The Role of Critical Ion Pairs in the Evolution of a Novel Enzyme in Tomato

by
Allan Castillo
Department of Biology
Duke University
Date:
Approved:

Mark D. Rausher, Supervisor

Storrs T. Mitchell-Olds

Paul S. Manos

Thesis submitted in partial fulfillment of
the requirements for the degree of
Master of Science in the Department of
Biology in the Graduate School
of Duke University

2018



ABSTRACT

The Role of Critical Ion Pairs in the Evolution of a Novel Enzyme in Tomato

by
Allan Castillo
Department of Biology
Duke University
Date:
Approved:

Mark D. Rausher, Supervisor

Storrs T. Mitchell-Olds

Paul S. Mannos

An abstract of a thesis submitted in partial
fulfillment of the requirements for the degree
of Master of Science in the Department of
Biology in the Graduate School of
Duke University

2018



Copyright by
Allan Castillo
2018



Abstract

Although there has been much research has been done on how new genes arise
from gene duplications, little is still known on how these genes arose and by what
mechanisms they evolved their new function. Here I address a case study on how the
evolution of a novel defensive gene in the Solanaceae family arose by examining the
novel defensive copy of threonine deaminase (TD2) in tomato (Solanum lycopersicum).
This gene evolved by gene duplication from an ancestor involved in biochemical gene
synthesis to become an exceptionally stable anti-nutritive defensive gene in insect guts.
This stability is hypothesized to have evolved due to three critical ion pairs, ionically
bonded amino acids that have been shown to stabilize proteins. Here, I test whether
these three critical ion pairs stabilize the protein and what effects it has the activity of
TD2. I found the second critical ion pair reduces the Kt of the enzyme, indicating that
the evolution of it increased activity. Further, the first and third critical ion pairs increase
activity during the temperature and pH stability assays. The results suggest that the
interactions and effects of each critical ion pair is complex but are likely to be stabilizing

without sacrificing much activity and in some cases it may increase activity as well.
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1. Introduction

Understanding the forces and mechanisms that drive evolutionary novelty is a
major goal of evolutionary biology. Ernst Mayr (1963) described evolutionary novelty
“as any newly acquired structure or property that permits the performance of a new
function”. Despite extensive study on the origins of evolutionary innovation, much
remains unknown about the mechanisms and processes of novel adaptations (Zhang
2003; Lynch and Katju 2004; Kaessmann 2010). The advent of genomic sequencing has
revealed that novel genes are abundant in all eukaryotic genomes and are a major source
of variation (Lynch and Conery 2000) and by far most novel genes arise through the
process of gene duplication (Zhang 2003; Kaessmann 2010; Tautz and Domazet-LoSo
2011; Kondrashov 2012). Thus one of the leading questions in the field is by what
mechanisms do novel genes evolve from following a gene duplication event?

Many processes are suspected to affect how a novel gene may arise in a gene
duplicate. Epistasis is thought to play a major role in the evolution of genes, particularly
the role of intramolecular epistasis which can manifest in the form of historical
contingency (DePristo et al. 2005; Harms and Thornton 2013; Starr and Thornton 2016).
In fact, some researchers go as far as stating that “epistasis is the primary factor in
molecular evolution” (Breen et al. 2012). While much of the field of molecular evolution

and protein evolution has focused on epistasis as the main factor affecting novel



evolutionary trajectories, other mechanisms may play a large role in affecting evolution
of novel genes. Those include codon composition, regulatory changes, and active site
amino acid changes amongst others. One mechanism that has for the most part been
overlooked is that of ionic pairing by amino acids. Ion pairs are ionically bonded amino
acids that can be used by proteins to become more structurally sound. This study will
look more closely into the role that ion pairs play in the evolution of a novel enzyme.

Table 1: The three critical ion pairs in tomato TD2

(+) Amino Acid () Amino Acid Abbr./Position? Mutation? Label
Glutamic Acid (E)  Arginine (R) E116 — R133 E116-> Q116 Mutl
Aspartic Acid (D) Lysine (K) D100 — K245 K245 -> 1245 Mut2
Glutamic Acid (E) Lysine (K) E93 — K335 K335 -> 1335 Mut3

ISingle letter amino acid abbreviation with amino acid position based on pet30aTD2 vector
’The mutation to disrupt the critical ion pair by site-directed mutagenesis.

Ion pairs, also known as salt bridges, occur when two amino acids of opposite
charge interact with each other in an ionic fashion (Table 1). Studies have shown that
this interaction improves the stability of proteins, particularly in extreme conditions. For
example, in enzymes of thermophilic and psychrophilic organisms an increased number
of ion pairs leads to higher stability in conditions that would normally denature
homologous enzymes with a lower number of ion pairs (Bae and Phillips 2004). Further,
critical ion pairs—ion pairs with a stronger interaction leading to a distance between the

amino acids of < 4A—are thought to significantly improve the stability of proteins



(Szilagyi and Zavodszky 2000). Thus, the more ion pairs, and more importantly critical
ion pairs, that are found in an enzyme the more stable it becomes. This increase in
stability is thought to allow the enzyme to function in harsh environments.

In this study I examine how the addition of three critical ion pairs that evolved in
a copy of a duplicated enzyme affects function and stability. Threonine deaminase (TD)
is an enzyme responsible for the first step in catalyzing threonine to isoleucine, and in
the Solanaceae family it has duplicated several times leading to 4 copies in Solanum
lycopersicum (tomato) (Fig. 1). One copy evolved an anti-nutritive defensive function
against lepidopteran insect herbivores, a group of significant pests of tomato and other
important Solanaceous plants, by catabolizing threonine in the insect gut and depriving
it of this essential amino acid (Gonzales-Vigil et al. 2011). This defensive copy (TD2) has
been found to be much more stable than the ancestral functioning copy (TD1) of
threonine deaminase, likely due to its primary function of catalyzing threonine in the
harsh environment of the lepidopteran gut. Thus, the TD2 enzyme copy must have
evolved the ability to function in the foreign lepidopteran gut, including being able to
catalyze at high alkalinity (pH 8-10), varying temperatures, and resist digestive
proteases. Here, I examine the role critical ion pairs have in increasing the stability of
TD2 and assess if there are any tradeoffs between stability and activity in evolving the

three critical ion pairs.
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Figure 1: Maximum likelihood gene tree of threonine deaminase in the Solanaceae clade.



2. Study system

Threonine deaminase (TD) is an enzyme involved in amino-acid metabolism that
is found in plants and microorganisms but seems to be missing in animals. While most
organisms that have the enzyme have only one copy of it, many species in the plant
family Solanaceae have multiple copies of threonine deaminase. At least two
duplications of TD have occurred early in the radiation of the Solanaceae, leading to up
to 4 paralogous copies of the enzyme in some species (Rausher and Huang 2016) (Fig. 1).
One branch retains the canonical housekeeping function, referred to as TD1, while the
TD2 branch evolved a novel function so far characterized only in tomato (Solanum
lycopersicum) and wild tobacco (Nicotiana attenuata). Two more copies (TD3 and TD4)
exist in some Solanaceous species, but their functionality is yet to be determined. The
housekeeping copy, TD1, catalyzes the first reaction in the conversion of threonine to
isoleucine by removing an amine from threonine to create ammonia (NHs) and «-
ketobutyrate (a-KB), which is then followed by four additional enzymatic steps to
convert a-KB into isoleucine.

Studies in tomato TD2, henceforth SITD2, show that SITD2 performs as an anti-
nutritive enzyme against at least three lepidopteran larvae pest of the tomato plant
(Chen et al. 2005, 2007; Gonzales-Vigil et al. 2011). While it still catalyzes threonine
similarly to SITD1, it does so in the midgut of the caterpillar to deplete threonine, an

essential amino acid for lepidopterans, before it is absorbed by the gut (Chen et al. 2007;



Gonzales-Vigil et al. 2011). Four key innovations evolved in tomato SITD2 that allowed
it to transition from a housekeeping enzyme to a defense against herbivores. First,
tomato TD2 became much more stable, albeit at an apparent cost of catalytic efficiency,
so it can withstand the harsh new environment of the insect gut. The enzyme has much
higher heat resistance and is remarkably resistant to gut proteases, specifically
chymotrypsins, the primary protease family in lepidopteran midguts (Srinivasan et al.
2006). This is in stark contrast to SITD1, which gets completely digested by
chymotrypsin proteases (Gonzales-Vigil et al. 2011). Second, it has been optimized to
function at a pH very near the alkaline gut of most lepidopteran herbivores of
Solanaceous plants (Chen et al. 2007). Third, SITD2 has evolved the ability to escape
allosteric regulation without compromising function. Canonically functioning TD’s are
allosterically inhibited by isoleucine; however, SITD2 has its allosteric region cleaved off
by chymotrypsin-like proteases, giving it the ability to constitutively catabolize
threonine in the insect guy even in the likely presence of isoleucine. Fourth, SITD2 has
evolved an alternate expression pattern to SITD1, exhibiting high expression during
tlower development and in response to herbivory through the jasmonic acid pathway

(Samach et al. 1991, 1995; Chen et al. 2007).



Figure 2: Crystal structure of tomato TD2 (3IAU). Panels show the three pairs
of interacting residues (critical ion pairs).

The three critical ion pairs are identified in the cartoon of the cleaved crystal
structure of SITD2 (Fig. 2). Each critical ion pair is colored differently, with the two
interacting amino acids colored the same. These structural features are thought to
provide stability to the enzyme and may account for the increase thermostability of
SITD2 (Gonzales-Vigil et al. 2011). A phylogeny of how the critical ion pairs arose
during the evolutionary history of SITD2 is shown in Appendix A. Two of the six amino
acids involved in creating the three critical ion pairs were already present before the
gene duplication event leading to SITD1 and SITD2. Therefore, four mutations during

the evolution of SITD2 lead to creating the three critical ion pairs (Appendix A). The



primary purpose of the investigation reported here was to determine whether these

mutations contribute to the enhanced stability of SITD2.



3. Methods

3.1 Protein structure and phylogenetic trees

The crystal structure of the processed form of SITD2 was obtained from the
Protein Data Bank (3IAU). PyMol was used to read the pdb file and identify the critical
ion pairs based on (Gonzales-Vigil et al. 2011). A cartoon representation was created in
PyMol (Fig. 2). Sequences for all paralogs of TD from Solanaceae and orthologs from
various outgroups (Fig. 1) are from the master’s thesis work of Jie Huang (2013) and
from (Rausher and Huang 2016). The sequences were initially aligned in Mesquite
(Maddison and Maddison 2018) and then manually reviewed and corrected. A
maximum likelihood tree was created using Garli 2.0 (Zwickl 2006) with 500 bootstrap
support using SumTrees version 4.0.0 of the DendroPy 4.0.3 Python package
(Sukumaran and Holder 2010). The phylogenetic trees were produced in Figtree
(Rambaut 2016) and annotated in Adobe Illustrator. The curated multiple sequence
alignment and phylogenetic tree from above were used to infer the ancestral sequences
in codeml from PAML 4.5 (Yang 2001, 2007) using the LG matrix model (Le and Gascuel
2008). This was the used to infer where on the phylogentic tree the substitutions arose to

create the critical ion pairs.



