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Abstract. Two parallel in vitro selections (denoted
Selection A and Selection B) were conducted under
different selection-pressure regimes, yielding a diverse
community of RNA-cleaving deoxyribozymes. In
Selection A, the reaction time was reduced four times
(from 5 h to 5 s) over the course of 24 generations,
while in Selection B the reaction time was maintained
at 5 h for 30 rounds of selective amplification. Se-
quence alignment was conducted on more than 800
clones assembled from 18 generations that span both
selections. Many prominent catalytic sequence clas-
ses, including some that extend across both selec-
tions, were identified and used to construct fitness
landscapes depicting their rise and fall over time. The
landscapes from both selections exhibit similar global
trends despite differences in population dynamics.
Some deoxyribozymes were predominant in the early
rounds of selection but gave way to other species that
dominated in the middle rounds. Ultimately, these
middle classes disappeared from the landscape in fa-
vor of new and presumably more fit deoxyribozyme
sequence classes. The shape of these landscapes al-
ludes to the presence of many latent deoxyribozymes
in the initial library, which can only be accessed by
changes in the selection pressure and/or by adaptive
mutations. Basic computer simulations provide the-
oretical corroboration of the experimentally observed
pattern of staggered sequence-class transitions across
the fitness landscapes. These simulations model the
influence of one or more contributing factors,
including catalytic rate, folding efficiency, PCR
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amplification efficiency, and random mutagenesis.
This is the first study which thoroughly documents
the topography of a deoxyribozyme fitness landscape
over many generations of in vitro selection.

Key words: Deoxyribozyme — Population dynam-
ics — RNA cleavage — In vitro selection —
Sequence diversity — Reaction time

Introduction

In vitro selection is a combinatorial screening tech-
nique used to isolate functional nucleic acids
(including aptamers, ribozymes, and deoxyribo-
zymes) from synthetic libraries of random-sequence
DNAs or RNAs (Breaker and Joyce 1994; Ellington
and Szostak 1990; Robertson and Joyce 1990; Tuerk
and Gold 1990). In vitro selection is characterized by
iterative cycles of selective amplification, a process
that cumulatively acts to enrich a DNA or RNA
population for functionally active molecules, while
simultaneously reducing the inactive fraction. Indi-
vidual molecules are selected on the basis of fitness,
which is a reflection of their differential ability to
survive and reproduce under the imposed selection
constraints. In vitro selection is, therefore, in many
respects analogous to Darwinian evolution.
Unfortunately, the complexities of Darwinian
evolution are not lost in the microenvironment of a
test tube DNA population undergoing in vitro selec-



tion. Despite more than a decade of use, relatively
little is known about the in vitro selection process and
the factors that govern its outcome. Ultimately, this
lack of knowledge may serve as a major obstacle to
finding nucleic acid—based catalysts, with protein-like
rate enhancements.

Our research is motivated by a desire to better our
understanding of the in vitro selection process and
thereby facilitate the search for functional nucleic
acids. In the current study, we wanted to examine the
population dynamics of a community of RNA-
cleaving deoxyribozymes evolving under different
levels of selection pressure. Understanding how the
composition and complexity of a population changes
over time, under different selection pressures, and in
response to both inherent and environmental factors
could potentially yield significant insight on how to
implement the most effective screening measures for
the isolation of nucleic acids with greater functional
aptitude. Consider, for example, the original selection
conducted by Santoro and Joyce that led to the iso-
lation of two very useful RNA-cleaving deoxyribo-
zymes referred to as 8—17 and 10-23 (Santoro and
Joyce 1997). The 8-17 motif was part of a subpopu-
lation that dominated in rounds 6-8, but the 10-23
motif was isolated from a different subpopulation
that ascended to dominance in rounds 9-10, at the
expense of the former. If the selection had continued
beyond generation 10, would other more useful cat-
alytic motifs have eventually ascended to dominance
at the expense of 10-23? This is just one type of
question that could be addressed more easily if we
could identify any patterns of behavior that charac-
terize populations undergoing in vitro selection.

The population dynamics of in vitro selection have
not been studied in great detail, despite the signifi-
cance of this subject. A few studies have used math-
ematical simulations to provide guiding principles for
the optimization of in vitro selection, but the validity
of these theoretical studies may suffer from simpli-
fying assumptions and a lack of experimental cor-
roboration (Irvine et al, 1991; Sun et al 1996; Vant-
Hull et al. 1998). Unfortunately, empirical data are
rather scarce. Typically, only the constituents in the
terminal pool of an in vitro selection experiment are
cloned and sequenced to reveal a static portrait of the
population. This scenario essentially precludes anal-
ysis of population dynamics. Some studies have em-
ployed alternative techniques including the
evaluation of restriction digest patterns (Bartel and
Szostak 1993) and Cyt analysis (Charlton and Smith
1999) to track changes in pool complexity and com-
position over time. However, these methods cannot
provide detailed information on population dynam-
ics, nor was it the intended focus of either study.
Studies of the Tetrahymena ribozyme have provided
some insight into the population dynamics of a pool
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of partially randomized variants as they undergo in
vitro evolution for altered function (Beaudry and
Joyce 1992; Lehman et al. 2000; Lehman and Joyce
1993a, b). However, to date, no study has thoroughly
documented the dynamics of a completely random
nucleic acid population evolving over multiple gen-
erations of in vitro selection.

Previously, we conducted an in vitro selection
experiment that yielded a diverse pool of RNA-
cleaving deoxyribozymes (Schlosser and Li 2004). We
reasoned that the large genetic variation within this
pool might provide an interesting case study to
examine the population dynamics of many deoxyri-
bozymes competing through in vitro selection.
Additional rounds were conducted along two parallel
but distinct paths to determine how the composition
of each population would change in response to dif-
ferent levels of selection pressure. Multiple genera-
tions were selected for cloning and sequence analysis,
and comprehensive fitness landscapes were con-
structed to trace the rise and fall of individual se-
quence classes over time.

Material and Methods

Materials and Common Procedure

Standard oligonucleotides were prepared by automated DNA
synthesis using cyanoethylphosphoramidite chemistry (Keck Bio-
technology Resource Laboratory, Yale University; Central Facil-
ity, McMaster University). Random-sequence DNA libraries were
synthesized using an equimolar mixture of the four standard
phosphoramidites. DNA oligonucleotides were purified by 10%
preparative denaturing (8 M urea) polyacrylamide gel electropho-
resis (PAGE) and their concentrations were determined by spec-
troscopic methods. Nucleoside 5-triphosphates, [y->> PJATP, and
[0->2 P]JdGTP were purchased from Amersham Pharmacia. Tag
DNA polymerase, T4 DNA ligase, and T4 polynucleotide kinase
(PNK) were purchased from MBI Fermentas. All chemical re-
agents were purchased from Sigma. The 50-nucleotide (nt) RNA
substrate (R1) was produced by RNA transcription using T7 RNA
polymerase and a double-stranded DNA template as described
previously (Schlosser and Li 2004).

In Vitro Selection Procedure

Sequences of relevant DNA and RNA molecules are shown in
Fig. 1A. Each round of in vitro selection consists of steps [-VIII as
illustrated in Fig. 1B.

Step I: The 104-nt library L1 was ligated to the 64-nt A1-R1
substrate to yield 168-nt A1-R1-L1 constructs. The reaction mix-
ture, containing 250 pmol of A1-R1, 250 pmol of L1, and 300 pmol
of template T2, was heated at 90°C for 30 s, and then cooled to
room temperature. A volume of 12.5 pl ligase buffer (10x stock
supplied by the manufacturer) and 25 pl of T4 DNA ligase (5 units/
ul) were added to the mixture (250-ul final volume). The resultant
reaction mixture was incubated for 4 h at room temperature. It is
noteworthy that the ligase buffer was used at a final concentration
of 0.5x to minimize the activation of DNA catalysts by Mg>"
present in the buffer, because we found that T4 DNA ligase was as
effective at the reduced metal ion concentration.
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Fig. 1. Information on in vitro selection. A DNA sequences and

their relationships. Each molecule in the library contains three key
domains: a 14-nt DNA fragment (denoted Al) precedes a 50-nt
RNA fragment (denoted R1), which in turn precedes another 104-
nt DNA fragment (denoted L1). L1 contains 80 random-sequence
nucleotides (Ngg) that serve as the putative catalytic domain and
provides initial sequence diversity. The Ng, region of L1 is flanked
by 9-nt and 15-nt fixed sequence domains at the 5" end and 3" end,
respectively, which serve as primer-binding sites for PCR amplifi-
cation. Al, R1, and L1 are ligated by T4 DNA ligase in the pres-
ence of templates T1 and T2. Sequences denoted by P1, P2, and P3
serve as primers during PCR (Ar, adenine ribonucleotide). B In
vitro selection of RNA-cleaving deoxyribozymes. Each round of
selection consists of steps [-VIII. In step I, the A1-R1-L1 chimeras
are assembled by T4 DNA ligase involving the use of A1-R1, 5'-
phosphorylated L1, and a synthetic DNA template T2. The
resultant DNA-RNA-DNA molecules are purified by 10% dena-
turing PAGE (step II), followed by incubation with a selection
buffer containing divalent metal ion cofactors (7.5 mM MnCl, and
7.5 mM MgCl,) to promote catalytic activity (step III). The reac-
tion is allowed to proceed for a designated amount of time before
being stopped with the addition of the metal-chelating agent,
EDTA. The resulting cleavage fragments are isolated by 10%
denaturing PAGE (step 1V). The isolated DNAs are amplified by
two consecutive PCRs (steps V and VI). The first PCR used P1 and
P2 as the primers. In addition to the 9-nt forward priming site, P1
contained 23 extra nucleotides at the 5 end to introduce a new
forward priming site for the second PCR, which used primers P2
and P3. Since P3 is a ribo-terminated primer, the DNA product
from the second PCR can be digested under alkaline conditions to
regenerate single-stranded deoxyribozyme sequences (step VII).
The DNA mixture is subjected to 10% denaturing PAGE followed
by DNA phosphorylation (step VIII), and the resulting phos-
phorylated 104-nt DNA is used to initiate the next round of
selection.

Step II: A1-RI-L1 chimeras were recovered by ethanol pre-
cipitation and purified by 10% denaturing PAGE.

Step I1I: A 2x selection buffer was added to an equal volume of
H,O in which the DNA pellet from step II was dissolved. The
resultant reaction mixture (with a DNA concentration of ~0.1 pM)

was allowed to stand at room temperature for the following des-
ignated times for Selection A: 5 h for G0-G7, 30 min for G8, 5 min
for G9-G11, 30 s for G12-G14, and 5 s for G15-G24. For Selec-
tion B, the reaction time was maintained at 5 h. After the desired
amount of time had elapsed, a 2x volume of 45 mM EDTA (pH
8.0) was added to the reaction mixture to stop the reaction.
Selection buffer A (composed of 50 mM HEPES, pH 7.0, at 23°C,
400 mM NaCl, 100 mM KCI, 7.5 mM MnCl,, 50 pM CuCl,, and
7.5 mM MgCl,) was used from GO0-G7, and selection buffer B
(which was identical to selection buffer A with the exception that
CuCl, was eliminated) was used for the remaining selection rounds.

Step IV: The above reaction mixture was subjected to 10%
denaturing PAGE. The cleavage products of interest were excised
from the gel and recovered by ethanol precipitation. All cleavage
fragments of lengths between 104 and 154 nt were recovered during
selection rounds GO-G5. Three dominant cleavage fragments, de-
noted DNA-I (112 nt), DNA-II (143 nt), and DNA-III (149 nt),
were recovered separately in G6. The remaining selection rounds
were conducted with only the DNA-II population, and the corre-
sponding 143-nt cleavage product was recovered.

Steps V and VI: Two successive rounds of PCR were used to
amplify the recovered cleavage fragments. P1 and P2 were used as
the primer set for the first PCR, and P2 and P3 for the second PCR
(Fig. 1). One percent of the double-stranded DNA product from
the first PCR was used as the template in the second reaction. Both
reactions were performed on a SmartCycler (Cepheid) and moni-
tored in real-time using SYBR Green (Molecular Probes) as the
reporter. The second PCR mixture contained 20 uCi [o->* PJdGTP
to introduce radiolabels into the amplified DNA products for
visualization purposes. The second PCR also used a ribo-termi-
nated primer (P3) so that the 104-nt putative catalytic DNA mol-
ecules could be regenerated by alkaline digestion.

In generation 8, a 15-nt extension was engineered onto the
existing 3’ primer-binding site of the population in Selection A, and
a new P2 primer (5% CCA TCA GGA TCA GCT) employed
accordingly during subsequent rounds of PCR. The 15-nt extension
was created during PCR2 using P3 and an elongated 30-nt primer
composed of the old and new P2 primer sequences (5 CCA TCA
GGA TCA GCT ACT GCT GAT TCG ATG). The same proce-
dure was also used for the population in Selection B using a dif-
ferent P2 primer (5 TCA TCA GCT CCA GGT) for subsequent
rounds of PCR and a different 30-nt primer for PCR2 (5" TCA
TCA GCT CCA GGT ACT GCT GAT TCG ATG).

Step VII: The amplified DNA from the second PCR above was
recovered by ethanol precipitation, 90 pl of 0.25 M NaOH was
added to the DNA pellet, and the resultant solution was heated at
90°C for 10 min, followed by the addition of 10 ul of 3 M NaOAc
(pH 5.2 at 23°C). This alkaline treatment serves to cleave the
embedded RNA linkage.

Step VIII: The 104-nt cleavage fragments were purified by 10%
denaturing PAGE. The recovered DNA molecules were incubated
with 10 units of polynucleotide kinase (PNK) at 37°C for | h for
DNA phosphorylation in a 100-pl reaction mixture containing 50
mM Tris-HCI (pH 7.8 at 23°C), 40 mM NacCl, 10 mM MgCl,, 1
mg/ml BSA, and 0.5 mM ATP. The 5’-phosphorylated DNA (de-
noted G1) was used for the second round of selection. Steps I-VIII
were repeated 24 times for Selection A and 30 times for Selection B,
using the same procedure described for the first round of selection
except that the ligation reaction scale in step I was reduced 10-fold
(i.e., 25 pl final volume; however, all reaction components were
maintained at the same concentrations as in round 1).

Cloning and Sequencing of Selected DNA Populations

DNA sequences from a relevant selection round were amplified by
PCR and cloned into a vector by the TA cloning method. Plasmids
containing individual catalysts were prepared using the Qiagen



Mini-Prep Kit. DNA sequencing was performed on a CEQ 2000XL
capillary DNA sequencer (Beckman-Coulter) following the man-
ufacturer’s recommended procedures.

Quantification of Observed Sequence Identity

Sequences were aligned based on the location of their fixed primer-
binding sites with the aid of the Bioedit Sequence Alignment Editor
computer program, which is available free of charge over the in-
ternet at www.mbio.ncsu.edu/BioEdit/bioedit.html

Once aligned, individual sequences were grouped into common
sequence classes by visual inspection, under the minimum
requirement of approximately 90% sequence identity within the
same generation and approximately 85% sequence identity across
generations and across two selections. After the initial bulk sorting
of individual sequences into common classes, the alignment was
run through the ClustalW multiple alignment algorithm (with de-
fault parameters) provided in Bioedit to help identify previously
undetected sequence matches due to misalignment from deletions
or insertions. A sequence identity matrix was generated for se-
quences in each generation, using Bioedit. The sequence identity
matrix is simply an N x N matrix (where N = number of sequences
in a given class) that shows the sequence identity (expressed as a
number between 1 and 0, where 1 represents identical sequences
and 0 represents no identical bases in their current alignment) for
each pairwise permutation of all sequences being considered (in this
case for all sequences within a class). This identity matrix was used
to determine the average sequence identity within classes by con-
sidering all constituents of the class, as well as the maximum and
minimum sequence identity observed between any two sequences
within the class. Likewise, the matrix was used to determine the
average, maximum, and minimum sequence identity between
classes for each generation. To calculate the sequence identity
statistics between the 215 classes across generations and across
both selections, the sequence of a single clone from each class was
used to construct the identity matrix. This simplifying strategy was
applied with three different data sets (using different randomly
chosen sequences from each class) and yielded very similar results
in every case.

Kinetic Analyses

A typical reaction involved the following steps: (1) heat denatur-
ation of the A1-R1-DNA pool construct in water for 30 s at 90°C,
(2) incubation for RNA cleavage at room temperature in selection
buffer B for a designated time, (3) addition of EDTA to 30 mM to
stop the reaction, (4) separation of cleavage products by denaturing
10% PAGE, and (5) quantitation using a Phosphorlmager and
ImageQuant software. For deriving the catalytic rate constants,
aliquots of an RNA cleavage reaction solution were collected at
different reaction time points that were under ~30% completion
and the rate constant for the reaction was determined by plotting
the natural logarithm of the fraction of DNA that remained un-
reacted vs. the reaction time. The negative slope of the line pro-
duced by a least-squares fit to the data was taken as the rate
constant.

Simulations

Definitions and Equations

Xcn: Number of copies of a given deoxyribozyme sequence
class (or the noncatalytic class) in a given generation before the
selection step. Note: Subscript C = class number; subscript
N = generation or selection round.

Ycn: Number of copies of a given deoxyribozyme sequence
class (or the noncatalytic class) in a given generation after the
selection step.
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Xen = Yeno1 x AFeN (1)

AFc Nt Amplification factor (the fold amplification of each se-
quence class during PCR).

AFC_N =7Z~= Z( YC,N—I) (2)

Z: Total number of molecules (catalytic and noncatalytic) in the
population in a given generation after the PCR step.

> (Ycn): Total number of molecules (catalytic and noncata-
lytic) in the population in a given generation after the selection
step.

YC,N = XC.N X SRC'N (3)

SR n: Surviving ratio (the fraction of a given sequence class that
survives the selection step, 0 < SRen < 1).

FRc n: Fraction of the population composed of a given de-
oxyribozyme sequence class (or noncatalytic class) in a given gen-
eration.

FReN = Yen/Z(YenN) 4)

SRc N is determined by one or more contributing factors. When
multiple factors are considered, the overall SRc N can be taken as
the product of each individual factor. For example, if three factors
collectively influence the surviving ability of a given deoxyribozyme
class, SR N can be computed by Eq. (5):

SRen = (SRen); % (SRen), X (SRen); (5)

For simulation 1 (Fig. 7), SRen = (SReN)Rate = kc/ki, where
ke = catalytic rate of a given sequence class (min™'), k, =
1/t = minimum threshold rate imposed by the reaction time (z;
minutes).

For simulation 2 (Fig. 8), SRen = (SReN)Rate X (SRe.N)Foldings
where (SRc n)roding 18 the “folding factor” or the fraction of a
given deoxyribozyme sequence class that folds into a catalytically
active conformation (0 < (SR¢ N)rolding < 1)

For simulation 3 (Fig. 9), SRcn = (SReN)pcr X (SRe.N)Fold-
ing, where (SRC,N)PCR 1S the “PCR efficiency” or the fraction of a
given deoxyribozyme sequence class that is amplified during PCR
(0 < (SRenecr < 1)

Simplifying Assumptions and Conditions.

1. The initial random DNA library contains 10'* different mole-
cules.

2. Each catalytic sequence class survives the initial round of
selection despite having only single-copy representation in the
initial library.

3. The gel-based selection method permits 0.8% of noncatalytic
DNA molecules to survive each round (independent of the
reaction time), and all these molecules are treated as a single
class (NC).

4. A total of 10" molecules are generated after each PCR
(Z = 10",

S. Some form of mutational event(s) leads to a change in the
overall surviving ratio of a given deoxyribozyme sequence class
(SRen)-

6. The phenotypic properties (catalytic rate, folding factor, PCR
efficiency) of specific deoxyribozyme sequence classes were
chosen arbitrarily but within reasonable limits for deoxyribo-
zyme standards.

With the preceding simplifying assumptions and conditions
taken into consideration, the computer program Microsoft Ex-
cel was used to generate a spreadsheet of FR¢ n values for all
deoxyribozyme sequence classes versus each generation.

We will use simulation 1 (Fig. 7) as an example to illustrate the
method by which the fraction of population (FR ) was calculated
for each sequence class in our computer simulations.
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For GO: The initial library contains 10'* different molecules,
and therefore each of the seven deoxyribozyme sequence classes is
represented by only a single molecule. Thus, X, is equal to 1
molecule. Each deoxyribozyme must pass the first round of selec-
tion, so the product pool will also contain one copy of each de-
oxyribozyme. Therefore, Yc, is also equal to 1 molecule.
Noncatalytic DNA molecules are represented by a single class
(class NC) with a surviving ratio (SRyc) of 0.008. Therefore, the
number of molecules of the noncatalytic class carried into the
product pool will be: Ynco = 10" x 0.008 = 8 x 10" molecules.
The total number of molecules in the product pool of GO will be
Seo)=1+1+1+1+1+1+1+8x10"~8x10".
The FRcen value for each deoxyribozyme class will be
FRi_70 = Yco /| S(Yco) = 1 (8 x 10") ~ 1.25 x 107'%. The
FRyco of class NC is equal to 1.

For Gl: The amplification step will generate 10" molecules
from 8 x 10'' input molecules, therefore AF,_7, = 100 +
S (Yeo) = 10" (8 x 10') = 12.5. For simulation 1 (Fig. 7) we
assumed that every sequence class has the same PCR efficiency, and
therefore Xc; (for each of the seven deoxyribozyme classes,
C=1-7) = 1x12.5 = 12.5,and Xnc,; = 8x10'"x 12,5 = 1 x
10"3. The k¢ values for all seven deoxyribozyme classes (0.004, 0.01,
0.045, 0.1, 0.25, 0.6, and 2 min™! for classes 1-7, respectively) are
larger than the minimum threshold rate constant in G1 (ks, = 1/
300 min~' = 0.0033 min’l), therefore SR;_7;; = 1. After the
selection step, Y1-7; = Xj_71 X SR;_7; = 12.5x 1 = 12.5 copies
and Yncg = 103 x 0.008 = 8 x 10'° molecules. The total number
of molecules in the product pool of Gl is X(Y¢ ) = 12.5 + 12.5 +
125 + 125 + 12,5 + 12,5 + 12.5 + 8 x 10'° = 8 x 10'°. The
fraction of the population represented by each deoxyribozyme class
in Glis FRey = Ycu [ Z(Yey) = 12.5+8x 10" ~1.56 x 107'°,
The FRnc,1 of the noncatalytic group is equal to 1.

For the next generation (N + 1), first calculate AFc N+ = 103
+ X(YcN), then compute Xcn+1 = Yen X AFc N+ 15 then deter-
mine SR ¢ n+1 = kc/k, (if kc/k, > 1, SRen+ 1 is taken as 1). After
obtaining Yc N+ for each sequence class by Yen+1 = Xen+1 X
SRen+1 and Ynen+1 = Xnew+1 X 0.008, the total number of
molecules in the product pool of G(N+1) is X(Ycn+1). The
fraction of the population represented by each deoxyribozyme class
in generation (N+1)is FRen+1 = Yen+1 / Z(Yen+1)

Results and Discussion

Continuation of Two Parallel Selections Initiated in a
Prior Study

Our laboratory has recently initiated a research pro-
gram to systematically investigate the in vitro selec-
tion methodology, which has gained considerable
recognition over the last decade for its ability to
isolate deoxyribozymes and other functional nucleic
acids from synthetic DNA and RNA libraries. Pre-
viously, we conducted a study to examine the rela-
tionship between catalytic sequence diversity and the
length of the reaction time imposed during in vitro
selection (Schlosser and Li 2004). We devised a
selection strategy to isolate RNA-cleaving deoxyri-
bozymes from a library of single-stranded DNA
molecules coupled to a long RNA substrate and
performed two parallel experiments using different
selection pressure. In the current study, we sought to
characterize the population dynamics of this com-
munity of RNA-cleaving deoxyribozymes. A brief

recap of the relevant experimental details from the
previous study will first be addressed. Approximately
10'* different DNA sequences were used in the
starting library (generation 0 or G0), which is illus-
trated along with the in vitro selection scheme in
Fig. 1. A single sclection was initially carried out
from GO to G7. There was no detectable cleavage
product(s) in GO0-G4. However, three different
cleavage bands were seen in G35, each corresponding
to a unique cleavage site along the 50-nt RNA sub-
strate. In G6, each DNA band was carefully excised,
and the eluted DNA was amplified separately. One of
these three DNA bands in G7, named DNA-II, was
used as the common starting pool for two subsequent
parallel selections. In Selection A, the reaction time
was progressively decreased from 5 h (G7), to 30 min
(G8), to 5 min (G9-Gl1), to 30 s (G12-G14), and,
finally, to 5 s (G15). In Selection B, a constant reac-
tion time of 5 h was used for each round of selection
from G7 to G15. It is noteworthy to mention that the
risk of cross-contamination between these two par-
allel selections was minimized by a design strategy,
which introduced different primer-binding sites onto
the existing common 3’ end of each DNA population
in G8. Approximately 50 clones from G7, G8, G10,
G13, and G15 of each selection were sequenced, and
the change in sequence diversity was reported for
both selections.

In order to create a more meaningful character-
ization of the potential evolutionary scenarios
occurring during in vitro selection, we decided to
conduct 9 more rounds of Selection A and 15 more of
Selection B. These additional rounds of selection
would broaden the evolutionary timescale and in-
crease the sensitivity of our system for detecting slow
or latent evolutionary trajectories. As an experimen-
tally imposed selection pressure, the reaction time
was set at 5 s for the remainder of Selection A and 5 h
for the remainder of Selection B. Once again,
approximately 50 clones were sequenced from GI18,
G21, G24 (for both Selection A and Selection B),
G27, and G30 (for Selection B).

