNNNNAAAA AAANA
650 660 670 680
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Model 373 File: 43-A2 HCO2198 Signal G:676 A:518 T:539 C:429 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A2 HCO2198 dRhod?2 Spacing: 9.65999984741211
BioEdit version 5.0.9 Lane 43 Points 1097 to 9796
A TAAGT GTTGAT ACAAGATT GG N CTCCCCCTCCTGCT GGATCAAAGAATIGAGGTAT TTAAGTTACGGTCAGTTAAAAGTATTGTGATAGCTCCTGCCAGTACAGGTAAAGAAAGAA
10 20 30 40 50 60 70 80 920 100 110

GAAGTAAAATGGCTGTGATTAAAACTGATCACACGAAGAGAGGAGTTCGGTCTAGGGTTATCCCTGTTGATCGTATATTAATCGTTGTTGTAATAAAATTTACT GCTCCTAGG |
120 130 140 150 160 170 180 190 200 210 220 230

..mmh«mo.mmmﬁam.mm.m.hmuuummmdm.m..«mummml.;muummmm

AT TGAAGAAACCCCGGCTAAGT GTAATGAAAAGATGGCAAGATCAACAGATGCCCCGGCGT GGGCAATTCCTGCGGAAAGAGGAGGGTAGACGGTCCACCCTGTCCCGGCTA(C
240 250 260 270 280 290 300 310 320 330 340

ot ol i)

CACTTTCTACTATACTACTAGCAAGAAGAAGAGTCAAGGCAGGAGGGAGCAGTCAGAAGCTTATATTATTTATTCGT GGGAATGCTATATCTGGGGCTCCTAATA
350 360 370 380 390 400 410 420 430 440

T e e L e e e e

TTAAAGGCACCAACCAATTACCAAACCCCCCGATTATAAT AGGCAT AACT AT AAAGA AAAT CAT AATAAAT GCATGAGCAGTTACAATGACATTATAAA
450 460 470 480 490 500 510 520 530 540

P e e A s T e et e e R e b o0 e

TTTGGTCGTCCCCAATTAGT GAACCGGGTTGACCAAGT TCAGCACGAATAAGT AGT CT GAGT GAGGTTCCGACTATACCGGACCAAGCACCAA AAAT GAAGT AT AA
550 560 570 580 590 600 610 620 630 640 650

P A e 0 000006 e 0 X A k000 e~ R
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Signal G:676 A:518 T:539 C:429 Page 2 of 2

Model 373 File: 43-A2 HCO2198
A ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
BIO Version 3.0 A2 HCO2198 dRhod2 Spacing: 9.65999984741211
;!;Bdﬁggslo_g Lane 43 Points 1097 to 9796

AGTTCCA TAACCTTNNNNNNNNGNNT T TNCA ANC
660 670 680

(o e S e o, e e——————
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Model 373 File: 28-A3 LCO1490 Signal G:494 A:332 T:445 C:356 Page 1 of 2
BIOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
Version 3.0 A3 LCO1490 dRhod2 Spacing: 9.59000015258789

TRACE Lane 28 Points 1098 to 9796
BioEdit version 5.0.9

AANTTATACT TCATTTTTGG TGT TTGAT CAGGTATAAGTCGGAACCTCCCT CAGATTACTTATTCGT GCTGAACTTGGTCAACCAGGGTCACTAATTGGGGATGAT CAAATTTATAAT
10 20 30 40 50 60 70 80 920 100 110

P N e A ) \ i

G TCATTGTAACT GCCCATGCTTTTATTATAATTTTCTTTATAGTTATACCTATTATAATCGGAGGGTTTGGTAACTGGCTGGTACCTTTGATATTAGGAGCCCCAGATATAG
120 130 140 150 160 170 180 190 200 210 220 23

L T e e T e

CATTCCCACGAATAAATAATATAAGTTTCTGACTGCTCCCTCCTGCCTTAACTCTTCTTCTCGCTAGTAGTATAGTAGAAAGCGGAGCCGGGACAGGATGGACCGTT TACJ
240 250 260 270 280 290 300 310 320 330 34

j) | ‘ ‘ A 4 y) ) . X

CCACCGCTCTCCGCTGGAATTGCCCATGCCGGAGCATCTGTTGATCTCGCCATCTTTTCATTACACTTAGCCGGGGTATCCTCAATCCTAGGGGCGGTCAATT T
350 360 370 380 390 400 410 420 430 440

..A.Aua.k.u.m...,.mmmuA..aAo.mbmmn.umm.u.o.g.mm.Mm.o‘m.umm‘

TATCACT ACAACGATTAAT ATACGATCAACAGGAATAACCCTGGACCGAACTCCCCTCTTCGTGTGATCGGTTTTAATTACAGCAATTTTACTTTTA
450 460 470 480 490 500 510 520 530 540

e e e M A M e A T e

CTTTCTTTACCTGTCCTTGCAGGAGCT ATCACAATACTTTTAACTG ACCGTAACTTAAATACCTCATTCTTTGA CCAGCAGGAGGGGGAGACCCAATTTTAT
550 560 570 580 590 600 610 620 630 640

' O e e R 0000eee 00 R0 o 000000 {)
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Model 373 File: 28-A3 LCO1490 Signal G:494 A:332 T:445 C:356 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A3 LCO1490 dRhod2 Spacing: 9.59000015258789
Lane 28 Points 1098 to 9796

BioEdit version 5.0.9

AC CAACATTTATTCTGAATTTTTGGGNCC C CCCNNNNAAAANNN N NC
650 660 670 680 690

Kﬁﬂd&&:xgc:;_ﬁ(\ .
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Model 373 File: 44-A3 HCO2198 Signal G:338 A:214 T:201 C:165 Page 1 of 1

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A3 HCO2198 dRhod2 Spacing: 9.56999969482422
BioEdit version 5.0.9 Lane 44 Points 1098 to 9796
GACAAATG TGAGGN ANAAAATTGG NCTCCCCCTCCTGCTGGGTCAAAGAATIGAGGTATTTAAGTTACGGTCAGTTAAAAGTATTGTGATAGCTCCTGCAAGGACAGGTAAAGAAAGT
10 20 30 40 50 60 70 80 920 100 110

AAAAGTAAAATTGCT GTAATTAAAACCGATCACACGAAGAGGGGAGTTCGGTCCAGGGTTAT TCCTGTTGATCGTATATTAATCGTTGTAGT GATAAAATTGACCGCCCCTA
120 130 140 150 160 170 180 190 200 210 220

ettt ot e

GGATTGAGGATACCCCGGCTAAGT GTAATGAAAAGATGGCGAGATCAACAGATGCTCCGGCATGGGCAATTCCAGCGGAGAGCGGTGGGTAAACGGTCCATCCTGTCCCG
230 240 250 260 270 280 290 300 310 320 330

e L e e

GCTCCGCTTTCTACTATACTACTAGCGAGAAGAAGAGTTAAGGCAGGAGGGAGCAGTCAGAAACTTATATTATTTATTCGTGGGAATGCTATAT CTGGGGCTCCT
340 350 360 370 380 390 400 410 420 430 440

AATATCAAAGGTACCAGC CAGTTACCAAACCCTCCGATTATAATAGGTATAACTATAAAGAAAATTATAAT AAAAGCATGGGCAGTTACAATGACATT
450 460 470 480 490 500 510 520 530 540

) A 0 NN

ATAAAT TTGATCATCCCCAAT TAGT GACCCTGGTTGACCAAGT TCAGCACGA ATAAGTAAT CTGAGG GAGGTTC CGACTAT ACCT G AT CAAGCACCAA A AAT GA
550 560 570 580 590 600 610 620 630 640