3.2 Vector construction

A.
PTP Catalytic Regulatory
Domain Domain Domain
-55 0 380 575
B.

pET30a(+)

Figure 3: A. Schematic of TD2 structure. Numbers refer to amino-acid positions, with
position 1 corresponding to the first amino acid after the plastid targeting peptide
(PTP). B. Vector used in site-directed mutagenesis. SITD2 gene ligated to pET30a(+)
vector without the PTP domain of TD2.

A copy of the TD2 gene was obtained from Gregg Howe’s lab and cloned into the
pET30(a)+ expression vector (EMD Millipore) with kanamycin resistance. The TD2 gene
is a truncated version without the leading PTP sequence (plastid targeting peptide,
yellow portion in Figure 3A) which is used by chaperone enzymes to transport SITD2

intracellularly to the chloroplast before truncation (Samach et al. 1991). Since this region

10



is removed before the enzyme is biologically active, I chose to express the enzyme
without the targeting peptide similar to other studies on threonine deaminase 2 (Chen et
al. 2007; Kang et al. 2006) The SITD2 insert was cut with the restriction enzyme Ndel at
the 3" end, and Xhol at the 5" end and ligated to the pET30(a)+ vector cut with the same
enzymes using NEB T4 Ligase and following the NEB standard protocol for T4 ligase

(Fig. 3B).

3.3 Site-directed mutagenesis

Tomato TD1

—ﬂf{ Tobacco TD2
¥

. Capsicum TD2

3k Gene duplication -
v Mut 1 (E116Q)
@ Mut 2 (K246)

@ Mut 3 (K335L)

lochroma TD2

Tomato TD2

Figure 4: Phylogeny of TD genes in Solanaceae showing when each of the three
critical ion pairs arose by substitution. Legend shows the amino acid abbreviations
that will be disrupted by site-directed mutagenesis.

Critical ion pairs were disrupted by converting one of the pair’s residues to the
ancestral state amino acid, i.e. reverting the substitution that created the critical ion pair
(Fig. 4). The residue reverted by site directed mutagenesis was chosen to be the residue
that arose most recently in SITD2’s evolutionary history based on ancestral sequence

reconstruction in PAML (Appendix A-D). Site directed mutagenesis was done by
11



Agilent QuikChange II Site-Directed Mutagenesis Kit following the manufacturer’s

protocol with NEB® 5-alpha Competent E. coli (High Efficiency) for transformation.

3.4 Expression and purification

Expression cells (NEB BL21(DE3) Competent E. coli) were transformed with the
pET30(a)TD2 and with the mutagenized TD2 vectors, respectively, and stored in 25%
glycerol at -80°C. Inoculations from these glycerol stocks were grown overnight on agar
plates with 50 pg/mL kanamycin at 37°C. A single colony was picked to inoculate a
starter culture of 6ml Luria broth with 50 pg/ml kanamycin antibiotic and grown at 30°C
overnight with shaking at 225 RPM. A 500 uL sample of the overnight starter culture
was used to inoculate 0.5 Liters of Luria broth with 50 ug/mL kanamycin. The culture
was grown at 37°C to OD 600 = 0.8, checked through spectrophotometry. The
temperature was adjusted to 28°C, Isopropyl B-D-1-thiogalactopyranoside (IPTG) was
added to 0.5 mM to induce expression and incubated for 15 hours with shaking at 225
RPM. The culture was spun down in a centrifuge at 5000 g to collect the bacterial cells.
The cells were resuspended in 250 uL binding buffer (20 mM sodium phosphate, 0.5 M
NaCl, 20 mM imidazole, pH 7.4), lysozyme was added with phenylmethylsulfonyl
fluoride (PMSF) and Protease Inhibitor Cocktail in DMSO (Sigma Aldrich #P8849-1ML)
and incubated for 30 mins on ice. The resuspension was transferred to 15mL Polystyrene
Falcon Tubes and placed in a Bioruptor sonicator on the high setting at 30 seconds on/ 30

seconds off intervals for 15 minutes. The lysate was centrifuged at 15,000 g for 10

12



minutes, then run through a 0.45 um syringe filter to remove cell and other debris. The
lysate was equilibrated with binding buffer (1:2 ratio) and added to a 1 mL HisTrap
HP™ purification column. After washing with binding buffer per the manufacturer’s
protocol, the purified protein was eluted using elution buffer (20 mM sodium
phosphate, 0.5 M NaCl, 500mM imidazole, ImM DTT, 5mM glycerol, pH 7.4). The first
0.5 mL of eluate was discarded, and the next 2.5 mL of eluate was collected for
downstream analysis. SDS-PAGE gels were run to determine purity, and Bradford assay
(BioRad #5000201) was run for quantification (Bradford 1976). A buffer exchange into
PD-10 buffer, which is elution buffer lacking imidazole is done using Amersham PD-10

columns.

3.5 Kinetic assays

Previous studies of closely related threonine deaminase orthologs have shown
that they follow Michaelis-Menten laws in the absence of allosteric inhibitors (Sharma
and Mazumder 1970; Wessel et al. 2000). The velocity is calculated
spectrophotometrically by measuring the amount of the product, a-ketobutyrate,
produced. A modified version of the Sharma and Mazumder (1970) and Kang et al.
(2006) procedures was used to calculate amount of product produced over time.
Standard assays were run in a 200 uL mixture containing 100 mM Tris-HCl buffer pH 9,
100 mM K], varying amounts L-threonine, 2ng of enzyme, and incubated for 10

minutes at 30°C. The amounts of L-threonine were 200, 125, 100, 75, 50, 25, 12.5, and 2.5

13



mM. The reaction was stopped using 160 uL of cold (4°C) 7.5% trichloroacetic acid and
protein precipitates were removed by centrifugation at 10,000g for 2 min. The
supernatant was transferered to a new tube and 400 pL of 0.05% of 2-4-
dinitrophenylhydrazine in 1 N HCI was added to the reaction and incubated for 10
minutes. 10 mL of 0.4 N NaOH is added, mixed well, and incubated for 20 minutes. The
reaction read in a Beckman DU600 spectrophotometer at 505 nm. A non-linear
regression was fitted the data (independent: substrate concentration [mM], dependent:
velocity [S/min]) using the package DRM in R (Ritz et al. 2015). A one-way ANOVA was
performed in python to determine significance with enzyme as a fixed factor. If the
ANOVA was significant, a Tukey’s Honest Significance Test was performed to identify

which of the enzymes were significant (Appendix F).

3.6 Stability assays
3.6.1 Thermostability assay

This assay incubated the enzyme at a constant temperature and then used an
activity assay (See 3.6.1 below) to assess the amount of product produced, where higher
product indicates more activity. The enzyme was incubated for 20 minutes at

temperatures ranging from 30°C— 90°C.
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Table 2: Buffer systems for pH assay

pH buffer system

3 citric acid
4 citric acid
5 citric acid
6 sodium phosphate
7  sodium phosphate
8 sodium phosphate
9 borax-HClI
10 sodium bicarbonate
11 sodium bicarbonate
12 KCI-NaOH
13 KCI-NaOH

3.6.2 pH assay

The pH assay assesses the product produced by the enzyme at a given pH.
Unlike the thermostability assay, the pH assay adds enzyme directly to buffer
containing the desired pH. The assays were performed at 30°C with the buffer systems

in Table 2.

3.6.3 Protease assays

The protease assay is intended to test the effects that chymotrypsin has on the
stability on the enzyme. The enzyme is incubated with a-Chymotrypsin from bovine
pancreas (Sigma-Aldrich C4129) at a 1:1 molar ration for 2 hours. It was then followed

with an activity assay.

15



3.6.4 Activity assays

The activity assay was performed under standard conditions: pH 9 and 30°C. 190
uL of reaction buffer (100 mM Tris-HCl, pH 9, 100 mM KCl, 250 mM L-Threonine) was
quickly mixed with 10 uL of 20pg/mL enzyme and placed in the water bath for 5
minutes. The reaction was stopped and product measured as in the Kinetic assays. All
statistical analysis for the stability assays were performed using both the SciPy and
pyvttbl packages in Python (Appendix G). For the temperature, pH, and protease assays
I used a balanced design two factor ANOVA with either temperature, pH, or protease as
the first fixed factor, respectively, and enzyme (i.e. which mutant) as the second fixed
factor to determine their effects and interaction effects on the outcome of the activity

assays. The distributions of the residuals were checked for normality.

16



4. Results

4.1 Kinetic results

Research on threonine deaminase in Solanaceae and other organisms have
concluded that in the absence of the allosteric inhibitor (isoleucine), threonine
deaminase follows Menten-Michaelis kinetics (Sharma and Mazumder 1970; Wessel et
al. 2000). I calculated the Menten-Michaelis kinetic parameters of Kct, Km, and the ratio
Ket/Km for SITD2 and the mutants. Figure 5 shows the results, with the Kt of SITD2,
which is in close range of what has been previously reported (Vigil-Gonzales et al. 2011).
This suggests that although the assays used to obtain the kinetic data were modified in
comparison to the methods in Gonzales-Vigil et al. (2011), the results for SITD2 are

comparable.

17
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Figure 5: Menten-Michaelis Kt parameter for the four enzymes tested. Bars represent
standard errors of the mean.
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Table 3: A.) One-way analysis of variance (ANOVA) on the Kt comparison of
the four enzymes. B.) Tukey’s Honest Significance Test to identify which enzymes
were significant.

A.
Source of Sum of Degrees of Mean
Variation Squares Freedom Squares F P-value
Treatments 5663.834 3 1887.945 19.80 <.001
Error 762.725 8 95.341
Total 6426.559 11
B. Tukey HSD: Table of g-statistics
Mutl Mut2 Mut3 SITD2
Mutl 0 8.51 ** 0.33 ns 0.77 ns
Mut2 0 8.84 ** 9.28 **
Mut3 0 0.45 ns
SITD2 0

+p <0.1(g-critical[4, 8] = 3.83462999257)
* p < 0.05 (q-critical[4, 8] = 4.52927264085)
** p <0.01 (g-critical[4, 8] = 6.20441601908)

Figures 5-7 shows the plots for each Menten-Michaelis parameter for SITD2 and
each mutant. Significance was tested for each parameter with a one-way ANOVA and
followed with a Tukey’s means test to find which mutant differed significantly from the
others and from SITD2. The Kt parameter showed a significant difference (Fig. 5) but
the other two parameters did not indicate a significant difference amongst the enzymes
tested (Fig. 6, 7). Mutant 2 was significantly different from the rest of the mutants and

SITD2, showing a lower Keat rate than the others (Fig. 5, Table 3). This suggests that

removing the critical ion pair between D100 and K245 affected the activity of this SITD2

19



mutant, slowing down how much substrate gets catalyzed per second. Mutant 1 and

Mutant 3 did not have significant differences from the kinetic parameters of SITD2.