Sequence Classification Statistics for Selections
A and B

The sequences of all clones were analyzed and
grouped into classes, and the data are presented in
Table 1 (for Selection A) and Table 2 (for Selection
B). In Selection A, a total of 393 clones were se-
quenced and 113 unique classes were revealed. The
diversity ratio is a measure of the sequence diversity
within each population and is defined as the ratio of
unique sequence classes over the total number of se-
quenced clones. The observed maximum, minimum,
and average sequence identity between individual
clones within classes, as well as the observed maxi-
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Table 1. Summary statistics for Selection A
Generation
G7 G8 G10 Gl13 Gl15 Gl18 G21 G24
Time (min) 300 30 5 0.5 0.083 0.083 0.083 0.083
Total sequences 48 49 49 50 49 49 48 51
Unique sequences 43 35 28 23 8 12 4 9
Diversity ratio 0.90 0.71 0.57 0.46 0.16 0.24 0.08 0.18
Sequence distribution & frequency 39 x 1 26 x 1 20 x 1 13x1 3x1 6x1 Ix1 Sx1
3x2 7x2 S5x2 S5x2 1x4 1x2 1x3 1x3
1x3 1x3 1x3 2x3 1x5 2x3 1x9 1x6
1x6 2x8 1x5 1x8 2x17 1 x35 1x9
1x7 1x 14 1 x21 1x28
1x9 1 x15

Note. Summary statistics for Selection A. A total of 393 clones were taken from multiple generations and sequenced. The sequence diversity
ratio is a measure of the sequence diversity within each population and is defined as the ratio of unique sequence classes over the total
number of sequenced clones. The sequence distribution and frequency for each generation are indicated as (number of different sequence

classes) x (number of sequenced clones in each class).

Table 2. Summary statistics for Selection B

Generation G7 G8 G10 G13 G15 G18 G21 G24 G27 G30
Time (min) 300 300 300 300 300 300 300 300 300 300

Total sequences 48 47 47 48 49 55 50 55 52 61
Unique sequences 43 41 39 35 32 29 23 24 15 16

Diversity ratio 0.90 0.87 0.83 0.73 0.65 0.53 0.46 0.44 0.29 0.26

Sequence distribution & frequency 39x 1 36 x 1 33x1 26 x 1 21 x 1 17x 1 14 x1 9x1 S5x1 4x1

3x2 4x2 4x2 6x2 7x2 4x2 3x2 7Tx2 S5x2 2x2

1x3 1x3 2x3 2x3 2x3 4x3 2x3 5x3 1x4 3x3

1 x4 2x4 3x4 1 x4 2x4 2x6 1 x4

1x6 I1x5 1x9 1x8 2x5

1x6 1x13 1x6

1x9 1x7

1x8

1x9

Note: Summary statistics for Selection B. A total of 512 clones were taken from multiple generations and sequenced. The sequence
distribution and frequency for each generation are indicated as (number of different sequence classes) x (number of sequenced clones in each

class).

mum, minimum, and average sequence identity be-
tween classes is tabulated for each generation and
presented in Supplementary Table 1. These sequence
classification statistics clearly indicate that individual
clones fall into very distinct sequence classes. On
average, clones within a given sequence class are
more than 90% identical, while the maximum identity
observed between any two classes does not exceed
60%.

Table 2 summarizes the sequencing results of
Selection B. In total, 512 clones were sequenced
(including the 48 common G7 clones) and 172 unique
classes were revealed. Once again, clones within a
given sequence class are more than 90% identical on
average, while the maximum identity observed be-
tween any two classes does not exceed 60%. Across
Selections A and B, 215 sequence classes were iden-
tified. The average sequence identity observed within
the 215 classes is also more than 90%, while the

maximum identity observed between the 215 classes
(based on a single representative clone from each
class) does not exceed 60%.

The fraction of the population that belongs to
single-clone sequence classes and to various multiple-
clone classes are illustrated in Fig. 2. Comparison of
Selection A with Selection B reveals some interesting
trends. In both cases the fraction of the population
made up of single-clone sequence classes declines with
increasing rounds of selection. However, the rate of
decline in Selection A is greater than in Selection B,
which is understandable given the additional selec-
tion pressure (i.e., reduced reaction time) imposed in
Selection A. An opposite trend is observed in the
fraction of the population composed of sequence
classes containing three or more clones, which ap-
pears to increase with increasing rounds of selection.
Again, the rate of increase in Selection A is greater
than in Selection B. Dominant sequence classes (i.e.,
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Fig. 2. General trends in population distribution over selection
rounds. Changes in the fraction of the population composed of
single-clone and various multiple-clone sequence classes are illus-
trated as a function of the generation. A Selection A. Increasing
selection pressure was imposed on the population by incrementally
decreasing the reaction time over the course of the experiment as
shown above the graph. GO—G7, 5 h; G8, 30 min; G9-G11, 5 min;
G12-G14, 30 s; G15-G24, 5 s. B Selection B. The reaction time was
maintained at 5 h for every generation.

containing seven or more clones) begin to emerge by
G10 in Selection A but do not emerge until around
G21 in Selection B. The pool complexity in Selection
A continues to diminish in favor of a few dominant
classes, with nearly 60% of the population repre-
sented by classes with 14 or more clones. In contrast,
the population in Selection B maintains a larger
fraction of moderately dominant classes, with no
representation by classes containing 14 or more
clones. The fluctuations observed in G18 and G24 of
Selection A, as well as G24 of Selection B, may be
due to random genetic drift or sampling error.

Changes in the Phenotypic and Genotypic Character of
Two Evolving Populations

Figure 3 traces the change in the phenotypic (cata-
lytic rate, kops) and genotypic (diversity ratio) char-
acter of the composite population over the course of
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Fig. 3. Phenotypic and genotypic progression of the composite
populations. The catalytic rate, kg, is used as one measure to
describe the phenotypic character of the population, while the se-
quence diversity ratio is used to describe the genotypic character of
the population. The diversity ratio is a measure of the sequence
diversity within the population and is defined as the number of
unique sequence classes divided by the number of sequenced clones.
A Selection A. Increasing selection pressure was imposed on the
population by incrementally decreasing the reaction time over the
course of the experiment as shown above the graph. G0O-G7, 5 h;
G8, 30 min; G9-G11, 5 min; G12-G14, 30 s; G15-G24, 5 s. B
Selection B. The reaction time was maintained at 5 h for every
generation.

in vitro selection. In Selection A, the reduction in
reaction time is paralleled by a rapid decrease in the
diversity ratio and a dramatic increase in the catalytic
rate. By G15, the population as a whole exhibits a
catalytic rate of 0.62 min~', which represents an
approximate 17-fold increase over the 0.036 min~'
catalytic rate observed in G7. Interestingly, the
diversity ratio appears to plateau (with some fluctu-
ations) after G15 when the reaction time was held
constant for the remainder of the study. This obser-
vation suggests that selection is no longer acting on
the remaining members of the population because
they are phenotypically equivalent (or nearly equiv-
alent) under the imposed selection pressure. A further
reduction in the reaction time, however, may lead to a
further reduction in the diversity ratio. The rate of
increase in the catalytic rate also appears to roughly



level off after G15, which is consistent with the pre-
ceding analysis.

An entirely different scenario is observed in
Selection B, where the reaction time was maintained
at 5 h for every round of selection. Interestingly, the
catalytic rate does not appear to increase between G7
and G30. Nevertheless, there is a steady decrease in
the diversity ratio, which suggests that selection is still
acting to reduce the variability in some secondary
phenotypic trait(s). Alternatively, the observed de-
crease in the diversity ratio may be a general artifact
of the in vitro selection method, which typically in-
volves some degree of subsampling of the evolving
population during every round. For instance, only a
fraction of the total product from PCRI is used to
seed PCR2, and only a fraction of the DNA pool is
recovered after each PAGE purification step. The
subsampling that occurs with each of these labora-
tory manipulations decreases the effective population
size, which in turn may lead to a decrease in genetic
diversity. This bottleneck effect may be prominent
during the initial rounds of selection when there are
very few copies of each sequence variant. However,
by G7 there should be numerous copies of each se-
quence variant that should act as a buffer against
random changes in the overall genetic diversity.
Therefore, the steady decrease in the diversity ratio
observed in Fig. 3B is not likely to be explicitly
caused by sampling bottlenecks, although this effect
may facilitate the process by hastening the extinction
of classes that have already dwindled in copy number
due to less competitive secondary phenotypic char-
acteristics.

Fitness Landscapes of Selection A

Fitness is a measure of an individual’s ability to
survive and reproduce in a given environment. In
1932, Sewell Wright (1932) first introduced the idea
of visualizing the distribution of fitness values within
a population as a kind of landscape in order to study
evolution. To examine the population dynamics of
our model system, we have correlated the fitness of a
particular sequence class to the number of clones
observed in that class and constructed several fitness
landscapes to trace changes in population composi-
tion and complexity over the course of in vitro
selection. These fitness landscapes are not intended to
convey any specific phenotypic information. The
landscapes were constructed by grouping individual
clones into common sequence classes as previously
described and then normalizing the absolute number
of clones in a given class by the total number of
clones sequenced in that particular generation. This
normalized number represents the fraction of the
population (by generation) composed of a particular
sequence class. In an effort to emphasize the pattern
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Fig. 4. Deoxyribozyme fitness landscape for Selection A. Changes
in the composition and distribution of dominant sequence classes
are illustrated. The fraction of population values is calculated by
dividing the number of observed clones in a given class by the total
number of clones sequenced in that generation. Sequence classes
were arbitrarily arranged to illustrate the evolutionary succession
of competing classes, and the order does not reflect any homology
between classes, except by chance. The color scheme (gray scale) is
arbitrary and intended only to facilitate viewing.

of dominant sequence classes and minimize the clut-
ter created by transient classes with few clones, we
imposed an arbitrary cumulative threshold value of
0.1 for inclusion into the landscape. In other words, if
the sum of the fraction-of-population values across
all generations is greater than or equal to 0.1, the
sequence class was included in the fitness landscape.
This requirement was imposed after the fraction-of-
population values were calculated for all sequence
classes. It should be noted that the sequence classes
were arranged in such a manner as to illustrate a
general progression in the level of fitness, and does
not reflect any homology between the sequence clas-
ses (except by chance).

Figure 4 shows a fitness landscape composed of
nine dominant sequence classes from Selection A.
The landscape is characterized by a transition among
three general species: those that dominate near the
beginning of the selection, those that dominate dur-
ing the middle of the selection, and those that dom-
inate at the end of the selection. In addition to their
absolute location on the landscape, these species also
differ in distribution (i.e., broad vs. narrow peaks)
and in their maximum amplitudes. Only one sequence
class, E18, appears to rise steadily and predictably to
dominance. The E18 sequence class is first observed
in G10 and then quickly propagates to as much as
70% of the population by G21, before declining
slightly to ~55% in G24. This decline may be an
artifact of the relatively small sample set of clones
that were sequenced in each selection round or it may
simply reflect stochastic fluctuations in the composite
population. Another noteworthy feature of this
landscape is the staggered appearance of the sequence
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Fig. 5. Deoxyribozyme fitness landscape for Selection B. Changes
in the composition and distribution of dominant sequence classes
are illustrated. The fraction of population values is calculated by
dividing the number of observed clones in a given class by the total
number of clones sequenced in that generation. Sequence classes
were arbitrarily arranged to illustrate the evolutionary succession

classes across generational time. One possible expla-
nation for this observation is the contribution of a
secondary factor such as differential folding efficiency
between classes. This issue will be addressed further
in a subsequent section using computer simulations.

Fitness Landscapes of Selection B

The fitness landscape corresponding to 29 prominent
sequence classes from Selection B is shown in Fig. 5.
Interestingly, the pattern of staggered starting posi-
tions for the sequence classes observed in Fig. 4 is
also preserved in this landscape, even though the
reaction time was never reduced during the entire
course of in vitro selection. In this situation, the cat-
alytic rate of individual clones becomes largely irrel-
evant assuming that all clones in question possess
activity above the minimum threshold value of 0.0033
min~! (100% cleavage in 300 min or 1/300). Other
factors, such as differential folding ability, differential
PCR efficiency, and spontaneous mutagenesis during
PCR, are likely to be the major forces dictating the
survival and propagation of specific deoxyribozyme
sequence classes. The influence of these factors on the
shape of the fitness landscape can be modeled

of competing classes, and the order does not reflect any homology
between classes, except by chance. ““Spacer” intervals were inserted
into the chart to separate certain classes for more convenient
viewing as well. The color scheme (gray scale) is arbitrary and
intended only to facilitate viewing.

through simple computer simulations and will be
addressed in a subsequent section.

It is interesting to note that a particular sequence
class, named E8/9R, is likely the product of a
recombination event between members of the E8 and
the E9 sequence classes. E§/9R is an unusual class
because it exhibits extensive sequence homology to
both E8 and E9, which is contrary to the general
trend observed in our sequence classification statis-
tics. On average, the sequence identity between all
other classes is ~32% with a maximum observed
value of ~56%. In contrast, the average sequence
identity between E8 and E8/9R is 62%, and that be-
tween E9 and E8/9R is 81%. The “parent” E§ and E9
classes are on average only ~48% identical. A se-
quence alignment reveals that the 3’ segment of E8/
9R (Supplementary Fig. 1) is very similar to the 3’
end of E9, while the 5" end of E8/9R closely resembles
the 5" end of E8. Even more suggestive is the middle
G-rich motif of the E8/9R class, which shows a very
high degree of sequence homology to both E8 and E9.
Based on these observations, we suspect that E§/9R
could very well have arisen from E8 and E9 as a result
of recombination during PCR. Recombination can
occur as a result of template switching by the poly-
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merase in the extension phase, or alternatively, pre-
maturely terminated products can anneal to non-
identical but similar templates and be extended to
completion in the next cycle. Such mechanisms of
PCR-induced recombination have been described
elsewhere (Meyerhans et al. 1990; Odelberg et al.
1995). The recombination event may have occurred
between G18 and G21 when E9 and ES8 represented a
significant proportion of the population. Interest-
ingly, both parent classes appear to die out at about
the same time as the manifestation of E8/9R in G27,
which suggests that the recombination event served to
increase the fitness of E8/9R over either parent spe-
cies. This observation alludes to the possibility for the
extreme antiquity of recombination in an RNA world
scenario as described by Lehman (2003).

Deoxyribozyme Fitness Landscapes Across Selection
A and Selection B

Figure 6 shows the fitness landscape corresponding to
16 prominent sequence classes identified in both
Selections A and B. This landscape is also character-
ized by three general categories of species: those that
dominate in one selection but are only observed tran-
siently in the other; those that appear transiently in
both selections; and those that show signs of domi-
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Fig. 6. Deoxyribozyme fitness landscape

across both Selection A and Selection B.
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nance at both ends of selection. The majority of se-
quence classes falls into the first two categories. The
general lack of recurrence observed between the two
selections is consistent with theoretical expectations
(Lehman 2004) and is largely predicted to be due to the
disparity in selection pressure. However, these results
may be confounded by the presence of different 15-nt 3’
primer binding sites on either population.
Interestingly, the E18 class that clearly dominates
Selection A is observed only transiently in genera-
tions 8, 10, and 15 of Selection B. This suggests that
sequences are not being selected on the basis of cat-
alytic rate in Selection B, which is consistent with the
rate data observed in Fig. 3B. E25 is another inter-
esting sequence class, which appears to dominate
toward the end of both selections. Based on the
observation that the phenotypic character of the
terminal population in Selections A and B differed
substantially (as measured by the catalytic rate; large
kops in Selection A vs. small ks in Selection B), we
suspected that variations in the genotypic character
(in the form of base mutations) had evolved under the
different selection regimes. A sequence alignment of
all E25 sequence variants (Supplementary Fig. 2) in-
deed indicates that different base mutations in the 5
half of sequences have been selected along each
selection pathway. It is worthwhile to comment that
the appearance of many AT-to-GC mutations along



202

the Selection B pathway may indicate that Selection
B favors the evolution of deoxyribozymes that exhibit
stable folding as a key phenotypic trait.

Theoretical Fitness Landscapes

Computer simulations were conducted to provide
some theoretical justification for the population
dynamics observed in the experimentally derived fit-
ness landscapes of Selections A and B. These simu-
lations model the shape of the fitness landscape when
selection acts against one or more phenotypic char-
acteristics.

Selection A Simulations

In order to survive the selection step, each deoxyri-
bozyme molecule (cis-acting and only capable of
single-turnover) has to cleave itself within the allotted
reaction time (¢, in minutes) imposed during each
selection round. In Selection A, five different reaction
times were imposed, each with an associated mini-
mum threshold rate, kq, that is equal to 1/z. The five
k¢s (min~') are 0.0033 (+ = 5 h), 0.033 (+ = 30 min),
0.20 (¢ = 5 min), 2.0 (¢ = 30s), and 12 (r = 5 ).

In simulation 1 (Fig. 7), we assumed that the
ability to cleave above the minimum threshold rate is
the only factor that determines the fate of DNA
molecules during in vitro selection. The fraction of the
population that survives the selection criterion is de-
noted by the “surviving ratio,” SR¢ N, which is based
on the following equation:

SI{C,N = (SRC-,N)Rate = kc/k[
where 0 < SRen <1

For simplicity, we decided to trace the progress of
just seven different deoxyribozyme sequence classes
having catalytic rate constants (kc) ranging between
0.004 and 2 min~". A “noncatalytic” class (NC) was
also included to represent all inactive sequences.
During the first seven rounds of selection, all seven
deoxyribozyme sequence classes have an SR¢ N of 1
(because they all possess a rate that exceeds the
minimum threshold rate), while the noncatalytic class
is assumed to have a constant SR N value of 0.008
(as an artifact of the gel-based selection strategy).
Therefore, the only competition during these initial
rounds exists between the catalytic and the noncata-
lytic classes. By G7, the noncatalytic class is largely
eliminated.

From G8 onward, the seven deoxyribozyme se-
quence classes begin to exhibit differential levels of
surviving ability. When the selection pressure in-
creases in G8 (i.e., the reaction time is reduced from 5
h to 30 min), only classes 3—7 will stay highly com-
petitive because they have a catalytic rate that ex-

A Sequence class 1 2 3 4 5 6 7 | NC
Kamin' __ [0.004] 0.01[0.045] 0.1 | 0.25] 0.6 | 2.0 fawr0
G':f? SR, | 10 ] 10| 10 ] 10] 10| 10| 100008

Go
10m SR., |0.12] 03| 10 | 10 | 1.0 | 10 | 1.0 | 0.008
G3C11IsR.,., |0.02[0.05{0.23[ 0.5 [ 10 | 10 | 10 [o0e
il L T 0.025{0.050.12| 0.3 | 1.0 | 0.008
C13524[SRe 10 0.021] 0.05|0.17] 0.008

Fig. 7. Simulation 1 of Selection A using a one-parameter model.
A Data table. B Simulated fitness landscape. Selection A is simu-
lated under the assumption that selection is acting on only one
phenotypic trait: the catalytic rate, k. All other phenotypic traits
between classes are assumed to be equal. The progress of seven
different catalytic sequence classes and a group of noncatalysts
(NC) are followed over generational time, in terms of their sur-
viving ratio (SR). The surviving ratio (0 < SR < 1) is defined as
the fraction of a given sequence class that can survive the selection
step (cleaving the attached RNA substrate in the allotted time
frame). Changes in the SR are emphasized by large font. Blank
squares indicate that the SR of a given sequence class has dimin-
ished to a level comparable with the noncatalyst group. Sequence
classes were arbitrarily arranged to illustrate the evolutionary
succession of competing classes, and the order does not reflect any
homology between classes, except by chance. The color scheme
(gray scale) is arbitrary and intended only to facilitate viewing.

ceeds the minimum threshold rate of 1/30 min™'. In
contrast, the first two classes have rates that fall be-
low this minimum threshold and will, therefore,
rapidly approach extinction as their copy numbers
decrease with every successive generation. When the
reaction time is further reduced to 5 min in G9-Gl11,
to 30 s in G12-G14, and to 5 s in G15-G24, class 3 is
the first class to become noncompetitive, followed by
class 4, class 5, and class 6. Sequence class 7 repre-
sents the most catalytically proficient deoxyribozyme
and is predicted to take over the selection by G13 and
become the overwhelmingly dominant class in sub-
sequent rounds.

The preceding simulation indicates that if deoxy-
ribozyme sequences were selected solely on the basis
of their catalytic rate, we would expect each class to
be represented about equally at the beginning of



selection and to follow the same pattern of growth
until differences in their catalytic rate become mani-
fest in response to changes in the selection pressure.
Although this simulation does explain the progressive
disappearance of less competitive deoxyribozyme
classes under increasing selection pressure, it fails to
account for the staggered starting appearance of
individual deoxyribozyme classes observed across the
landscape in Fig. 4. This analysis suggests that one or
more other factors may also influence the outcome of
Selection A. These factors may include differential
folding ability, PCR efficiency, and spontaneous
mutagenesis during PCR. A given sequence could
potentially adopt multiple conformations that differ
in catalytic activity, a phenomenon that has been well
documented (Been et al. 1992; Carrigan et al. 2004;
Gottlieb et al. 1994; Uhlenbeck 1995). Therefore,
those sequences that have a greater tendency to fold
into an active conformation would enjoy a selective
advantage. Similarly, a sequence class that is more
easily amplified by Taq DNA polymerase will pro-
duce more sequence copies during the PCR step. In
addition, spontanecous mutations are routinely
introduced by Taq DNA polymerase. If an originally
less competitive deoxyribozyme acquires some adap-
tive mutations that significantly enhance its surviving
ability (a higher catalytic rate, better PCR or folding
efficiency, or some combination thereof), it will ap-
pear on the fitness landscape at some later point
during the selection.

Based on the preceding discussion, we decided to
perform a second simulation (Simulation 2, Fig. 8)
that takes three factors into consideration: catalytic
rate, structural folding efficiency, and random
mutagenesis. We introduced a ““folding factor” for
each sequence class used in Simulation 1, such that
the surviving ratio of each class can now be calcu-
lated as the product of the two individual factors
(under nonmutagenic conditions):

SRen= (SRC,N)Rate x (SRC,N)Folding

The folding factor is defined as the fraction of a
given deoxyribozyme sequence class that folds into a
catalytically active conformation. To address the
potential role of random mutagenesis, we have arbi-
trarily chosen sequence class 1 to receive adaptive
mutations in G7, which boost its surviving ability
from an initial value of 0.009 to 0.4 throughout the
remaining selection rounds (G7-G24).

The class 2 deoxyribozyme has a relatively small
catalytic rate compared to the other sequence classes
(except class 1) but has the best folding ability, with a
value of 0.8. This class is most competitive during the
early stages of selection when the allotted reaction
time is 5 h. Classes 3—6 all have better folding abilities
than class 7, but possess lower catalytic rates, and
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A Sequence class | 1 2 3 4 5 6 7 NC
k., min" 0.004| 0.01|0.045] 0.1 |0.25]| 0.6 | 2.0 |<33x10’
Folding factor }0.009] 0.8 | 0.6 | 0.5 | 0.3 | 0.3 | 0.2 | N/A

G%‘f‘ SR.,, |o0oos] os | o6 | 05 | 03 | 03 | 0.2 | 0.008
g: SR, 04| o8 | 06| o5 | 03 | 03 | 03 | 0008
G8
om SR, 04 |0.24] 06 | 05 | 03 | 03 0.2 | o.008
G’;“ SR.,, | 04 [0.04]0.14/0.25| 03 | 03 | o2 | 0.0
E‘;f“ SRy | 04 [0.0150.025/0.038/ 0.09 | 02 | acos
e P ER | w lu.mslu.oaa 0.008
B
Fig. 8. Simulation 2 of Selection A using a three-parameter

model. A Data table. B Simulated fitness landscape. Selection A is
simulated under the assumption that selection is acting against two
phenotypic traits (the catalytic rate and a folding factor) for most
classes and a third factor (spontaneous mutagenesis) for class 1.
The folding factor is represented by the fraction of a given sequence
class that folds into a catalytically active conformation. The pro-
gress of seven different catalytic sequence classes and a group of
noncatalysts (NC) is followed over generational time, in terms of
their surviving ratio (SR). Sequence classes were arbitrarily ar-
ranged to illustrate the evolutionary succession of competing
classes, and the order does not reflect any homology between
classes, except by chance. The color scheme (gray scale) is arbitrary
and intended only to facilitate viewing.

therefore are more competitive in the middle rounds
of the selection. Class 7 is the most competitive in the
later rounds of selection because it can exploit its
superior catalytic rate under the more stringent
reaction time, which is reflected as a better com-
pounded surviving ability. Class 1 is the worst-per-
forming class at the beginning of the selection but
becomes very competitive after acquiring some
advantageous mutations in the seventh generation.
However, this class takes about 10 rounds to manifest
because of its relatively small representation in the
early stages of the population, when it was not
competitive at all.

Simulation 2 (Fig. 8) is consistent with the pat-
terns of ascending and descending catalytic species
and the overall staggered shape of the landscape
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illustrated in Fig. 4. It is easy to predict that the
population dynamics of such a selection will continue
to fluctuate until the emergence of a class that best
meets the given selection constraints.

Selection B Simulation

Since no significant change in the catalytic rate was
observed throughout Selection B, we conclude that
the catalytic rate is at best only a minor contributing
factor in the progress and outcome of Selection B. In
other words, there is no ostensible selection pressure
favoring deoxyribozyme sequences with particularly
large catalytic rates. For example, there is no signif-
icant advantage for a deoxyribozyme class with a rate
constant of 10 min~" versus those with a rate constant
of just 0.01 min~". Both deoxyribozymes should cat-
alyze the RNA-cleavage reaction to completion
within the allotted 5-h time frame. Other factors,
including productive folding ability, PCR efficiency,
and spontancous mutagenesis during PCR, must
have dictated the selection of individual deoxyribo-
zyme classes in Selection B. Spontaneous mutagenesis
is likely to be a very important contributing factor, or
the fitness landscape is expected to be very simple:
one or many deoxyribozymes with similar traits will
emerge after just a few rounds of selection; after that,
the population dynamics will become largely static
and the landscape will remain unchanged because the
selection pressure is constant throughout.

To provide a theoretical explanation, we per-
formed a third simulation (Simulation 3; Fig. 9) that
takes into account the following three factors: folding
efficiency, PCR efficiency, and spontaneous muta-
tional effects. Once again, seven catalytic sequence
classes were used and their respective folding factors
and PCR efficiency values are given in the table in
Fig. 9. The SR¢ N of each sequence class can be cal-
culated (under nonmutagenic conditions) as the
product of the PCR efficiency and folding factor:

SReN= (SRcn)per X (SRen)Folding

(SR N)Folding is the fraction of a given deoxyri-
bozyme class that folds into a catalytically active
conformation and (SRc n)pcr represents the corre-
sponding PCR efficiency. We intentionally assigned
similar (SR¢ n)pcr values (0.5-0.75) and widely var-
ied the folding factors (0.02-0.5) among the seven
sequence classes in order to emphasize the potential
influence of the folding parameter. We also assumed
that one or more favorable mutational events (which
result in different levels of enhancement of the sur-
viving ability of a concerned class) have occurred to
the following classes at different stages in the selec-
tion: one event for classes 2-5, two events for class 6,
and three events for class 7.