AGTATAAAGTTCCAATAA CCTT T NANG A TTT TNC AAANC
650 660 670 680
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Model 373 File: 30.A5 LCO1490 Signal G:1310 A:734 T:1191 C:805 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A5 LCO1490 dRhod2 Spacing: 9.53999996185303
Lane 30 Points 1097 to 9796

BioEdit version 5.0.9

TTATACTTATTTTTGGTGCT TGG CCGGTATAAGT CGGAACCTCACTCAGACTACTTATTCGTGCTGAACTTGGTCAACCCGGT TCACTAATTG GGGACGACCAAATTTATAAT
10 20 30 40 50 60 70 80 90 100 110

GTCATTGTAACTGCTCATGCAT TTATTATGAT TTTCTTTATAGTTAT GCCTATTATAATCGGGGGGTTTGGTAATTGGTTGGTGCCTTTAATATTAGGAGCCCCAGATATA
120 130 140 150 160 170 180 190 200 210 220

,L«mlm.uh.am,lm.mms.uum.um‘o.tmms.u.ummhmuhuh.\lumm.:.tm.m

GCATTCCCACGAATAAATAATATAAGCTTCTGACT GCTCCCTCCTGCCTTGACTCTTCTTCTTGCTAGTAGT ATAGTAGAAAGTGGAGCCGGGACAGGGTG GACCGTCT
230 240 250 260 270 280 290 300 310 320 330

oottt et oM M W

ACCCTCCTCTTTCCGCAGGAATTGCCCACGCCGGGGCATCTGTTGATCTTGCCATCTTTTCATTACACT TAGCCGGGGTTTCTTCAATCCTAGGAGCAGTAAAT
340 350 360 370 380 390 400 410 420 430

L e e

TTTATTACAACAACGATTAATATACGATCAACAGGGATAACCCTAGACCGAACTCCTCTCTTCGTGTGATCAGTTTTAAT CACAGC CATTTTACTT
440 450 460 470 480 490 500 510 520 530

) et e M e A0 oM

CTTCTTTCTTTACCT GTACT G GCAGGAGCTAT CACAATACTTTTAACT GACCGTAACTTAAAT ACCTCATTCTTTG ATCCCGCAGGAGGGGGAGACCCAATCT
540 550 560 570 580 590 600 610 620 630

) O 0, Sear Xe00000a0e3000 000000 000 00 0o/ 0000
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Model 373 File: 30.A5 LCO1490 Signal G:1310 A:734 T:1191 C:805 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A5 LCO1490 dRhod2 Spacing: 9.53999996185303
Lane 30 Points 1097 to 9796

BioEdit version 5.0.9

T GTAT CAACACTTA TTCTGAATTTTTTGCNCNNNNCCCCNNNTT AAAANN AN
640 650 660 670 680
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Model 373 File: 46.A5 HCO2198 Signal G:1002 A:752 T:730 C:622 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A5 HCO2198 dRhod2 Spacing: 9.67000007629395
BioEdit version 5.0.9 Lane 46 Points 1097 to 9796
ACTAAGT GTTGATACAAGAT TGGGTCTCCCCCTCCTIGCGGGATCAAAGAATIGAGGTATTTAAGTTACGGTCAGTTAAAAGTATTGTGATAGCTCCTGCCAGTACAGGTAAAGAAAGAA
10 20 30 40 50 60 70 80 20 100 110 12

IX‘I\QANI‘U‘ MM \ \J\ D AV A ‘ ) NATAN

GAAGTAAAATGGCT GTGATTAAAACTGATCACACGAAGAGAGGAGTTCGGTCTAGGGTTATCCCTGTTGATCGTATATTAATCGTTGTTGTAATAAAATTTACTGCTCCTAGG
130 140 150 160 170 180 190 200 210 220 230

m:A.umhu.lu.&um.tm&mm.mm:‘u.mumunMu,m_t;x‘tAAuuA.t;umlmuummMm.m

ATTGAAGAAACCCCGGCTAAGTGTAATGAAAAGATGGCAAGAT CAACAGATGCCCCGGCGTGGGCAATTCCT GCGGAAAGAGGAGGGTAGACGGTCCACCCTGTCCCGGCT
240 250 260 270 280 290 300 310 320 330 340

l vy

CCACTTTCTACTATACTACTAGCAAGAAGAAGAGTCAAGGCAGGAGGGAGCAGT CAGAAGCTTATATTATTTATTCGTG GGAATGCTATATCT GGGGCTCCT AAT A
350 360 370 380 390 400 410 420 430 440 45

et e Yo e bt e S

TTAAAGGCACCAACCAAT TACCAAACCCCCCGATTATAAT AGGCATAACTATAAAGAAAATCAT AATAAAT GCAT GAGCAGTTACAAT GACATTATAAA
460 470 480 490 500 510 520 530 540

L““.“A\A“,.UA“.“x“&“‘u‘m,t‘x“‘x‘.“&A‘A‘Ah&”‘ﬂA‘“A’A‘A‘.“A‘UA“A‘A.A‘A‘AA‘A‘A&‘A’A‘m.ﬁ&

TTTGGTCGTCCCCAATTAGT GAACCGGGTTGACCAAGT TCAGCACGAAT AAGT AGT CT GAGT GAGGTTCCGACT AT ACCGGACCAAGCACCAAA ATGAAGT AT AA
550 560 570 580 590 600 610 620 630 640 650

y o ' A 0000000 00 alh U c‘\Nv (%0 YRS
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Model 373 File: 46.A5 HCO2198 Signal G:1002 A:752 T:730 C:622 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A5 HCO2198 dRhod2 Spacing: 9.67000007629395
Lane 46 Points 1097 to 9796

BioEdit version 5.0.9

AG T CCAATA CCTTNNNNNNNNGNNNCT CAN
660 670 680

0000eee Q.
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Model 373 File: 31-A6 LCO1490 Signal G:923 A:663 T:1037 C:796 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A6 LCO1490 dRhod2 Spacing: 9.63000011444092
BioEdit version 5.0.9 Lane 31 Points 1097 to 9796
CTTATACTTCATTTTTGGTGCITAG CCGGTATAMGTCAIGAACCT CACTCAGACTACTTATTCGTIGCTGAACTTGGTCAACCCGGTTCACTAATTGGGGACGACCAAATTTATAATG
10 20 30 40 50 60 70 80 90 100 110

TCATTGTAACTGCTCAT GCATTTATTATGATTTTCTTTATAGTTATGCCTATTATAATCGGGGGGTTTGGTAATTGGTTGGTGCCTTTAATATTAGGAGCCCCAGATATAGC
120 130 140 150 160 170 180 190 200 210 220 230

L\.om.‘.sm‘h‘b.m.t.‘mM.t.u,b.u.‘m,l.wm,tmmmlm.m“.MA&MMMLMMJMH&MMJl.l“.u.‘.tmg

AT TCCCACGAATAAATAATATAAGCTTCTGACTGCTCCCTCCTGCCTTGACT CTTCTTCTTGCTAGTAGTAT AGTAGAAAGTGGAGCCGGGACAGGGTGGACCGTCTACC
240 250 260 270 280 290 300 310 320 330 340

..M.w.u..mmmm,u»MAA.‘JAAA\MmAuuAmm,mub.m..u.n.um.MMMM..«MMmmA

CTCCTCTTTCCGCAGGAATTGCCCACGCTGGGGCATCTGTTGATCTTGCCATCTTTTCATTACACTTAGCCGGGGTTTCTTCAATCCTAGGAGCAGTAAATTTT
350 360 370 380 390 400 410 420 430 440