0.55 K

m
0.50 -
uM

0.45

0.40 —

0.35 — n.s.

p >0.05
0.30 - | | [ |
TD2 Mut 1 Mut 2 Mut 3

Figure 6: Menten-Michaelis Knm parameter for the four enzymes tested. Bars
represent standard errors of the mean.
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Table 4: One-way analysis of variance (ANOVA) on the Kin comparison of the
four enzymes.

Source of Sum of Degrees of
Variation Squares Freedom Mean Squares F P-value
Treatments 0.02 3 0.007 1.773 0.23
Error 0.03 8 0.004
Total 0.049 11

21
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Figure 7: Menten-Michaelis Kct/Km ratio for the four enzymes tested. Bars
represent standard errors of the mean.
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Table 5: One-way analysis of variance (ANOVA) on the K«t/Km comparison of
the four enzymes.

Source of Sum of Degrees of Mean
Variation Squares Freedom Squares F P-value
Treatments 94725.893 3 31575.298 3.625 0.064
Error 69691.911 8 8711.489
Total 164417.804 11
4.2 Stability

One of the main objectives of this study was to test the effects of each critical ion
pair on stability of the SITD2 enzyme. Studies have shown that critical ion pairs increase
the thermostability of enzymes, particularly in those enzymes from thermophiles and
psychrophiles (Szilagyi and Zavodszky 2000; Bae and Phillips 2004). I designed a set of
tests to understand the effect of critical ion pairs on stability. The general principle was
to first stress the enzymes to destabilize them, and then tests how stable the mutants
were after the stressed phase in comparison to SITD2 by testing how active the enzymes
were after applying the stressor. If there was a loss of stability, the stress would
denature a certain amount of the enzyme which would be noticeable in the activity tests
by lowered activity. This assumes that a denatured enzyme is unlikely to refold
properly, and indeed, tests on SITD2 and mutants that were completely denatured by

heat did not refold properly when returned to normal temperature (not shown).
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4.2.1 Temperature assay
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Figure 8: Activity vs Temperature for each enzyme tested from 30 to 90 C. Error
bars are standard error of the mean.

This first stability test performed tested stability across a temperature gradient. I
set up an enzyme assay to test the activity left of the enzyme after exposure to a certain
temperature for 20 minutes to determine how much of the enzyme stayed active. Figure
8 shows the results of this assay, with temperature ranges tested from 30°C (standard
conditions) to 90°C. Adding this much energy to the system increases entropy, and thus,
disorder of the enzyme leading to irreversible denaturation. The plot does not show an

overall large difference between the four enzymes in activity. Results show that Mutant
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Table 6: Two-way ANOVAs of activity by enzyme and temperature.

A All four enzymes
Sumof  Degrees of
Squares Freedom F PR(>F)
Enzyme 0.006864 3 16.443852 <0.001
Temp 1.531776 8 1376.195747 <0.001
Enzyme*Temp 0.014283 24 4.277325 <0.001
Residual 0.010017 72
B. TD2 vs Mutant 1
Sumof  Degrees of
Squares Freedom F PR(>F)
Enzyme 0.000845 1 6.156742 0.018
Temp 0.795808 8 724.422152 <0.001
Enzyme*Temp 0.002495 8 2.270912 0.044
Residual 0.004943 36
C. TD2 vs Mutant 2
Sumof  Degrees of
Squares Freedom F PR(>F)
Enzyme 0.001311 1 7.137253 0.011
Temp 0.80967 8 550.79041 <0.001
Enzyme*Temp 0.002373 8 1.613944 0.155
Residual 0.006615 36
D. TD2 vs Mutant 3
Sum of  Degrees of
Squares Freedom F PR(>F)
Enzyme 0.006678 1 47.143746 <0.001
Temp 0.784185 8 692.030888 <0.001
Enzyme*Temp 0.005875 8 5.184284 <0.001
Residual 0.005099 36
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3 has a noticeable initial percentage drop in activity when temperature increased from
30°C to 40°C. Further, Mutant 3 tends to at a higher activity level than the other
enzymes, including SITD2. Additionally, Mutant 2 starts at a lower activity level than all
the other enzymes at 30°C and remains below the other enzymes until around 80°C. I
performed a two-way analysis of variance (ANOVA) to tease apart the effects that
temperature has in conjunction with the enzyme on the measured activity of the
temperature assay. Tables 6A-D show the results of the statistical analysis. Table 6A
shows that with all enzymes tested there is a significant effect of enzyme, temperature,
and a significant interaction between enzyme and temperature.

To further assess which enzymes are driving this and to see if it is different from
SITD2, I performed a two-way ANOVA of each mutant against SITD2 (Tables 6B-D). All
of these comparisons showed a significant enzyme and temperature effect. Mutant 1 and
Mutant 3’s effects were both significantly higher (i.e. increased activity) for the effects of
enzyme, temperature, and enzyme*temperature, perhaps suggesting that these two
critical ion pairs destabilize SITD2. On the other hand, Mutant 2 was significant but in
the opposite direction. Mutant 2 had significant lower activity, suggesting that the

second critical ion pair stabilizes the enzyme.
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4.2.2 pH assay
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Figure 9: Activity vs. pH assay for all four enzymes across pH of 3 to 13. Error
bars represent standard error of the mean.

In addition to testing the increase in thermostability of each mutation, it is
possible that the critical ion pairs could play a role in the high activity of SITD2 in
alkaline conditions. Considering that SITD?2 is primarily active in the lepidopteran gut
with pH’s ranging from 8-10, it is very plausible that the critical ion pairs provide the
stability needed to survive the harsh alkaline environment (Berenbaum 1980). Thus, I
hypothesized that the critical ion pairs may play a role in increasing stability in higher

pH environments. To test pH, an activity assay was run in triplicate at standard
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conditions except for varying pH, which varied from acidic to very basic conditions (pH
3 to pH 13). Figure 9 shows the values of the assay with standard error of the mean
plotted. For all enzymes no significant activity was captured until pH 6, steadily rises to
a peak at pH between 8 and 10, and then decreasing in activity until pH 12 with a sharp
decline at pH 13 down to <10% activity. The highest pH activity was at pH 9, suggesting
that the enzyme is most efficient near this level of alkalinity, in line with previous
accounts of pH optimum in SITD2 (Gonzales-Vigil et al. 2011). Similarly to the
temperature assay, both Mutant 1 and Mutant 3 show higher levels of activity compared
to SITD2, particularly around pH 8-11. Conversely, Mutant 2 indicates it has lower
activity than the other mutants and TD2.

A two-way ANOVA was performed to analyze and confirm the differences
between the activity levels across the range of pH’s tested. Table 7A shows the results of
the two-way ANOVA for all four enzymes, indicating that there is a pH and Enzyme
effect, but no significant interaction effect of pH*Enzyme. The analysis was then applied
to each mutant against SITD2 (Table 7B-C). Mutant 1 has a significant Enzyme and pH
effect indicating that its higher activity across the pH ranges is driven by the removal of
the critical ion pair. This suggests that the first critical ion pair reduces activity across the
range of pHs, and perhaps plays a destabilizing role. Similarly, Mutant 3 shows a

significant Enzyme, pH, and pH*Enzyme interaction effect perhaps suggesting a
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destabilizing role. On the other hand, Mutant 2 only has a significant pH effect. This

suggests the second critical ion pair may increase stability.
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Table 7: Two-way ANOVA on activity by enzyme and pH.

All four enzymes

Sum of Squares Degrees of Freedom F PR(>F)
Enzyme 0.01473 3 6.42  <0.001
pH 5.556556 10 726.27 <0.001
Enzyme*pH 0.03481 30 1.52 0.069
Residual 0.067327 88
TD2 vs. Mutant 1
TD2 Vs CIP1
Sum of Squares Degrees of Freedom F PR(>F)
Enzyme 0.005127 1 5.63  <0.05
pH 2.889178 10 317.32 <0.001
Enzyme*pH 0.011949 10 131 0.254
Residual 0.040061 44
TD2 vs. Mutant 2
Sum of Squares Degrees of Freedom F PR(>F)
Enzyme 0.000244 1 0.25 0.623
pH 2.66641 10 268.47 <0.001
Enzyme*pH 0.008783 10 0.88 0.555
Residual 0.043701 44
TD2 vs. Mutant 3
Sum of Squares Degrees of Freedom F PR(>F)
Enzyme 0.006775 1 7.05  <0.05
pH 2.774618 10 288.75 <0.001
Enzyme*pH 0.021417 10 2.23 <0.05
Residual 0.04228 44
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4.2.3 Protease resistance assay
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Figure 10: Protease resistance assay using chymotrypsin to cleave protein
followed by an enzyme activity assay. Control was incubated without chymotrypsin
(uncleaved). Bars represent standard error of the mean.

Lastly, protease resistance plays an important role for the SITD2 enzyme to
survive the lepidopteran gut. In addition to surviving highly alkaline guts and varying
temperatures that the lepidopterans could experience, the enzyme must stay active
while being constantly assaulted by digestive proteases in the gut. It is critical that
SITD?2 be resistant to proteases, but it is a very difficult feat to achieve without
sacrificing much activity due to increased stability (Beadle and Shoichet 2002; Tokuriki
et al. 2008; Studer et al. 2014). The main digestive protease in the lepidopteran insect gut

that feed on Solanaceous plants are serine-based proteases which include
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chymotrypsins. Chymotrypsins are very effective at digesting the tomato housekeeping
copy of threonine deaminase (SITD1). Studies have shown that SITD1 does not survive
through the insect gut (Chen et al. 2007), and my own tests have revealed that SITD1 is
not detectable in SDS-PAGE after exposure to chymotrypsin (Appendix E). However,
SITD2 has evolved a mechanism to evade proteases in the insect gut while staying active
enough to deplete free threonine. Impressively, Chen et al. (2007) found that SITD2 was
still active after it had passed through the insect gut. Thus, I set out to test if critical ion
pairs played a role in protease resistance in the evolution of SITD2. I tested this by
incubating each of the enzymes with chymotrypsin, followed by an activity assay and
compared it to a control that lacked the chymotrypsin in the buffer.