A [Sequence class | 1 2 3] 4| 5] 6] 7] N
PCR efficiency |0.75 |0.75 | 0.7 |0.75 |0.56 | 0.5 ] 0.5 | N/A
Folding factor | 0.5 [ 0.48 | 0.4 | 0.3 [o0.25 | 0.02 [0.02] nia

Go-G1 SR.., |o37 |o3s | 028 |02z | 014 | 0.01 | 0.01] 0.008

5h
625':"3 SR.,, |037 |o36 | 026 |02z [014 | 0.1 | 0.01] 0.008
G';fs ISR:.s | 037 Jo36 |0.45) 022 |o0.14 | 0.4 | 0.4 | 0.008
Gss':’s SRc,, | 037 | 036 | 0.45 |0.55|0.65| 04 |0.75] 0.008
g: SR., 037 {0.36 | 0.45 | 0.55 | 065 | 0.4 |0.85] 0.008
612-323 SR.,,;,| 037 | 036 | 0.45 | 055 | 065 | 0.75 | 0.85 | 0.008
Gz‘s'hGa“ SR, ;.| 037 | 1.0 | 045 | 055 | 0.65 | 0.75 | 0.85 | 0.008

SPulation

Fig. 9. Simulation 3 of Selection B using a three-parameter
model. A Data table. B Simulated fitness landscape. Selection B is
simulated under the assumption that folding efficiency, PCR effi-
ciency, and spontaneous mutagenesis during PCR collectively act
to shape the evolutionary fitness landscape. The folding factor is
represented by the fraction of a given sequence class that folds into
a catalytically active conformation. The progress of seven different
catalytic sequence classes and a group of noncatalysts (NC) is
followed over generational time, in terms of their surviving ratio
(SR). Sequence classes were arbitrarily arranged to illustrate the
evolutionary succession of competing classes, and the order does
not reflect any homology between classes, except by chance. The
color scheme (gray scale) is arbitrary and intended only to facilitate
viewing.

Simulation 3 produces a landscape that largely
parallels the fitness landscape given in Fig. 5: a con-
tinually changing population in which less fit classes
disappear in favor of more fit classes. The fitness
improvement for a given class is the cumulative result
of one or more adaptive mutagenic events. The
population dynamics of such a seclection will be
characterized by continual changes in the dominating
species as long as higher-fitness classes can be pro-
duced along the evolutionary pathway. In the end, an
individual or group of classes with the highest degree
of fitness under the given conditions will “hijack’ the
selection. At this point, the fitness landscape will no



longer experience drastic changes, that is, until a new
selection pressure is imposed.

Concluding Remarks

Herein, we sought to provide additional insight into
the in vitro selection process. The population
dynamics of a community of RNA-cleaving DNA-
zymes was studied in an effort to identify character-
istic patterns of behavior. Identification of these
patterns, or lack thereof, may improve our under-
standing and ability to predict the distribution of
function in sequence space, the majority of which has
yet to be explored and continues to represent a very
daunting challenge. The most comprehensive infor-
mation on population dynamics can be obtained by
directly sequencing many individual clones over
multiple rounds of selection. The resulting data can
then be conveniently visualized by constructing the
corresponding fitness landscapes.

The experimentally derived fitness landscapes
presented in Figs. 4 and 5 illustrate two very different
evolutionary paths. In Selection A (Fig. 4), the pop-
ulation complexity decreases rapidly in favor of just a
few sequence classes, with one class in particular
clearly dominating (comprising as much as ~70% of
the population). This behavior can be attributed to
the sharp reduction in reaction time, which causes
Selection A to undergo directional selection in favor
of those sequences at one end of the phenotypic
spectrum (i.e., the fastest enzymes). This leads to a
landscape with a relatively narrow and peaked dis-
tribution. In contrast, the population complexity of
Selection B decreases at a far slower pace and is
characterized by a larger number of classes of similar
fitness. The landscape of Selection B appears broad
and relatively flat, with most sequence classes occu-
pying less than 15% of the population at any given
time and only one class transiently comprising as
much as 25% of the total population. Interestingly,
both populations are characterized by a continuous
transition in the dominating species, giving rise to the
staggered appearance of ‘“new” sequence classes
across the fitness landscape. This observation alludes
to the presence of many latent deoxyribozymes in the
initial library, which will only manifest when the
composite population is challenged with different
selection pressure (as in Selection A) or through the
acquisition of one or more adaptive mutations (as in
Selection B). It is important to recognize the role of
these latent deoxyribozyme species during in vitro
selection, because all too frequently an implicit
assumption is made that the dominant species at one
moment in time (usually taken to be the “terminal”
population) also represents the optimum solution at
other moments in time before and after.
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In vitro selection is frequently used for the ex-
pressed purpose of isolating nucleic acids with cata-
lytic ability. The results of Selection B should serve as
a cautionary tale; simply selecting for catalytic
activity is not necessarily sufficient to yield a good
catalyst. Evidence for this scenario has appeared
elsewhere as well. Schmitt et al. selected for variants
of a ligase ribozyme under decreasing Mg>" condi-
tions during in vitro evolution (Schmitt and Lehman
1999) and obtained a variant that did not possess a
higher first-order catalytic rate constant but was,
nevertheless, more active than the wild type. They
suggested that the variant ribozyme was more active
than the wild type because it was less likely to misfold
into inactive conformers. The kg, of the composite
G30 population of Selection B indicates that no
enhancement in catalytic activity has occurred despite
many rounds of selective amplification. Although it is
possible that individual clones within the G30 pop-
ulation may possess high catalytic rates, the kqps of
the composite population suggests that such species
would exist as a minority. Moreover, we suspect that
the weak selection pressure may actually help to de-
crease the representation of fast catalysts, by allowing
the propagation of mildly deleterious mutations. For
instance, an enzyme that incurs a mutation or series
of mutations that cause its catalytic rate to drop from
10 to 0.01 min~" will still survive under the imposed
5-h time constraint in our experiment. Since the
number of possible deleterious mutations likely ex-
ceeds the number of possible beneficial mutations,
this effect could potentially be quite substantial,
especially for those employing in vitro evolution
protocols that boast higher mutagenesis rates.

The current study has focused on the accumula-
tion and analysis of large amounts of genotypic data.
However, it would be very interesting to conduct a
multivariable characterization of the phenotypic
properties of specific clones within and between se-
quence classes, throughout the entire fitness land-
scape. This characterization represents the objective
of a future study, which aims to assess the contribu-
tion of various factors including PCR amplification
efficiency, folding efficiency, and catalytic rate in or-
der to create a meaningful genotype-to-phenotype
map. In the meantime, this study should be of
immediate interest to those employing in vitro selec-
tion techniques and may also be of general interest to
those studying population dynamics, optimization
theory, and evolution.
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« CACGTTGARACA ., . .ACCTG.GT.T

CATGTTGAAACA. . .ACTTGA.T.TC.AC.GG
« . CATGTTGAAACA. . .ACCTGT.T.TC.AC.GG. T.
E8.07.615-5h - . CACGTAGAMACA. . .GCCTGAGT . TC.AC.GG.T.
E8.08.G615-5h . - T - . CACGTTGAMATA. . .GCCTGA.T.TC.AC.GG.T.
E8.09.G13-5h T.CATGTTGAMACA . . .ACCTAA.T.TC.AC.GG.

Supplementary Fig. 1. Sequence
alignment of E8, E§/9R, and E9
sequence classes. Each clone is
described by a title that denotes its
sequence class (i.e. E8), a clone
specific number within the class,
followed by the generation (i.e.

E8.01.G24-5h
E8.02.621-5h
E8.03.621-5h
E8.04.621-5h
E8.05.G18-5h
E8.06.G18-5h

e G24) from which it was derived
E8/9R.01.630-5h  ACAGCCHGTGGCTCAAGTCTGTTCT TCGCTOROAT AGEGECTACGAGGCGGOGOCTACTOACGAGTAGOTAGT and the corresponding reaction
E8/9R.02.G30-5h .

time. Clone, E8/9R.01.G30-5h, was
used as the reference point to which
all other clones are compared.
Sequence identity is indicated by a
dot. Only the 80-nt random-

E8/9R.03.630-5h
E8/9R.04.G30-5h
E8/9R.05.G30-5h
E8/9R.06.627-5h
E8/9R.07.627-5h
E5.01.621-5h . SR T

E9.02.G18-5h O e
E9.03.G18-5h ceaCanihuen Te T sequence domain is shown for
E9.04.G18-5h saeConiihne simplicity. The average sequence
BI.05:-410:5m, <eReiias Crdiidias identity within classes is as follows:
E9.06.610-5m D LI W

E8 = 92%; E8/9R = 97%;

E9 = 96%. The average sequence
identity between classes is as
follows: E8-E8/9R = 62%;
ES8-E9 = 48%; E9-E8/9R = 81%.

E25.01.G30-5h
E25.02.G30-5h
E25.03.G30-5h
E25.04.G30-5h
E25.05.G30-5h
E25.06.G30-5h
E25.07.G30-5h
E25.08.G30-5h
E25.09.G27-5h
E25.10.G27-5h
E25.11.G27-5h
B25.12.G27-5h
E25.13.G24-5h
E25.14.G24-5h
E25.15.624-5h
E25.16.G24-5h
E25.17.G21-5h
E25.18.G21-5h
E25.19.G21-5h
E25.20.G21-5h
BE25,21.G21-5h
E25.22.G18-5h
BE25.23,618-5h
E25.24.G18-5h
E25.25.G18-5h
E25.26.G13-5h
E25.27.610-5h
E25.28.G15-58
E25.29.G21-5s8
E25.30.G21-58
E25.31.G21-58
E25.32.G21-58
E25.33.G21-58
E25.34.G21-58
E25.35.G21-58
E25.36.G21-58
E25.37.G21-58
E25.38.G24-58
E25.39.G24-58
E25.40.G24-58
E25.41.G24-58
E25.42.5624-58
B25.43.0624-58
E25.44.G24-58
E25.45.G24-58
R25_4R.A24-5n

Supplementary Fig. 2. Sequence
alignment of the E25 class. Each
clone is described by a title that
denotes its sequence class (i.e. E25),
a clone specific number within the
class, followed by the generation
(i.e. G30) from which it was derived
and the corresponding reaction
time. Clone, E25.27.G10-5h, was
used as the reference point to which
all other clones are compared.
Sequence identity is indicated by a
dot, gaps in the alignment are
indicated by a dash. Only the 80-nt
random-sequence domain is shown
for simplicity.
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ACTCCCAGTGGGACGAAATTAACTTGAATGATGECGCTGT TEGEGCT TAGCTTACGCATACGAGAGGGTTTGETGGTTGGE
ACTCCCAGTGGGGCGAAATTAACTTGAATGATGGTGCTGTTGGCTCAGCTTACGCACACGAGAGGGTTTGGTGEGTTGGE
ACTCCCAGTGGEGCGAMATTAACTTGAATEGATEECETTEGCTEECTCAGCTTACGCACATGAGAGGGTTTGGTGECTGEE
ACTCCCAGTGEGGCGAAATTAACTTGAATGATGGCGCTGCTGGCCCAGCTTACGCACACGAGAGGETTTGETGETTGGE
ACTCCCAGTGGEGECGAAATTAACTTGAATGATGGCECTGTTEGEGCTTAGCTTACGCACACGAGAGGETTTGGTEGETTGEE
ACTCCCAGTGEGGCGAAATTAACTTGAATGATGECETTGCCEGCTCAGCTTACGCACACGAGAGGETTTGGLGETTGGE
ACTCCCAGTGGEGCGAAATTAACTTGAATGATGGCECTGCTGEGCT TAGCTTACGCACATGAGAGGETTTGGCGETTGEE
ACTCCCAGTGGEGCGAAATTAACTTGAATGATGGCGCTGCTGGCTCAGCTTACGCACATGAGAGGGTTTGGTGETTGGE
ACTCCCAGTGGEGCGARATTAACTTGAATGETGECECTGT TEECTCAGCTTACGCATATGAGAGGETTTGGTGGTTGEE
ACTCCCTGTGCEEECETTATTTACTTGTATEGATEECECTETTEECTCTECTTATGCATACGTGACGETTTGGTEETTCEE
ACTCCCAGTGGEGCEAAATARACTAGAATGATEECECTGCTEECTCAGCTAACGCACACGAGAGGETTAGGTGEGTTGRGE
ACTCCCAGTGGEGCGAAATTAACTTGAATGATGGCGCTGTTEGEGCTCAGCTTGTGCATACGAGAGGGTTTGGTGETTGGE
ACTCCCAGTGGEGCGAAATTAACTTGAATGATGGCGTTGT TGGCTCAGCTTGTGCATACGAGAGGGTTTGEGTGETTGGE
ACTCCCAGTGGGECGAAATTAACTTGAATGATGGCETTGT TEGECT CAGCT TACGCACACGAGAGGETTTGGTGETTGEE
ACTCCCAGTGGEGCGAAATTAACTTGAATGATGGCETTGT TEGCTCAGCTTATGCATACGAGAGGETTTGGTGETTGEE

ACTGTGAGCCGACACGAATCTCTGAGTCTTTGETCAAGAGCCTGCTATCCAGCATTAGGAGGTGCGCTCTCGGCTGGTEE
ACTGTGAGCCGACACGAATCTCTGEGTCT TTGETCGEGAGCCTGCTATCCAGCATTAGGAGGTGCGCTCCCGETTGETGE
ACTGTGAGCCGACACGAAT CTCTGAGTCTTTGETCGAGAGCCTGCTGTCCAGCATTGEGAGGCGCGLTCTOGECTGETGE
ACTGTGAGCCGACACGAATCTCTGAGTCTTCGETCGAGAGCCTGCCATCCAGCATTAGGAGGTGCGLTCTCGETTGETGE
ACTGTGAGCCGACACGRATCTCTGAGTCTTTGETCAAGAGCCTECTATCCAGCATTAGGAGGTGLGCTCTCEECTEGTEE
ACTGTGAGCCGACACGAATCTCTGAGTCT TCEGTCGAGAGCCTGCTATCCAGCATTAGGAGGTGCGCTCTLGECTEGTEE
ATTGTGAGCCGACTCGAATCI TTGAGTCTTTGETCEAGAGCCTECTATCCAGCATTAGGAGGTGCCCTCTTGGCTGETEE
ACTGTGAGCCEGACACGAATCTCTEAGTCTTTEGETCBAGAGTCTEGCEBATCTAGCATTAGGBAGGCECECTCTCGECTEETEE
ATTGTGAGCCGACACGAATCTCTEAGTCTTCGECT CTGCTATCCAGCATTAGGAGGCACGCCCTTEECTAGTER
ATTGTGAGCCGACTCGAATCTCTGAGT CTATGGTCGAGAGC T TGCTGTCCAGCATTAGGAGGTGCGCTCTCGGCTGGTGE
ACTGTGAGCCGACACGAATCTCTGAGTCTTTGETCGAGAGCCTGCTATCTAGCATTAGGAAGTGCGCTCTCGGCTGETGE
ACTGTGAGCCGACACTAATCTCTGAGTCT T TGETCEAGAGCCTGCTAT TCAGCATTAGGAGGTGCECTCTCEGCTGETEE
ACTGTGAGCCGACACTAATCTCTEGAGTCTTCGGTCGAGRGCCTGCTATCCAGCATTAGGAGGTGCGCTCTCGGCTGETEE
ACTGTGAGCCEACACTAATCTCTEEGTCTTCEGETCGAGAGCCTGCTATCCAGCATTAGGAGGCECGCTCTCGECTGGTGE
ACTGTGAGCCGACACGAATTTCTGAGTCTTCGGTCOAGAGCCTGCTATCCAGCATTAGGAGACGCGCTCTCGGCTGGTGE
ACTGTGAGCCGACACGAATCTCTGAGTCTTCGGTCGAGAGCCTGCTATCCAGCATTAGGAGGCGCGLTCTCGEGCTGGTEE
ACTGTGAGCCGACACGAATCTCTGAGTCTTCGETCGAGAGCCTGCTATCCAGCATTAGGAGGCGCGLTCTCGETTGETGE
ACTGTGAGCCGACACGAATCTCTGAGTCTTCEETCGAGAGCTTGCTATCTAGCATTAGGAGGTGCECTCTCGECTGETGE
ACTGTGAGCCGACACGAATCTCTGAGTCTTCGETTEAGAGCTTGCTATCCAGCATTAGGAGGCGCECTCTTGECTEETEE
ACTGTGAGCCGACACGAATCTCTGAGTCTTCGETCGEEAGCCTGT TATCCAGCATTAGGAGGCGCGCTTTCGECTEGTGE
ACTGTGAGCCGACACGAATCTCTGAGT TTTCGGTCGAGAGCCTGCTATCCAGCATTAGGAGGTGCGCTCTCGGCTGGTGE
ACTGTGAGCCGACACGAATCTCTGAGT TTTCGGTCGAGAGCCTGCTATCCAGCATTAGGAGGTGCGCTCTCGGCTGGTGE
ACTGTGAGCCGACACGAATCTCTGAGTCTTCGETCEAGAGCTTGCTATCCAGCATTAGGAGGCCCGCTCTCEELTGETEE
ACTGTGAGCTCGACACGAATCTCTEGAGTCTTCEGETCEAGAGCCTEGTTATCCAGCATTAGGAGGCECEGCTCTCEECTEETEE
ACTGTGAGCCGACACGAATCTCTGAGTCT TTGGTCGAGAGCCTGCTATCCAGCATTAGGAGGCGCGCTCTCGECTGGTGE
ACTGTGAGCCGACACGAATCTCTGAGTCTTTGGTCEAGAGCCTGCTATCCAGCATTAGGAGGCGCGCTCTCGECTAGTGE
ACTGTGAGCCGACACGAATCTCTGAGTCTTCGGTCGAGAGCCTGCTGTCCAGCATTAGGAGGCGCGLTCTOGGLTGGTGE
ACTGTGAGCCGACACGAAT CTCTGAGTCTTCGGTCGAGAGCCTGCTATCCAGCATTAGOAGGCGCGCTCTCGGTTGOTGE
ACTGTEAGCCGACACGAATCTCTGAGT TTTCEETCEAGAGCCTGCTATCCAGCATTAGGAGGCGCGCTCTCEGLTGLTEE
ACTGTGTGCCGACACGTATCTCTETGTCTTCEGETCEAGAGCCTEGCTATCCTGCATTTGGTGGTGCGCTCTCGECTGETEE
ACTGTGAGCCEACACGAATCTCTEAGTCTTCEGETCEAGAGCCTECTATCCAGTATTAGBAGGCGTECTCTTEETTEGTEE
ACTGTGAGCCGACACGAATCTCTGAGTCTTCGATCGAGAGCCTGCTATCCAGCATTAGGAGGCGCGTTCTCGECTEGTGE

Supplementary Fig. 3. The
sequences of all 857 clones are
grouped into sequence classes.
Each sequence class containing
more than 1 clone is denoted by a
number (i.e. E#). Within each
sequence class individual clones are
represented by a number (i.e. G# or
g#) that indicates the generation
from which it was recovered,
followed by an alpha-numeric
designation to identify specific
clones. Clones from Selection B are
represented by black titles, while
red titles indicate clones from
Selection A. Only the ~80-nt
random-sequence domain of each
clone is illustrated.
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ACTGTGAGCCEACACGAATCTCTGEETCTTCEGETCEGAGAGCCTGCTATCTAGCATT. GCETTCTCEECTGETGE
ACTGTGAGCCGACACGAGTCTCTGAGTCTTCGETCGAGAGCCTGCTATCCAGCATTAGGAGGCGCGCTCTTGACTEGTEE
ACTGCGAGCCGACACGAATCTCTGAGTCT TCGETTGAGAGCCTGCTATCCAGCATTAGGAGGCGCGCTCTCGGCTGGTGE
ACTGTGAGCCGACACGAGTCTCTGAGTCTTCGGTTGAGAGCCTGCTATTCAGCATTAGGAGGCGCGTTCTCGGCTGGTGE
ACTGTGAGCCGACACGAATCTCTGAGTCTTCGETCGAGAGCCTGCTATCCAGCATTAGGAGGCGCECTCTCGECTGGTEE
ACTGTGAGCCGACACGARATCTCTGAGTCT TCGETCEAGAGCCTGCTATCCAGCATTABGAGGCECGCTCTCEECTEETEE
ACTGTGAGCCEGACACGAATCTCTEGAGTCTTCGETCGAGAGCCTGCTATTCAGCATT. GUGCTCTCEGCTEGTEE
ACTGTEAGCCGACACGAATCTCTGAGTCT TCGETCGAGAGCCTGCTATCCAGCATTAGGAGGCGCGCTTTCGECTGGTGE
ACTGTGAGCCGACACGAATCTCTGAGTCTTCGETCGAGAGCCTGCTGTCCAGCATTAGGA GCGCTCTCGGCTGGTGEE
ACTGTGAGCCGACACGAATCTCTGAGTCTTCGETCGAGAGTCTGCTATCCAGCATTAGGAGGCGCGCTCTCGGTTGGTGE
ACTGTGAGCCGACACGAATCTCTGAGTCTTCGETCGAGAGCCTGCTATCCAGCATTAGGAGGCGCGTTCTCGGLTGGTGE
ACTGTGAGCCEGACACGAATCTCTGAGTCT TCGETCEAGAGCCTGCTATCTAGCATTAGGAGETGCGCTCTCGECTEETEE

ACTCOTAGCAGGGUGAAATCTTTCTGACGEGAGCTGAACCT TARGCCCTGEAT TTAGAGATTCTGTGACTGT GECTGG
ACTCCOTAGTAGBGCGAAATCT TTCTGACGEEAGCTGAACCT TARGCCTTGEATT TAGAGETTCTGTGACCGT GECCGE
ACTCCTAGCAGBGCGAAATCTTTCTGGCGAGAGCTGAACCTTARGT CCTGEACT TAGAGETTCTGTGACTGTGECCGE
ACTCCTAGCAGGGCEAAATCTTTTTGACGAGAGCTGAACCTTAAGTCCTGEATTTGGAGETTCTGTGACTGTGGCCGE
ACTCCTAGCAGGGCGAAATCT TTCTGACGAGAGCTGAATCT TAMGCCT TGGATT TAGAGGCTCTGTGACTGTGGCCGG
ACTCCTAGCAGEACGAAATCTTTCTGACGAGAGCTGAACCT TAAGCCCTGEAT T TAGAGGTTCTGTGACTGIGECCGE
ACTCCTAGCAGBGUGAAATTTTTCTGACGEEAGCTGAACCT TANGT TCTGEAT T TAGAGETTCTETGACTGT GECIGE

ACTATGAGCCATACGATETCTCTCTCCAGCGCCGCATGTAGCAGAACGTAGGTETAGGATCCTTTTAGTGGCTCGEGTGE
ACTATGAGCCATACGACGTCCCTCTCCAGCGCCATATGAAGTAGAATGTAGEGTGAAGGATCCCTTAAGTGGCTCGEGTGE
ACTATGAGCCATACGATGTCCCTCTCCAGCGCTGCATGGAGCAGAACGCAGGTGAAGGATCCCT TAAMGTGGCTTGGGTGE
ACTATGAGCCATACGACGTCCCTCTCTAGCGCCGTATGAAGTAGAATGCAGETGAAGGATCCCTTAAGTGGCTCGEGTGE
ACTATGAGCCATACGACGTCTCTCTCCAGCGCTGCATGAAGCAGAACCGCAGGTGAAGGATCCCTTAMGTGGTTTGEETGE
ACTATGAGCCATACGACGTCCCTCTCCAGCGCCGCATEALGCAGRACGTAGGTGAAGEATCCCTTAAGTEGGCTCGEGTEE
ACTATGAGCCATACGACGTCCCTCTCCAGCGCTGCETGAAGCAGAACGCAGGTEANGEATCCCTTARGTGGCTTGGGTEE
ACTATGAGCCATACGATGTCCCTCTCCAGCGCCGCATGAAGCAGAACGCAGETGAAGGATCCCTTAAMGTGGCTCGGGTGE
ACTATGAGCCATACGACGTCCCTCTCTAGTGCCGCATGAAGCAGA COTAGGTGARGEGATCCCTTAAGTGGCTCGEGTES

ACTGTTAGTAACACGAGTCACCTCCT CEGCAGAGLTBCAGCCATCGECT TCETGAGGGEETGTGEACCTGTTGEGAGEE
ACTGITAGTAACACGAGTCACCTCCTCBGLAGRGLTGCAGT CATCBECT TCGTGAGEEEETGTAGACCTET T GEEEGEE
ACTGTTAGTAACACGAGTCACCTCCT CEGCAGRGCTGTAGCCATCGGCTTCGTGAGGGGETGTAGACCTGTTGEEGGEE
ACTGTTAGTAACACGAGTCATCTCCTCGETAGAGCTGCAGCCACCGECT TCECEAGGGEETETAGACCTGTTGEEAGEAEE
ACTGTAAGTAACACGAGTCATCT - - - - GGCAGAGCTGCAGCCAT GGCTTCGTGAGGGGETGTGGACCTGTTGGGEGEE
ACTGTTAGTAACGCGAGTCACCTCCT CGGCAGRGLTGCAGCTATCGGT TTCGLGAGGGGGCGTAGACCTGTTGEGGGEEE
ACTGTTAGTAACACGAGTCACCTCCT CBGCAGRGTTGCAGCCATCGGCT TTGCGAGEGGECETAGACCTGTTGGEGGEG
ACTGTTAGTAACACGAGTCACCTCTTCGECAGRGCTGCAGTCATCGETTTCECEAGEGGECETAGACTTGTTGEEEEEGEE
ACTGTAAGTAACACGAGTCAACTACTCGECAGAGCTECAGCCATCGECTACGCEAGEGGEIGTABACCTGTAGGEGGEEE

ACTATAARGCAATACGAATCTCGAGGECECEETGEAGETGACCGETCGGECAAT T CAAGAGCCGCT T TCTGGAACGATGEE
ACTATTAGCAATACGAATCTCGA TGCGETGGAGGTGACCEETCEGGCAATT CAAGAGCCETTTTCTGGAACGATTGE
ACTATARGCAATACGAATCTCGAGGECGCEGTEGAGGTGACCGETCGEGCAATT CAAGAGCCGCTTTCTGGARCGATTGE
ACTATTAGCAATACGAATCTCGAGGECGCGGTGEAGGTEACCGETCGGECAATTCAAGAGCCOCTTTCTGGAACGGTTGE