T o T e e

AT TACAACAACGATTAAT ATACGATCAACAGGGATAACCCTAGACCGAACTCCTCTCTTCGTGTGATCAGTTTTAATCACAGC CATTTTACTTCTTCT
450 460 470 480 490 500 510 520 530 540

) A 0 e M 0000 e o0

TTCTTTACCTGTACTG GCAG GAGCTATCACAAT ACTTTTAACT GACCGTAACTTAAATACCTCATTCTTTG A CCCGCAGGAGGGGGAGACCCAATCTT GTATC
550 560 570 580 590 600 610 620 630 640

e oo oo Ho0000eoc a0t a0 e oo el
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Model 373 File: 31-A6 LCO1490
ABI50 BIF
Bi0. A -
Version 3.0 A6 LCO1490
TRACE Lane 31

BioEdit version 5.0.9

Signal G:923 A:663 T:1037 C:796
DT373{BDv3}v1.mob

dRhod2

Points 1097 to 9796

Page 2 of 2
5/10/2004
Spacing: 9.63000011444092

AACACTTATTCNGAATTTT GGCNCNNCCCCCNNNNAAAAANNAN
650 660 670 680 690

o000 0 PO
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Model 373 File: 47-A6 HC0O2198 Signal G:1085 A:806 T:820 C:698 Page 1 of 2
BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A6 HCO2198 dRhod2 Spacing: 9.60000038146973
BioEdit version 5.0.9 Lane 47 Points 1095 to 9796
AAGT GTTGAT ACAAGAT TIGGGTCTCCCCCTCCTGCGG GATCAAAGAAT GAGGTATTTAAGTTACGGTCAGTTAAAAGTATTGTGATAGCTCCTGCCAGTACAGGTAAAGAAAGA
10 20 30 40 50 60 70 80

100 110

li&\.‘wﬂ \ S TAA M il l‘ “ )

AGAAGTAAAATGGCTGTGATTAAAACTGATCACACGAAGAGAGGAGTTCGGTCTAGGGTTATCCCTGTTGATCGTATATTAATCGTTGTTGTAATAAAATTTACTGCTCCTA
120 130 140 150 160 170 180 190 200 210 220

uh:A.mthuMMMAAMM.m.h.mhmusmMMA&Mu,m,hmmun.uluhmuum.u_‘sm

GGATTGAAGAAACCCCGGCTAAGT GTAAT GAAAAGATGGCAAGATCAACAGATGCCCCAGCGTGGGCAATTCCTGCGGAAAGAGGAGGGTAGACGGTCCACCCTGTCCCGG
230 240 250 260 270 280 290 300 310 320 330

Aot oo e e gl

CTCCACTTTCT ACTATACTACTAGCAAGAAGAAGAGTCAAGGCAGGAGGGAGCAGTCAGAAGCTTATATTATTTATTCGTGGGAATGCTATATCTGGGGCTCCTA
340 350 360 370 380 390 400

410 420 430 440

e i et e Wt

ATATTAAAG GCACCAACCAAT TACCAAACCCCCCGATTATAAT AGGCAT AACT ATAAAGAAAAT CAT AATAAATGCAT GAGCAGT  TACAAT GACATTA
450 460 470 480 490 500 510 520 530 540

S 0

A“‘ ‘A ; RO X W\

2\

TAAATTTGGTCGTCCCCAAT TAGT GAACCGGGTTGACCAAGT TCAGCACGAAT AAGT AGTC TGAGTIGAGGTTCCGACT ATACCGGACCAAGCACCAAAATGAA
610 620 630 640

550 560 570 580 590 600
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Model 373 File: 47-A6 HCO2198 Signal G:1085 A:806 T:820 C:698 Page 2 of 2

BIO A ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A6 HCO2198 dRhod2 Spacing: 9.60000038146973
BioEdit version 5.0.9 Lane 47 Points 1095 to 9796
GI' AT AAAGTTCCA TA CC TTNNGNNNNNNNNNNNNAAC
650 660 670 680

e S\

73



Model 373 File: 32.A7 LCO1490 Signal G:644 A:427 T:590 C:474 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A7 LCO1490 dRhod2 Spacing: 9.59000015258789
BioEdit version 5.0.9 Lane 32 Points 1098 to 9796
A ONTTATACT TCATTTTTGGTGCT TGNTCCGGTATAAGT CGGAACCTCACT CAGANTACTTATTCGTGCTGAACTTGGTCAACCNGGNTCACTAATTGGGGANGANCAAATTTATAAT
10 20 30 40 50 60 70 80 90 100 110

G NCATTGTAACTGCTCATGCNTTTATTAT GATTTTCTTTATAGTTATGCCTATTATAATCGGAGGGTTTGGTAANTGGNT GGTNCCTTTGATATTAGGAGCCCCAGATATAG
120 130 140 150 160 170 180 190 200 210 220 23

T N e e T e L T

CATTCCCACGAAT GAATAATATAAGNTTCTGACTGCTCCCTCCTGCCTT NACTCTTCTTCTNGCTAGTAGTATAGT AGAAAGNGGAGCCGGGACAGGATGGACCGT NTACJ
240 250 260 270 280 290 300 310 320 330 34

 uneeternrt el e et e e A i el

CCTCCNCTNTCCGCNGGAATTGCCCATGCCGGAGCNTCTGTTGATCTCGCCATCTTTTCATTACACTTAGCCGGAGTATCNTCAATCCTGGGNGCNGTNAATTT
350 360 370 380 390 400 410 420 430 440

M M “M““A\‘“M,“,~J.‘.JM&MM,‘;’MAMMAM1Mh.“ﬁ&o.0.“&oM‘A‘MQ&A‘M&“AA&&M.Js,;al‘ .

TATCACTACAACGATTAAT ATACGATCAACAGGNATAACCCTGGACCGAACTCCNCTCTTCGTGTGATCNGT T TTTAATNACAGCC CATTTTNCTTCTA
450 460 470 480 490 500 510 520 530 540

d (N .‘ / Ik . AP, “ Q ‘ s‘ ’ /I‘x XO0A

CTTTCTTTACCT GTGCTTGCAG GAGCT AT CACAAT ACTTTTAACTG ACCGTAACTTAAATACCTCATT CTTTGA CCAGCAGGAGGGGGAGA CCAATTTTGTA
550 560 570 580 590 600 610 620 630 640

Qa\';\;&&‘&.’&'";'mﬁ\\ ‘




Model 373 File: 32.A7 LCO1490 Signal G:644 A:427 T:590 C:474 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A7 LCO1490 dRhod2 Spacing: 9.59000015258789
Lane 32 Points 1098 to 9796

BioEdit version 5.0.9

TCAACANTTATTCTGAT TTTTGGCNCCCCC CCNNAANAAANNAN NC
650 660 670 680

75



Model 373 File: 48-A7 HCO2198 Signal G:709 A:437 T:405 C:404 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A7 HCO2198 dRhod2 Spacing: 9.5600004196167
Lane 48 Points 1063 to 9796

BioEdit version 5.0.9

G CCAAGTGTTGATACCANAT TIG GGT CTCCCCCTCCTIGCTG GNTCAAAGAAT GAGGTATT TAAGTTACGGTCNGTTAAAAGTATTGTGATAGCTCCTGCCAGGACAGGTAAAGA
10 20 30 40 50 60 70 80 920 100 110