Figure 10 compares the enzyme’s activity in the absence and presence of
chymotrypsin protease. Considering SITD1 is very susceptible to chymotrypsin
digestion (Gonzales-Vigil et al. 2011), it is likely to expect a decrease in activity of SITD2
exposed to chymotrypsin as tradeoff for the ability to remain active post proteolytic
cleavage. Surprisingly, SITD2 and all three mutants had a significant increase in activity
after protease exposure (Table 8). Previous research showed that the regulatory domain
on the C-terminal end of the protein is cleaved off in the insect gut, but the remaining
portion of the enzyme remains active (Gonzales-Vigil et al. 2011) . SDS-PAGE analysis
(Appendix E) confirmed that the chymotrypsin protease cleaved the enzymes used in

this study.
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Table 8: Two-way ANOVA on activity by enzyme and proteolytic cleavage.

All four enzymes

Sum of Degrees of
Squares Freedom F PR(>F)
Enzyme 0.227136 3 20.70 <0.001
Protease 0.113561 1 31.05 <0.001
Enzyme*Protease 0.004816 3 0.44 0.728284
Residual 0.058526 16
TD2 vs. Mutant 1
Sum of Degrees of
Squares Freedom F PR(>F)
Enzyme 0.029373 1 63.45 <0.001
Protease 0.041313 1 89.25 <0.001
Enzyme*Protease 0.000719 1 1.55 0.247857
Residual 0.003703 8
TD2 vs. Mutant 2
Sum of Degrees of
Squares Freedom F PR(>F)
Enzyme 0.055298 1 7.94 <0.05
Protease 0.060095 1 8.63 <0.05
Enzyme*Protease 0.00472 1 0.68 0.434271
Residual 0.055732 8
TD2 vs. Mutant 3
Sum of Degrees of
Squares Freedom F PR(>F)
Enzyme 0.039652 1 189.77 <0.001
Protease 0.041866 1 200.37 <0.001
Enzyme*Protease 0.000794 1 3.80 0.087
Residual 0.001672 8
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The two-way ANOVA found that there were no significant interaction effects of
the enzyme and proteolytic cleavage (Table 8B-C). However, for all four enzymes and
for each individual mutant tested against SITD2, the data revealed significant effects for
enzyme and for proteolytic cleavage. The enzyme effect for Mutant 1 and Mutant 2
compared to SITD2 were both higher, while the enzyme effect for Mutant 3 was lower.
This was a slightly different pattern from the pH and temperature assays, where Mutant
2 was lower and Mutant 3 was higher in activity in both assays. Overall, these results
show that the enzyme remains active after cleavage and, more importantly, the enzymes

increase their activity for each of the four enzymes tested.
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5. Discussion

Overall, this study examined the contribution that each of the three critical ion
pairs make to the enzymatic efficiency and stability of the TD2 enzyme in tomato.
Removal of the critical ion pairs did not significantly affect the kinetic parameters except
in the case of Mutant 2, where it showed a significant drop in Kt compared to SITD2
and the other mutants. However, the catalytic efficiency parameter, Kct/Km, was not
significantly different, perhaps suggesting that the evolution of the second critical ion
pair likely has little effect on activity and may have been selected for other reasons.
However, stability tests revealed a more complicated picture of the effects of the critical
ion pairs on SITD2. The temperature assays showed that at 30°C Mutant 2 had lowered
activity than SITD2, but Mutant 3 had a higher activity. The pH assay showed that
Mutants 1 and 3 were more active than SITD2, and Mutant 2 was lower than all the
others. And lastly, the protease assay revealed that the proteolytic cleavage of all the
enzymes lead to an increase in activity rate. These results suggest a complex interaction

and role for the critical ion pairs in the evolution of the SITD2 enzyme.

5.1 Kinetic parameters

The Menten-Michaelis parameters shown in Figures 5-7 overall suggest that
perhaps critical ion pairs do not affect kinetics directly. However, one significant
difference in the Mutant 2 Kt parameter was found (p < 0.001). The decline in activity of

Mutant 2 as observed in Figure 5 could be due to two phenomena occurring at the
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molecular level. First, it could be that removing this critical ion pair causes a lowered
affinity for the threonine substrate. However, if this was the case, it would also be
expected to see a change in the Km of Mutant 2, which is not the case. Second, the loss of
the critical ion pair is expected to make the enzyme more flexible and perhaps the loss of
rigidity in one part of the enzyme leads to an enzyme that is too flexible to be efficient at
turnover or at performing the deamination efficiently. Similarly, the loss of rigidness of
the enzyme could create a more disordered enzyme that may not fold correctly or may
not stay folded, leading to fewer active enzymes deaminating the substrate, which

would show the pattern I observed of a loss in Ket but not in Km in this enzyme.

5.2 Thermostability

The temperature assay used a range of temperatures, from the standard
condition of 30°C all the way to a range only enzymes from thermophilic organisms are
known to survive. SITD2 and the mutants all had quite high activity through about 80°C
or so. However, they did not perform the same across the temperature ranges. Both
Mutant 1 and Mutant 3 performed significantly higher across the temperature assay
than SITD2, and Mutant 2 was significantly lower. It is possible that the removal of the
critical ion pairs could both decrease stability or increase activity and depending on how
dominant one is over the other, the outcome could look like the critical ion pair helps in

increasing stability or affects activity but it can be doing both.
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Mutant 2 starts with a lower activity than the other enzymes at 30°C, and stays
below the other enzymes until they start to sharply decrease in activity at around 60°C.
While 60°C is not a realistic temperature that the enzymes would be facing in nature,
30—40°C is a realistic temperature that the enzyme would need to be able to keep stable
at in order to catalyze efficiently. Further, a secondary peak is observed at around 75°C,
which is likely explained by the increase in energy creating an increase in the activity of
the enzyme that allows it to overcome the loss of activity by denaturation of the enzyme
(Bisswanger 2014). It is difficult to conclude from these results that the critical ion pairs
individually evolved to specifically increase thermostability, but they do affect activity
levels at different temperatures and it could be that Mutant 2 did lose stability due to the

removal of the second critical ion pair.

5.3 Stability in high alkalinity

The pH assays tested if a change in pH lead to a large change activity. Enzymes
tend to have an optimal pH that maximizes the activity, all else being held constant.
SITD2 appears to be optimized to catalyze around pH 9, similar to the guts of the
lepidopteran herbivores it targets (Berenbaum 1980), SITD1 pH optimum is around pH 8
(Gonzales-Vigil et al. 2011). The pH assay was intended to test the hypothesis of whether
any of the critical ion pairs helped in either shifting the optimum pH of SITD2 or
generally provided more stability in order to stay active in higher alkaline

environments.

37



The pH assay did not detect any large shifts in optimal pH (Fig. 9). It may be that
the test was too coarse to identify such a shift, as pH’s in increments of whole integers
were tested and perhaps the critical ion pairs only changed pH optimums on the order
of 10! or smaller. It is very likely very many amino acid substitutions lead to the increase
in pH optimum outside of the critical ion pairs. However, the pH assays did detect
significant differences between the enzymes and pH levels in terms of activity
measured. A similar pattern as seen in the thermostability assay emerged: Mutants 1
and 3 had significantly increased activity compared to SITD2 at almost all pH levels
tested where activity was detected (Fig. 9, Table 7). This means that the first and third
critical ion pairs are both decreasing activity at these pH levels, which further suggests
that perhaps these critical ion pairs are destabilizing. Conversely, Mutant 2 displayed
lowered activity than all the other enzymes (Fig 9, Table 7). This supports the original
prediction that critical ion pairs increase stability as the second critical ion pair helps
increase activity when present.

The results from both the temperature and pH assays lead to an apparent
paradox. The results of Mutant 2 suggest that the evolution of the second critical ion pair
helped increase stability of SITD2. On the other hand, the results of Mutant 1 and
Mutant 3 suggest the opposite, the perhaps destabilize SITD2. The simple explanation is
that the role of critical ion pairs in stabilizing enzymes is misunderstood, but it is more

likely that their role is much more complex. The effect of the critical ion pair may
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depend on the context that they arise in. These epistatic effects are difficult to
understand, particularly intramolecularly, where they can be interacting with any of the
other amino acids in the enzymes, or multiple ones as well. One explanation is that
critical ion pairs 1 and 3 are interacting in an antagonistic epistatic manner with other
amino acids so that it experiences reciprocal sign epistasis. Clearly, the interactions of

these critical ion pairs are much more complex than originally thought.

5.4 Proteolytic cleaving of regulatory region of SITD2

Previous mass-spectrometry analysis has found SITD2 to be largely intact except
with the regulatory domain missing, and further tests confirmed that the regulatory
domain was cleaved off by proteases but the catalytic region remained unharmed and
still active (Chen et al. 2007). I hypothesized that the critical ion pairs played a role in
increasing stability of SITD2 catalytic domain in order to escape proteolytic degradation
(but allow regulatory degradation to avoid isoleucine regulation through negative
feedback, not tested here).

I found a surprising effect during the protease assay. All of the enzymes tested
showed an increase in activity after exposure to proteases (Fig. 10). This type of behavior
seems to be different than that of other enzymes that have been studied that go through
proteolytic cleaving. For instance, many digestive enzymes undergo proteolytic cleaving
(for instance, pepsins, trypsins, and chymotrypsins exist in an inactive zymogen form) in

order to become active but don’t exhibit any activity before cleavage (Scheid and
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Choppin 1974; Park et al. 2008). In this case, the enzyme is very active before proteolysis,
but catalytic activity is significantly increased when it undergoes proteolytic cleaving by
proteases.

It is likely that the protease resistance of the catalytic domain was a cause of
natural selection. While regulatory function is essential for non-defensive TD genes like
SITD1 to regulate activity in the plant cell, e.g. too much isoleucine is wasteful and may
not be needed, in the defensive SITD2, inhibition is no longer necessary and may
negatively impact its function. There are two apparent advantages to having the
regulatory domain cleaved. The first is that proteolytic cleaving removes inhibition by
isoleucine, which is present in the gut of the herbivore, thus allowing the enzyme to
perform at maximum efficiency. The second is that it increases the activity of the
enzyme, since in the presence of the regulatory domain apparently inhibits activity, even
in the absence of isoleucine. The higher activity could be a result of greater flexibility of
the enzyme without an extra 195 amino acids added on the C-terminal of the enzyme.
One can also imagine that there may have been a tradeoff of trying to keep both the
catalytic and regulatory domain protected from digestion, but allowing the regulatory
region to be removed could have allowed selection to more easily optimize catalysis and
stability of the catalytic. Further studies in assessing the Menten-Michaelis parameters
and performing temperature and pH assays for the cleaved enzyme would be

informative to better compare the activity of pre and post-cleaved SITD2. In addition, all
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three critical ion pairs are found in the catalytic region of the enzyme, and thus while
testing singly mutations that removed these ion pairs revealed some small effects of
stability, it could be that their effects are larger in the cleaved enzyme.