ACTAGGAGCCGCTACGAATCTCAGCAGTCACTTTGATGTGAAGGTTARAATGAGATCTGACGTTGGTGTARCTTCGTGGE
ACTAGGAGCCECTACGAATCTCAGCAGTCGCTCTGACGTGA TTTAAATGAGGTCTGACGTTGGTGTAACTCCGTGEGE
ACTAGGAGCCGCTACGRATCTCAGCAGTCEGCTTTGATGTGAAGGTTARAATGAGATCTGACGTTGETGTAACTCCETGGE
ACTAGGAGCCGCTACGAATCTCAGCAGTCGCTTTGACGTGAAGGTTTARATGAGATCTGACGTTGETGTAATTCTETGGE
ACTAGGAGCCGCTACGAATTTCAGCGGTCGCTCTGACGTGAAGG TTAMAATGAGATTTGACGCTGGTGCAACTCCGTGGE
ATAAGGAGCCGCTACGAATCTCAGCAGTCGCTTAGACGTGAAGGTTAAAATGAGATCTGACGTTGGTGTARCTCCGTGGE
ACTAGGAGCCGCTACGAATCTCAGCAGTCECTTAGEGTGTGAAGGTTARAATGAGATCTGACGTTGETGTARCTCCOTGGE
ACTAGGAGCCGCTACGRATCTCAGCAGTCECTTTGACGTGAAGGTTARAACGAGATCTGACGTTGETGTARCTTCOTGEE
ACTAGGAGCCGCTACGAATCTCAGCAGTCOCTTTGACGTGAAGGTTAAAATGAGATCTGACBTTGGTGTAATTCCATGEE
ACTAGGAGCCGCTACGAATCTCAGCAGTCGCTTTGACGTGAAGGTTAARATGAGATTTGACGTTGGTGTAARCTTCGTGEE
ACTAGGAGCCGCTACGAATCTCAGCAGTCGCTTTGACGTGAAGGTTARAATGAGATCTGACGTTGEGTGTAACTCCGTGGE
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ACAGCCAGCGGLTCGAGTCTECTCCTCETTGEEETAGEEGCTCACGTTGARACACTAACTTGGETTTTGACGGETTGTGC
ACAGCCAGCGGCTCGAGTCTGCTCCTCGCTGGGATAGGGET TCACGTTGAAACGCTAACTTGAGTTTTGACGGGTTGTGE
ACAGCCAGTGGCTCGAGTCTGCTCTTCGCTGEEATAGGGGCTCACGTTGAAACACTAACCTGAGTTTCCGACGGETTGTESE
ACAGCCAGTGGCTCOAGTCTGCTCTTCGCTGGEATAGGGGCTCACGTTGAAACACTAACCTGEGETTTCGACGGETTGTGE
ACAGCCAGCGGCTCOAGTCTGCTCCTCETTGEEATAGGGGTTCATGTTGAAACACTAACTTGAATTTCEGACGGETTETEE
ACAECCAGCEECTCAAGTCTGCTCCTCGCTGEEATAGEGECTCATGTTGAAACACTAACCTGTATTTCGACGEEGTTGTEE
ACAGCCAGTGGCTCGAGTCTGCTACT TGLTGGGATAGGGGCTCACGTAGAAACACTAGCCTGAGTTTCGACGGGTTGTGG
ACAGCCAGCGECTCGAGTCTECTCCTTBCTGEGATAGGEGCTCACGTTGAAATACTAGCCTGAATTTCEACGGETTGTGE
ACAGCCAGCGGCTCGAGTCTGCTCCTCEGCTGGGATAGGGGT TCATGTTGAAACACTAACCTAAATTTCGACGGGTTGTGGE

ACAGCCAGTGGCTCEAGTCTGTTCTTCEGCTGEEATAGEGEC TACGAGGCEEGEECTACTGACGAGTAGGTAGCTTGGGEE
ACAGCCAGTGGLTCOAGTCTGCTCTTCGCTGEEATAGGGGCTACGAGGTGEGEECTACTGATGAGTAGGTAGCTTGGGEE
ACRGCCAGTEECTCEAGTCTECTCTTCALTGEEATECEAGCTACGAGECEGEEGECTACTGACGAGTAGETAGCCTEGREEE
CCAGCCAGTGGCTCOAGTCTGLTCTTCECTGEEATAGGGECTACGAGGLGEGGECTACTGATGAGTAGETAGCTTGEGEE
ATAGCCAGTEECTCEGAGTCTEGCTCTTCECTGGEATAGEEECTACGAGGCEEEGEGCTACTGACGAGTAGGTAGCTTGGGEE
ACAGCCAGTGGCTCGAGT CTGCTCTTCGCTGGEATAGGGGC TACGAGGCGEEGGCTACTGATGAGTAGGTAGCTTGEGGEE
ACAGCCAGTGECTCGAGTCTGCTCTTCELTGEEATAGEEGCTACGAGECEEGGECTACTGACGAGTAGETAGCTTGEGEGEE

ACTGCCAGCGGCACGATTCTTGGGETGTGATGTGATATGGGC TACGAGGCGEGGGCTACTGAAGAGTAGGTAGCTTGGGGE
ACTGCCAGCGTCACGATTCTAGGGTGTGATGTGATATGGGC TACGAGGIGEGGECTACTGACGAGTAGGTAGCTTGEGEE
ACTGCCAGCGECACGATTCTTECGTGTEATGTGATATGEACTACGAGGCGEGEGGCTACTGACGAGTAGGTAGCTAGGGGE
ACTGCCAGCGECACGATTCTTEEE TG TGATGTEGATATGEECTACGAGGLGEEEET TACTGACGAGTAGETAGTTTGEGEE
ACTGCCAGCGGCACGATTCTTGEGTGTGATGTEATATEGECTACGAGGCGGGGECTACTGACGAGTAGETAGTTTGEGEE
ACTGCCAGCGGCACGATTCTTGEETETGATGTGATATGEGC TACGAGGCGGGGGCTACTGACGAGTAGGTAGCTTGEGGE

ACT@TTAGCAACT CGAGGCTCTTTCATCTTTAGGGCAACGECGATATACGTTCGAALGGETGAGGATEGEGGETATGGEE
ACTGTTAGCAACT - CGAGGCTCTCTCACCTTTAGGGCAATGGCGATATACGTTCGAANGAGTGAGGATGGGGGTATGGGE
ACTGETTAGCAACT CGAGGCTCTCTCACCTTTAGGGCAATGGCEATACACGTTTGAAAGGATGAGGATGEGEGTATGEGEE
ACTGTTAGCAACT CGAGACTCTCTCACCTTTAGGGCAACGGCGATACACGTTCGGAAGGETGAGGATGGGEETATGEEE
ACTGTTAGCAACT CGAGGCTCTCTCACCTTTAGGGCAATGGCGATACACGTTCGAAAGGGTGAGGATGGGEGTATGGGE
ACTGTTAGCAACT CEAGGCTCTCTCATCTTTAGGECAACGGCEATACACETTCGAAAGGETGAGGATEGGGEGTATOGEE
ACTGTTAGCAACT CGAGGCTCTCTCACCTTTAGGGCAATGGCGATACACGTCCGAAAGGGTGAGGATGGGGGTATGGGE
ACTGTTAGCAACTTCGAGGCTCTTTCACCTT TAGGGCAACGGCEATACACGTTCOAAAGGETGAGEATGEEEETATEGEE

GCACTATCAGCGATTCGATTCGEGAT CTATGTCTAGGEAACGETAAGGCGANTGETCACGTATGGGAAAANGGGEGTATG
GCACTATCAGCGATTCGATTCGGGAT CTATGTCTAGGGAACGETARGGCGAATGETCACGTATGGGAAARAGGEGGACE

ACTATCAGCTGATACGAATCTATGGTGEGGCTECTCTALTGEEAGTCEEAACGCGTGGTGECAGAAGTTGAGTGGTGGE
ACTATCAGCTGATACGAATCTTTGGTGEEECTGLTCTAATGEEAGTCGEAACGUGTGGTGECAGARGTTGAGTGETGAG
ACTATCAGCTGATACGAATCTTTGGTEEEGCTETTTTAATGEEAGTCGEAACGCATEGTGACAGARAGTTEGRGTEGTGGE
ACTATCAGCTGATACGAATCTTTGGTGGEE CTGCTCTAATGGGEGTCGGAACGCGTGETGGCAGAAGTTGAGTGETGGE
ACTATCAGCTGATACGAATCTTTGGTEEEGCTECTCTAATGEEGAGTCGGALCGCETGGTGECAGRAGT GAGTEGTGGE
ACTATCAGCTGATACGANTCTTTEGTGEGGCTGCTCTAATGGEAGTCGGAATGUGTGGTGECAGAAGT TGAGTGGTGEG
ACTATCAGCTGATACGAATCTATGGTGEEGCTGCTCTAATGGEAGTCGGAACGCGTGEGTGECAGAAGTTGAGTGETGGEG

ACTGTTAGTAACACGAAGTCTTTCTGCAACGGTGTATGGATGCCATTCAGCGCGGEACGTCGGGAATTCTARGGTGGTCG
ACTETTAGTAACACGAAGTCTTTCTGCAACGETGAATGGACGCCATTCAGCATGEEACCTCAGGAATCCAAAGETGOCCE
ACTGTAAGTAACACGAAGTCTAACTGCAATGGTGAATGEACGCCATACAGCGTGGGACGTCAGGARTCCARAGGTGGTCG

EEEEEp

CTGCTAGCAGCCCGAAATCGCTCT CCCAATATGGGCTTTCGGEEE - AAGACGETAATAGGAGAAATGGTGCTATGTCCGTE
CTECTAGCAGCTCTTAATCEGCTCTCCCTATATGEAECTTCCGGEE ATTACGATTATAGGAGTTATGETGCCTTGTCCATE
CTGTTAGCAGCTCGARATCGCTCTCCCAATATGEGCTTCOGGGE - ARGACGGTAATAGGAGAAATGGTGCCTTGTCTGTG
CTGCTAGCAGCCCEGARATTECTCTCCCAATATGGECTTCCGEEE AMGACGGTAATAGGAGAAATGETGCCTTGTTTGTE
CTGCTAGCAGCTCGAMATCGCTCTCCCAATGTGGCCTTCCGEGE AAGACGETAATAGGAGARATGETGCCCTGTCCGTT
CTGCTAGCAGCTCEGAMATCECTCTCCCAATETGECCTTCCEREE - AMGACGATAATAGEAGARATGETECCCTETCCETT
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CTGCTAGCAGCTCGAAATCGCTCTCCCAATGTGGCCTTCCGEEG AAGACGGTARTAGGAGAAATGGTGCCCTGTCCETT
CTGCTAGCAGCTCGAAATCGCTCTCCCAATATGGGTTTCCGGGE  AMGACGGTAATAGGAGAAATGETGTCTTGTCCGTE
CTGCTAGCAGCTCGAAATCGCTCTCCCAATATGEGCTTCCGEEE AAGACCETAATAGCGAGGAATEETGTCTTGTTCETE
CTGCTAGCAGCTCGAAATCGCTCTCCCAATATGGGTGTTCCGEGGAAGATGETAATAGGAGAARTGETGTCTTGTCCGTE

CTGCTAGCAGCTCEARATCGLTCTCTCAATATGEGCTTTCGEEE
CTGCTAGCAGCTCGAAATCGLTCTTCCGATATGEGCTTCCGGEG
CTGCTAGCAGCTCGAAATCGCTCTCCCAATATEGGCTTCCGGEE
CTGCTAGCAGCTCGAAATCAGCTCTCCTAATATGEGTTTCCGEAG
CTGCTAGCAGCTCGAAATCGLTCTCCCAATATGETCTTCCGEEE
CTGCTAGCAGCTCGAAATCGCTCTCTCAATATGGGCTTCCGGGE
CTGCTAGCAGCTCGAAATCGCTCTCCCAATATGGTCTTCTGGGG
CTGCTAGCAGCTCGAAATCBCTCTCCCGATATEGEGCTTCCGEEE
CTGCTAGCAGCTCGAAATCECTCTCCTAATATGEGCTTCCGGEE
CTGCTAGCAGCTCGARATCGCTCTCCCAATATGEECTTCCGREG
CTGCTAGCAGCTCGAAATCGCTCCCTCAATATGGGCTTCCGEGE
CTGCTAGCAGCTCEARATCACTCTCTCAATATGETCTTCTGEEG
CTGCTAGCAGCTCGAAATCGCTCTCTCAATATGGGCTTCCGGEE
CTGCTAGCAGCTCGAAATCGCTCTCCCAATATGGGCTTCCGGGEG
CTGCTAGCAGCTCGAAATCGCTCTCCCAATATGGTCTTCCGGGG
CTGCTAGTAGCTCGAMATCGCTCTCCCAATATGGATTTCCCEGE

ATGTGCTAGCAGCTCOAAATCGCTCTCCCAATATGGGCTTCCGGEE
A CTGCTAGCAGCCCEGAAATCECTTTCCCAATATGGECTTCCGGEEE

A
A
A
A
A
A

CTGCTAGCAGCTCGAAATCGCTCTCTCAATATGGGCTTTCGGGG
CTGCTAGCAGCCCGAAATCGCTCTCCCAATATEGTCTTCCGGGE
CTGCTAGCAGCCCGAAATCGCTCTCCCAGTATGGGCTTCCGGEG
CTGCTAGCAGCCCGAAATCGCTCTCCCAATATGGGCTTCTGGEE
CTGCTAGCAGCCCEAAATTGCTCTCCCAATATGGGCTTCCGGGG

AAGACGGTAATAGGAGAAATGETGCCTTETCCETE
AAGACGGTAATAGGAGAAATGETGCCTTGTTCETE
ARGACGGTAATAGGAGAARTGGTGCCTTGTCCETE
AGGACGGTAATAGGAGAAATGGTACCTTGTCCETE
ARGACGGTAATAGGAGGARTGGTGTCTTETCCGCE
AAGACGGTAATAGGAGARATGGTGCCTTGTTCETE
AAGACGGTAATAGGAGAAATGETGCCTTGTCTGTE
AAGACGETAATAGGAGAAATGGTGCCTTETCCETE
AAGACGGTGATAGGAGAAATEETGCOTTGTECETE
AAGATGGTAATAGGAGARATEGTGCCTTETCCETE
ARGACGGTAATAGGAGAAATGGTGCCTTGTCCETE
ARGACGGTAATAGGAGAAATGGTGTCTTGTCCATE
AAGACGGTAATAGGAGAAATGGTGCTTTGTCCGTE
ARGATGGTAATAGGAGAAGTGETGCCTTETCCETE
AAGACGGTAATAGGAGAAATGGTGCCTTGTCCGTG
AAGACGETAATAGGAGGAATGETGCCTTETCCETE
AAGACGETAATAGGAGAAATGETGCTTTETCCETE
ARGACGETAATAGGAGAAATAGTECCTTETCCATE
AAGATGGTAATAGGAGAAATGGTGTCTTGTCCETE
AAGACGETAATAGGAGAAATGETGCCTTGTCCETE
AAGACGGTAATAGGAGAAATGGTGTCTTGTCTETG
AAGACGETAATAGGAGAAATGGTGCCTTETCCGTE
ARGACGGTAATAGGAGAAATGGTGCCTTGTCCGTE

CTGCTAGCAGCCCGARATCGCTTTCCCCATATEEGCTTTCGEEGGAAGACGGTAATAGGAGAAATGGTGTCTTGTCCGTG

ATATCCTAGCAGGBCCGAGTCTCTCTTAGACGTCEECACGAGT CECCOGATAGTCATCTGEECTGEAGTTGGTCCCATAGS
ATATCCTAGCAGGTCGAGTCTCTTTTAGACGTCGGCACGAGTCGCCCGATAGTCATCTGGGCTAGAGTTGGTCCCATAGG

ATETCCTAGCAGGEGECGAGTCTCTAGAATEETETEETGGECTAGEGECAAGECCAGCEECGETTGAGGTATGAAGGATETGE
ACTTCCTAGCAGGGCGAGTCTCTTGAATGACGTGGTGEGT TAGGGCAAGGCCAGCGEUGET TGEGGTATGGAGGATGTGC
ACTTCCTAGCRAGGECGAGTCTCTTGAATGACGTEETGGET TGEEETALGECCGGCEECGELTGAGEGTATGARGEATETEL
ACTTCCTAGCAGGGCGAGTCTCTTGAATGACGTGETEEGCTAGGGCAAGGC TAGCGGCGGCTGAGGTATGAGGGATGTGE
ACTTCCTAGCAGGGCGAGTCTCTTGAATGACGTGETGGECTAGGECALGETCAGCGGCAGT TGGGGTGTGARGGATETGL
ACTTCCTAGCAGGGCGAGTTTCTTGAATGACGTGETGGEC TAGGECAMGGCCAGTGECAGCTGAGGTATGGAGGATGTGC

ACTTATAGCATTACGAATCCGACACAAGACGCTGGARAACT TGEGAGCCTGAGGGECTTTTGTTTGTAGTTGTCTTTGG
ACTAATAGCATTACGAATCTGACATAAGACGCTGGGAARCT TGGAAGCCTGAGGGGCTTTTRTTTGTAGTCGTCCTTGG
ACTAATAGCATTACGAATCCGACATAAGACGCTGGAAAACT - GGARGCCTGAGGGGCTCTTGTTTGTAGTCGTCCTCGG
ACTAATAGCATTACGAATCCGACATAAGACGCTEEAAAACTTGEAAGCCTGAGGEACTTTTETTTGTAGTCGTCCTTGE
ACTAATAGCATTACGAATCCGACACAAGACGTTGGAAAATTTGGAAGTCTGAGGGECTTTTIGTTTETAGTCGTCCTTGS
ACTAATAGCATTACGAATCCGACATAAGACGCTGGAAAACTTGEARAGCCT TTTT@TTTGCAGTCGTCCTTGE

ATTTCCAGCGGATCGATTCTCTTTCCCGTOGCAGGTATGACCAGGGAAGAATGEGTGGACACAMTTGATGETGTTGEG
ATTTCCAGCGGATCEATTCTCTTTCCCETCGCAGGTATGACCAGEETAGTATGGETGGACACTTATTGATGETGTCGEE
ATTTCCAGCGGATCGATTCTCTTTCCCGTCGCAGGTATGATTAGGGAAGAATGEGGTGGACACAMATTGATGGTGTCGGG
ACTTCCAGCEGGATCEGATTCTCTTTCCCETTGCGEETATGACCAGEGAGGAGTGEETGEACACAGCTTGATGETEGTCGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCEGETGTGACCAGGGAGEGAGTGGGTEGACACGEGATTGATGETGTTGEE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEETATGACCAGEGAGGANTGGEGTGGACACAGGTTGATGGTGTTEGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTTGTGEGTATGATCAGEGAGGAATGGGETGGACATAGETTGATGGTGTCGGG
ACTTCCAGCGGATCGATTCTCTTTCCTET CGCGEECATEGACCAGEGAGGAATGGETGGACACAGATTGATGETGTCGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEGTGTGACE. TGEGETEGGCACAGATTGATGETGTTGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTTGCEGETATGACCAGGGAGGAATGEGGTGGACACAGATTGATGETGTTGEG
ACTTCCAGCGGATCGATTCTCTTTCCTE@TTGCEGETGTEACCAGGGAGEAATGGETEGECACAGATTGATGETGTCGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTTGTGGETATGACCAGGGAGGAATGGGTGGACACAGATTGATGGTGTTGEG
ACTTCCAGCGGATCEATTCTCTTTCCCGTTGCEEETATGACCAGEELGEANTGEETGEGACATAGETTGATGETEGTTGEE
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ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEGTATGGCCAGGGAGGAGT GGG TGGACACAGATTGATGGTGT TGGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTTGCGGGTATGACCAGGGAGGGATGEGTGGACACAGATTGATGGTGT CGGG
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGTGEETATGACTAGGGAGGAATGEGETGGACACAGATTGATGGTGT CGGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTAGCGGGTATGACCAGGGAGGAATGEGGTGGACACAGATTGATGGTGT CGGGE
ACTTCCAGCGGATCGATTCTTTTTCCCG TCGCGEETGTGACCAGGGAGGAGTGEGGTGGACACAGATTGATGETGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEETACGAC CAGGGAGGAATGEGTGEATACAGATTGATGEGCGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGTGGETATGACCAGGGAAGAATGGGTGGACATGAATTGATGGTGT TGGG
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEGGTATGACCAGGGARAGAATGEGTGGACATAMATTGATGGTGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGTGEETATGAT CAGGGAGGEATGEGTGGACACAGATTGATGGTGT CGGG
ACTTCCAGCGGATCGATTCTCTTTCCCGTCACGGETATGACCAGGGAGGAATGEGTGGACACAGETTGATGETGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCAGETATGACCAGGGAGGGATGEGTGGGCACAGATTGATGEGTGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCEGTGEETATGACCAGGGAGGARTGEGGTGGACACAGATTGATGETGT CGGG
ACTTCCAGCGGATCGATTCTCTT TCCCG T CGCAGGTATGACCAGGGAGGAATGEGTGGATACAGATTGATGETGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCTTGTCGGGEGTATGACCAGGGAGCAATGGGTGGACACAGETTGATGGTGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGUGEGTGTGACCAGGGAGGAATGEGTGCACACAGATTGATGETGTTGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEGTATGACCAGGGAGGGATGEGTGGACACAGATTGATGGCGT CGGE
ACTTCCAGCGBATCGATTCTCTTTCCCGTTGCGEETATGACCAGEGAGGAATGGGTGEACACAGATTGATGETGT TGGE
ACTTCCAGCGBATCGATTCTCTTTCCCGTTGTGEET ATGGCCAGGGAAGGATEGETGERACACAARTTGATGETGTTGEE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGLGEETATGACCAGGEAGGARTEEGTGEACACAGETTGATGATGET CGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGAGTATGACCAGEGAGEAATGEETGEACACAAGTTGATGETGT CGGE
ATTTCCAGCGEATCGATTCTCTTTCCCGTCGTGEETATGACCAGGGAGGAATEGETGEACACAGETTGATGEGTGT TGGE
ACTTCCAGCGBATCGATTCTCTTTCCCGTCOCGEGTATGACCAGGGAGGAGTEEGTGCACACAGATTGATEGTGTTGEE
ACTTCCAGCGGATCGATTCTCTTTCTCGTCGCGEETATGACCAGGGAGGAATGEGTGGACACAGETTGATGETGTCGGE
ACTTCCAGCGBATCGATTCTCTTTCCCGTCGCGEGTATEGCCAGGGAGGAATGGETGEATACAGATTGATGGTGTCGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGOGEETATGAT CAGGGAAGGATGEETEEACACAGETTGATGETETCGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCEGEGEGTATGGCCAGGEAGGAATGEGGTGRACACAGATTGATGETETTGEE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGTGEGTATGACCAGGGAGGAATEGGTGEACACAGATTGATGETGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTTGTGEETATGACCAGGGAGGAGTGEGTGEACACAGATTGATGGTGTTGEE
ACTTCCAGCGGATCGATTCTCTTTCCCGTTGTGEGTATGACCAGGGAGGAGTGEETGGACATAGATTGATGGTGT TGGE
ACTTCCAGCGGATCEATTCTCTTTCCCGTCGCGEGTATGACCAGGEAAGAATGEETGGACACAGETTGATGRTGTCGEE
ACTTCCAGCGBATCGATTCTCTTTCCCGTCGLGEGTATGAC CAGGEAGGAATGEGTGGACACAGETTEATGEGTGTTGGEE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEGTGTGACCAGGGAGGAATEGGTGGACACAGATTGATGEGTGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTTGCGEGTATGACCAGGGAGGAATGEGTGEACACAGATTGATGGTGT CGGG
ATTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEGTATGACCAGGGAGGAACGGGTGGACACAGETTGATGETGT CGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEGTATGACCAGGGAGGAMTGEGTGGACACAGGTTEGATGGTGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTTGCGEETATGAC TAGGGAGGAATGEGGTGGACACAGATTGATGGTGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEGTATGGC CAGGGAGGAATGEGTGGACACAGATTGATGGTGT TGGE
ACTTCCAGCGGATCGAT TCTCTTTCCCGTCGCGEGTATGACCAGGGAGGAATGEGTGGACACAGATTGATGGTGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGUGEGTATGACCAGGGAAGGATGEGTGGACATAMTTGATGGTGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEGGTATGACCAGGGAAGAATGEGTGGACACAGETTGATGGTGT CGGG
ATTCCCAGCGGATCGATTCTCTTTCCCGTCGCGEETGTGACCAGGGAGGAATGEGTGGACACAGATTGATGGTGT TGGE
GCTTCCAGCGGATCGATTCTCTTTCCCGTCGCGGETATGACCAGGGAGGAMTGEGGTEGACATAGATTGATGGTGT TGGG
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEETATGACCAGGGAGCAATGGGTGGACATAAATTGATGGTGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEETATGACCAGGGAGCAATGEGGTGGACATAGATTGATGETGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCTCGTCGCGGETATGACCAGGGAGGAATGEGTGGACGCAGATTGATGGTGT CGGG
ACTTCCAGCGGATCGATTCTCTTTCCCGTTGCGGETATGACCAGGGAGGAATGEETGGACACAGATTGATGGTGT TGGG
ATTTCCAGCGGATCGATTCTTTTTCCCGTCGLGEETATGACCAGGGAGGAATGEGGTGGACACAGATTGATGGTGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEGETATGACCAGGGAGGAMTGGGCGGACACAGATTGATGETGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEETATGACCAGGGAGCGAATGEGTGGACACAGATTGATGETGTTGEE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCECGEETATGACCAGGGAGGAGTEGETGGACACAGATTGATGGTGT CGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGLGEGTATGACCAGGGAGGAGTGGGTGGACGCAGATTGATGGTGT CGGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEETATGACCAGGGAGCAATGGGTGGACACAGETTGATGEGTGT TGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEGTATGACCAGGEAAGAATGGEGTGEACATAAGTTGATGGTGTTGEE
ATTTCCAGCGGATCGATTCTATAACCCGTCEGCGEETATGACCAGGGAGGAATGEGETGEATACAGATTGATGETGT TGGE
ATTTCCAGCGGATCGATTCTCTTTCCCGTCEGTGEETATGACTAGGGAGGARTGEGTGEGCATAAATTGATGETGTTGEE
ACTTCCAGCEGATCGATTCTCTTTCCCGTCELGEETATGACCAGGEAGGAMTCEGTECACACAGATTEATEGTGT CGGE
ATTTCCAGCGGATCGATTCTCTTTCCCGTCGTGEGTATGACCAGGGAAGAATOGGTGGACACAAATTGATGGTGT CGGG
ATTTCCAGCGGATCGATTCTCTTTCCCGTCETGEGTATGACCAGEGAGGAATGEETGEACACARATTGATGETGT CGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCECGEETATGACCAGGGAGGAATGEETEGACACAGATTEGATGETGT CGGGE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCAGGTATGACTAGGEGAGARTGGGTGEACATAGATTGATGGTGT TGEE
ACTTCCAGCGEATCGATTCTCTTTTCCGTCGTAGGTATGACCAGGGAAGAATGGETGGACACAAATTGATGETGT TGGE
ATTTCCAGCGGATCGATTCTCTTTCCCGTTGCEEGTATGACCAGGGACEGAATEEETECACACAGATTGATGETGTCEEE
ACTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEETATGAT CAGGGAGGAATGGGTGGACATARATTGATGETGT TGGE
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ATTTCCAGCGGATCGATTCTCT I TCCTGT TG TAGGTATGATCAGGGAAGAATGGETGGACATAAATTGATGGTGTCGEE
ATTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEGTATGACCAGGGAGGAATGGETGGACACAGATTGATGGTGTTGGG
ACTTCCAGCGGATCEGATTCTCTTTCCCGTCGCEEETATGACTAGGGAGGAATGGETGGACACAGGTTGATGETGTTGGE
ATTTCCAGCGEATCGATTCTCTTTCCCGTCGCEGETATGACCAGEGARAGRATGEETEEACACAAATTGATGETGTTGGE
ACTTCCAGCGEATCGATTCTCTATCCCGTCGCAGETATGACCAGEGARGAATGEATEAACACAALTTGATGETGTCGEE
ATTTCCAGCGGATCEATTCTCTTTCTAGTCGCEEGTATGACCAGEGAGGAATGEETGEACACAGATTGATGGTGTTGGE
ACTTCCAGCGGATGCATTCICT I TCCOGTCGCEEETATGAT CAGGGAGGAATGEGTEGAGACAAATTGATGGTGTCGGE
ATTTCCAGCGGATCGATTCTCT I TCCOGTCGCGEETATGACCAGGGAGGARTGEETGEACACAGATTGATGETGT GGG
ACTTCCAGCGGATCGATTCTCTTTCCTGT TGCEGGTATGACCAGGGAGGAATGEETCEACACAGATTGATGGTGTTGGGE
ATTTCCAGCGGATCGATTCTICTTTCTTGTCGTGEETATGACCAGGGAGGARTGEGTGGACACAGATTGATGETGTTGEE
ATTTCCAGCGEATCEATTCTCTTTCCCETCACEEGTATAACCAGGGAGEAATGEATEGACACAGATTGATGGTGTCGRG
ATTTCCAGCGEATCEATTCTCT T TCCCGTCOTAGGTATGACCAGGGAAGAATAGETGEACATAAATTGATGGTGTCGGE
ATTTCCAGCGGATCEATTCTCT T TCCCGTTGCAGGTATGACT AGGGANGAATGEGTGEACACAAATTGATGGTGTCGGE
ATTTCCAGCGEATCGATTCTCTITCCCGTCGCAGETATGACCAGGGAAGARTGEGTGEACACARATTGATGETGTCGEE
ATTTCCAGCGEATCGATTCTCTTTTCCGTCBCAGETATGACCAGEGARGAATGEETEGACACAAATTGATGETGTCGEE
ATTTCCAGCGGATCGATTCTCTTTCCOGTCGTGEGTATGATCAGGGAGGAATGEGTGEACACAGATTGATGETGTTGGE
ACTTCCAGCGGATCEGATTCTCTTTCCCGTCGTGEGTATGACCAGEGAAGAATGGETGGACACAAATTGATGGTGTCGGE
ATTTCCAGCGGATCGATTCTCTTTCCCGTCGCAGGTATGACCAGGGAAGAATGGGTGGACACAAATTGATGGTGTCGGE
ATTTCCAGCGGATCEGATTCTCTTTCCTGT TGCEEGGTATGACCAGGGARGAATGGETGEACACAAATTGATGGTCTCGGE
ACTTCCAGCGEATCGATTCTCTI TCCCGTCGCAGGTATGACTAGGGAAGAATGEETGEATATAAGTTGATGETGTCGEE
ATTTCCAGTGEATCEATTCTCT I TCCCGTCOTAGGTATGATCAGEGAAGAATGGETEGACACARATTGATGGTGTCGEE
ATTTCCAGCGGATCGATTCTT T T TCCCGTCGCAGGTATGACCAGGGAAGARTGGETEEACACAAATTGATGGTGTCGGEE
ATTTCCAGCGGATCGATTCTCTTTCCCGTCGCAGGTATGATCAGGGAAGAATGGETGGACACAAATTGATGGTGTCGGG
ATTTCCAGCGGATCGATTCTCTTTCCCGTCGCGEGTATGACCAGGGAGGAATGGGTGGATACAGATTGATGGTGTCGGG
ATTTCCAGCGGATCGATTCTCTTTCCCGTCGTEGGETATGATCAGGGAGGAATGGETGGATACAGATTGATGETGTCGGE
ATTTCCAGCGGAT CEATTCTCT T TCCCETCGTEEETATEATCAGEGAGEAATGEETEEATACAGATTEATGETETOGEE
ATTTCCAGCGGATCEATTCTTTT TCCCGTCGCAGGTATGATCAGGGAAGAATGEGTGGACACGAATTGATGGTGTCGEE
ATTTCCAGCGGATCGATTCTTTTTCCTGTCGCAGGTATGACCAGEGAAGAATGEETGGACACAAATTGATGGTGTCGGE
ATTTCCAGCGGATCEGATTCTCTITCCTGTCGCAGGTATGACCAGGGAAGAATGGETEGACACAAATTGATGGTGTCGGG
ATTTCCAGCGGATCGATTCTCTTTCCCGTCGCAGGTATGACCAGGGAAGAATGGGTGGACACAAATTGATGGTGTCGGG