AAGNAGAAGNAAAATNGCT GTGATTAAAACNGATCACACGAAGAGGGGAGTTCGGTCNAGGGTTATNCCT GTTGATCGTATATTAATCGTT GTNGT GATAAAATTTACNGCN
120 130 140 150 160 170 180 190 200 210 220

m...u;gumm.mm_mmm,.mmmAy.\,u,m_mlmm..sn.m.a._m._tm et

CCNAGGATT GAAGANACNCCGGCTAAGT GTAATGAAAAGATGGCGAGATCAACAGANGCNCCNGCNT GGGCAATTCCTGCGGANAGNGGAGGGTAAACGGTCCANCCTGT
230 240 250 260 270 280 290 300 310 320 330

“AAA‘.‘“;‘&JL‘M““&‘MA&‘AM&.‘M.‘A\..“&J””MMA is”A“f ‘ﬁ.a.‘&l&“.“x“&”u.‘."AM&“&M‘J&“ﬁ“ﬂx

CCCGGCTCCNCTTTCTACTATACTACTAGCNAGAAGAAGAGTNAAGGCAGGAGGGAGCAGTCAGAANCTTATATTATTCATTCGTGGGAATGCT AT ATCTGGGG
340 350 360 370 380 390 400 410 420 430 440

T T T T

CTC CTAATATNAAAG GNACCANC CANTTAC CAAACCCTCCGATT ATA AT AGGNATAACT ATAAAGAAAATCATAATAAAT GCATGAGCAGTTACAATG
450 460 470 480 490 500 510 520 530

GACAT TATAAAT TTG AT CNT CCCCAATTAGTGAACCTGGTTIGACCAAGT TCAGCAC GAAT AAGTANTCTGAGTGAGGTTCCGACT ATACCNGATCAAGCACCAA
p40 550 560 570 580 590 600 610 620 630 640




Model 373 File: 48-A7 HC0O2198
ABI50 BIF
Bi0. A -
Version 3.0 A7 HCO2198
TRACE Lane 48

BioEdit version 5.0.9

Signal G:709 A:437 T:405 C:404
DT373{BDv3}v1.mob

dRhod2

Points 1063 to 9796

Page 2 of 2
5/10/2004
Spacing: 9.5600004196167

AAATGA A TATTAA GGTTCCATANNCTTTTGANNNNGNNTT T CAANC
650 660 670 680 690

ORI
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Model 373 File: 33-A8 LCO1490 Signal G:727 A:502 T:744 C:576 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A8 LCO1490 dRhod2 Spacing: 9.61999988555908
BioEdit version 5.0.9 Lane 33 Points 1098 to 9796
ACTTTATACTTCATTTTTGGTGCTTGG CCGGTATAGTCG GAACCTCACTCAGACTACTTATTCGTIGCTGAACTTGGTCAACCCGGTTCACTAATTGGGGACGACCAAATTTATAATG
10 20 30 40 50 60 70 80 920 100 110

‘A‘ R A Ay Mo 0o ‘ [\

TCATTGTAACTGCTCATGCATTTATTAT GATTTTCTTTATAGTTATGCCTATTATAATCGGGGGGTTTGGTAATTGGTTGGTGCCTTTAATATTAGGAGCCCCAGATATAGC(
120 130 140 150 160 170 180 190 200 210 220 23

Lmu&.\un.s‘mtm.;..mm.hlAumm.h.tMAMMAMMMAMMMMMMJMWmmJMMAJMM».

ATTCCCACGAATAAATAATATAAGCTTCTGACTGCTCCCTCCTGCCTTGACTCTTCTTCTTGCTAGTAGTATAGTAGAAAGTGGAGCCGGGACAGGGTGGACCGTCTACC

S e e e

e L e o e b e e e Ay

ATTACAACAACGATTAAT ATACGATCAACAGGGATAACCCTAGACCGAACTCCTCTCTTCGTGTGATCAGTTTTAATCACAGCCATTTTACTTCTTCT
450 460 470 480 490 500 510 520 530 540

D e e s T L TG s T

TTCTTTACCTGTACTGGCAG GAGCT ATCACAAT ACTTTTAACTG ACCGTAACTTAAATACCTCAT  TCTTTG ATC CAGCAG GAGGGGGAGACCCAAT CTTGTATC
550 560 570 580 590 600 610 620 630 640

e o oo o000 00 RN 0010000 X eeond Dm0 oo
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Model 373 File: 33-A8 LCO1490 Signal G:727 A:502 T:744 C:576 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A8 LCO1490 dRhod2 Spacing: 9.61999988555908
Lane 33 Points 1098 to 9796

BioEdit version 5.0.9

AACACTTATTCTGAATTTTGGCNCC CCCCCCNNT N A AAANN N NC
650 660 670 680 690

e . A\
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Model 373 File: 49:A8 HCO2198 Signal G:790 A:576 T:557 C:497 Page 1 of 1

BlOA ABI50 BIF DT373{BDv3}v1.mob 5/10/2004
TRACE Version 3.0 A8 HCO2198 dRhod2 Spacing: 9.63000011444092
BioEdit version 5.0.9 Lane 49 Points 1099 to 9796
G CNAAGI G TGATACNAGATTGG NCTCCCCCTCCTGCTGGATCAAAGAATTGAGGTATTTAAGTTACGGTCAGTTAAAAGTATTGTGATAGCTCCTGCCAGTACAGGTAAAGAAAGA
10 20 30 40 50 60 70 80 90 100 110

IAGAAGTAAAATG GCT GTGATTAAAACTGATCACACGAAGAGAGGAGTTCGGTCTAGGGTTATCCCTGTTGATCGTATATTAATCGTTGTTGTAATAAAATTTACTGCTCCTAG
120 130 140 150 160 170 180 190 200 210 220

uhmmdmlummulm“mummhummtmunuulutm..muummuwuummMt

GATTGAAGAAACCCCGGCTAAGTGTAATGAAAAGATGGCAAGATCAACAGATGCCCCGGCGT GGGCAATTCCTGCGGA AAGAGGAGGGTAGACGGTCCACCCTGTCCCG GCJ
230 240 250 260 270 280 290 300 310 320 330 34

e e

TCCACTTTCTACTATACTACTAGCAAGAAGAAGAGTCAAGGCAGGAGGGAGCAGTCAGAAGCTTATATTATTTATTCGT GGGAATGCTAT ATCTGGGGCTCCTAA
350 360 370 380 390 400 410 420 430 440

Pt et el el M e

TATTAAAGGCACCAACCAAT TACCAAACCCCCCGATTATAATAGGCATAACTATAAAGAAAATCATAAT AAAT GCATGAGCAGTTACAATGACATTATA
450 460 470 480 490 500 510 520 530 540

N A e e e

AATTTGGT CGTCCCCAAT TAGT GAACCGGGTTGACCAAGT TCAGCACGA ATAAGT AGT CTGAGTGAGGTTCCGACTATACCGGACCAAGCAC CAAAAAT GAAGT A
550 560 570 580 590 600 610 620 630 640

TAAAG T CCAATAT CCTTNNNNNNNNTT NTNAAC
bS50 660 670 680

,MQOQML+_JE§_
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Model 373 File: 16°E.P.1_15C LC0O1490 Signal G:509 A:320 T:482 C:335 Page 1 of 2
A ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
BIO Version 3.0 E.P.1/15C LCO1490 dRhod2 Spacing: 9.3100004196167
;!;Bdﬁeggs‘o_g Lane 16 Points 1103 to 9788
N AAC TTATACTTCATT TTTAEGGTGCTTGGTCCGGTATAAGTCG GAACCT CACT CAGACTACTTATTCGTGCTGAACTTGGTCAACCCGGTTCACTAATTGGGGACGAC CAAAT
10 20 30 40 50 60 70 80 90 100 110