Of further note is that Mutant 3 resulted in lower activity than all the other
enzymes in both treatments of the protease assay (cleaved and uncleaved). This is
somewhat surprising based on the previous results of the temperature and pH assays,
where Mutant 3 had as high or higher activity than the other enzymes and significantly
higher activity than SITD2. This result could be due to the long incubation period for the
protease assay (2 hours) in comparison to much smaller incubation periods in the other
assays. This could have led to more denaturation if Mutant 3 was less stable (but more
active due to increased flexibility as observed in previous tests). This is consistent with
the idea that the third critical ion pair provided stability to the enzyme, but at a cost of
activity —thus removing the critical ion pair results in an enzyme with lower stability
but higher activity.

An alternate argument may propose that the lack of large effect differences
between SITD2 and the mutants suggests that the critical ion pairs are effectively neutral
and arose and fixed through genetic drift. While it could be the case that the critical ion
pairs are not playing a role in affecting activity or stability in the enzyme, it seems
somewhat unlikely that all three arose through genetic drift when much evidence in the

literature show ionic pairing affects stability, and sometimes activity, due to the nature

41



of the ionic pair bond and ANOV As suggested significant effects in the stability of the
different mutants (Bosshard et al. 2004). It is also likely that some of the effect sizes may
have been too small to detect efficiently with the methods of this study. This could be
due to the sensitivity in of the instruments, or the setup or execution of the assays.
Enzymology also uses unrealistically large amounts of substrate and enzyme that would
never be found in biological systems in order to be able to measure the results. This
could either increase or decrease the real differences between enzymes when measured
in the manner as done in this study. Further, it is difficult to recreate the natural system
in an in vitro experiment that the enzyme is active in, which could lead to losing the
ability to detect the smaller effect sizes.

Another possibility is that the critical ion pairs could be essentially neutral on
their own but are synergistically affecting either activity or stability of the enzyme.
Epistatic interactions of this nature are widespread in molecular evolution, and the
epistasis could be between two critical pairs or between a critical ion pair and non-
ionically paired intramolecular residue. Finding the latter would be very time intensive
as the vast majority of the residues in SITD2 are not ionically paired and at this time no a
priori data exists to help limit which residues might be interacting epistatically with the
critical ion pairs. One opportunity to follow up on is to test if any two, or all three, of the
three critical ion pairs are synergistically affecting stability or activity in SITD2. This

scenario may be more likely than any of the others mentioned as synergistic effects have
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been found in other ion pairing enzymes, usually with the higher number of ionic pairs
an enzyme has the more stable it is (Vogt et al. 1997; Szildgyi and Zavodszky 2000;

Bosshard et al. 2004).
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6. Conclusion

This study hypothesized that the SITD2 enzyme evolved three critical ion pairs
to increase stability of the enzyme in its new environment of the lepidopteran herbivore
gut, albeit at a potential cost to activity. Kinetic assays showed little effects of the critical
ion pairs on activity except for critical ion pair 2, as Kt decreases without this ion pair.
The temperature and pH stability assays showed that the Mutations 1 and 3 were more
active, but Mutation 2 was less active possibly due to its role in added stability to the
SITD2 enzyme. While the protease showed the cleaved version was more active than the
uncleaved version for all the enzymes tested. This was surprising and may suggest that
this functionality was selected for. Overall, the evidence points to some, if small, role of
the critical ion pairs in SITD2 were found to affect both activity and stability, with a
possible trend toward an activity vs. stability tradeoff with Mutant 2. Further testing of
double and triple mutants and of the cleaved versions of these enzymes against the
uncleaved versions may reveal contributions of the critical ion pairs that were not

observable in the testing done in this study.
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Appendix A: Phylogeny with ion pair residues mapped
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Appendix B: PAML codeml.ctl file

codeml.ctl:
seqfile =tdalignment.phy * sequence data filename
treefile = GTRIG.tre ~ * tree structure file name
outfile =1g_mlc * main result file name

noisy =9 *0,1,2,3,9: how much rubbish on the screen
verbose =2 * 0: concise; 1: detailed, 2: too much
runmode =0 * 0: user tree; 1: semi-automatic; 2: automatic
* 3: StepwiseAddition; (4,5):PerturbationNNI; -2: pairwise

seqtype =2 * 1:codons; 2:AAs; 3:codons-->AAs
CodonFreq=2 *0:1/61 each, 1:F1X4, 2:F3X4, 3:codon table

* ndata =10
clock =0 * 0:no clock, 1:clock; 2:local clock; 3:Combined Analysis
aaDist =0 * O:equal, +:geometric; -:linear, 1-6:G1974,Miyata,c,p,v,a
aaRatefile =1g.dat * only used for aa seqs with model=empirical(_F)
* dayhoff.dat, jones.dat, wag.dat, mtmam.dat, or your own

model =3
* models for codons:
* 0:one, 1:b, 2:2 or more dN/dS ratios for branches
* models for AAs or codon-translated AAs:
* 0:poisson, 1:proportional, 2:Empirical, 3:Empirical+F
* 6:FromCodon, 7:AAClasses, 8:REVaa_0, 9:REVaa(nr=189)

NSsites =0 * 0:one w;1:neutral;2:selection; 3:discrete;4:freqs;
* 5:gamma;6:2gamma;7:beta;8:beta&w;9:beta&gamma;
*10:beta&gamma+l1; 11:beta&normal>1; 12:0&2normal>1;
* 13:3normal>0

icode =0 * O:universal code; 1:mammalian mt; 2-10:see below
Mgene =0
* codon: O:rates, 1:separate; 2:diff pi, 3:diff kapa, 4:all diff
* AA: Orates, 1:separate

fix_kappa =0 *1: kappa fixed, 0: kappa to be estimated
kappa =2 *initial or fixed kappa
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fix_omega =0 *1: omega or omega_1 fixed, 0: estimate
omega = .4 * initial or fixed omega, for codons or codon-based AAs

fix_alpha =0 * 0: estimate gamma shape parameter; 1: fix it at alpha
alpha = 0.5 * initial or fixed alpha, O:infinity (constant rate)
Malpha =0 * different alphas for genes
ncatG =4 * # of categories in dG of NSsites models

getSE=0 *0: don't want them, 1: want S.E.s of estimates
RateAncestor =1 *(0,1,2): rates (alpha>0) or ancestral states (1 or 2)

Small_Diff = 5e-6
cleandata =0 * remove sites with ambiguity data (1:yes, 0:no)?
* fix_blength =-1 * 0: ignore, -1: random, 1: initial, 2: fixed
method =0 * Optimization method 0: simultaneous; 1: one branch a time

* Genetic codes: O:universal, :mammalian mt., 2:yeast mt., 3:mold mt.,
* 4: invertebrate mt., 5: ciliate nuclear, 6: echinoderm mt.,

*7: euplotid mt., 8: alternative yeast nu. 9: ascidian mt.,

*10: blepharisma nu.

* These codes correspond to transl_table 1 to 11 of GENEBANK.
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Appendix B: PAML GTRIG.tre file

((((((((S_MELO_TD1:0.04308098, ((((S_ARCANUM_TD1:0.00709077,S_LYCO
_TD1:0.00572077):0.00663446,S_SITI_TD1:0.00496974):0.00324140,(S_BULB_TD1:0.005637
74,S_TUBE_TD1:0.00656244):0.00182541):0.02167222,S_DULC_TD1:0.01649321):0.001967
28):0.00443696,5_AVIC_TD1:0.01309764):0.00774421,(J_LPROCUMB_TD1:0.01683931,5_PS
EU_TD1:0.02028851):0.01537710):0.00583645,((CAPSIC_TD1:0.04200949,IOCHRO_TD1:0.
02675163):0.01254769,(L_BARB_TD1:0.04617420,N_PHYS_TD1:0.02296457):0.00659868):0
.00253744):0.02873347,((N_ATTEN_TD1:0.00403127,(N_SYLV_TD1:0.00072530,N_TABA
_TD1B:0.00987694):0.00825433):0.00300363,N_BENT_TD1:0.01711007):0.00478417,(N_TA
BA_TD1A:0.00000107,N_TOME_TD1:0.00000163):0.01162275):0.02615045):0.01506652, PE
TUNIAT1:0.05854353):0.04841059,(((CAPSIC_TD3:0.06434373,((S_LYCO_TD3:0.02809184,
S_TUBE_TD3:0.01198821):0.03862511,5_MELO_TD3:0.08399964):0.03150791):0.04566438, (
(N_ATTEN_TD3:0.01325955,N_SYLV_TD3:0.00771854):0.01372446,(N_TOME_TD3B:0.00
000107,N_TOME_TD3A:0.00000107):0.01363398):0.04311311):0.02204730, PETUNIA3:0.10
379818):0.06291232):0.02729305, ((((AQUILEGIA:0.33141602,((((A_THALIANA:0.0358822
7,CAPSELLA_RUBELLA:0.07338143):0.24463469, CUCUMUS_SATIV A:0.22384003):0.052
18114, ((((CICER_ARIETINUM:0.11589514 MEDICAGO:0.11271417):0.07455121,GLYCIN
E_MAX:0.11065973):0.10797040,(FRAGARIA_VESCA:0.15115846, MALUS:0.12196614):0.
07911366):0.02553851,(POPULUS_TRICHOCARPA:0.10734544, RICINUS_COMMUNIS:0
.12487268):0.04223310):0.00537276):0.05535949, VITIS_VINIFERA:0.17749354):0.01568796)
:0.04665378,(HELIANTHUS_ANNUUS:0.10764313,(LACT_SATIVA:0.00401604,LACT_S
ERIOLLA:0.00078020):0.13242815):0.16775165):0.05342599, MIMULUS_GUTTATUS:0.200
60292):0.04568539,((I_BATATAS:0.00370896,1_LAC_1:0.00656587):0.19318607,1_LAC_2:0.
15264047):0.06825943):0.07212409):0.02136572, (((N_ATTEN_TD4:0.01170204,N_TOME_
TD4:0.02027651):0.00006361,N_BENT_TD4:0.03795853):0.04609178,5_TUBE_TD4:0.14828
109):0.02054287, PETUNIA4:0.09444473):0.05785388):0.23972468,((N_ATTE_TD2:0.004195
30,N_BENT_TD2A:0.00960504):0.00795493,(N_BENT_TD2B:0.03156079,(N_SYLV_TD2:0.
00000204,N_TABA_TD2:0.00000107):0.01803791):0.00855680):0.06517261):0.08042857, (IO
CHRO_TD2:0.04819149,L.__BARB_TD2:0.09892918):0.00005208):0.03043091, CAPSIC_TD2:
0.32284480):0.05622179,((S_DULC_TD2:0.08739358,5_MELO_TD2:0.09664139):0.05136292
,S_PSEU_TD2:0.21095288):0.04533327):0.09979614,(S_BULB_TD2:0.05949239,5_TUBE_TD
2:0.02337703):0.01699246):0.06407454,5_LYCO_TD2:0.01387281,5_PERU_TD2:0.01387348)
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Appendix D: PAML tdalignment.phy file