ATGGTCAGCGACACGAGGCTCTCTCCAATTAGTCAGGTTGAGGAAGTETETGOTGETATTTGEGCTTGEECCEAGTGEE
ATGGTCAGCGACACGAGECTCTCTCCAATTAGTCAGET TGAGGAAGTGTGTGET GGTATTTGGECT TGEGGCCEAGTGGE

GCACTCTCAGTGAGCCEAGTCTCTCT CAGGGATETCTTGTATCT TGTTGAGTAGTGTGCAT TTCTGGCGETCEETTTEE
GCACTCTCAGTBAGCCGAGTCTCTCT CAGBGATGTCCTGTATCTTGTTGAGTAGTGTGCATTTCTGGCEETCAGTTTEE
GCACTCTCAGTGAGCCGAGTCTCTCTCAGGGATGTCCTETATCTTGTTGAGTAGTGTGCATTTCTGEGLEETCAGTTTEE

ATGTCAGCAGACACGATATCTGTCGCCTCETGTATGETAAACTATAACCTGAGTATETGETTTGGTTTCGTCCTCGEGGE
ATETCAGCAGACACGATATCTGTCGCCTTETETATGETTAACTATARCCTEGAGTATETGETTTGETTTCGTCTTC
ATGTCAGCAGACACGATATCTGTCGCCTCATGCATGGTAAACTATAACCTEAGTATGTGGTTTGGTTTCGTCTTCEGGGEE

TTACAAATGCACTARGARGCCTTACGAGTCGCAGTCCTTATAARGGGGGEGACT TCTCGGTGTAGTTTTGCATCGCTETGEE
TTACAAATGCACTAAGAGCCT TACGAGTCGCAGTTCTTACAA? GGACTTCTCGETETAGCTTTGCATCGCTGTGEE
TTACAARTGCACTAAGAGCCTTACGAGTCEGCAGTCCTTACAARGEGGGEACTTCTCEGGTGTAGTCTTGCATCGCTETGEE
TTATAAATGCACTAAGAGCCTTACGAGT CECAGT CCTTATAARGEGGEEGACTTTTCEETGTAGCTTTGCATCECTGTGEE
TTACAAATGCACTARGAGCCTTACGAGTCGCAGTCCTTACAARGGGGGGACTTCTCGGTGTAGTCTTGCATCGCTGTGGE

ACTGCCAGCBGLGCGATTCACTETCEGAGACTAGT TETTGCCTTCGECT TAGRAGGACANAACT TTTGTCATAGCGTGGE
ACTGCCAGCGECGCEATTCACTGTCGGAGACTAGTTGTTGCCTTCGGCTTEGGAAGGACARAACTTTTGTCATAGCETGGEE
ACTGCCAGCGGCGCBEATTCACTGTCGGAGACTAGTTGCTGCT T TCGGCT TGEAAGGATAAAACTTTTGTCATAGCGTGEE
ACTGCCAGCGGCACGATTCACTETCGGAGACTAGTTETTGCCTTCOGCT TGEGAAGGACAAAACTTTTGTCATAGCGTGGE
ATTGCCAGCGECGCGATTCACTGTCGGAGACTGETTGTTGCCTTCGGCT TGGRAGGACAAAACTTTTGTCATAGCGTGGE
ACTGCCAGCGGCGCGATTCACTGTCGGAGACTAGTTGTTGCCTTCGGCT TGEGAAGGACAAAACTTTTGTCATAGCGTGGE
ACTGCCAGCGECECEATTCACTETCEGAGACTAGTTGT TECCTTCGECT TEEAACEACAARACTTTTGT CATAGCGTEAEE
ACTGCCAGCGBECGCEGATTCACTETCGGAGACTAGTTETTECCTTCGGCT TEEGAAGGACAARACTTTTGTCATAGCGTGEE
ACTGCCAGCGGCGCGATTCACTGTTGGAGACTAGTTGTTECT TTCGGCT TEEAAGGACAAAACT TTTGTCATAGCGTGEE
ACTGCCAGCGGCGCEATT CACTGTCEGAGACTAGTTGTI TACCT TCGECT TEEARGGACAAAATTTTTGTCATAGCGTGEE
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ACTGCCAGCGGOGCGAT TCACTGTCAGAGGCTAGT TG TTGCCTTTGECTTGGAAGGACAAAACTTTTGTCATAGCGTGGE
ACTGCCAGCGGOGCGATTCACTGTCGGAGACTAGT TGTTGCCTTTGGCTTGGAAGGACARAAACTTTTGTCATAGTGTGGE
ACTGCCAGCGECGCGATTCACTGTCGEGAGACTAGT TGTTGCCTTCGGCTTGGARGGRACARAACTTTTGTCATAGCEGTEGE
ACTGCCAGCGECGCEATTCACTGTCGRAGACTAGTTGTTGCCTTTGECTTGGARGEACARAACTTTTGTCATAGCETGEE
ACTGCCAGCGECGCEATTCACTETCGGAGECTAGT TETTGCCT TCEGCTTEEAAGGACAAAATTTTTGTCATAGCGTGEE
ACTGCCAGCGGOGCGAT TCACTGTCGGAGGCTAGT TGTTGCCTTCOGT TTGGAAGGACAAAATTTTTGTCATAGCGTGGE
ACTGCCAGCGGOGCGATTCACTGTTGGAGACTAGT TG T TGCCTTTGECTTGGAAGGACAAAACTTTTGTCATAGCGTGGG
ACTGCCAGCGGCGCGAT TCACTGTCOGAGACTAGTTGT TGCCTTCOECTTGGAAGGACAMAACTTTTEGTCATAGTCTGEE
ACTGCCAGCGGCGCGATTCACTGTCGEGAGACTAGT TGTTGCCTTCGGCTTGGAAGGACARAACTTTTGTCATAGCGTGGE
ACTGCCAGCGGOGCEATTCACTGTCGGAGACTAGTTGTTGCCTTCEGCTTGGAAGGACARAACTTTTGTCATAGCGTGEE
ACTGCCAGCGGOGCGATTCACTGTCGEAGACTAGT TGTTGCCTTTGGCTTGGAAGGACAARACTTTTGTCATAGTGTGGE
ACTGTCAGCGGCGCGATTCATTGTCGGAGACTAGT TGTTGCCTTCEECTTGEGAAGGACAAARCTTTTGTCATAGCGTGGE
ACTGCCAGTGGCGCGAT TCACTGTCGGAGACTAGT TGTTGCCTTCGECTTGGEAGGATAGAACTTTTGTCATAGCGTGGE
ACTGCCAGCGECGCEATTCACTGTTGGAGACTAGTTGTTGCCTTCGECTTGGARGGACARAACTTTTGTCGTAGCGTGEE

AGGCTAGTACAACGACCATCETCGT CAGTAATCCGGATGGT TG TGUGGLGECEAT TGEGEGAAGTTCGT TAGEGTGGTGE
AGGCTAGTACAACGACCATCETCGTCAGTAATCTGGATGET TG TGCGGTGETGAT CAGGEGAAGTTCGLTAGEETGETGE
AGGCTAGTACAACGACCATTGTCGTCAGTAATCTGGATGGTTGTGTGGCGETGATTAGGEGAAGTTCGCTAGGGTGETGE
AGGCTAGTACARCGACCATCGTCGTCAGTAATCTEEATGET TG TGLEECGETGAT TAGGEGAAGT TCGLTAGGETGETGE
AGGCTAGTACAACGACCATCGTCGTCAGTAATCTGGATGET TG TGTGECGETGACTAGGGGAAGTTCGCTAGGGTGGTGE

ACTCCCAGTGEGG CGAMATCCTCCCTCTGCGGGGACAATCGGGEETGCAGTGATCAAGGGTEGGAGATGEEGGATGEGTE
ACTCCCAGTGGEGE COARATCCTCCOTCTGTGEEARCAATCGEEEETGTAGTGATCAAGEETGETGATGEEEATGEETS
ACTCCCAGTGGGG CGARATCCTCTCTCTGCGGGEACAATCGGGEETGCAGTGECCARGGGTGEAGATGGGRATGGETE
ACTCCCAGCGEGE CEARATCCTCCCTCTGCGGEAACAATCGEGEETGCAGTGATCARGEGTGEGAGATGEEEATGEETE
ACTCCCAGTGGGE CGAMATCCTCTCTCTGCGGGEACAATCGGEEETGCAGTGETCANGGGTGGAGATGGEGATGGETE
ACTCCCAGTGGGE CGARATCTTCTCTCTGCGGGAACAGTTGGEEECGEGGTGATCAGGEGTEGAGATGGGGATGGGTG
ACTCCCAGTGGGGE CGAMRATCTTCTCTCTGCGGGEACAATCGGEEETGCAGTGETCAGGEGTEEAMATGGGEATEGGTE
ACTCCCAGTGGEE CGAAATCTTCTCTCTGCEEGAACAGT TGEGEECECEETEATCAAGGETGEAAATCEEGATEEETE
TACTCTCAGTGAGE CEAAATCTTCTCTCTIGCGGEGEACAATCGEGEECGCAGTGATCAGGGETGEAAATGEEGATGEETE
ACTCCCAGTGGGE COAAATCCTCCOTCTGCEEEAACAATCEEGEETGCAGTGATCAAGEET GEAGATGEEGATGGETE
ACTCCCAGTGEGG CGARATCCTCCCTCTGCGGGAMCAATCGGGEGTGCAGTGATCARGGGTGGAGATGGEGATGGETE
ACTCCCAGTGGGE CGAMATCCTCTCTCTGCGEGEACAATCGGEGGETGCAGTGETCAAGGETGEARATGEERATGGETE
TACTCTCAGCGAGG CGAAATCTTCTCTCTGTGEEALCAATCGGGEETGCAGTGATCAMGEGTGGAALTGGEEATGGETE
ACTCCCAGTGGGE CGAMATCCTCCCTCTGCGGGAMTAATCGGEEETGCAGTGATCAMGEGTGGAGATGGEGATEGGGTE
ACTCCCAGTGGEGE COARATCCTCTCTCTGCGEGARCAATCGGEEGCGCAGTGATCAAGGGTEGAGATGGGGATEGGTE
TACTCTCAGCGAGE CGGAATCTTCTCTCTGCEEEAACAATCEEGEECGCAGTGATCANGGETGEAAATGEEGATGGETE
TACTCTCAGTGAGE CGARATCTTCTCTCTGCGEEAACAGTCGEGEECGCAGTGATCANGEETGEAAATGREGATGEETE
TACTCTCAGTGAGG  CGAAATCTTCTCTCTGCEEGAACAATCEGGEGTGCAGTEATCANGGETEEAAATEREGATGGGETE
TACTCTCAGTGAGGTCGAMATCTTCTCTCTGCGGGAACAATCOGGEGCECAGTGATCANGEGTGEARATGEGGGATGGGTG
TACTCTCAGTGAGGTCGARATCTTCTCTCTGCGGGARCAATCOGGEGCGCAGTGGTCANGGGTGEAGATGEEGATGGGTG
TACTCTCAGTGAGGTCGARATCTTCTCTCTGCGGEAACARTTGGGGGCECAGTGATCAAGGGTGEAAATGEEGATGGETG
TACTCTCAGTEAGE CEAAATCTTCTCTCTGCEGGAACRATCGEEEETGCAGTEATCAAGEETEGARATEEEEATEEETE
TACTCTCAGTGAGG CGAAATCTTCTCTCTGCGGRAACARTTGGEGGCGCAGTGACCAAGGGTGOAAATGGGGATEGETG
TACTCTCAGTGAGG CGAAATCTTCTCTCTGCGGEAACAATTGGGGECGCAGTGACCALGGGTGGAALTGGEGEATGGETE
TACTCTCAGTGAGE CGAAATCTTCTCTCTGCEGGAACTATCEGGEGCC AGTEATTTAGGGTGGATATGGGGATGGGTE
TACTCTCAGTGAGG CGAMATCTTCTCTCTGCGGEAMCAATCGGGEGCECAGTGATCANGGGTGOAAATGEGGATGGGETE
TACTCTCAGTGAGG CGAAATCTTCTCCCTGCGGGAACTATCGGGEECECAGTGATCAGGGGTGEATATGEEGATGGGTE
ACTETCAGCGGACTCEARATCTTCTCTTTGCEEEAACAGTTGEEEECGCAGTEATCAAGEETEEAAATGEEEATGEETE
ACTETCAGCGGACTCGARATCTTCTCTCTGCEEEAACAGT TGEGEETGCAGTEATCAAGEETGEAAATCEEEATERETE
ACTGTCAGCGGACTCGAAATCTTCTCTCTGCGGGARCAGTTGGGEGCGCAGTGATCALGGGTGGAALTGGEGATGGETG
ACTGTCAGCGGACTCGAMATCTTCTCTCTGCEEGAACAGTT 3CGCAGTGATCA TGGAANT TGGGTE
ACTGTCAGCGGACTCGAAATCTTCTCTCTGCEEGAACAGTT SCGCAGTGATCAAGGET GEAANTGEEGATGEETE
ACTCTCAGTGAGGE - CGARATCTTCTCTCTGCGGEAMRCAATCEGEEECGCAGTGATCARGGATGEAAATGGEGATGGETG
ACTGTCAGCGGACTCGAAATCTTCTCTCTGOGGEAACAGT TGEEGGCGCAGTGATCAAGGETGEAAATGEEEATGGETE
ACTGTCAGCGGACTCGARATCTTCTCTTTGCGERAACAGTTGGGGETECAGTGATCARGGGTGEAAATGRGEATAGATE
ACTGTCAGCGEACTCGAAATCTTCTCTCTGCGGGAACAGTTGGEGGCGCAGTEATCAAGGGTGGAAATGEEEBATEE - TG
ACTGTCAGCGGACTCGARATCTTCTCTCTGCGGGAMCAGTTGGGEGCGCAGTGATCAAGGGTGGAAATGGGGATEGGTG
ACTGTCAGCGGACTCGAAATCTTCTCTCTGCEGEANCAGT TEEGEECGCAGTGATCAAGGETGEAAATGEEGATGGETE
ACTGTICAGCGGACTCEARATCTTCTCTCTGCGEEARCAGT TGEEGECGCAGTGATCAAGGETGEAAATGEEEATGEETE
ACTGTCAGCGEACTCGARATCTTCTCTCTGCEEEAACAGTTOEGGECGCAGTEATCARAGGGTGEARATGGEGATEGETE
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ACTGTCAGCGGACTCGAAATCTTCTCTCTGCGGGAACAGTTGEEGAGCGCAGTGATCAGGGGTGEGAAATGGGGATGGGTG
TRCTCTCAGTGRGG CGARATCTTCTCTCTGTGEGAACAATCEGGEECGCAGTGATCARGEGTGEARATGEEGRTGGETG
TACTCTCAGTGAGGE CGARATCTTCTCTCTGETGGGAACAATCAGGEGCGCAGTGATCARGEGTGGAAATGEGGATGGETG

ACTCTCAGTGAGG CGAAATCTTCTCTCTGCGGGAACAATCGGEGGCGCAGTGATCAAGGGTGEGAALTGGGGATGGGTG

ACTCCCAGTEEGE COARATCTTCTCTCTGCGEEAACAATCEGGEETCCAGTGATCAAGCETGEGARATGEGEATCEETE
TACTCTCAGTGAGG CGAAATCTTCTCTCTGCGGEAACAATCEGEEEOGCAGTGAT CAAGGETGGAAATEGGGGATGGGTG

ACTTTCAGCGAACCEGAATTTCTCTTTAGTTAGAGECAGEEGAGTGCATTGTTCGEATACTCCACTGCTEATEACACGATAEG
ACTTTCAGCGARCCGAAT TTCTCCT TAGT TAGAAGCAGGGGAGTGCATTGT TCGETACTCCACTGCTGGTGACACGGTGE

ACTCTTAGCAAGTCGAGTCTCTTTCCAGGGATGCCGAGAGAAAAATGETGEGTATGCTGEEETAGCCATAGCGATCGTGGE
ACTCTTAGCARGTCGAGTCTCT T TCGAGEEETGCCGAGAGARAAATGETEECTACCCTGEEET AGCCATAGTGATCGTGEE
ACTCTTAGCAAGTCGAGTCTCTTTCCAGGGATGCCGAGAGARAR TGGTGEGTACGCTEEEGTAGCCATAGCGATUGTGEE
ACTCTTAGCARGTCGAGTCTCTTTCCAGGGATGTCGAGAGARAR TEGETGEETACGCTGGEGT AGCCATAGCGATCGTEEE
ATTCTTAGCAAGTCGAGTCTCTTTTCAGGEATGTCGAGAGARARC GETEEGTACGLTGGEET AGCTGTAGTGATCGTGEE
ACTCTTAGCAAGTCGAGTCCCTTTCCAGGGATGCCEAGAGAAAR TEGTGEGTACGCTAEGETAGCCATAGCOATTGTGEE

ATTGTCAGTGACACGAGTCTATGCTCTTTGATCTTATGTATATGCAGTECTTGGAGTGTEGTTATCTTCTGACGTTGTGC
ATTGTCAGTGACACGAGTCTATGCTCTT TGATCAGATGGATATGCAGTGCTTGGAAGGTGARATCTTCTGACGTTEGTGE
ATTETCAGCGACACGAGTCTACGCTCTTTGATCAGACGEATATGCAGTGCTTGEAAGGTGARATCTTCTGACGTTETGE
ATTGTCAGTEACACGAGTCTACGCTCCT TGATCAGACGEATATGCAGTGCTTGEAAGGTGARATCTTCTGACGTTEGTGC
ATTGTCAGCGACACGAGTCTATGCTCT T TGATCAGE TG TATATGCAGTGCTTEGETAGGTGTAATCTTCTGACGTTGTGT
ATTGTCAGCGACACGAGTCTACGCTCCTTGATCAGACGGATATGCAGTECTTGGAAGGTGARATCTTCTGATGTTGTGT

ATAGTCAGCGACTCGATTCTCTCTCTCATAGGTACATCGTCTTGACTCCATGTAGEGGGAAGGCAMGACCACTCTGETGE
ATAGTCAGCEACTCEGATTCTCTCTTTCATAGGTACATCETCTTGACTTCATGCAGEGGAAGBCARGACCACTCTEETGE

ACTGTCAGCGACACGAAACCTTCCTGGTAAARGGTCTCGCCTTCTGAGTTTAGGT CAATGTGACCGCTCCTCGTTGGGEE
ACTGTCAGCGACACGAAATCTTCCTGETAAAAGGTCTCGCCTTCTGAGTTTAGGTCAATGTGACCGTTTCTCGTTGGGGE
ACTGTCAGCGACACEGTTATCATTCTGETTTTAGETCTCECCTTCTGTETTTAGEGTCTATETGACCGTTTCTTGTTGGGEE
ATTGTCAGCGACACGARATCTTCTTGGTARAAGGTCTCACCTCCTGAGTTTAGGTCAATGTGACCGCTCCCTGTTGGGGE
ACTETCAGCGACACGAAATCTTCCTGGTAAAAGETCTCGCCTCCTGAGTTTAGGTCAATGTGACCGCTCCTCGTTGGGEE
ACTETCAGCGACACGARATCTTCCTGETARAAGETCCCECCTCCTGAGTITAGBTCAATGTCGATCACTCCTCATTGGGEE

ACTATCAGTGATGCGATTCTATCGCCTCTGTATGAACTACCTTTTTT TGECCAGEBCGATTAGCCGTCCAATGTTTTGTAE
ACTATCAGTGATGCGATTCTATCGCTTCTGTATGAACCGE TTTTTTTGGCCAGGCGATTAGCCGTCCAATGTTTTGTGE
ACTATCAGTGATGCGATTCTATCGCCTCTGTATGAATTGCCTTTTTTTGGCCAGGCGATTAGCCGTCCAATGTTTTGTGE
ACTATCAGTGATGCEATTCTATCGCCTCTGTATGAACCECTTTTTTTTGGCCAGECGATTAGCCGTCCAATETTTTGTES

ATTCCGAGCCEEGACGARTTTCTTAGCTCTETTGCTATAGACATETTCGGTTTGCTCGETTCGAATAGGGTETGGTTGE
ATTCCGAGCCGEACGAAT TTCTTAGCTCTGTTGCTATAGACATGTTCGETTTGCTCGETTCGAATAGGGTGTGGTTGE