TTATAATGTCATTGTAACTGCT CATGCATTTATTATGATTTTCTTTATAGTTAT GCCTATTATAATCGGGGGGTTTGGTAATTGGTTGGTGCCTTTAATATTAGGAGCCCCAG

120 130 140 150 160 170 180 190 200 210 220

m.u.al‘,s‘..ulm,Ju,m!m..m.mmummmm.mu.uu.u.mmwbmmmmmmum_m

ATATAGCATTCCCACGAATAAATAATAT AAGCTTCTGACTGCTCCCTCCTGCCTTGACTCTTCTTCTTGCTAGTAGTATAGTAGAAAGTGGAGCCGGGACAGGGTGGACCG
230 240 250 260 270 280 290 300 310 320 330

;‘&mM“HAAMMM.muMm.t&‘ﬁA‘MHM‘MA‘&MMAm.u)mo.«_x.&».s,m_;..h,l,sLAtpMAo‘s.«A,‘ht.dA

TCTACCCTCCTCTTTCCGCAGGA
340 350 360

O X
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Model 373 File: 15°E.P.1_15 C HCO2198 Signal G:471 A:281 T:272 C:232 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.1/15C HCO2198 dRhod2 Spacing: 9.22000026702881
Lane 15 Points 1075 to 9788

BioEdit version 5.0.9

NN GA TAAGT GTT GAT ACAAGAT TGGGTCTCCCCCTC CTGCTG GATCAAAGAAT GAGGTATTTAAGTTACGGTCAGTTAAAAGTATTGTGATAGCTCCTGCCAGTACAGGTA
10 20 30 40 50 60 70 80 90 100 110

AAGAAAGAAGAAGTAAAATGGCTGTGATTAAAACTGATCACACGAAGAGAGGAGTTCGGTCTAGGGTTATTCCTGTTGATCGTATGTTAATCGTTGTT GTANTANAATTNACN
120 130 140 150 160 170 180 190 200 210 220

GCTCCTANGATTGAAGAAACCCCGGCTAAGTGTAATIGAANAGATGGCAAGAT CAANAGATGCCCCGGCGT GGGCAATTCCT GCGGAAAGAGGAGGGTAGACGGTCCACCC
230 240 250 260 270 280 290 300 310 320 330

T L LT e W T v

TGTCCCGGCTCCACTTTCTACTATACTACTAGCAAGANGAAGAGT CAAGGCAGG

AG G
340 350 360 370 380 390

&""L“J.L’A!‘..‘.}“*L..l""‘"\’A

».ﬁs’k’;’&_&.&..x

L2
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Model 373 File: 18-E.P.10_2 4 LCO1490 Signal G:274 A:173 T:244 C:187 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.10/24 LCO1490 dRhod2 Spacing: 9.28999996185303
BioEdit version 5.0.9 Lane 18 Points 1103 to 9788
NAACTT TATACTTCATTTT TGGTGCTTAEG CCGGTATAGTCG GAACCT CACTCAGACTACTTATTCGTGCTGAACTTGGTCAACCCGGTTCACTAATTGGGGACGACCAAAT
10 20 30 40 50 60 70 80 920 100 110

TTATAAT GTCATTGTAACT GCTCATGCATTTATTATGATTTTCTTTATAGTTAT GCCTATTATAATCGGGGGGTTTGGTAATTGGTTGGT GCCTTTAATATTAGGAGCCCCA
120 130 140 150 160 170 180 190 200 210 220

m“.als_n.uhuAA.‘.\&M.MW»uugm“m.t.umlm.mumkmhu‘uhmhmumahm.«

GATATAGCATTCCCACGAATAAATAATATAAGCTTCTGGCTGCTCCCTCCTGCCTTGACTCTTCT TCTTGCTAGTAGTATAGTAGAAAGTGGAGCCGGGACAGGGTGGACC
230 240 250 260 270 280 290 300 310 320 330

Dot vvrnin et S e hoenteanteade O e S

GTCTACCCTCCTCTTTCCGCAGGAATTGCCCACGCCGGGGCATCTGTTGATCTTGCCATCTTTTCATTACACTT AGCCGGGGTTT CTT CAATCCTAGG AGCAGTAA AT
340 350 360 370 380 390 400 410 420 430 440

DM e A e 000 00 0 00 00 e 00 e idnenc™)

TTTATTACAACAACGATTAATAT ACGATCAACAGGG ATAACCCTAGACCG AACTCCT CTCTTTCGTG TG ATCAGTTTT AATCACAGCCATTTTACTTCTT
450 460 470 480 490 500 510 520 530 540

J (] (AKX h CX 4 \"~ ol MRS A"vq.' (R

CNTTCTTTACCTGTACTGGCAGG AGCTATCACNATACTTT TAA CTGGA CCGTAAC T AA ATACCT CA TCNTTG AT CCAGC AGGANGGGGAGA CCCA TCNTAT
550 560 570 580 590 600 610 620 630 640

y Y OA AR Dot SO o, AR OITRE R O XK UK ReeOs 0" XX X0
83




Model 373 File: 18°E.P.10_24 LCO1490 Signal G:274 A:173 T:244 C:187 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.10/24 LCO1490 dRhod2 Spacing: 9.28999996185303
Lane 18 Points 1103 to 9788

BioEdit version 5.0.9

ATCAACCCTTA T CTGA T TTTTGG C NCC CCGAATTTAAANNN NN NNNC
650 660 670 680 690

84



Model 373 File: 17-E.P.10_2 4 HCO2198 Signal G:430 A:269 T:248 C:197 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.10/24 HC0O2198 dRhod2 Spacing: 9.43000030517578
Lane 17 Points 1101 to 9788

BioEdit version 5.0.9

NAGA TAAGT G TGATATAAGAT TGGGI CTCCCCCTCCTGCTGGATCAAAGAAT GAGGTATTTAAGTTACGGTCAGT TAAAAGTATTGTGATAGCTCCTGCCAGTACAGGTAAAG
10 20 30 40 50 60 70 80 90 100 110

AAAGAAGAAGTAAAATGGCTGT GATTAAAACTGATCACACGAAGAGAGGAGTTCGGTCTAGGGTTATCCCTGTTGATCGTATATTAAT CGTTGTTGTAATAAAATTTACT GCTC(
120 130 140 150 160 170 180 190 200 210 220

h.m&.a.mh.m.A,uu,u,tm.m,..u.A,amumuu,u‘uu.umdma.u.mmunm,‘mm.mmudm.

TAGGATTGAAGAAACCCCGGCTAAGT GTAATIGAAAAGAT GGCAAGAT CAACAGAT GCCCCGGCGTGGGCAATTCCTGCGGAAAGAGGAGGGTAGACGGTCCACCCTGTCCCG
230 240 250 260 270 280 290 300 310 320 330 340

T e e e B e e e

GCTCCACTTTCTACTATACTACTAGCAAGAAGAAGAGT CAAGGCAGGAGGGAGCAGCCAGAAGCTT ATATTATTTATT CGTGG GAATGCTATAT CTGGGGCTCCTAAT Al
350 360 370 380 390 400 410 420 430 440 450

D Yoo e 0 e B 0o e 00 el S M cseste. R0 ke

TT AAAGG CACCAACCAATTTCCAAACCCCCCGATTATAATAGG CATTACTATTAAAGGAA ATC TAAT AAATG CATGAACAGTTT CCATGACCTT ATAAATT
460 470 480 490 500 510 520 530 540 550

N g KO0 R0 TN A0 N TR oy

TGG CCG CCCCCATT AGTGGAACCGGGTG ACCAAGNTCAGCACGAATAAGTAGTCTG ANTG ANGGTNCCANTATT CCGGACCAG C CCCAAAATGGAGTATT AAG
560 570 580 590 600 610 620 630 640 650