69 1605

AQUILEGIA CAGCCAATA---
ATGAAAAGGGTTACAACAGATTCGCTTCAATAT---
AGTGGATATCTTGGAGCTCCTGAGAAATCACCTGATTTTAATGATAGA -
TACTTGACCAATATATTAACTTCTAAGGTTTATGATGTTGCTATTGAATCACCATT
GCAGTTTGCAACTAAGCTTTCTCAAAGACTTGGTACTAATATTTGGCTTAAAAGA
GAAGATATGCAACCAGTTTTCTCATTTAAGTTGCGAGGAGCTTACAACATGATG
GCAAAACTTACAAGGGAGCAACTGGACCGCGGGGTTATATGCTCTTCTGCTGGG
AACCATGCACAAGGTGTTGCATTAGCTGCTCGCAAACTCGGGTGTGACGCAGTG
ATTGTTATGCCTGTCACAACGCCAGAAATTAAGTGGAAATCTGTTGAGAGGCTT
GGTGCAACTGTTGTCCTTAAAGGGGATGCCTACGATGAAGCCCAAGCACATGCT
AAACAACGGAGTGAATTGGAAGGTCGGACGTTTATACCTCCTTTTGATCACCCA
GATGTCATTGTGGGGCAGGGAACAGTTGGGATGGAGATTTTGCGTCAAGCAGAC
GAATCACTGCATGCGGTCTTTGTCCCTGTGGGTGGTGGCGGATTGATAGCCGGAG
TTGCTTCATATTTGAAGCAGGTTTCACCAAAGGTCAAGATCATTGGAGTGGAGCC
AGCTGATGCAAATGCTTTGGCGTTGTCCTTCCATCATGGGCAGAGAGTCATGCTG
GAGCAGGTGGGAGGCTTTGCAGATGGTGTAGCTGTAAAAGTTGTTGGAGAAGAA
ACTTTCCGTTTGTGCAGAGAGTTGGTAGATGGAGTAGTTCTTGTCAGCAAAGATG
CTATATGTGCATCAATAAAGGATATGTTTGAGGAAACAAGGAGCATTTTGGAAC
CAGCGGGGGCTCTTGCCCTAGCTGGAGCAGAAGCATACTGCAAATTTTATGGTC
TCAAGGGCGAAAATGTCGTTGCACTAACCACTGGCGCAAACATGAACTTTGATA
GACTGAGGCTGGTAACTGAACTTGCCGATGTTGGTCGGCAGAGAGAGGCTGTCC
TTGCAACTTGCATCCCAGAAGAGCCAGGAAGCTTTAAGAAGTTTTGTGAACTGG
TGGGTAAGATGAATATTACAGAGTTCAAATACAGATATGACGATAGGGAGAAA
GAAGCTCTTGTTCTGTACAGTGTCGGCCTTCACACAGTTTGTGACCTTACAGCAA
TGGTGGAGCGGATGGTATCTTCCAAACTTAAAACAAAG-
AATTTACGTCAAATGCCTTGGTTAAAGAACACCTGCGGCATCTGGTGGTGGGAA
GCTCAAAGGTTCCAAATGAGCGGCTCTTTCAATTTGTCTTCCCAGAAAGACCAG
GCGCTCTGATGAAATTTTTGGACGCTTTAAGTCCGAGATGGAACATCAGTTTGTT
CCATTACCGATCACAGGGTGAAACAGGTGCAAATGTCTTGGTGGGTATCCAAGT
TCTAATTTCTGAGTTGGACGAGTTCCATAGTCGTGCCAGTAGTCTTGGATTTGATT
ACACAGATGAGACATATACGTCCTTAAGAGATCTTCTGATGCTA

A_THALIANA
CTTCCTTTACCACGTCTTAAGGTCTCTCCGAATTCGTTGCAATACCCTGCCGGTTA
CCTCGGTGCTCCAGAACGTACGAACGAGGCTGAGAACGGGAAG---
ATGGAGTATTTGACGAATATACTGTCCACTAAGGTTTACGACATCGCCATTGAGT
CACCACTCCAATTGGCTAAGAAGCTATCTAAGAGATTAGGTGTTCGTATGTATCT
TAAAAGAGAAGACTTGCAACCTGTATTCTCGTTTAAGCTTCGTGGAGCTTACAAT
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ATGATGGTGAAACTTCCAGCAGATCAATTGGCAAAAGGAGTITATCTGCTCTTCA
GCTGGAAACCATGCTCAAGGAGTTGCTTTATCTGCTAGTAAACTCGGCTGCACTG
CTGTGATTGTTATGCCTGTTACGACTCCTGAGATAAAGTGGCAAGCTGTAGAGA
ATTTGGGTGCAACGGTTGTITCTTTTCGGAGATTCGTATGATCAAGCACAAGCACA
TGCTAAGATACGAGCTGAAGAAGAGGGTCTGACGTTTATACCTCCTTTTGATCAC
CCTGATGITATTGCTGGACAAGGGACTGTTGGGATGGAGATCACTCGTCAGGCT
AAGGGTCCATTGCATGCTATATITGTGCCAGTTGGTGGTGGTGGTTTAATAGCTG
GTATTGCTGCTTATGTGAAGAGGGTTTCTCCCGAGGTGAAGATCATTGGTGTAGA
ACCAGCTGACGCAAATGCAATGGCTTTGTCGCTGCATCACGGTGAGAGGGTGAT
ATTGGACCAGGTTGGGGGATTTGCAGATGGTGTAGCAGTTAAAGAAGTTGGTGA
AGAGACTTTTCGTATAAGCAGAAATCTAATGGATGGTGTTGTTCTTGTCACTCGT
GATGCTATTTGTGCATCAATAAAGGATATGTTTGAGGAGAAACGGAACATATTG
GAACCAGCAGGGGCTCTTGCACTCGCTGGAGCTGAGGCATACTGTAAATATTAT
GGCCTAAAGGACGTGAATGTCGTAGCCATAACCAGTGGCGCTAACATGAACTTT
GACAAGCTAAGGATTGTGACAGAACTCGCCAATGTCGGTAGGCAACAGGAAGC
TGTTCTTGCTACTCTCATGCCGGAAAAACCTGGAAGCTTITAAGCAATTTTGTGAG
CTGGTTGGACCAATGAACATAAGCGAGTTCAAATATAGATGTAGCTCG---
GAAAAGGAGGCTGTTGTACTATACAGTGTCGGAGTTCACACAGCTGGAGAGCTC
AAAGCACTACAGAAGAGAATGGAATCTTCTCAACTCAAAACTGTCAATCTCACT
ACCAGTGACTTAGTGAAAGATCACCTGCGTTACTTGATGGGAGGAAGATCTACT
GTTGGAGACGAGGTTCTATGCCGATTCACCTTTCCCGAGAGACCTGGTGCTCTAA
TGAACTTCTTGGACTCTTTCAGTCCACGGTGGAACATCACCCTTTTCCATTACCGT
GGACAGGGTGAGACGGGCGCGAATGTGCTGGTCGGGATCCAAGTCCCCGAGCA
AGAAATGGAGGAATTTAAAAACCGAGCTAAAGCTCTTGGATACGACTACTTCTT
AGTAAGTGATGACGACTATTTTAAGCTTCTGATGCAC

CAPSELLA_RUBELLA
CCTCCTCTGCCACGTCTCAAGGTCTCTCCGAGCTCGTTGCAATACCCTGCCGGTT
ATCTCGGTGCTCCGGAGCGTACGAACGATCCGGAGAACGGGAGG---
ATGGAGTATTTGACGAATATACTGTCCACTAAGGTTTACGACATCGCCATTGAGT
CACCACTCCAGTTGGCAAAGAAGCTGTCTAAGAGGTTAGGTGTTCGGATGCTTCT
CAAAAGAGAAGACTTGCAACCTGTTTTCTCGTTTAAGC--
CGTGGAGCTTACAATATGATGGTGAAACTTTCAGCGGATCAGTTGGCAAAAGGA
GTTATCTGCTCCTCAGCTGGAAACCATGCTCAAGGAGTTGCTTTAGCTGCTAGTA
AACTTGGCTGCAATGCTCTGATTTTTATGCCTGTTACAACCCCAGAGATCAAGGT
ACTTTCTTTITTAAGCTTTCTCCATGTGTTGAATCCTCTCGGTGATACGTATGATG
AAGCACAAGAACATGCTAAGAAACGAGCTGAAGAAGAGGGTCTGACGTTTATA
CCTCCTTTTGATCACCCGGATGTITATTGCTGGACAAGGGACTATTGGGATGGAGA
TCACTCGTCAGGCTAAGGGTCCATTGCATGCTATATTITGTGCCAGTTGGTGGTGG
TGGTTTAATAGCTGGCATTGCTGCTTATGTGAAGAGGGTTGCTCCCGAGGTGAAG
ATCATTGGTGTAGAACCAGCTGATGCAAATGCAATGGCATTGTCGCTGCATCAC
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GGTGAGAGGGTCATATTGGACCAGGTTGGTCGATTTGCAGACGGGGTTGCAGTT
AAAGAGGTTGGTGAAGAGACTTTTCGTATAAGCAGAAACCTAATGGATGGTGTT
GTTCTTGTCACACGTGATGCTATTTGTGCATCAATAAAGGATATGTTTGAGGAGA
AACGGAACATATTGGAACCAGCAGGAGCTCTCGCTCTCGCTGGAGCTGAGGCAT
ACTGCAAATATTATGGCCTAAAAGACGTGAATGTCGTAGCCATAACCAGTGGTG
CAAACATGAACTTCGACAAGCTAAGGATTGTGACAGAACTCGCCAATGTCGGTA
GGCAACAGGAGGCTGTTCTTGCTACTCTCATGCCGGAAAAACCTGGAAGCTTITA
AGAAATTCTGTGAACTGGTTGGACCGATGAACATAACAGAGTTCAAATACAGAT
GTAGCTCAGAAAAGGAG---
GCTGTTGTCCTATACAGTGTTGGAGTTCACACAGCCGATGAGCTCAAAGAACTA
CAGAAGAGAATGGAATCCTCTCAACTTAAAACTGTCAATCTCACAACCAGTGAC
TTAGTGAAAGATCACCTGCGTTACTTGATGGGTGGAAGATCAAGTGTTGAAGAC
GAGGTTCTATGCCGATTCACCTITTCCCGAGAGACCTGGTGCTCTAATGAACTTCT
TGGACTCTTTGAGTCCACGTTGGAACATAAGCCTTTTCCATTACCGTGGACAGGG
TGAGACGGGCGCAAATGTGCTGGTGGGGATCCAAGTACCAGAGCAAGAAATGG
AGGAATTTAAAGACCGAGCAAAAGCTCTTGGATACGAATACTTCTTGGTAAGTG
ATGACGAGAATTTTCAGCTTCTGATGCAC