ATTGCCAGCGGCGCGATTTTCTGETGGCAGAATCTCTATTGGTAGEGTGTTCTGGCTCACTCTTTGCAGTTGGTGTGGE
ATTGCCAGCGGCGCEATTTTCTGGTGGCAGAATCTCTATTGGTAGGTGTTCTGGCTTACTCTTTGCAGTTGGTGTGGG

ACTGCTAGCAAGCGCGATTCTGTCTCAGAGCARAGEGGGATTCGCTGTAAACGAGETT AAGGGCGTGEGACATTGTGCGEE
ACTECTAGCAAGCGCGATTCTGTCTCAGAGCARAGEGGEATTCECTGTAAACGAGETT CAGGETGTGEGACATTGCGLCGGE

ACTGTCAGCTGACGCGAGACGCCTCTCCTGAGATTGECEEECARACAACGAGT TEEGTGCCTGTGCACATTGEAGCTTGE
ACTGTCAGCTGACGCEAGACGCCTCTCCTGAGATTGECAEGCAMACAACGAGCTGEGTGCATGTGCACATTEGAGCTTGE
ACTGTCAGCTGACGCEGAGACGCCTCICOTGAGAT TGGCEEGCANACAACGAGC TGEGTGCCTGTGCACATTGGAGCTTEE
ACTGTCAGCTGACGCGAGACECCTCTCCTRAGETIGGCEEGTAAACANCGAGCTGEGTGCTTGTGCACATTGGAGLTTEE
ACTGTCAGCTEACGCBAGACGCCTCTCCTGAGATTEECEGBCAAACAACGAGTTEEGTECCTETGCACATAGGAGCTTEE
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ACTGTCAGCTGACGCGAGACGTCT TTCCTGAGATTGGCGGEGCAAACAACGAGCTGGETGCCTGTGCACATTGOAGCTTGG
ACTGTCAGCTGACGCGAGACGCCTCTCCTGAGATTGECEEGCARATARCGAGLTGEETEGCCTETGCACATTEGAGCTTEE
ACTGTCAGCTGACGCGAGACGTCTCTCCTGAGATTEGCAGECAAACAACGAGCTGEGTECCTETGCACATTGAAGCTTGE

ACTTCCAGCGGATCGARATGTCCTATCTCCTTGGCCGTTGGAGCCGEGAGGGACAGTAGTAGATTTGTATGATGTLGCTG
ACTTCCAGCGGATCGAAATGTCCTATCTCCTTGGCCOTTGEAGCCGEGAGGGACAATAGCAGATTTGTATGATGTCGGTG
ACTTCCAGCGGATCE  ARTGTCCTATCTCCTTGGCCGTTGEAGCCGEGAGGEACAGTAGCAGATTTGCATGATGTTGCCG

ACTGCCAGTGECACGAATCTCTCATTGETCCTTTCEGCTGACTGATGEAGTCGTCEGEGCOECACAATTAMGCCGTTAGGGEE
ACTGCCAGTGGCACGAATCTCTCATTGECTTTTCCGLTGACTGATGEAGTCGTCGEUGEGACAATTAAGCCGTAAGGGEE

AATCTTAGCARAGACGAGTTTCCTCTTCTGGCETTEEGCACATETTGEAGAACACTGCCCAGTTTCGGTGAATACATGTGE
AATCTAAGCAAGACGAGTCTCCTCTTATGGCGTTGGGCACATGTTAGAGAACACTGCCCAGTTTCGGTGAATACGTGTGG
AATCTTAGCAAGACGAGTCTCTTCTTCTGGCGTTGGGCACATECT TGGAGAACACTGCCCAGTTTCGGTGAATACATGTCG
AATCTAAGCAAGACGAGTCTCCTCTTCTGACATTEEECACATATTGRAGAATACTGTCTAGT TTTGETGAATACATGTGE
AATCTTAGCAAGACGAGTCTCCTCTTCTGGCGTTGEGGCACATGTTGGAGAACACTGCCCAGTTTTGGTGAATACATGTGE
ARTCTTAGCAAGACGAGTCTCCTCTTCTGOTGTTGEGCACATGT TGGAGRAACGCTGCCCAGTTTCGGTGAATACATGTGS
AARTCTTAGCAAGACGAGTTTCCTCTTCTGECGTTEEGCACATET TGEAGAACACTECCCAGTTTCGETGAATACATGTGG
AATCTTAGCAAGACGAGTCTCCTCTTCTGGCGTTGGGCACATETTGGAGAACACTGCCCAGTTTTGGTGAATACATGTGE
AATCTTAGCAAGACGAGTCTCCTCTTCTGGCETTGEGCACATGTTGTAGAACACTGTCCAGTTTCGGTGAATACATGTGE
AATCTTAGCRAGACGAGTCTCCTCTTCTGGCGTTEEGCACATETTGRAGAACATTGCCCAGTTTCGETGARTACATGTGG

ACTAGCAGCOAATACGGAATCTCTTTCCGCTETETEEACCGACCAGCEBATAGGTTEGECTGTCEGAAGATACAGCATGETE
ACTAGCAGUGAATACGGAATCTCT TTCCGCTEGTGTEGGACCGACCAGTGATAGGTTEGGCTGTCGGAAGATACAGCGTGGTG
ACTAGCAGUGAATACGGAATCTCTTTCCGCTGTGTGGACCGACCAGTGATAGGTTGECTGTCGGAAGATACAGCGTGGTG

ATTCCGAGCCG GACGATTCTCTCTGATCTTGGGGCCCGETACAGGTGUGAGGCGCGCANGG TAGGGATGTGGEGTCGGGEE
ATTCCGAGCTE GACGATTCTCTCTGATCTTAGAGCCCGETACACETGCCAGGCEGCECANGETAGCGEATECTGEGETCEEEE
ATTCCGAGCCETGACGATTCTCTTTGATC TTAGAGCCCGETACAGGTGCGALGCGCGCAMGETAGGBEGATGTGEEETCGEGE
ACTCCGAGCCETGACGATTCTTCTTGATCTTAGAGCCCGG TG TAGGCGLGAAGCGLGCAAGG TAGGGATETGGEGTCGEEE
ACTCCGAGCCG GACGATTCTCCCTGATCTTAGAGCCCGETACAGGCGCGAAGCGCECAAGETAGGGATGTGGGETCGGGE

ACTACTAGTAGTTCGAGGCTCTCTTCTTGGATGT TGCAACTCOTATGAGGAGCAGGTGT CAGAGAGGAGCTGAGTGTTGGE
ACTACTAGTAGTTCGAGGCTCTCTTCTTGGATGCTGCAACTCGTATGAGGAGCGGGTGCCAGAGTGGAGCTGAGTGTTGE

ACTTCCAGCGGATCGAAATCTCGAACGCAGT TAGGTCTTGEGTGTGECGATGAGT TGECETAGGCCATGCCT TCCGCTEG
ACTTCCAGCGGATCGAAATCTTGAACGCAGCTAGGTCTCGGETGTGELGETGAGTTGECETAGGCCATGTCTTCCGCTGE
ACTTCCAGCGGATCGARATCTTGARCGLGECTAGETCTCGGETGTGECGETCAGTTGGCGTAGGCCATGTCTTCTGCTGE
ACTTCCAGCGGATCGARAT CTTGAACGCAGCTAGGTCTCGGETGTGECGETGAGTTGECETAGGCCATGTCT TCCGLTEE
ACTTCCAGCGGATCGAAAT CTTGAACGCAGCTAGGTCTCGGGTGTGGCGGTGAGT TGGCGTAGGCCATGCCCTCCGTTGG
ACTTCCAGCGGATCGAAATCTTGAATGCAGCTAGETCTCGGETGTGECGETGAGTTGEGCEGTAGGCCATGTCTTCCGCTGE
ACTTCCAGCGEATCEAAATCTTGAACGCAGCTAGGTCTCGBETETGECGETGAGTTGECETAGGLCATGCCTTCCGOTGE
ACTTCCAGCGGATCGAARTCTTGAATGCAGCTAGGTCTCGGGTETGECGETEGAGTTGGCGTAGGCCATGTCTTTCGTTGE
ACTTCCAGOGGATCGAAMTCTTGAACGCAGCTAGETCTCGGETGTGECGETGAGT TGECETAGGCCATGCCTTCCGCTGE
ACTTCCAGCGGATCGARATCTTGAACGCAGCTAGGTCTCGEETETGECEETRAGT TGGCETAGGCCATGCCTTCCGCTEG
ACTTCCAGCGGATCGAAATCTTGAACGCAGCTAGEGTCTCGGGTGTGGLGETGAGTTGGCGTAGGCCATGCCTTCCGCTGE
ACTTCCAGUGGATCGAAAT CTTGAACGCAGCTAGGTCTTAGETGTGECGETGEGT TGGCETAGGCCATGCCTTCCGLTGE
ACTTCCAGCGGATCEARATCTTGAACGCAGCTAGGTCTCGGETGTGECGETGAGTTGGCETAGGCCATGCCTTCCGCTGE
ACTTCCAGCGGATCGAAATCTTGAACGCAGCTAGGTCCTGGGTETGECGETGAGTTGGCGTAAGCCATGCCTTCCGLTGE
ACTTCCAGCGEATCGAARTCTCGAACGCAGT TAGGTCTCEGEETETGECGETEAGTTGGCGTAGGCCATETCTTCCGLTGE
ACTTCCAGUGGATCEAAATCTTGAACGTAGCTAGETCTCGRETGTEECGEIGAGT TGECATAGGCCATGCCTTTCGCTGE
ACTTCCAGCGGATCGAMATCTTGAACGCAGCTAGGTCTCGGGTETGACGGTEAGT TGGCATAGGCCATGTCTTTCGTTEG
ACTTCCAGCGGATCGAAATCTTGAACGCAGCTAGGTCTCGGGTGTGGCGETGAGTTGGCGTAGGCCATGTCTTCCGCTGE
ATTTCCAGCGEATCGAAATCTTGAACGCAGCTAGETCTTEEETETGECEETGAGT TGECOTAGGCCATGCCTTCCGCTGE
ACTTCCAGCGGATCGARAT CTCOAACGCAGTTAGGTCTCGGETGTGECGETGAGT TGECGTAGGCTATGCCTTTTGLTEG
ACTTCCAGCGGATCGAAATCTTGARCGCAGCTAGGTCTCGGETGTGGCGETGAGTTGGTGTAGGCCATGCCTTTOGCTGE
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ACTTCCAGCGGATCGAAATCTCGAACGTAGTTAGGTCTCGGETGTGGCGETGAGTTGGCGTAGGCTATGCCTTTTGCTGE
ACTTCCAGCGGATCGAAATCTCGAACGCAGTTAGGTCTCGGETGTGGCEETGAGT TG TGTAGGCCATGCTTTCCGCGEE
ACTTCCAGCGGATCEGARATCTOGAACGCAGTTAGGTCTCGGETGTGECEGTGAGTTEGCTTAGGCCATGTCTTCCGCTGE
ACTTCCAGCGGATCEAAATCTTEGAACGCAGCTAGGTCTCGGETGTGECEETGAGTTEGCETAGGCCATETCTTCCGCTGE

ACTATCAGCGATACGAAGACTATGCTCCTATGCTATGCCTGACATTAATGGGGT TAGTCCCCATGTTGGGCGGGTTGG
ACTATCAGCGATACGARGACTATGCTCCTATGCTACGCCTGACATTAATGGGGTTAGTCCCCATGTTGGGCGEGTTGE

ATTTATAGTATTACGAGTCTCTGATAATTGGATAGETTCCAGTATATCAGTARGEGTAGTGCGGCTAGTCTGETTCTGGE
ATTAATAGCATTACGAGTCTCTGATAATTGGATAGETTCCAGTATATCAGTARGEGTAGTGCGETTAGTTTGETTCTTGE
ATTAATAGCATTACGAGTCTCTGATAATTGGATAGGTCCCAGTGTATCAGTARGGETAGTGCGGCTAGTCTGEGTTCTTGE

ATTACCAGCTGETGCGAGTCAATCOCTCGATGEATATGTGECATCTGTTCEETGAGATCACAACTATTAGGTEECCTEEE
ACTACCAGCTGGTGCGAGTCAATCGCTCGATGEATATGTGECATCTGTTGEETGAGATCACAACTATTAGGTGGCCTGEE

ACTATCAGCGATGCGAATTCTCATACAGAATGTGTTTACTCCGAGGTAGGTGTATGEAT TGTAGATOGCTAGTTCTGTGE
ACTATCAGCGATGCBAACTCTCATACAGAATGTGTTTACTCCGAGGTAGGTGCATGGGTTGAAGATCGCTAGTTCCGTGE
ACTATCAGCGATGCGAATTCTCATACAGCATGTGTTTACTCCGAGGTAGGTGCATGEETTGARGATCECTAGTCCCGTEE
ACTATCAGCGATGCBAACTCTCATACAGAATGTGTTTACTCCGAGGTAGETGCATGEGTTGAAGATOGCCAGTTCCGTGE

ATAGCCAGTGGCACGAGTATCACTCCTCTAGTGCATAAACCACGTAACAGAGCTGETAGCATGGATATAGGTCTGEGTGE
ATTGCCAGTGECACGAGTATCACTCCTCTAGTGCATTAACCACGTTCCAGAGCTGETAGCATGGATTTAGGCCTGEGTGE

ATAAACAGCTGGGCGAGTCTAGTCTCCGGTGTGAAGGTCTATCTCGATGCATAGATCGTGCGGETTTTTCATCGGETGGE
ATTAACAGCTGEGCEAGTCTTGTCTCCGETGTGAAGGTCTATCTCGATG TATAGACCGTGCGGETTCTTCATCGGETGEE
ATTAACAGCTGEGCEAGTCTTGTCTCCEGETGIGAAGGTCTATCTCGATGCEGTAGACCGTGCEGETTCTTCATCGGETGEE

ACTGCEAGCCGCACGAARATCTACTCCGCTTAGTGGGAGTCGATTGAGACTGCCACAGGGTTTCTTTGCAAGTTTTGGGEE
ACTGCEGAGCCGCACGAARATCTACTTTEGCCTAGTGGGAGT TGATCGAGACTGCCACAGGGTTTCTTTGCAAGTTTTGGGE

ACTGTTAGCAACACGAGGCACTCTTT TGCTGTGCTATGT TGTATGATGTGT TTGTAGTTGECATTTCOTGACAATGGGEE
ACTGTTAGTAACACGAGGCACTCTTTTGCTGTEGCTATGT TGTATGATGTGT TTGTAGTTGECATTTCGTGACTATGGGGE

TGGAGGAGACGGCEECTTGEEEETGTGEACCACCEEECCTACGATGEEE T TATCTAGGATGGATAGEGT TTGGATGE
TGGAGGAGACCECEGCTTEGECETGTGBACCACCEGECCTACGATGGEGTTATCTAGGATGGATAGGGT TTCEATEG
TGGAGGAGACGECEECTTGEEEETGTBEACCACCGEECOTACGATGGEETTATCTAGGATGEATAGEGT T TGEATEE
TGGAGGAGACGECGGCTTGGEGETGTGEACCACTGGECCTACGATGGGETTATCTAGGATGGATAGGGTTTGGATEG
TGEAGGAGACGECEGCTTEGEGETGTGEALCACCGGECCTACGATGEEE T TATCTAGGATGGATAGEGT T TGEATGG
TGGAGGAGACGGCAGCTTGGEGETGTGGATCACCEGECCTACGATGGEETTATCTAGGATGGATAGGGT TTGGATGG
TGEAGGAGACGGCGELTTGEEGETGT GGG TCACCEEGCCTACGATGEGETTATCTAGGATGEATAGEET TTGGATGE
TGGAGGAGACGBCEGCTTERECETGTGBACCACCEGECCTACGATGGEGTTATCTAGGATGBATAGGGTTTGGATEG
TGEGAGGAGACGGCGECTTGEGEETGTGEACCACCGGECCTACGATGEEETTATCTAGEATGGATAGGGTTTGEATEE
TGEAGGAGACGECEGCTTEEEGETGTGEALCACCGGECOTACGATGGEETTATCTAGGATGGATAGEGT TTGEATEG
TGEAGGAGACGECEGCT TEEEGETGTGGATCACCGGECCTACGATGEEG T TATCTAGGATGGATAGGGT T TGEATGG
TGGAGGAGACGECEGCTTEEEGEE TG GEACCACCEGECCTACGATGEEGTTATCTAGGATGEATAGGG T T TGEATEE
TGGAGGAGACGECEGCTTGEEGRTGTGEACCACCEGECCTACGATGEEGTTATCTAGGATGBATAGGGT T TGGATEE
TGGAGGAGACGGLEGCTTGEEGETGTGGATCACCEEECCTACGATGEGETTATCTAGGATGEATAGEGT TTGGATEE
TGGAGGAGATGECEECTTGGEGETGTEEACCACCEEGCCTACGATEGEETTATCTAGGATGGATAGGGTTTGGATSEE
TGGAGGAGACGECEGCTTGGEGETGTGGACCACCEGECCTACGATGGEETTATCTAGGATGGATAGGGT T TGGATEG
TGEAGGAGACGECEGCTTEEEGETET GEALCACCEGECOTACGATGEEEETTATCTAGGATGEATAGEGT T TGEATEE

CAGGCAGGETCEAGETGEGATCGEATGATETATTGTAACGGCACTCTCAGTGAGECGEGTCELCTCTCCEGTGETTGEG
CAGGCAGGOTCEAGGTAGBATCGEATGATETGTTGTAACGGCACTCTCAGTGAGGCEGGTCECTCTCCATGETTGEG
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CAGGCAGGGTCGAGGTAGGATCGGATGATGTET TG TAACGECACTCTCAGTGAGGCGGETCECTCTCCETGETTGGEG
CAGGCAGGGTCGAGETAGGAT TGEACGATGTAT TG TAACGGCACTCTCAGTGAGGCGGETCGCTCTCCETGGTTGEE
CAGGCAGGGTCGAGETAGGATCGGACGATGTGTTGTAACGGCACTCTCAGTGAGGCGAGTCGCTCTCCGTGGTTGGEE
CAGGCAGGGTCGAGGTAGGATCGGACGATGTATTGTAACGECACT CTCAGTGAGGCGGGTCGTTCTCCGTGGTTGGE
CAGGCAGGGTCGAGGTAGGATCGEACGATETATTGTAACGGCACTCTCAGTGAGGCGGETCGCTCTCCGTGETTGEE
TAGGCAGCETCEAGETACGATCAGACGATETET TG TAACGECACTCTCAGTGAGGCAGETCECTCTCCETEETTARE
CAGGCAGGGTCEAGETGEEATCEEACGATETATTGTARCGGCACTCTCAGTGAGGCGEGTCECTCTCCGTGETTEGE
CAGGCAGGGTCGAGETGEGATCGEATGATGTAT TG TAACGGCACT CTCAGTGAGGCGGETCGCTCTCCETGGTTGEE
CAGGCAGGGTTGAGETAGGATCGGACGATGTAT TG TAACGGCACT CTCAGTGAGGCGGETCGCTCTCCETGETTGEE
CAGGCAGGGTCGAGETAGGATCGEGATGATGTATTGTAACGGCACTCTCAGTGAGGCGEETCGCTCTCCGTGETTGGE
CAGGCAGGGTCGAGGTGEGATCGBACGATGTATTGTAACGGCACTCTCAGTGAGGCGEGTCGCTCTCCGTGETTGEG
CAGGCAGGGTCGAGGTAGGATCGGACGATETATTGTAACGECACTCTCAGTGAGGCGGETCGCTCTCCGTGETTGEE
TEEGECTCETTACAGETAGEACCGGACGATETATTETAACGECACTCTCAGTGAGBCGEETCECTCTCCGTEETTEEE

ACAGCCAGCGGCGCEAATCGACTCCAGGCEGATCCGETCATCGEACTAAGGATGGAGGATTCAGGAGGTCTAGTTTAGG
ATTGCCAGCGECGCGAATCGACTCTGGECEGATCCEETCACCEEACCAAGGACGEAGGATTTGEGAGGTCTAGTTTAGE
ATTGCCAGCGGOGCEAATCEACTCTGGGCEGATCCEGTTACCGGACCAAGGACGGAGEGATTTGGGAGGTCTAGTTTAGE
ACAGCCAGCGGOGCGAATCGACTCTAGGCGGATCCGGTCACTGGACCARGGATGGAGGATTCGGGAGGTCTAGTTTAGG
ACAGCCAGCGGOGCGAATCEACTCTGGGCEGATCCGETCACTGGACCAAGGATGEAGGATTCGEGAGGTCTAGTTTAGG
ATTGCCAGCGEOGCGAATCEACTCTGGGCGGAT CTGETCACCEEACCARGGACEGAGGAT T TGGEAGET CTAGTTTAGE
ACAGCCAGCGGLGUGAATCGACTCOAGGCGGATCTGET CACCERACCAAGGATGBAGGATTCGEGAGETCTAGTTTAGG
ATTGCCAGCGGECGCEARTCOACTCTGEECEGATCTEETCACCOGACCAAGGACGGAGGATTTEGBAGETCTAGTTTAGE
ATAGCCAGCGGCGCGAATCEACTCTAGECEGATCCG TCACCGGACTAAGEATGEAGGAT TCGEGAGGTCTAGTTTAGE
ATAGCCAGCGGCGCGAATCGACTCTAGGCGGATCCGETCACCGGACCAAGGATGGAGGATTCGGGAGGTCTAGTTTAGG
ATAGCCAGCGGCGCGAATTGACTCTGGGCEGATCCGETCACCGRACTAAGGATGGAGGATTCGGGAGGTCTAGTTTAGG
ATTGCCAGCGGOGCEAATCGACTCTGGECGGATCCEETCACCGGACCAAGGACGGAGGATTTGEGAGGTCTAGTTTAGS
ATTGCCAGCGECECEAATCGACTCTEGECEERTCCGETCACTGEATCAAGGATGEAGGATTTGEEAGETCTAGTTTAGE
ATAGCCAGCGECGCGAATCEACTCTAGGCEGATCTEETCACCEGACCAAGRACGEAGGATTCGGGAGGTCTAGTTTAGS
ATAGCCAGCGGCGCGAATCEACTCTAGGCEGATCTGETCACCGGACCAAGGATEGAGEGATTCGEGAGGTCTAGTTTAGG
ATAGCCAGCGGCGCGAATCGACTCTAGGCGGATCCGETCACTGGACCAAGGATGGAGGATTCGGGAGGTCTAGTTTAGG
ACAGCCAGCGGOGCGARTCGACTCTAGGCGGAT CCGETCACCGGACCANGGATGGAGGATTCGGGAGGTCTAGTTTAGG
ATTGCCAGCGGOGCGAATTGACTCTGEGCEGATCCGETCACCOGACCARGGACCGGAGGATTTGEGAGGTCTAGTTTAGG
ATTGCCAGCGECGCEAATCEACTCTGEECEGATCCEETCACCGBACCAAGCGACEGAGGATTTGEBAGGTCTAGTTTAGS
ATAGCCAGCGGCUGCEAATCGACTCTGGECAGATCCEETCACCGEACCEAGGACGALGEATTTGEGAGGTCTAGTTTGGE
ACAGCCAGCGGCGCGAATCEACTCTAGETGEATCCEETCACCEGGCCAAGEACGEGEGATTTGEGAGETCTAGTTTAGE
ATTGCCAGCGGCGCGAATCEACTCTGGGCEGAT CCEETCACCGGACCANGGACGEGAGGATTTGGGAGGTCTAGTTTAGG
ATTGCCAGCGGOGCGAATCGACTCTGGGCGGATCTGETCACTGGACCAAGGACGGAGGATTTGGOAGGTCTAGTTTAGG
ATTGCCAGCGGUGCGAATTGRCTCTGGECEGATCCGETCACCGEATCAAGGACGBAGGATT TGEGAGETCTAGTTTAGG
ATAGCCAGCGGOGCEAATCEACTCTAGGCEGATCCGGETCACCEEACCAAGGATGEAGGATTCEGGEAGETCTAGTTTAGE
ATTGCCAGCGGCGCGAATCEACTCTGEGCEGATCCGGTCACCGGACCAAGGACGEAGGATTTGGGAGGTCTAGTTTAGG
ATAGCCAGCGGCGCGAATCGACTCTAGGCGGATCCGGTCACCEEACTAAGEACGEGAGGAT TCGGGAGGTCTAGTTTAGE
ATTGCCAGCGEOGCGAATCGACTCTGGGCGGAT CLGGTCACCEEACCAAGGACGGAGGAT T TGGEAGET CTAGTTTAGE
ATAGCCAGCGECGCGAATCGACTCTAGGCGGATCCGETCACCGEACCAAGGACGGAGGATTTGEGAGGTCTAGTTTAGG
ATTGCCAGCGGOGCEAATCGACTCTGGECGGATCCGETCACCGBACCAAGGACGGAGGAT TTGEGAGETCTAGTTTAGE
ATAGCCAGCGGCGCEAATCGACTCTAGGCEEATCCEEGTCACCEGACCAAGRATGEAGGATTCGGGAGGTCTAGTTTAGSE
ATAGCCAGCGGCGCGAATCGACTCTAGGCGGATCTGETCACCGBACCAAGGATGEEGEATTCGGGAGGTCTAGTTTAGG

AC T GTATTGCACTCTTAGCGAGCCGARATCTCGGGAGGCTGEGTTTGTGTTTTGTGGE
GOAGGGGACGEAGGATGEGEEGCETATTGCACTCT TAGCGAGCCGARATCTCGEEAGGCTGEETTTGTEGTTITGTGGE
GGAGGGGACGGAGGATGEGEGGTGTATTGCACTCT TAGCGAGCCGAAATCTCGEEAGGCTGGETTTGTGTITTTGTGGE
GGAGGGGACGGAGGGTGEEEGGLGTATTACACTCTTAGLGAGCCGARATCTTGEGAGGCTGGGTTTGTGTTTTGTGGGE
GGAGGTGECGGAGGATEEGEGECETAATGCACTCT TAGCGAGCCGAAAT CTCGEGAGECTEGGGTTTEEGTTTTGTGCGEE