’A.p.;’A'&;.A‘A‘A‘s&’A’A.A.A.I XA A
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Model 373 File: 17-E.P.10_2 4 HCO2198 Signal G:430 A:269 T:248 C:197 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.10/24 HC0O2198 dRhod2 Spacing: 9.43000030517578
BioEdit version 5.0.9 Lane 17 Points 1101 to 9788
TTCCATAT CNTT TGA TTT T TNNCAAANNNNNNNNN N NNC
660 670 680 690

86




Model 373 File: 22-E.P.10_304 LCO1490 Signal G:665 A:424 T:630 C:464 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.10/30 4 LCO1490 dRhod2 Spacing: 9.22000026702881
BioEdit version 5.0.9 Lane 22 Points 1101 to 9788
NANTTTATACT TCATTTTTGGTGCT TGGTCCGGT ATAGTCG GAACCTCACTCAGACTACTTATTCGTGCTGAACTTGGT CAACCCGGTTCACTAATTGGGGACGACCAAAT
10 20 30 40 50 60 70 80 90 100 110

\NMNM\&AM\’A\“Lx\l“«\“h“d“

TTATAATGTCATTGTAACTGCT CATGCATTTATTAT GATTTTCTTTATAGTTATGCCTATTATAATCGGGGGGTTTGGTAATTGGTTGGTGCCTTTAATATTAGGAGCCCC
120 130 140 150 160 170 180 190 200 210 220

A

muu.dmumdu‘u,«d.nmmmum‘mm.ummwuu.m»_mmhm.uuuu.Nmmmuh W

AGATATAGCAT TCCCACGAATAAATAAT ATAAGCTTCT GGCTGCTCCCTCCTGCCTTGACTCTTCTTCTTGCTAGTAGTATAGTAGAAAGTGGAGCCGGGACAGGGT GGA(Q
230 240 250 260 270 280 290 300 310 320 330

L e e e e

CGTCTACCCTCCTCTT T TCCGCAGGAATT GCCCACGCCGGGGCATCTGTTGATCTTGCCAT CTTTTCATTACACTTAGC CGGGGTTTCTT CAATC CTAGGAGCAGTA
340 350 360 370 380 390 400 410 420 430

A e L 00 00 A A 0 A0 R e 00 e oo

AATTTTATT ACAACAACGATTAATATACGATCAACAGGG ATAACCCTAGACCGAACTCCT CTCTT CGTGTGATCAGTTTT AAT CACAGCCATTTTACTT
140 450 460 470 480 490 500 510 520 530

A IO OO X0 l\‘ Sl A SO0 OO N

CTTCTTC T TTACCTGTACTGG CAGG AGCTAT CACAATACTT T TTAACTG ACCGTAACTT AAATAC CT CA TCTTTGGA CCAGC AGGANGGGGAGA C CAATC
540 550 560 570 580 590 600 610 620 630




Model 373 File: 22-E.P.10_304 LCO1490 Signal G:665 A:424 T:630 C:464 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.10/30 4 LCO1490 dRhod2 Spacing: 9.22000026702881
Lane 22 Points 1101 to 9788

BioEdit version 5.0.9

TTGNATCAACACTTAAT CTGATTTTTTGGCCCCCCCNNANTTN AAANNNNNNNNNNC
640 650 660 670 680 690

88



Model 373 File: 19-E.P.10_30 3 HCO2198 Signal G:385 A:241 T:223 C:178 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.10/30 3 HCO2198 dRhod2 Spacing: 9.43000030517578
BioEdit version 5.0.9 Lane 19 Points 1101 to 9788
NNG A T AAGT GNTTGAT ACAA GAT GGGGTCTCCCCCTC CTGCTGGAT CAAA GAATIGAGGTAT TTAAGT TACGGTCAGTTAAAAGTATTGT GATAGCTCCTGCCAGTACAGGTAAAG
10 20 30 50 60 70 80 90 100 110

ﬁ\m\m\w&\mnum&uwmmwm.ummnammm.mumu,md )

AAAGAAGAAGTAAAATG GCTIGTGAT TAAAACTGAT CACACGAAGAGAGGAGTTCGGTCTAGGGTTATCCCTGTT GATCGTATAT TAATTGTTGTTGTAATAAAATTTACT GCTCC
120 130 140 150 160 170 180 190 200 210 220 230

e k.._u_l...mm.amm..sA.Au..mmum._.bumm,dmmmmuuﬁut‘ummmmlu

TAGGATT GAAGAAACCCCGGCTAAGT GTAAT GAAAAGATG GCAAGAT CAACAGATGCCCCAGCGTGGGCAATTCCTGCGG AAAGAGGAGGGTAGACGGTCCACCCTGTCCCGG
240 250 260 270 280 290 300 310 320 330 340

b e O et N M bt e i ey

CTCCACTTT CTACT ATACTACTAGCAAGAAGAAGAGTCAAGGCAGGAGGGAGCAGTCAGAAGCTTATATTATT CATTCGTGGGAATGCTATAT CTGGGGCTCCTAAT AT
350 360 370 380 390 400 410 420 430 440 450

) waononeleoieaete e kil oo ™ ot ey oM Meactl Mt e

TAAAGGCACCAACCAATTTCCAAACCCCCCGATT ATTATAGGTATAACT ATT AAAG AAA AT CATAATAAATGCATG AGCAGTTACCATG ACATT ATAAATTT
460 470 480 490 500 510 520 530 540 550

N AN K XX KN Koy T V'\v OO AN KA

GGTCGTCCCCAATT AGT G AGCCCGGTT GACC AAGTT CAG CACCGAATAAGTAGT CTG AATTGA GGTNCGACT AT
560 570 580 590 600 610 620 630

OO0 X0

0K N X X 0000e0 o mmrmmsCadoa00 OO AGe
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Model 373 File: 24-E.P.10_30 5 LCO1490 Signal G:355 A:218 T:309 C:229 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.10/30 5 LCO1490 dRhod2 Spacing: 9.30000019073486
BioEdit version 5.0.9 Lane 24 Points 1101 to 9788
TATACTTCATTTTTGGTGCT TG GTCCGGTATAGT CGGAACCTCACTCAGACTACTTATTCGTGCTGAACTTGGTCAACCCGGCTCACTAATTGGGGACGACCAAATT
10 20 30 40 50 60 70 80 90 100

Al e e

TATAATGTCATTGTAACTGCT CATGCATTTATTATGATTTTCTTTATAGTTATACCTATTATAAT CGGGGGGTTTGGTAATTGGTTGGTGCCTTTAATATTAGGAGCCCCAG
110 120 130 140 150 160 170 180 190 200 210

AN VMAm.m,&‘Mm.‘m.uﬁm.tI&MMAM A MM MMM&M.‘,MM.‘MMMAAMJ“WM

ATATAGCAT TCCCACGAAT GAATAATATAAGCTTCTGACTGCTCCCTCCTGCCTTGACTCTTCTTCTT GCTAGTAGTATAGTAGAAAGTGGAGCCGGGACAGGGTGGACCG
20 230 240 250 260 270 280 290 300 310 320 330

T L e e

[TCTACCCTCCTCTT  TCCGCAG GAATT GCCCACGCTGGGGCATCTGTT GATCTTGCCATCTTTTCATTACACTTAGCCGGGGTTT CTTCAATC CTAGGAGCAGTAAATT
340 350 360 370 380 390 400 410 420 430

O e Y 0me00r a0 e 00 e e 00 e o

TTATTACAACAACCATT A AT AT ACGATCAACAGGGATAACCCTAGACCGAACTCCTCTC CTTCOGTGGTGATCAGTTTTAATCACAGCCATTTT ACTTCCT C
440 450 460 470 480 490 500 510 520 530

S ) J v" { Ol .‘ No WL 'V’\QA AROOK A .