VITIS_VINIFERA
CCAGTCCCTCCTCTCAAGAGGGTCTCGTCCGATTCTCTGCAATACCAGCCCGGTT
GCATCGGCGCTCCTGATAGAACGATTCATGATGGCATAGAGGGG---
ATGGAGTACTTAACCAACATACTGTCTTCCAAGGTGTATGATGTTGCCATCGAGT
CACCGTTGCAGTTAGCGCCAAAGCTCTCCGAAAGGCTTGGCGCTCAAATCTGGC
TCAAGAGAGAGGATTTACAACCCGTATTTTCCTTCAAGCTCCGTGGTGCITATAA
TATGATGGCAAAAATTCCAAAAGAACAGTTGGAAAGAGGGGTTATCTGCTCTTC
AGCAGGAAATCATGCACAAGGGGTTGCATTAGCTGCAAAGCGACTTGGTTGCAA
TGCTGTGATTGCTATGCCTGTTACCACACCTGAAATCAAGTGGAAGTCTGTTGAG
AGATTGGGTGCGACAGTTGTTCTTGTGGGGGATTCGTATGATGAAGCACAGGCA
TATGCTAAACAACGGGGTGAAGAGGAGTGTCGCACATTTATACCTCCTTTTGATC
ATCCAGATGTCATCATGGGGCAGGGAACGATCGGAATGGAGATTGTGCGTCAG
ATGCAAGGCCCATTGGACGCAATTTTITGTACCTGTGGGTGGTGGGGGGTTAATA
GCTGGTATCGCTGCTTATGTGAAGAGGGTTTCTCCAGAGGTAAAGATTATTGGGG
TGGAGCCCTGTGATGCAAATGCAATGGCATTGTCGTTACATCACGATCAGAGAG
TCATGCTAGACCAGGTGGGAGGTTTTGCGGATGGGGTTGCTGTGAAAGTGGTTG
GTGAAGAAACTTTCCGCTTATGCAGGGAACTGATAGATGGGATAGTTCTTGTAA
GCCGTGATGCTATATGTGCCTCAATAAAGAACATGTTTGAGGAGAAAAGGAGCA
TTTTAGAACCTGCAGGTGCGCTTGCCCTTGCTGGAGCTGAAGCGTACTGCAAATA
TTACGGCATCAAGGGAGGAAACATTGTAGCAATTACCAGTGGGGCAAACATGA
ACTTTGACAGGCTGAGACTAGTAACTGAACTTGCTGATGTTGGTCGGCAACGGG
AGGCTGTGCTGGCAACACTGTTGCCAGAGGAGCCTGGGAGCTTTAAACAGTTCT
GTGAGATGGTAGGACATATGAATATCACGGAGTTCAAATATAGATATAATCCTC
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ACAAAGAAAAGGCTCTITGTACTATACAGTGTITGGCCTTCATACAGTGCTTGAACT
CAGTGCAATGGTGGAACGGATGGAGTCTTCTCAGCTCACAACCCTCAATCTCAC
AAATGATGACTTGGTTAAAGATCATTTGAGACATTTGATGGGCGGGCGATCACA
TGTTGAGAATGAATTACTTTGTCGGTTTGTTTTCCCAGAGAGGCCAGGCACTCTG
ATGAAGTTTTTGGATACTTTCAGTCCACGCTGGAATATTAGCTTGTTCCATTACCG
TGGGCAGGGTGAAGCTGGTGCGAATGTATTGGTTGGAATTCAAGTCCCAGAAAC
TGAGATGACTGAGTTCAAAAGACGCGCCGATGCTCTTGGATATGAATATGCAGT
GGAGACCAGTAATAAGGCCTACCTGCTTTTGATGCAT

CICER_ARIETINUM
TCTCCTCCTTCTTTGAGAAAGGTTTCACCTGGTTCACTTCAGTATCCACCTGGTTT
AGTCGGAGCTCCCGACCGATCACATTITCAATATTGAAGAGGTG---
ATGGATTATTTGACCAAGATACTCTCATCCAAAGTCTATGATGTCGCTAATGAGT
CTCCTCTTGAATTGGCAGAAAAGCTATCACAAAGACTTGGTGTTAACATTTGGCT
CAAGCGTGAGGATATGCAAACTGTCTTCTCATTITAAGATTCGTGGAGCTTATAAT
ATGATGGCTAAACTTCCAAAGGAAGTTTTGCAGAAAGGGGTTATATGCTCTTCTG
CTGGAAATCATGCTCAAGGAGTTGCCTTGTCTGCCAAGAGATTGAAATGCAATG
CCGTTATTGTTATGCCCGTTACCACTCCGGACATCAAGTGGAAATCTGTGGAGAG
GATGGGTGCTACTGTTGTTCTTATCGGAGATTCGTATGATGAAGCACAAGCATAT
GCTAAGAAGCGCGCAAAAGAGGAGGGTCGTACGTTTGTACCTCCTITTGATCAT
CCCGATGTITATCGCGGGTCAGGGAACTGTTGGTATGGAAATTTGGCGTCATATGC
AGAGGCCCATTCATGCAATCTTCGTCCCTGTGGGTGGTGGTGGTCTCATCGCTGG
TATTGCTGCTTTCATGAAGAGGGTTTCTCCACAGGTAAAGATTATTGGAGTGGAA
CCCACGGATGCAAATGGAATGGCTTTATCACTTCATCATGGTGAGAGAGTGATTIT
TGGACCAGGTTGGAGGATTTGCAGATGGCGTGGCTGTTAAAGAGATTGGTGAAG
AAACTTTTCGCTTGTGCAAAGGGTTGGTAGATGGCGTTGTTCTITGTAAGTCGTGA
TGCAATTTGTGCATCGATTAAGGACATGTTTGAGGAAAAAAGGAGCATATTAGA
ACCAGCAGGCGCTCTTGCTCTTGCTGGAGCTGAGGCATACTGCAAGTATTATGG
GATCAAAGGGGAAAATGTTGTAGCAATAACCTCTGGAGCAAACATGAATTTTGA
TAAACTTAGAATTGTTACTGAACTTGCTAATGTTGGTCGTAAACAAGAAGCTCIT
ATGTTAACTTTCCTACCAGAGGAGCCTGGAAGTTTCAAACAGTTTTGTCGATTGG
TGGGACAGATGAATATCACAGAATTCAAATACAGATACACTTCC---
AGTGACAAAGCTGTTGTCCTTTACAGTGTTGGGGTTCACACGCCCAAAGAACTA
CGACAAATGCAGCAAAGAATAGAATCATCTATGCTTGAAACTCACAATCTCTCA
GAAAGTGACTTGACGAAAGATCATTTGCGTTACATGATTGGAGGTCGATTAGAT
ATCCAGAACGAGGTTATTTGCCGTTTITACCATTCCAGAGAGACCTGGTGCTTTGA
TGAAATTTTTGGATACCTTITAGTCCACGTTGGAATATTAGTTTATTCCATTACCGT
GCACAGGGTGAATCTGGAGCAAATGTACTAGTTGGAATACAGGTTCCAGCTAAC
GAGATGGATGAATTTCACAATCGTGCCAACAAACTTGGATATGACTATAAAGTG
GTGAATAAGGACCCTGTCTTCCAACTTTTCATGCAT
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CUCUMUS_SATIVA
CCTTTGCCTCCTCGCAAAAGGGTATCGGCGGATTCTCTGCAGTTCCCGCCTGGCT
ATCTTGGCGCTCCGGACCGTTCCGGTTCTGATAATGGCGAGACG---
ATGGAGTATTTGACTAGAATATTGGGTTCGAAGGTTTATGATGTGGCTATTGAAT
CGCCCTTGCAGCTTGCGCCGACGTTGTCTGAACGGTTTGGGGTTAATATCTGGCT
GAAGAGGGAGGACTTGCAGCCTGTGTTCTCATTCAAGCTCCGAGGAGCTITATAA
TATGATGGCCAAACTTCCAAAAGAACAGTTGGAAAAAGGAGTTATATGCTCTTC
AGCTGGAAATCATGCTCAAGGGGTTGCATTAGCTGCTAAGCGATTAAGATGTAA
TGCTGTTATTGCTATGCCAGTTACTACACCTGAAATTAAGTGGCAATCAGTTCAA
AAATTGGGTGCGACGGTTGTTCTTGTTGGAGATTCATACGATGAGGCACAAGCA
TATGCTAAAAAGCGGAGCGTAGAGGAAGGCCGCACATTCATTCCCCCTTTCGAT
CACCCTGATGTTATAGCAGGGCAGGGTACAGTTGGGATGGAAATTGTGCGTCAA
ATAAAAGGTCCAGTGCATGCAATTTTTGTACCAGTTGGGGGCGGTGGTCTAATA
GCTGGTATTGCTGCTTATGTCAAAAGGGTTTCTCCTGAGGTAAAGATCATTGGGG
TAGAGCCATCTGATGCAAATGCTATGGCATTATCATTATGTCATGGCCAAAGAG
TAATATTGGACAAGGCTGGAGGCTTTGCTGATGGTGTAGCAGTTAAAGAAGTCG
GTGAAGAGACTTTTCGCCTTTGCAAAGATCTCATGGATGGTGTAGTTCITGTTAG
CCGTGATGCTATATGTGCCTCGATAAAGGATATGTTTGAGGAGAAGAGAAGCAT
CTTGGAACCTGCAGGTGCTCTTTCTCTTGCTGGAGCTGAGGCCTACTGCAAATAT
TATGGCTTGAAGGGAGAAAATGTTGTGGTAATAACCAGTGGTGCAAATATGAAC
TTTGACAAACTGAGTATAGTTACTGAACTTGCCAATGTTGGTCGTGAGAAAGAG
GCTGTGCTTGCAACTATATTGCCGGAGACACCTGGAAGCTTTAAAAAATTITGTG
AACTGGTTGGGCCTATGAACATTACAGAATTCAAGTATAGATATAGTTCT---
GAAAAAGAAGCTGTTGTTCTTITATAGTGTTGGTATCCATATGCCTTCTGAACTAG
AGGAAATGAAGGATAGGATGGAATCGTCTCAGCTTCCAACTTATAATCTCACAA
AGAATGATCTTGTAAAGGATCACTTGCGTTACTTGATGGGAGGCAAATCAAATG
TCGAAAACGAAGTTCTTTGTCGTTITATTTITCCCAGAAAGGCCGGGTGCTCTAGA
GAAGTTCTITAGATGCTTTGAGTCCTCGCTGGAACATTACTTTGTTITCATTATCAAA
GCAAGGGTGAAACTGGTGCAAATATATTAGTTGGGCTTCAGATTGAAAAACCCG
ACATGGGCGAATTCCATGAACGTGCTCGAAGGGTCGGATACGATTACGTTGTGG
TAACTGATGATGGTATCTTTCAGCTTCTGATGCAT