RCGGHRGGGT GTATTGCACTCTTAGCGAGCCGARAATCTCGGGAGGCTGEGTTTGTGTTTTGTGGE

ACGGAGGAT GTATTGCACTCT TAGCGAGCCGAAATCTCEEEAGECTGEET TTGEGT T I TGTGCGES
GGAGGGGACGGAGEGATGGEEEECETATTGCACTCTTAGCGAGCCEGARATCTCGGEAGGCTGGETTTGGCGGTTAGE
GGAGGEGACGEAGEETEEGEEGCETATTGCACTCT TAGLGAGCCGAAATCTCGEGAGEATGEETTTGTGTTCTETEGE
GGAGGGGACGGAGGGTEEEEGGCETATTGCACTCT TAGCGAGCCGAAATCTCGEGAGGCTGGGTTTGTGTITTTGTGGE
GGAGGTGACGGAGGATGEGEGGGCETAATGCACTCTTAGCGAGCCGARATCTCGEGAGGCTGGGTTTGGGTTTTGTGCGGE

AGGCACGGEGACAACTTGTTEGGTATTGATCCTAGGRACGEACGCTTGECGEEAGATEGCEAGTCTTTCTCCCTGTETGET
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GGECACGEGBGACAACTTGTTGEGTATTGATCCTAGGEACGEACGCT TGECGEGAGATEECEAGTCTTTCTCCCTGTETGET
AGGCACGEGEGACAACTTGTTGGTATTGATCCTAGGGACGEGACGCTTGECGEGAGATGECGAGT CCTTCTCCCTGTGLGGT
AGGCACGGGGACAACTTGTTGETATTGATCCTAGGEGACGEGACGCT TGECEGEGAGATEECGAGT CTCTCTCCCTGTGCGET
GGECACGEEEACAACTTGTTGETAT TEATCCTAGEEACEEACETTTEGECGEGAGATGECEAGT CTTTCTCCCTGTECGET
GGGCACGGGGACAACTTGTTGGTATTGATCCTAGGGACGEACGCTTGECGEGEAGATGECGAGACTTTCTCCCCGTGTGGET
AGGCACGGGGACAACTTGTTGETATTGATCCTAGGGACGGACGCTTGEGCGGEGAGATGGCGAGT CTTTCTCCTTGTGTGET

TEGATCGGACCEGEAGAGEGEGGATETGEGTGCETAACT CACTGCCAGTGGCGOGATTGTCACCCCTCGTCTAGAGTTGGT
TGEGTCEGACCGEAGAGGEGEGATETEGETGCGTAACCCACTECCAGCEECECEATTGTCATCCCTCETCTAGAGTTGET
TGGATCGGACTGEAGAGGGGEGATEGTGEGTEGCETAACT CACTGCCAGCGECGCGATTGTCACCCCTCGTCTGGAGTTGGC
TGGATCGGACCGEAGAGGGAGGATGTGAGTGCGTAACCCACTGCCAGCGGCGCGATTGTCACCCCTCGTCTAGAGTTGEC
TGEETCEEACCEEAGAGEEEE ATGTEEETEGCETAACT CACTGCCAGCGECEOGATTGTCACCCCTCGTCTAGAGTTGGC
TGGATCGGACAGGAGAGGGEE ATGTGGGTGCGTAACTCACTGCCAGCGECGCGATTGTCACCCCTCGTCTAGAGTTGGT
TGGATCGGACCEEAGAGGGGGEATGTGAGTGCGTAACCCACTGCCAGCGGLGOGAT TG TCACCCCTCGTCTAGAGTTGGE
TEGGTCEGACCGEAGAGEEGEEATETGAGTGOGTAACT CACTECCAGCGECACGATTETCACCCOTCETCTAGAGT TG
TGEGTCEEACCGEAGAGGEGGGATGTGAGTGTGTAACT TACTGCCAGCOGGCGOGATTGTCACCCCTCGTCTAGAGTTGGE
TGGATCGGACCGEAGAGGGESE - ATGTGGGTGCGTAACT CACTGCCAGCGGCGOGATTGTCACTCCTCGTTTAGAGTTGGC
TGGATCGGACCGEAGAGGEGEEATGTEAGTEGCETAACTCATTGCCAGCGGCACBATTGTCACCCCTCETCTAGAGTI TG

ARACTTGGGATAGGGEGEATGTARCGREGACCTCTCGTCEEGTRATGEACTCTGATGGTCTCGTTGTGRGEETGEATGG
ARACTTGGGACAGGGEGEGATGTAACGGGGACCTCTCGTCGEGTGATGEGACTCTGATGGTCTTGTTGTGEGGGLGEATGG
ARACTTGGGACAGGGEGGATGTAACGGEEACCCCTCGTCEGEETCATGEACTCTGATEGTCTCGTTECTGEEGEGCGEATGE

ATTGTCAGCAGECAGGLUGAGEGACCATEEGTGEGECACTCEEECCGEEACTCCARTCGTCTCG
ATTGTCAGCAGECAGEGCGAGEGACCATEEGTGEGECACTTERECCGEEACTCEARTCGTCTCG
ATTGTCAGCAGECAGGCGAGGGECCATAGATEEGECACTCEEECCEEGACTCRAATCGTCTCG
ATTGTCAGCAGGCAGGCGAGGGACCATGGATGEGGCACTCGGGCCGEGACTCGAATCGTCTTG
ATTGTCAGCAGGCAGGCGRGGGACCATGGATGGGECACCCEGECCGEGACTCGAATCETCTCG
ATTGTCAGCAGGCAGGTGAGBGECCATEGATGGGECECTCEGECCEEEACTCEARTCGTCTCG
ATTGTCAGCAGGCAGGCGAGEEACCATEEGTGGGECACTCOGECCEERACTCEAATCETCTCE
ATTGTCAGCAGGCAGGTGAGGGACCATEEGTGEGETACTCEGECCGEEACTCGANTCGTCT TG
ATTGTCAGCAGGCAGETGAGGGACCATEGATGEGEGCACT TEGECCEEEACTCOARTCGTCTCG
ATTGTCAGCGEGCAGETGAGGGACCATEGATGGEECACTCEGECCEEEACTCRAATCGTCTCG
ATTGTCAGCAGECAGGTGAGGEGACCATGGATEGEECACTCGEECCGEEACTCGAATCGTCTCG

COTGTAGETCGE T TTG
CCTGTAGETCGETTTGC
CCTGTAGATCGGTTTGE
CCTGTAGGTCGGTTTGC
CCTGTAGGTCGGTTTGC
CCTGTAGGTCGETTTGC
CCTGTAGETCGETTTEC
TCTGTAGGTCGETTTGC
CCTGTGEETCGETTTGE
CCTGTAGETCGGTTTGT
CCTGTAGGTCGGTTTGC

ATTGTCAGCAGGCAGGCGAGGGATCACGEACGEGEGCACTCEGGCCGEEACTCGRATCGTCTC ACCTGTAGGCCGETTTGE
ATTGTCAGCAGGCAGGCGAGGGATCATEGATGEEECACTCEGECCGEEACTCGAATCGTCTCEGACCTETAGETCGETTTEC

GCACTCCCAGCEGOACGAABCTCTTGETGCTGGATTTGECETATGCATGECTACGAGAGEEETACGAGGEETTTATCEGE
GCACTCCCAGCEEGACGAAGCTCTTGATGCTGGATTTGGETATGCATGGCTACGA TACGAL TTTATGGGG
GCACTCCCAGCGGGACGAAGCTCTTGETGCTGGATTTGGETATGCATGGCTACGAGGAGGETACGAGGGETTTATGGGE
GCACTCCCAGCGETACGAAGCTCTTGETGCTGEATTTGGETATGCATGGCTACGAGAGGGGTACGAGGEGTTTATGGGE

ACTCCCAGCGGGACGAGTCTCAGTCAGGAGGCAGCCGEGAGTAGGTTGGARGGGCTCTGAACACCTGETTGGETTGGTTG
ACTCCCAGCGGGACGAGTCTCAGTCAGGAGECAGCCEGAAGTAGETTEGAAGEGGT TCTGAACACCTGETTGEEGTTEETTE
ACTCCCAGCGGGACGAGTCTCAGTTAGGAGGCAGCCGGEAGTAGGTTGGAAGGGCTCTGAACACCTGETTGGETTGGTTG
ACTCCCAGLGGGACGAGTCTCAGTCAGGAGECAGCLGGEACTAGETTEGCARGCECTCTGAACACCTGETTGGETTEGETTE
ACTCCCAGCGGGACGAGTCTCAGTCAGGAGECAGCCGGEAGTAGGTTEGAAGEECTCTGAACACCTGETTGEEGTTGETTG
ACTCCCAGCGGGACGAGTCTCAGTCAGGAGGCAGCCGEGAGTAGEGTTGEAAGEGCTCTGAACACCTGETTGEGGTTGGTTG
ACTCCCAGUGGGACGAGTCTCAGTCAGGAGGCAGCCGEGEETAGGTTGEAAGGGCTCTGAACACCTGETTGGETTGGTTG
ACTCCCAGCGEGACGAGTCTCAGTCAGGAGGCAGCCGGCAGTAGGTTGGAAGEGGCTCTEAACACCTGETTGEETTEETTE

ACTCTCAGTGAGGCEGARATCTCETATAAACAAGGAGCAGEEATEEGCTEETETEGCECATACTAACGTTEGTTTEEGCCEEG
ACTCTCAGCGAGGCGARATCTCETATAAACAAGGAGCAGGGATGEGGTGETGTEGGGEATACTAACGTTGTTTGEGCCGEG
ATTCTCAGCGAGGCGAAATCTCGTATARACAAGGAGCAGEGGATGEGETGETGTEGEGCATACTAACGTTGTTTGGGTCGGE
ACTCTCAGCGAGGCGAAATCTCETATAAACAAGGAGCAGEGATGEGETGETETEEEEATACTAACGTTGTTTGGGCCEGE

ATTCTGAGCCAGACGAGGTCTCTEECCTTTET TAGTGATECTTGEAGATGACGETATGETAGCGACTAGTGEEEETTGTEC
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ATTCTGAGCCTGACGAGETCTCTGGCCTTTGT TAGCGCTGCTTGGAGATG - - - GTATGETAGCGACTAGTGEEGGTTGTGEC

ATTGTCAGCGACACGATTCTTGGCGEGATGT CTACGTTACGCTGETCAGBAGCTGEAGCECAGETTCCEAGCTGGELTEE
ATTGTCAGTGACACGATTCTTGECGEEATGTCTACGT TACGCCGETCAGEAGLTEEAGCELAGGT TCEEAGETGAGCTGE
ATTGTCAGTGACACGATTCTTGGCGGGATGTCTACGT TACGCCGETCAGGAGT TGGAGCGCAGGTTCGGAGGTGAGC TGS
ATTGTCAGTGACACGATTCTTGGTGGEATGTCTACGTTACGCCGETCAGGAGCTGGAGCCCAGGTTCEGAGETGAGT TGS
ATTGTCAGTGACACGATTCTTGECAEEATGTCTACGT TACGCCAGTCAGGAGCTEEAGCEAAGETTCAGAGATGEECTGE
ATTGTCAGTGACACGATTCTAGGCGGGATGTCTATGTAACGCCGGTCAGGAGCTGGAGCGCAGGTTCGGAAGTGAGCTGE
ATTGTCAGTGACACGATTCTTGGCGGEATGTCTACGT TACGCCGGTCAGBAGCTGGAGCECAGGTTTGGAAGTGAGTTGE
ATTGTCAGTGACACGATTCTTEECGEEATETCTACGT TACGTCEGETCAGGAGCTGGAGCATAGETTCGGAGETGAGCTGE

ACAGGATGTACGAAGGAGGCCGTTGCCAGCEECTCEAGTTCTGCTCTCTGGETAGACGEAGCGGGCACTGGTCGGEGLGE
ACAGGATGTACGAAGGAGGCCGTTGCCAGCGGCTCGAGTTCTGCTCTCTGGETAGACGGAGCGGGCACTGETCGGGGTGE
ACRGGATGTACGARGEAGGCCGTTGCCAGCEECTCEAGTTCTECTCTCTEEETAGACGGAGCGEECACTGETCGGEETEE
ACAGGATGTACGAAGGAGGCCETTGCCAGCEELTCEGAGTTCTGCTCTCTGAGTAGACGEAGCGAGCACTGETCGGGETGE
ACAGGATGTACGAAGGAGGCCGTTGCCAGLGGCTCGAGTCCTGCTCTCTGAGTAGACGGAGCGAGLATTGGTTGGGGTGG

ATAGCTAGCAGCACGAATCAACTCTGAGGCATGATGGTCEGTGGTGECTAGTAGGAACTAAGTTCGTTACGAGGTCGTEG
ACTACTAGCAGGACGAATCAACTCTGAGGCATGATEETTEETGETGECCCETAGGAGCTAAGCT COTAACGGEETTETGE

ACTATCAGCCGATCCGARTCCCCCATGACCARACGETGCEGTCGTTEETGGTEGEETAGACCTCCTCTGETACTCTGETG
ACTATCAGCCGATCCGAATCCCCCACGATCAARCGETGCEETCGTTEETGETGGEETAGACCTCCTCTGGTACTCTGGETE
ACTATCAGCCGATCCGAAT CCCCCATGACCAANCGGTOTGETCGTTGGTGETGGGGCAGATCTCCTTTGGTATTTTGGTG

ATTCCCAGCGGETCGAGTCTTCGEGEEGT TAGGAGEEAGTCGCAAGCGT TG TECGACGETAGCCGTCTGTCTAGGCCGE
ATTCCCAGCGEETCEAGTCTTCEGEGEGT TAGGAGEEAGTCGCARGCETTETGCGACGETARCCGTCIGTCTAGGCCGE
ATTCCCAGUGGETCTAGTCTTCGEGGEEGT TAGGAGEEAGTCGCAAGCETTETGCEACGETAGCCETCIGTCTAGGLIGE
ATTCCCAGUGEETCEAGTCTTCEGEGE TTAGGAGEGAGTCGCAAGCGCTETGCEACGETAGCCGTCTGTCTAGECCGE

ACTTCCAGCGGAACGAATTTCTGACCTCGGTGGGTTGTTAAGGCTGGCTTCTGGTGAGTCCBGETGTGCCAGCCGTTGTG
ACTTCCAGCGGAACGAATCTCTGACCCTGGTGGGCTGTTAAGGCTGECTTCTGGTGAGTCCAGETGCGCCAGCCGTTGTG

ACTCCTAGCATG GACGATTCGAATCTCCTCCTGAGGGCAAAGGGTTTCGTCTGGGCACGGLGTCAGCCTGTGGTGGGE
ACTCCTAGCATG GACGATTCGAATCTCCTCCTGAGGGCAAAGGETTTOGTCTGEGCACGGUGTCAGCCTGTGETGGEE
ACTCCTAGCATGTGACGATTCGRATCTCCTCCTGAGGECARAGEETTTCGTCTGGECACGELAT AGCCTGTGETEGEE

AC TCCTAGCTAGGACGRATCGATCTCTGTGEETTGEGGCTACCTCTGAGGCECTGCOBATCCGEGATGEEECAGTGTGEE
AT TCCTAGCTAGGACGAATCAATCTCTGTGETCGEGGCTACCTCTGGEGCECTGTCGATTOGGAGTGGGGCAGTGTGEE
AT TCCTAGCTAGGACGRATCAATCTCTGTGETCGEEGCTACCTCTGGEGCETTGTCGATCCGGAGTGEEEGLAGTGTGEE
ATGTCCTAGCTAGGACGRATCARTCTCTGTEETCEEEAT TACCTCTGGEECETTCTCEATCCEEAGTGEEECAGTETEEE

ACTGTGAGCTCACACTATTCTTATTGAGT CAGGCGEGEGACCCGEEEAAGETGCTCGEAGAGTAGTAGCTGGGTGTTG
ACTGTGAGCTCACACGATTCTTATTGAGT CAGGCGEEGEECCCGEEEAAGETGCTCGGAGAGTAGTAGCTGEGTETTG

TEETTTEGCCTECEEETEETAGETGEAAATCEAGTTTCEETACCECACTECCAGCEGCECGAGCTCTGAGTGGGTCTTGE
TGETTTGGCCTECGEETGETAGGTGEARATCGAGT TTCGETAACGCACTGCCAGCGGCGCGAGCTCTGAATGGGTCTTGE

TGATGAGTAGGATAAGGTGCGCACTGCCAGCGGCECGATGTCTCGGTACTGTGACTGCTGGCTAGGTACGGGGTGGGAGE
TEATGAGTAGGGTAAGATGTGCACTGCCAGCGGCGCGATGTCTCGGTACTGTGACTGCTGGCTAGGTACGGGGTGEGAGE
TEATGAGTAGGETAAGGTGTGCACTGCCAGCGGCEGCEATETCTCEETACTGTGATTGTTGGCTAGGTACGGGGTGGEGAGE

ACCTCAATAGCAGCGCTAACAARRAGTTTCGAGAARGCGAATCACCTAACAGTGGTGACTCCATTGECCTTTTGGGTGGE
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ACCTCAATAGCRGCGTTAACAARAAGTTTCGAGARABCGAATCATCTAACAGTGETGACTCCATTGETCTTTTECETGEE
ACCTCAATAGCAGCGTTAACAAAAAGTTTCEAGAAAGCGAATCATCTAACGETGETGACTCCATTGETTTTTTEEATGES
ACCTCAATAGCAGCGTTAACAAMAAGTTTCEAGAMAGCGAATCACCTAACAGTGETGACTCCATTGETCTTTTEGATGEM
ACCTCAATAGCAGCGCTAACAAAANGT T TCEGAGAAAGCGAATCATCTAACAGTGGTGACTCCATTGETCT T TAGGGTGGE
ACCTCAATAGCAGCGCTAACAAAAAGT TTCOAGAAAGCGAATCATCTAACAGTGETGACTCCATTGETCT T TTEGET GGG
ACCTCAATAGCAGCGCTAACAAAAAGTTTCGAGARAGCGAATCATCTAACGETGGTGACTCCATTGETCTTTTGGET GGG
ACCTCAATAGCAGCGCTAACAAMAAGTTTCGAGARAGCGAATCACCTAACAGTGETGACTCCATTGETCTTTTGGETGEE
ACCTCAATAGCAGCGTTAACAAAAAGTTTCGAGAAAGCEAATCACCTAACAGTGETGACTCCATTGETCTTTTEGGTGES

ACTGCCAGCGGCGCEGAGGCTCTTGAT CEGETGCAGGAGEGGACTGGTGATACCGGCATCCTTGATGTTAGACTGGATGES
ACTGCCAGCGGOGCGAGECTCTTGAT CGEGTGTAGBAGGEGACTGGTGATACCEECATCCTTEATGI TAGGCTGGATGEE
ACTGCCAGCGEOGCEAGELTCTTGATCGEETGT CGGTGATACCEECATCCTTEATGT TAGGCTGGATGEE
ACTGCCAGCGGCGCEAGGCTCTTEAT CGGETGCAGGAGEGGACCGGTGATACTGECATCCTTGATGT TAGACTGGATGGE
ACTGTCAGCGECGCGAGGCTCTTGAT CGEETET AGGAGGGGACCGGTGATACCGGCATCCTTGETGT TAGGUTGGATGEE
ACTGCCAGCGGLGCGAGGLTCT TGAT CEGETGTAGGAGGGEACCGETGATACCGGCATCCTTGATGTTAGACTGGATGGE
ACTGCCAGCGECGCEAGELTCTTEATCGGETGTAGGAGEGEACTGETGATACCGEGCATCCTTGATGTTAGACTGGATGEE
ACTGTCAGTGACGCEAGACTCTTGAT CEGGCGCAGAAGEGEACCEATGATATCGECATCCTTGATGTTAGACTGGATGEE
ACTGTCAGTGACGCEAGGCTCTTGAT CGGECGCAGGAGEGEACCGGTGATACCGECATCCTTGATGTTAGGCTGGATGEE
ACTGTCAGTGACGCEAGGCTCT TGAT CGEGCECAGGAGEGGACCGGTGATACCGECATCCTCGATGT TAGACTGGATGGE
ACTGICAGTGACGCGAGGCTCTIGAT TAGGCGCAGGAGEEGACCEGTGATET CEECATCCTCOATGT TAGACTGGATGGE
ACTGTCAGTGACGCGAGGLTCTIGATCGEGCGT. CGGTGATATCGGCATCCTCEATGT TAGACTGEATGEE
ACTGTCAGTGACGCEAGECTCTTGAT CEGECECAGEAGEGEACCGETGATATCGACATCCTCGATGTTAGACTEGGATGEE
ACTGTCAGTGACGCGAGECTCTTEGAT CBBGCECAGGAGBAGACCGETTATATCGECATCCTCOATGTTAGACTEGATGEA
ACTGTCAGTGCAGCGAGGCTCTTGAT CGGGCGCAGGAGEGGACCGETGETATCGECATTCTCGATGTTAGACTGGATGGE
ACTGTCAGTGACGCGAGGCTCTTGAT CGGGUGCAGGAGGGGACCGGTGATATCGGCATCCTTGATGTTAGACTGGATGE
ACTGCCAGCGGCGCGAGGLTCTTGAT CEGEGLGCAGGAGGEEACCGETGATATCGGCATCCTCGATGTTAGACTGGATGET
GCTETCAGTGACGCGAGGLTCTTGAT CGEGCGCAGEAGEEGACCEGTGATATCEECATCCTCEATGI TAGACTGGATGEE
ACTGTCAGTGACGCGAGGLTCTTGAT CGGECECAGERAGEEGACCEGTEETATCEECATCCTCGATGT TAGATTGGATGEE
ACTGTCAGTGACGCEGAGGCTCTTGATCEGECGCAGRAGGEGATCGEGTGATACCGGCATCCTTGACGT TAGACTGGATGGE
ACTGTCAGTGACGCGAGECTCT TGAT CGEECGCAGGAGEGGACCEGTGATACCGECATCCTCGATGT TAGACTGGATGGE
ACTGICAGTGACGCGAGGCTCTTGET CGEECELAGGAGEEGACCGETGATACCEECATCCTTGGTGT TAGACTGGATGGE
ACTGTCAGTGACGCEAGRCTCTTGAT CEGGCGCAGRAGEGGACCGETGATACCGECATCCTTGATGTTAGACTGGATGGE
ACTGTCAGTGACGCGAGGCTCTTGAT CGGECGCAGGAGEGGACCGGTGATACCGGCATCCTOGATGTTAGACTGGATGGT

ACTGCCAGTGECGCGAATTCTCTGEEAGATCTGTATAGGET TECCTGCGAGT TEACAGGEATEETGTGCAGT TTGTGTGE
ACTGCCAGTGECECEAATTCCCTERGAGATCTETATAGRETTECCTECEAGTTGACAGAGATGECGTGCAGTCTGTATEE

ACTGCCAGCBGLGCGATTCTGTTTCGGCGTGETTAT ACAGCTTBAGTGGTGGCACTCTTGCCAGCCTANGTGTTGGGGTG
ACTGCCAGCBGLGCGATTCTGTTTCEGCETGE T TATACAGCTTGAGTGETGECACTCTTGCCAGECT AAGTGTTGEGETS
ACTGCCAGCGECGCGATTCTETTTCGGCGTEGETTATACAGCTTGAGTGETEECACTCTTEGCCAGCCTAAGTGTTGEEETE

ACTTCCAGCGGATCGATTCTCACCCTGTGGCGTATCATCGTTGGATGATGGTGGTGEGLGEAGGLTTTCGCACATTGGAC
ACTTCCAGCGGATCEATTCTCACCCTETGECGTATTATCGTTGGATGATGETGETGEECGEAGACTTTCETACATTGGA
ACTTCCAGCGGATCEATTCTCACCCTGTGGCGTATTATCGTTGEATGATGGETGGTGGECEEAGECTTTCATACATTGGA
ACTTCCAGCGGATCBATTCTCACCCTGTGGCGTATTATCGTTGGATGATGGTGETEGGCEEAGGCTTTCGTACATTGGA
ACTTCCAGCGGATCGATTCTCACCCTGTGGCGTGTTATTGTTGGATGATGG TG TEGGGCGGAGGCTTTCGTACATTGGA
ACTTCCAGCGGATCGATTCTCACCCTGTGGCGTATTATCGTTGGATGATGGTGETEEGCEGAGGCTTTCGTACATTGGA
ACTTCCAGCGGATCGATTCTCACCCTETGECGTATTATCETTEGATCATEGTGETEEECEEAGECTTTTGTACATTCEA

ACTTCCAGCGGATCGATTCTCACCCTGTGGCETATTATTGTTGGATGATGETGGTEEE! TTTCGTACATTGGA
ACTTCCAGCGGATCGATTCTCACCCTGTGECGTATTATCGTTGGATGATGGETGET GCTTTCGTACATTGGA
ACTTCCAGCGEATCEATTCTCACCCTGTGECGTATTATCETTGGATGATGGTGGT TTTCGTACATTGGA

ACTACCAGCGGTTCGAGTTGTCTCTEGAAGCTGAGGECAGT TTAAATGT TAGTGCCCAAGGGRGCGLTTAATATCEGTGE
ACTACCAGCGETTCGAGTTGTCTCTGEALGCTGAGEELAGT TTARATGT TAGTECCCARGEEEGCECTTARTATCGECEE
ACTACCAGCGETTCGAGTTGTCTCTGEAAGCTEAGGECAGTTTARATEGT TAGTGCCCAAGEGGECGCTTARTATCEECGE

ACTCTCAGCTGAGTCGAATTCTCGAGTCTTCTGTAGGEGATTCCATTATCTCATGGACCACTTTGETCTTCAGCGEETGEE
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ACTCTCAGCTGAGTCGAATTCTCGAGTCTTCTGTAGGGAT TCTATTATTTCATGGACCATTTTGETCTTCAGCGEGTGGE

ACTCTCAGTEAGTCEAATCTCTAGGCCAGGCAGCEEGAGAATETTTACGCAGAGT TG TCTEGGEEETTARGETTETELEE
ACTCTCAGTGAGTCGAATCTCTTEETCAGECAGCGEGAGALTETTTACGCAGAGT TECTCTEGEGGCTAAGETTGTETEE

ACTTCCAGCGGATCGATTCATGGTTCTGAGGGCTATGT TAGETAGGGAGEGCTAGETTAGATCGTGGATCGGTATGGGEEE
ACTTCCAGTGGATCGATTCATGGTTCTGAGGGCTATGTTAGET AGGGAGGCTAGET TAGATCGTGGATCGEGTATGGRGEE