TTTCTTTACCTGTA CTGGCAGGAGCTAT C CNATACTT TTAACTG ACCGTAACTT AAATACCTCA TCCTT G A CCAGCAGGAAGGGGAGA CCCATCTTGNAT
540 550 560 570 580 590 600 610 620 630

FOANA Do SO0 R EN e e AKX K Dol " A o
90




Model 373 File: 24-E.P.10_30 5 LCO1490 Signal G:355 A:218 T:309 C:229 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.10/30 5 LCO1490 dRhod2 Spacing: 9.30000019073486
Lane 24 Points 1101 to 9788

BioEdit version 5.0.9

CACACTAATCCGATTTTTGGGCNCCCNAAANTT AAANNNNNNNN NC
640 650 660 670 680

91



Model 373 File: 23-E.P.10_30 5 HCO2198 Signal G:418 A:265 T:238 C:195 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.10/30 5 HCO2198 dRhod2 Spacing: 9.44999980926514
Lane 23 Points 1100 to 9788

BioEdit version 5.0.9

NAGA TAAGIT GTTGATACAAGAT GGGGICTCCCCCTCCTGCT GGAT CAAAGAAT GAGGTATTTAAGT TACGGTCAGT TAAAAGTATTGT GATAGCTC CTGCCAGTACAGGTAAAGA
10 20 30 40 50 60 70 80 90 100 110

AAGAAGAAGTAAAATNGGCT GTGAT TAAAACT GATCACACGAAGAGAGGAGT TCGGTCTAGGGTTATCCCTGTTGATCGTATATTAATTGTTGTTGTAATAAAATTTACTGCTCCT
120 130 140 150 160 170 180 190 200 210 220 230

mm&Mm;.mu.n,n.tmmu.nmtmu..t‘sumw,alum.t..‘mmAum.m.a.uu.um.«m

AGGATTGAAGAAACCCCGGCTAAGTGTA AT GAAAAGAT GGCAAGAT CAACAGATGCCCCAGCGT GGGCAATTCCTGCGGAAAGAGGAGGGTAGACGGTCCACCCTGTCCCGGC
240 250 260 270 280 290 300 310 320 330 340

TCCACTTTCTACTATACTACTAGCAAGAAGAAGAGTCAAGGCAGGAGGGAGCAGTCAGAAGCTTATATTATTCATTCGTGGGAATIGCTATATCTGGGGCTCCT AAT ATT
350 360 370 380 390 400 410 420 430 440 450

‘A“;'A‘)“L‘A‘A’A‘t“k"A‘A‘A‘L‘A‘A0..n“‘lh‘x .‘A’L‘A‘L‘“A‘A‘A‘A‘s‘lA“.g';‘)\lL ‘A‘l‘t’l"L.A.‘“A‘A‘A‘A‘ﬂ&LL.L‘_A‘_A’L’A."n‘k‘l‘l.)~"&"‘b4.L’t'&

AAAG GCAC CAACCAATTACCAAACCCCCCGATT ATAATAGGT
460 470 480 490

92



Model 373 File: 26°E.P.11_2 B LCO1490 Signal G:243 A:141 T:189 C:148 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.11/2B LCO1490 dRhod?2 Spacing: 9.27000045776367
BioEdit version 5.0.9 Lane 26 Points 1101 to 9788
NNACTTTATACTTCATTTT TGGTGCTTGGTCCGGTATAGTCGGAACCTCACTCAGACTACTTATTCGTGCTGAACTTGGTCAACCCGGTTCACTAATTGGGGACGACCAAAT
10 20 30 40 50 60 70 80 920 100 110

O e e e

[T TATAAT GTCATTGTAACTGCT CATGCATTTAT TATGATTTTCTTTATAGTTATGCCTATTATAATCGGGGGGTTTGGTAATTGGTT GGTGCCTTTAATATTAGGAGC CCCA
120 130 140 150 160 170 180 190 200 210 220

mm5“.¢..Mlsu,t.tﬁxs.t.osAlu.m.o.m.u.tm.mm‘.uMu.a.MA.MAM&Mu‘umh‘\_Aum.u‘c.mJMM

GATATAGCATTCCCACGAATAAATAATATAAGCT TCT GACTGCTCCCTCCTGCCTTGACTCTTCTTCTTGCTAGTAGTATAGTAGAAAGTGGAGCCGGGACAGGGTG GACC
230 240 250 260 270 280 290 300 310 320 330

Pt einonernatvrt e e e o e ot e e el

GT CTACCCTCCTCTTTCCGCAGGAATTGCCCACGC CGGGGCAT CTGTTGATCTT GCCAT CTTTT CATTACACTTAGC CGGGGTTTCTT CAAT CCTAGGAGCAG TAA AT
340 350 360 370 380 390 400 410 420 430 440

M X T Yoo o0 000000 e Y Y 000000 Datnenc

TTTATT ACNACCA CG A TTA AT ATTACGATCAACAGGGGATAA CCCTAGAACCGAACT CCT CTCTTTCGTGGT
450 460 470 480 490 500 510

(00003000 YK X 08 Od 00000l M

93



Model 373 File: 25°E.P.11_2 B HCO2198 Signal G:178 A:105 T:93 C:77 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.11/2B HC0O2198 dRhod2 Spacing: 9.43000030517578
BioEdit version 5.0.9 Lane 25 Points 1101 to 9788
NNNNN NGA TAAGITGTTGATACAAGATTGGGI CTCCCCCTCCTGCT GGNTCAAAGAAT GAGGTATTTAAGTTACGGTCAGTTAAAAGTATTGT GATAGCTCCTGCCAGTACAGGTAAAG
10 20 30 40 50 60 70 80 90 100 110

a.l.m.‘.mmnJmt

A AAGAAGAAGTAAAATG GCTGTGAT TAAAACT GATCACACGAAGAGAGGAGTTCGGTCTAGGGITATCCCTGTTGATCGTATATTAATCGTT GTTGTAATAAAATTTACT GCTCC
120 130 140 150 160 170 180 190 200 210 220 230

luI,hm&AA&M&MA\M&M,&lm.n,n,l.u.n.l_bmmm.smMMAWAAMMu_oAAhM.&ml.u)mu&.&&dm

TAGGAT TGAAGAAACCCCGGCTAAGT GTAATGAAAAGAT GGCAAGATCAACAGATGCCCCGGCGTGGGCAAT TCCTG CGGAAAGAGGAGGGTAGACGGTCCACCCTGTCCCGGA
240 250 260 270 280 290 300 310 320 330 340

T L o a r a e

TCCACTTTCTACTATACTACTAG CAAGAAGAAGAGT CAAGGCAGGAGGGAGCAGT CAGAAGCTTATATTATTTATT CGTGGGAATIGCT ATATCTGGGGCTCCTAATATT
350 360 370 380 390 400 410 420 430 440 450

T T L T N N Y o e L e e

AAAGG CCCAACCAATTACCAAACCCCCCGATT ATAATAG GCATAACTATAAAGAAAATCNTAATAAATG CATGAGCAGTTT CNATTGACATTATAAATT TG
460 470 480 490 500 510 520 530 540 550

- Q Y000 e R K0 g W N N s S AV

G TCGTCCCCAATTAGT G A CCGG GTT G A CCAAGTT CAGCNACGAATTAATAGTCTGAATG AGGT CCCGACTATACCCGG A CCAAGCC NCCN A AATG AAGTATAAAGTT
560 570 580 590 600 610 620 630 640 650 660

’A ) \'., A

NPOK e IS e




Model 373 File: 25°E.P.11_2 B HCO2198 Signal G:178 A:105 T:93 C:77 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004

TRACE Version 3.0 E.P.11/2B HC0O2198 dRhod2 Spacing: 9.43000030517578
BioEdit version 5.0.9 Lane 25 Points 1101 to 9788

CCATA

670

[0
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Model 373 File: 28-E.P.11_25D LCO1490 Signal G:168 A:98 T:129 C:101 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.11/25 D LCO1490 dRhod2 Spacing: 9.28999996185303
BioEdit version 5.0.9 Lane 28 Points 1102 to 9788
ANNN AACTTTATACT TCATTTTTGGTGCTTG GTC CGGTATAAGT CAAGAACCTCACTCAGACTACTTATTCGTGCTGAACTTGGTCAACCCGGTTCACTAATTGGGGACGACCAAATT
10 20 30 40 50 60 70 80 90 100 110

N G e e o

TATAATGTCATTGTAACTGCTCATGCATTTATTATGATTTTCTTTATAGT TAT GCCTATTATAATCGGGGGGTTTGGTAAT TGGTTGGTGCCTTTAATATTAG GAGCCCCAGJ
120 130 140 150 160 170 180 190 200 210 220 23

..M._Ao..mmnAg.a.»‘o‘&m.mA_Aum.m...mm.&unmmmh..mhm)m.m.umau.uu

ATATAGCAT TCCCACGAATAAATAATATAAGCTT CTGACTACTCCCTCCTGCCTTGACTCTTCTTCTTGCTAGTAGTATAGTAGAAAGTGGAGCCGGGACAGGGTG GACCG
240 250 260 270 280 290 300 310 320 330 340

T T L e e e Y v e

TCTACCCTCCTCTTTCCGCAGGAATT GCCCACGC CGG GGCATCTGTT GATCTTGCCAT CTTT TCATTACACTTAGCCGGGGTTT CT TCAAT CCTAGGAGC AGTAAATT
350 360 370 380 390 400 410 420 430 440

T A N T e R e T n

TTATTACAACAACGATTA AT ATACGGATCAACAGGG ATA ACCCT AGACCGAA CTCC TCTCT CGTGGTGA CAG TTTAATCA CAG CCATTTTTAAC TCCTC
450 460 470 480 490 500 510 520 530 540

N0 ) o000 N7 o) 0 X 00l MO0 X OL YR NS

TTTCT T ACCCTGG A CT GG C AGGGA GCT AT CACAAATACNTTTT AAC TGGACCG TAA CTTAA A TACCT CA TTC TTTG AT C NG CANG AAGG GG AGA CCCAATCTT G NAT
550 560 570 580 590 600 610 620 630 640 650
- O N L7 QN 'v”v?’. 0 Y"’ Y N KK = { Ao o0t XL “ - ) "
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Model 373 File: 28-E.P.11_25D LCO1490 Signal G:168 A:98 T:129 C:101 Page 2 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.11/25 D LCO1490 dRhod2 Spacing: 9.28999996185303
Lane 28 Points 1102 to 9788

BioEdit version 5.0.9
CAACACTTAATTCGGATTTTTGGGCN CCCGGA AANTT N AA CNNC NCNNN ATC
660 670 680 690 700

"‘A‘M’A’;’L’.&!‘?\‘A&n&’a&:&ﬁ{
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Model 373 File: 27-E.P.11_25D HCO2198 Signal G:124 A:70 T:63 C:53 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.11/25D HC0O2198 dRhod2 Spacing: 9.46000003814697
Lane 27 Points 1101 to 9788

BioEdit version 5.0.9

NNGA TAAGTGTTGATACAAGATT GGGT CTCCCCCT CCTGCTGGATCAAAGAATGAGGTATTTAAGTTACGGTCAGT TAAAAGTATT GT GATAGCTCCT GCCAGTACAGGTAAAGA
10 20 30 40 50 60 70 80 920 100 110

AAGAAGAAGTAAAATGGCT GTGATTAAAACTIGATCACA CGAAGAGAGGAGTTCGGTCTAGGGTTATCCCTGTTGATCGTATATTAATCGTT GTTGTAATAAAATTTACT GCTCCT
120 130 140 150 160 170 180 190 200 210 220 230

AGGATTGAAGAAACCCCGGCTAAGTGTAAT GAAAAG AT G GCAAGATCAACAGATGCCCCGGCGTGGGCAATTC CT GCGGAAAGAGGAGGGTA GACGGTCCACCCT GTCCCGGCT
240 250 260 270 280 290 300 310 320 330 340

CCACTTTCTACTATACTACTAGCAA GAAGAAGAGTCAAGGCAGG AGGGAGTAGTCAGAAGCTT ATATTATTT ATT GOGTGGGAATIGCTATATCTGGGG CTCCT AAT ATT A
350 360 370 380 390 400 410 420 430 440 450

AAGG CACCCACCAATTACCNAACCCCCCGATTAT AAT AGG C
460 470 480 490

AKX Y o0
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Model 373 File: 22-E.P.10_304 LCO1490 Signal G:665 A:424 T:630 C:464 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.10/30 4 LCO1490 dRhod2 Spacing: 9.22000026702881
BioEdit version 5.0.9 Lane 22 Points 1101 to 9788
NANTTTATACT TCATTTTTGGTGCT TGGTCCGGT ATAGTCG GAACCTCACTCAGACTACTTATTCGTGCTGAACTTGGT CAACCCGGTTCACTAATTGGGGACGACCAAAT
10 20 30 40 50 60 70 80 90 100 110

B T e

TTATAATGTCATTGTAACTGCT CATGCATTTATTAT GATTTTCTTTATAGTTATGCCTATTATAATCGGGGGGTTTGGTAATTGGTTGGTGCCTTTAATATTAGGAGCCCC
120 130 140 150 160 170 180 190 200 210 220

m.mhmum.mA,.u.h.mmm.«m;mm.‘uu.»,umu.n‘.ummmu.umm,ummmm‘ /

AGATATAGCAT TCCCACGAATAAATAAT ATAAGCTTCT GGCTGCTCCCTCCTGCCTTGACTCTTCTTCTTGCTAGTAGTATAGTAGAAAGTGGAGCCGGGACAGGGT GGA(Q
230 240 250 260 270 280 290 300 310 320 330

o el pooruooon ot i e ol e e tenn e )

CGTCTACCCTCCTCTT T TCCGCAGGAATT GCCCACGCCGGGGCATCTGTTGATCTTGCCAT CTTTTCATTACACTTAGC CGGGGTTTCTT CAATC CTAGGAGCAGTA
340 350 360 370 380 390 400 410 420 430

A e L 00 00 A A 0 A0 R e 00 e oo

AATTTTATT ACAACAACGATTAATATACGA
140 450 460

L O RO et

99



Model 373 File: 21-E.P.10_304 HCO2198 Signal G:577 A:401 T:382 C:311 Page 1 of 2

BlOA ABI50 BIF DT373{BDv3}v1.mob 4/16/2004
TRACE Version 3.0 E.P.10/30 4 HCO2198 dRhod2 Spacing: 9.44999980926514
BioEdit version 5.0.9 Lane 21 Points 1100 to 9788

NNGAT AAGTGTTGAT ACAAGAT TGGGTCTCCCCCTCCTGCTGGAT CAAAGAAT GAGGTATTTAAGTTACGGTCA GTTAAAAGTATTGTGATAGCTCCTGCCAGTACAGGTAAAG
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