ACGTCTGAGCCCAGTCGAGTCTCTCTAAGCGCATACAAGGGTCACGETAGTGGTCGACAAGCTGTCCTGTAGCGTGGTGAE
ACGTCTGAGCCCAGCCGAGTCTCTCTAAGCGCATACAAGGATCACGETAGTGEGTCGACAGGCTGTCCTGTAGCGTGETGE
ACGTCTGAGCTCAGCCGAGTCTCTCTAAGCGCATACAAGGATCACGGTAGTGETCOACARGCTEGTCCTGTAGTGTGETGE
ACGTCTGAGCCCAGTCOAGTCTCTCTAAGCGCATACAAGGATCACGETAGTGETCOACAAGCTEGTCCTETAGCATEETEE

AGCTAAGATAGCTAGAACGCGGCACTCTCAGCGAGACGAT TCTACTTTCACATTTGCAGGGTTGGCTGCAT TGEGGCTGEE
AGCTAAGATAGCTAGAATGCGGCACTCTCAGCGAGACGATTCTACTTTCATATCTGCAGGETCEGCTGCATTGEECTGEE

ACCTAAAATAGCCCGGTTGETGTEACTTGAGGATTAAGCGAATCGCTGTCCTGGTCTAGGGAATGTGTCCGCGGTGTTGE
ACCTCAAATAGCCCGGCTGETGTGACTCGAGGATTAAGCGAATCGCTGTCCTGGTCTAGGGAATGTGTCTGTGGTGTTGE
ACCTGAAATAGCCCGGCTGETGTGACT TGAGGATTAAGCGAATCGTTGTCCTGGTCTAGGGAATGTGTCCGTGGCGTTEE
ACCTGAAATAGCCCGECTGETGTEACTCGAGGATCAAGCGAATCGCTGTCCTGETCTAGGEAATETETCCGTEETETTEE

TCTGCCAGCCGECGCGATTCT TAACTTCACGTACG TTGAGGGTGAGGCATGT TGEGACTGECGEAGGECAGTCTCCAGES
TCCGCCAGCCGECGCGATTCTTAACTTCACGTACGTCGAGGETGAGGCATGT TGGGACTGGCGGAGGGCAGTCTCCAGGS

ATTCTTAGCAAGACGATTCTGTCTTCGGGGCGTGEGTTTT TGTGCTGTGCGTATGARTGCTGTGAACGTCETGTTGTGGE
ATTCTTAGCAAGACGATTCTGTCTTCGGGETGIGGETTTTTETGCTGTGCETATGAGTGCTGTEGAACGTCGTEGTTGTGEE
ATTCTTAGCARGACGATTCTGTCTTCGEEELETGEETTTTTETGCTETGCETATGARTGCTGTGARCGTCETETTECGESE

(single clone classes)

ACTTCCAGCGGATCGAAATCTCTCT TTGCAGCTGEACTCGGAGGCCTGCT TCCACCAGTAGGEGEET T TG TCAGEGTGE
ACTGCCAGCGGCGCGAT TCTCGETCAACCTCCTCTGTECTAGTGECCEGCTETGEAAT GEEGETGEETGETCCTGTGTG
ACTGTCAGCGGACTCGAAATCTTTCARCTCTGETGAGTCTCATGGTAATGT T TCTGGT TCGETACCARATAGACGCTGGE
ACTGTTAGCAACTCGATTTGATCTTCTCGACGGTCGTGATGTGEGCAGGCAGTGETTTAGACTTGEEGAGECCCCGTGTE
ACTGTACAGCCGACACGAATCTAAGGAATCTGGCTAGGAGCTCCTTCAGTGACGTGTGAGAAGGCACACTTGTTTGGGGA
ATTACGAGCCGTTCGATTCTCAATACGATGAAATCGTTTCCGAATTCGGAGGCATGEGGGATCCGLGETTEGTAGCAGGEGE
CTGETAGATTCGGTTTGEETAAGT TCCTCGACCGCATTGT CAGCGACT TGARATCAGAATCTTCTGTTGTGETGTTGCEE
ACTTCCAGCGGAACGATTCTTCCCCECGAGTCCGAAGAATGETGTACAGCCTATATGT TCGTAGTGATAGT TGGGETGET
ATTGCCAGCGTGCGCGAGT TTGCTCGACTTATGCTCETGETTTCCCTACGATGTTTGECGCGGCATATCTTCTGAGGTGE
ACTGCCAGCGGEECECEATTCTCATTGETCGAGGAGATCCTGTACGEGATTTAGGGEGTT CGGCCAACATCGCATGTCTTGE
ACTCCCAGCGGGACGAGTCTCAGATTGGCATTGTGATGCTGCTATTCAAGAGAGGTGGTGTGTAATCCGGCGGTAGTTGE
ACTGTCAGCTGACACGAGTTCGECTCCAACCTTGETCAGTGTT TGAGAATCATTTGTTGGGGTTTATCCGACACCATGGE
ATTAGCAGCGETGCEAGTCTCATETGATGT CAGAGTTTEGTGCECATECCCAGTTTCGCAGCTAGTGETCEGTGTTGTEGEE
ACTTETAGCATCARCGAGTCTTTCTCAGET CAGT CEETTEGECOTCCGTGEEEAATGETGAGAT I TGTAGGEECETETTEE
TTTGCCCGATGCTCGGTGCATCGETCCTAGTAGGGCGATTCTCGGCTCCCCAGCTTTATGAGCTTTCTGCGATGTGTGGE
ACTGCGAGCCGCGCEAAAAGTAACARCGGCTCTGTCTACTATGTTTGAAGGTGEETCTGGTGTTACCTCCTGETTGTGGE
ACTGCCAGCGAGCECGAAATCTCCCGATTGAGE T CETGTAGTGTAGAGET TAGGGAAAANGAACTTTTGTGGGGGT TGGE
ACTGCCAGCGECECEATTTGGCTCTACCGT TCATTCGGCTGTGTTGLCCTAGG TAGGETTCAGCAGTGATTTTGEGTGGGE
ATTGTCAGCGACACGAATCCCGAGTCTGGGEEET TTTCAGCGELTGTATCCEGATAGCGETTAGCGTAAATACCCATATGE
ATTCCCAGTGGETCEAGTCCTTCTTCTCTECAGCETETGEETETAATTCCAGACGACACATGCGTAGECTATATACGTTGE
ACTCCCAGCGGEGCGACTTCTCTEEGCAATGCAAGACTAATCGCAGGGTGGCGATTAGGAACCATGCACTTCCTGTTGRE
ATTGTCAGCGACACGATATCTTCCAAGTGCCCGTAGTGCGTCTCCGETGGGAGETGTTARATCATAGACCTTCGTTGGGE
ATTGCCAGCGGGCACGATTCTCTTGEACAGATARGGATGAATGGAGT TGAATTCATAT CGGCGCACTTACCTAGTCGTGE
AGGTTGAGGCTATTTTGECGEATCEAGTGETAGETAGTAATAGTCACTGCCAGTGECECGART CTCAGCTCCCTGEETGEE
ACTACCAGCGETGCEAATAACTTTCCTGTATGCEGAGTGEGTAATGTTGTGCTCATCAATGGATTGRAGEATCACTGECCE
ATTCCCAGTGGGGCAATTCTCCARGGCCTCTGEATGCTCT TCACTCCAGGCGAATATACTEGTARGT TGCTAATGEGTGE
ACTAGCAGCGGTACGAGETCTCTTTAGTTCTETCCTAGGETAGETCAAGCTCTGCTTAGGGETEEAAGTCCTGCCTOGEE
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GB-43 TCTCACAGCGCTGACGAGTCTCTCACCCGAGGGATGACTTAAAGGATTAGGTCTAGTCTGTGTGCGACAGACARACTGGE
GB-44 GGTAGCTCTTCGGATGAAGAAGGGCCCTAGCATGATGTGCTTGAAGCGGCATGTGAGCCACACGATATCTCTCGAGCTGE
GB-45 GCTCTAAGCTAGACGATTCTACTCTECTTGETCOET CACGATCGETAACGCETGAGTTGTTAGGETTGLGCATGTTEEE
GB-47 ATTATCAGCGATACGAATTCTCTTTGTGCTATCGAAMARGEAATCTGATCACATTTTTOGAAGETCOTCOTCOEGAGTGEE
GB-48 TGAGGAACCCTGCATTAGGCGTTGTCTTATGTCTCGCAATGCCAGUGGCTCGAATCTOGTTTGCTGTGTCGTTCATGGGE
GB-49 ACTGTCAGCAGTACTCEAGTCTTGECTTECTGTATAGETACCGTTEGETATTAGTAGAGTCGGTCAGTAACCETCTTTTGGE
67-7 ATTACGAGCCGTACGAGTCTCTCTTAAGGTGTGTTGCTCGTATGTCATCTAGCTGTGCGC IGGTCGAGTGTGG
67-3 ATTACCAGCGETTCUGAAATTGATCTGTCGGTCTTAGTTCGETGEGECTETCGEECCGCEGTATCCEGETECTACTCATGGEGE
G7-10 ACTGTCAGCGACTCGAAATCTAATCAATCTCATCGGEECCGECGTGETAGCATACACGACTGT TAGAGCCATTGTGCTGG
G7-12 ATTGTGAGCCACTCGAATCGTTTCTCCAATGGTATGAATGTTGTACARACT CGGATGGTCGTGTACGTGCTTCGTGGG
G7-14 ATACCGACCGTGAGGGCATCTCGTTTCTGGTCTTTEEECACAGGETCETACCEGETATGATACATTAGATCGGT TCGGGGE
B87-16 ACTGCCAGCGGCGCGAACTTACCCTCATTGGETGCAGTAATAAGAGCAGATGTTGCGTTGTTCGEGARCGTARTGACGETEE
&7-17 ARCTCCGAGCOGETOGAGTCGGCCGETACCTGGATCETTEEEEATGECEEGECTATTAGAGCEGLGTTGCCTGGETETTGETGE
G7-18 CGACCGT TTCTCGTCTGAGTTGGATAGGAGTAATATATAGTGTAAAGTGCGGATGTGTATGUGCTAGCCEGTGE
G7-20 ATTTCCAGCGBATCGRATTGTCATCTCATGAGCETAGGGAGETCTATTGTTGEGGGECAGTGTATGATAGCAGETGAG
G7-22 TGAGTATTGTTGCAAGTTCAGGTAGCT TTGTAATGATGTATGTTGCATTGCCAGCGECACGATTCATGGCCCTCTETGTG
G7-23 ATCCTAAGCTTAGACGAGTCTTTTTCGGGCACCTTETGAACCTGTCAGGTAAGCACTATTCTGEGCACGGECGGTTGETGE
G7-24 ACTATCAGCGATACGAAGCTCTTTGGCGAMAGCGATAGATCCTAGGA SGCTGETACTTTGGCGETEGTTAGE
G7-25 CGACCGAGAGGGCATCTCTTCTTCGGATGTTTGAACATCTTATCTAGATTGAGAGT TGCGCGGGTTGGTCCACCTCTAGG
G7-27 AGTTTGCEAACTGGGAACCTCEAGTCACTGACAGCGRCGGLGATTCTTTCTCCGTTAGGGGAGGGEGTTTATGCGTGGGGE
G7-29 ATTCTCAGCGAGACGGCATTTTGTCCCTGCTATGCAGTCTGTTCETGTCAACGGAGGATTAAGGCTGCCTCAGERTETTGG
G7-30 GTGGGETGTTGETAGGTAAACGCACGGACAGCTGCCACGATATCTTTGCTCGTTTGTTTAAGTTATAACGTTTCCAGGGG
87-31 ACTATTAGCATATACGAGTCTCTETAGGGTCTATCCATAGAGTCEGCCTAGCGEAT TCAGTETTTATGATCGETATATGE
57-32 ATTTTCAGCGARRCCAATTTTTTCTCGATGECTEGAATETTEEEEETEGETETGEEEATGATACTTTTCGCAGGACTETEE
G7-33 GAGTGTTGATTAAGGGTAGTGGTACATACGCACTTGCAGCGGCAACGAGTCTATCCTCCGTTCACGGCGTCCCTGTTGEG
B7-35 TGGCEEAGGECAGCATTAGETTTTEGEATEGTTEGTCCEEEETCATCTTCEGATEGEGARGECCACCTERECAGTTGTAGTTGE
G7-36 ACTCCCAGCGGGACGATTCTATTCATCAGTAAGTCCCTTAGTCAAGTGEET CCAAGCGGGACGCGATGCATTTAGETGSE
G7-40 ATTTTCAGCTGAAACGAGTGTCTCGCOGCTETTCOTEEGETECEETEGGGCTCOGAGCACAGACTATTTTTCACCTGGG
G7-41 ACTACTAGCATGTGCGATTCTGECTCCTGT TCAGGATCCOAGCGGGTGETGCARGAGCCAATTGEGATAATAATGTGTGGE
G7-43 TCGACCTCGTGATCAGCAGCAGATTTAACGTACTCCCAGCGEGACGEGTCGCTCTCCCTATAGTTGTGECTGGCGTETGG
GT7-44 ACTAGCAGCGGTGCGAAATCGCTTTCAACCARCGGCTGEATGTTTCGAGCGTTGTOGCGCGCATGEAACATTGACATTGG
B7-45 ATTCTCAGCGAGTCBAATCTETCTTGCTEGEEGTTGECEECATTCATTGATTACCTCEGEATAGEGTCCTTTGCGT CTAGTGE
G7-47 ACTGCCAGCTGECGOGAATCACTCTGACTCAACTATTGATCCTCACTGETTCCATTGGCTAGGTTCOGAGTGE TGEGEE

Selection B (single clene classes)

g27-2.B07_0 ACTCCTAGCAGGGCGAAATCTCATCTCCACCCARMGTCEGEGAGAGTEECECGAGATTGATCTCGGGEATARGEETTGE
g24-2.2c.00 ACTCCTAGCAGGGCGAATCTTTTACCCATAACACCCGGTACCAAGGUGTTGGCCTGGGCAGGETEGETGECTGGTTGTGGT
g21.F11_040 ATTAAGAGCCTTTGCTGAGTTGACTCCGAGTCTTCCGCARGTGTGGTTEGARGCAGCTGCEATCAAGCTTGGEATTGEG
g21-2.11d.C  ATTGCCAGCCGECGCEAATCBEGATTTTGAGAGGC I AGT TCTCGEGETCAGLACATGATGGACGTGAGBAGT T TGCATGT
g18.B04_040 ACTACTAGCAAGTCGTAGTCTACTTTACCAGGGATGCCGAGAGAAAATGGTGGGTACGCTGGEGTAGCTATAGTGATCGTGGE
gl8-2.6c.G0 ACTCCCAGTGEETCGAAATCITCTCTAGGALANAATCCGEGCCATCAGTTCARAGGCGEGCGEAATGTEGCATGAGTTG
glB.HO02 040 ACTAGCAGCTGETACGAATCTCTAGGAGEGATGCGCTTTGECTGETGACCTGGGTCGUGGAGEEAGCTATACATGGTGCA
G15.9A.A04_ ATTAACAGCGTTGCGATTCTCGCTCGGCETCTAGCCCAGGTGEATGCATGETTECGTCTGEGCTCTGEGATGEGETTGTGE
€15.9B.B04_ ATTGTCAGTGACECEGAGTCTCTCAGCEGTTAGTGECTCTAAMCCEGEALCGCACCETEOGTAGEACEGACTGECECTEEE
gl5.19.602_ ACTCCTAGCAGGGCGAGTCATACATCCCGTATCGCAACTAGCAGACCACTGGAGGGGEAATAGGTAGGGGETAGTTGCTG
G615.8B.B03_  GGGTGAAATTAGCACAGTCAGCGACACGAATTGTCGCTCTTCATATGGCGTCGGETGECAGTATACGTCTGLGTGTGCGEE
G15.8D.D03_ GTATGGTGAGGCCTETTTGAGAGAGTGAGALGT GGAAACCGCACTCCCAGCGTGGGCGATGCAGACTCTTATTGE
g15.12h.H01 ATTGTGAGCCCACACGAATCAGTCTCCECATGTCTGCTCAGCACBGACARGCCCETCAGTGAAGTTGTTGEET TTTTGTG
g15-2n.C06_ ACTGTTAGCTAACACGAAGTCACGCTTCCGCGGTATTTTATAGGCGTGGTAACATTCTTGAAGTTACCCGAGATGGCTGG
gl5-2n.B06_ ACTGTGAGCCCACCCGAGTCTCTGTCATCAAGCAGGGATATCAATGATGAGAAGAGATTATATGTAGCAACGETTTGTGC
G15.11C.C05 ACTTTCAGCGAACCGAGTCTCTCGEGET CGAMMAGCCCTCGEEEET TACTTGAAGAGGCAAGCTATGGCATGTTGEEGE
G15.12E.E06 ACTATTAGCAATACGAATTTTCGACGATGCTGGCAGCACGEARACCTGCGTAGGCTGAGT TGEAATGTGCATGTGGTGE
gl3.12e.E01 ACTGTTAGCAACGCGAGTCACGCAACGATGGTCTAGTAGTGTTATGAGCGTGGACAARATAGGGT TTATTTGCTCTCGGE
G1l3.5A.A01_ ATTATCAGCGATACGAAATTAACGGCGCTCTGGCAAGCGAATGETCTTCGGCGEGAGEGAGTTTCTCGCCAATCOGGTGE
©13.5C.C01_ ACCTCTTAGCATAACGCAGGECETTAAACGACTGAACTACCTTEECACETEECAGETAGACGAGTCTCTTTCACTTGTES
G13.5F.F01_ ACTGTTAGCARCACGAAGTCCAGCCTCCTCGECETEETCTARRAGEALGEETAACCTEEATARAGRGETACCTATTTICGE
G13.2B.BO01l_ ACTAARAGCTTTTACGAGTCTTTGCCGEEACTAGTCCAATGETGGANGEAGGTGTGETGTGATCTTGEGAACCCT TGS
G13.2H.HO1_ ACTTCTCAGCGAGACGAATCTGTGTEAATGTGTCGGGRGCGTCCTGAGTTCAGACGAGCCGBAACTAATACTCCTGGRTE
613.3C.C02_ ACTGCCAGCGGCTCGAGGGCTCTCCETAAGCARAGTTTTCCTGGTTCGAATAAATARAGGGTCGAAGGTCGEGTCTGTGE
613.3D.D02_ ACTTCCAGCGGATCGGGATCTTTATCCACGTCANTT TGTGGGTTGCTATGEGTAAGTACCTTGETATGGA
G13.3E.E02_ ACTTTCAGCGAATCGAATTATATCTCGAGTGAATAGTACTCCECCATGGEAACTACGEETGGGATEAACAGARGCTTTGGE
G13.3F.F02_ ATTTTCAGCGAAACGAATCTTAGTGCCGGTCTGATGGGAGAGETGTTATCCTTTGEAAGTAGGGCACAATTCTCTGGCEC
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G13.4A.A03_
gl0.7a.A07_
gl0.7e.E07_
glon.7g.G07_
g10.12¢.C01
gl0.11h.H11
gl0.6e.E06_
gl0.7h.HOT_
gl0.8b.B0B_
gl0-2n.D06_
gl0.8c.C08_
gl0.8h.HOB
gl0.5b.B0S_
gl0.10c.C10
gl0.10£.F10
gl0.10g.G10
gl0.114.D011
gl0.1le.E11
g8.4c.C04_0
g8.1b.B02_0
g8.12a.R01_
g8.la.AD1_0
g8.le.E01_0O
GB.4A.E07_0
g8.1g.G01_0
gB.5f£.F05_0
GB.5D.HO7_OD
G8.3A.BO7_0
GB.3E.C07_0
GEB.3H.DO7_0
GB.4E.F07_0
g8-2n.H06_0
gB.2f.F02_0
g8.29.G02_0
g8.2h.H0Z_0
g8.3c.C03_0
g8.34.p03_0
g8.12b.B01_
g8.3g.G03_0
GE.5B.G07 0

ACTATGAGCTCAAACGAATCATCTCTACAGTGATTATCGCTGTGETATAGGGTGGAGEGGCGCATGT TGGAAGGTTRGG
ATTTCAAGCTGAACGAATCTTGATGCCTTCTACTCGTTGTTGCAGGAGTGAGGATTTCCATGGGTTATTCGTCGGCGGG
TETTTTETATETCAGTTTGEATEEETECTTTCCTAGCAGTGACGAGTCTORCCTTCTCCGEGCTAGTAGTGTETCGAGTEEE
ACAAATAGCATTACGAAATCTCTGGTTCAAATGAGCATTGTGCTTAATAAGCTGACAGTGGTAAGAAACGGTGCATAGG
ATTARCAGTGTTGCGARATCTATCECCTGTGTATACTGGAAGGTCAGCGTGGAGCAATGTAGATTGACCATGGTTTGTGE
ATTATCAGTGAGCGAGTCTTGCT TCCTTGET TG TAGCGAT CACCGCTTTACTAAGETCCETATTTCGGAGTGTGTTTGG
ATTGTGAGCCACTCGAATTTTTT TTCCAGCARCGCTGGCGETTATGTCETGAATAGGTAGATTTCACGCTGCTCGTTTAGG
ATAGCAGCGACTACGATATCGCTCTACGEGEGCAMAGTETCCARGTTTCGEETAGATCEECAGTGTAGAATCACGGGATEGE
TCAATAGCAGATATAATACGARAAGCGCCATCTAGTGTCCGCGTGAGTCGTTACGAATGGTTATAGATATATAATGTGGGE
GATTTGGAATCGTAAAGCACTATCAGCCGATACGATATCTTTTAGCTGAATT TGGAGGEGCCTAGGAGGGGEATTTETGE
ACTGTTAGCTTACGCGTAAATCGCGACTCGETAGTCCGTCATACTATGCTGCTCAGCTAGTTACGGETAGTTATGETGGG
ACAAATAGCATAACGAAGGATAACAACAACAGGCGCATGGAATAATGTAGGTGTGATGATAATACAAGCGAGTAGTGTGGE
ATAGCAAGCTGCACGARATACATACGAGTCTGTCAGGACAAGGEATCEETEETCECCACTARGEGETATGETATACCAGGEE
GCACTGTCAGCOACACGAATTTACGAATACATTATTGTCT TTGGGETEEGTCTGEECTTATGTCTAGCCAGCATEGEG
ATTTCTAGCTAGAACGATTTTCTCTTTGCTGCACACCCGGTCCAATCGAATTCATAACCGGTARACAAGGTATCGTTGGE
ATTACTAGTAGTTCGAGTCTCTATCGATGTGECEAAGEGECATAGCCAGTTTCACGAGTGCGGTGACATGEEGTATGEGG
ATARACAGCGTTGCGAAATTTACTACTAAAGTAGCCTTCTGEETGTGEGCAATCATCAGGAATGATGTGCACCGGGGTCTGG
ATTCTAAGCATAGACGATTCTCTAAAGTGATGEGAGAGAGT TGTCCTEGCAGCATTGTGGAACCGTCACGTTGETTEGGEE
GCTACAAGCTGAACGAGT CTCTATAAAGCTGGTATGT TAAAGTGCGTAATGAGCATAGGGAGT TAAGARAACTAGETGGG
ACAAATAGCATAACGAATCATGACACAAGACGCTGGAAAACTAGGAAGTCATGAGGGGCTAAMGTAAGTAGTCGTAATAGG
ATTAACAGCGTTGCGAATTCTCTCEGCTCTTGTATTAGGETGCTAGCTEGTCTGAATGEGACGCGEGAGETEGAGTGEETEGE
GCATTCTCAGCGAGACGAATCATTGTCCGGGTTGTTGTGAGGEGTCGETGCTAACTTACGTGAGGTACACTATGGTGGG
ACTATCAGTGATACGAGTCTCTCATTAAGTCTGGTCTACGGGCGETGECGCGETATGACTTTGCATGEGTTGTCATETGE
ACACTCAGCGAGGCGAGT CTCTCTACCAGCCTGETAGGAAGTTATAGGAGGCGATTATARGTCGCGEEEAGTGEGCCATGE
ACGGCCAGCGGUGCGATTCCTGTCCGUGGEGGT TAGAATAGATAGCGAATAGATAGTACATAATATAGTGATGETGGTGTGE
ACTATCAGCGATACGATTTTCACGCCCTTGACAGTCAGAATTGCEGETGATCATATCATTCATGAACGATARCGCATGEGE
TACTTTACAGTGAATCGAAATCTCATATATTCGCTGGTCATTGTTGGGAGGCGAGACCGCTGGEAATAGTGTTGGGETGGE
ACTGCCAGGEGCTCEAGTCEGCTCTTTGTAGGGGACAGGATETCCGGTETECTGCEGACCTCAGTCTACTTATTTGTGGGE
ATTCACAGCGGTGACGAGTCTCTTCCATTGGTTCTCACTTTTGCT TGGAT TCATGGCGATGGATGCARAAGGTGGTGTGE
ATTTATAGCATAARACGAAGTCTCTGGTATGCATGTATAGAATAATACTGTGATCACCGCGGCGCEATGAGGTTGTGEGTTGGE
GAGGTTCCTGCGATTTCTGCACTAACRGCTGTTACGAATCARCTCTTGATEGGATTGEECETTTCTEECEETACCTTEEGE
TTCCTGETECCTGEACGCLGEATAGTTATACGAGCACATCCCAGCGEETCGATTTTCTCTTGGAGGAGETTTETTCTGEE
ACARCCAGCGGTCCGARATAGCT CACCGGTGTCGTEETAGTCTCACTGCOGTCAGGCARAGGAGTGCATAATAGGTTGGEE
ATACTGAGCCAGACGATACTCACTATACTAAGGAACTGTGGECCTEGTAAAATAACGGACCCTCATACTACGTAGCGGGGE
ATTAGCAGCGCTGCGAGT CGCTCTTCGGET TAGAGCATGGCETGAGCTATTGGGTTGAATCGTATGTATTATCATGGG
TCTAGTCAGTGATGCEAGTCTARCTCCTCTAACTCGTGTGAATACAAGGEAAGTCACABETGTTCGCAGETEETTTTGRE
ACAGTACAGCCCATCGCGTGGATGCARCGATAGTACCATAGTAGCGT TGEAAGAGCEATTCOGGTACCTATGGCTAGTG
ATAAGCAGCTGTGCGAAATCTACTAAAGCTGGTCAATACTARGTACCGCETECGEECTETAAAGCGGGEETCTGGGTTEE
ACTGTTAGCAGACACGAAATTCTTACTTTTARTCTAGCGGGTATTGAGCAGCGGACTAGTGGGACGAAGRAGTACCGETGE
ATTGCCAGCGGCTCGGAGCTCTTTACCTGCATTGAGTATAAGGAGTTATGGCGATTCEGGCTTGCTAGTTARATCCGTTGG