FRAGARIA_VESCA
CAATCGTTGCCTCCCAAACGGGTATCTACCAGTTCGTTACAGTATGAGCCAGGTT
TTCTTGGGGCACCTGACCGTACAGTTGCAAGTGGAGACAAGATG---
CTGGGATCCTTGACGAACATATTGTCGTCAAAAGTGTATGATGTGGCAATCGAA
TCACCTTTGGAGCTGGCAACCAAGCTATCTGAGCGGTTGGGAGTGAACTTTTGG
ATCAAAAGGGAAGATCTGCAGCCGGTGTITTITCGTTCAAGATTCGTGGAGCTTAT
AATATGATGGCTAAGATTCCAAGGGAACAATTGGACAGAGGGGTTATATGCTCG
TCTGCTGGAAATCATGCACAGGGAGTTGCAATGTCCGCCAAAAAATTGGGTTGT
GATGCAGTCATTGCAATGCCTGTAACTACACCAGAAATTAAGTGGCAATCTGTT
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GAGAGATTGGGAGCAACAGTTGTACTTATAGGTGATTCCTACGATGAGGCTCAA
GCATATGCTAAGAAGCGGGCTAAGGAGGAGGGACGGACCTTCATACCACCCTTIT
GATCACCCAGACATTATTATGGGTCAGGGAACAGTTGGAATGGAGGTTATGCGT
CAAATGAAAGAGCCATTGCATGCAATTTTTGTGCCCGTGGGGGGTGGTGGCCTA
ATAGCTGGTATTGCTGCATATGTTAAGAGGCTGTCTCCAGAGGTAAAGATTATTG
GTGTGGAGCCGTCTGATGCGAATGGAATGGCATTATCCTITGCATCATGGGGAGA
GAATAATGTTGGACCAAGTTGGAGGTTTTGCAGATGGTGTAGCAGTGAAAGAGG
TGGGTGAAGAAACCTTTCGAATATGCAAGGAATTGATAGATGGTGTAGTTCTTGT
GAGTCGTGATGCCATCAGTGGTTCAATAAAGGATATGTTTGAGGAGACAAGAAG
CATATTAGAACCAGCAGGTGCTCTTGCTCTTGCTGGAGCTGAAGCATACTGCAA
GTATTACGGTCTTAAAGGAGAAAATGTTGTTGCAATTGCCAGCGGGGCTAATAT
GAACTTTGATAAACTTAGAGTGGTGACTGAACTTGCGAATGTTGGTCGGCAACA
AGAGGCTCTACTTGCAACAGTITATGCCAGAGGTGCCTGGGAGCTTITAAACGITA
CTGTGAGCTGGTCGGCCCAATGAATATTACTGAATTCAAATACAGATATAGCTCT
GATAAAGAGGCTGTTGTACTGTACAGTGTTGGTGTGCACACAGTTTCTGAACTAG
GAGCAATGCAAGAGCGATTGGAGTCTTCTGAACTCAGAACATTCAATCTCACGA
AAAGTGACTTGGCTAAAGATCACCTTCGTTACTTGATGGGGGGCAGAACAGATG
TTGAAAATGAGGTTCTTTGTCGCTTTGTCTITCCCAGAAAGACCTGGTGCTTTGATG
AAGTTCTTGGACACCATTAGTCCACGTTGGAATATTAGTTTGTTCCACTACCGAG
GACAGGGTGAAACTGGGGCAAATGTTTTGGTTGGAATCCAAGTTTCCAAGAGCG
AGATTGATGAGTTCCATTCTCGTGCCAGTTCACTTGGGTATGACTATGTAGTAGT
GACCAATGATACTATCTTCAAGCTGTTGATGCAT

POPULUS_TRICHOCARPA
CCTCCATATCCCGCAAAGAAAGTCTCTGCAAATTCTCTGCAATACCCGTCCGGTT
ACTTGGGTGCCCCGGAACGTACTGTTAATGATGGCGATAAAATG---
ATGGAGTATTTGACGAATATACTGTCGTCAAAGGTGTATGACGTTGCGATTGAAT
CTCCTTTGCAGCTGGCGCCTAAGCTCTCTGAGAGATTAGGAGTCAAGGTTTGGCT
CAAGAGAGAGGATTTGCAGCCGGTCTTTTCATTTAAGCTGCGTGGAGCTTACAAT
ATGATGGCAAAACTTCCAAAGGAACAGCTGCAAAGAGGAGTTATCTGCTCATCA
GCTGGAAATCATGCCCAAGGTGTTGCATTAGCCGCCAAAAGACTAGGTTGCGAT
GCTGTGATTGCAATGCCTGTTACTACACCTGAAATTAAGTGGCAATCTGTTGAGA
GGTTGGGTGCGACAGTTGTTCTAGTTGGGGATTCTTATGACGAAGCACAGACAT
ATGCTAAAAAGAGGGCCAAAGAAGAGGATCGGACATTCATACCTCCTTTITGATC
ACCCAGATGTTATCATGGGACAGGGAACTGTTGGGATGGAAATTGTACGTCAAA
TGCAAGGTCCGTTGCATGCAATCTTTGTGCCTGTGGGTGGCGGCGGCTTAATAGC
TGGTATTGCTGCATATGTAAAGAGGGTAAATCCTGAGGTTAAGATCATTGGTGTG
GAACCCTCTGATGCAAATGCTATGGCATTGTCTCTACATCATGGTCAGAGAGTG
ATGCTGGATCAGGTTGGAGGTTTTGCAGATGGTGTGGCTGTTAAAGAGGTTGGA
GAAGAAACTTTCCGCTTATGCAAGGAATTGGTAGATGGTGTAGTTCTCGTGAGC
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CGTGACGCTATTTGTGCGTCAATAAAGGACATGTTTGAGGAGAAAAGGAGCATT
CTAGAGCCAGCAGGTGCGCTTGCCCTTGCTGGGGCTGAAGCATATTGCAAGTAT
TATGGCGTCAAGGGTGCAAATGTTGTGGCGATAACAAGTGGGGCAAATATGAA
CTTTGATAAACTGAGGGTTGTGACTGAACTTGCCAATGTTGGTAGGCAACAAGA
AGCTTTGCTTGCAACTGTTATGCCAGAGGTGCCAGGGAGTTTTAAACATTTITGT
GAACTGGTAGGGCCTATGAATATCTCTGAGTTCAAATATAGATCGAATTCT---
GAAAAGGATGCTGTTGTTCTATACAGTGTTGGCCTTCACACAGCITITGAACTTG
AAGCAATGAAGAAGCGGATGGAATCTTCTCAACTAAGAACTTACAATTTGACCG
CAAGTGACTTGGTCAAAGATCACTTGCGTTATITGATTGGTGGCAAATTAAATGT
TCCGGATGAGGTTCTTTGTCGTTTTGTTTTCCCAGAAAGGCCTGGTGCGTTGATGA
AGTTTTTGGATTCTTTCAGTCCACGCTGGAACATTAGCTTGTTCCATTACAGAGG
GCAGGGTGAAACTGGTGCCAATGTCCTGGTTGGCATCCAGGTTCCACAGAGTGA
GATGGACGAATTCTGTAGTCGTGCCAACAGCCTTGGATATGATTATGTTGTCGTA
ACTGATGACAATGACTTCCACCTTTTGATGCAT

MIMULUS_GUTTATUS
GCGCCGGTGCCTCTGTTAAGAGTTTCCCCGAGTTCGCTGCAGTGCGAGAGCGGG
CGATTGTTGCCG AATGAGAAAACG---
ATGGAATATTTGACGAATATTCTCGCGTCGAAGGTGTATGATGTGGCTTATGAGT
CGCCGCTGCAACTCGCGACGAAGCTGTCTGAGAGGTGGGGGGTCAATGTCTGGC
TCAAGAGAGAGGATCTTCAGCCTGTTTTCTCATTCAAGCTTAGG---
GCTTATAATATGATGGCAAAACTTCCAAAGGAACAACTAGAAAGAGGCGTAAT
TTGTTCATCAGCAGGAAACCATGCTCAAGGTGTGGCATTATCTGCACAGAAATT
GGGATGCAACGCTGTGATTGCTATGCCCGTTACTACTCCAGAGATTAAGTGGAA
ATCGGTTGAGAGACTTGGAGCCACTGTTGTCCTCATAGGGGACTCGTATGATGA
AGCCCAAACTTATGCCAAAAAGAGAGCAGAAGAAGAGGGCCGCACATTTGTAC
CTCCTITTTGATCACCCTGATGTAATCATAGGGCAGGGAACAGTTGGAATGGAGA
TTGTGAAACAGATGAAAGGCCCCATAGAAGCAATATTTGTGCCTGTAGGTGGTG
GTGGGCTTATAGCTGGTATTGCTGCCTATATGAAAAGGGTTTCTCCAGAGGTGAA
AATTATTGGAGTTGAACCATTTGATGCAAATGCAATGGCATTATCCCTGCACCAT
GACCAGCGAGTTATGCTAGACCAAGTGGGAGGTTTCGCTGATGGAGTAGCAGTT
AAAGTGGTCGGTGAAGAGACTTTTCGCCTTTGCAGCGAACTGATAGACGGTGTA
GTTCTTGTTGGCCGTGATGCTATCTGTGCATCAATAAAGGACATGTTTGAGGAGA
AAAGGAGCATTTTAGAACCAGCAGGTGCTCTTGCTCTAGCTGGAGCTGAAGCTT
ACTGCAAGTATTATGGGCTCAAGGGTGCAAGCGTAGTAGCAGTGACCAGTGGG
GCGAACATGAACTTTGATAGATTGAGATTGGTGACTGAACTTGCAGATGTTGGT
AGGCGACGGGAAGCTGTACTTGCAACTTACATACAAGAGGAACCTGGAAGCTTT
AAACAATTCTGCGAGCTTGTGGGACCGTTGAATATTACTGAATTTAAATACAGAT
GCATTTTAGATAAACAAGAAGCTTTAGTGCTGTACAGTGTTGGCCTTCACACGGA
CTTGGAACTTGACGCAATGGTCCAGAGAATGAGATCAGCTCAACTAAAGACCAT
AAATCTTACTGAAAATGACTTGGTTAAAGATCATTTACGACATCTGATGGGTGG
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AAGATCAAACGTTAGAGACGAACTGCTTTGCCGITTCATTITCCCCGAAAGACCT
GGTGCTTTGATGAAGTTTTTAGATGCTTTGAGTCCTCGTTGGAATATAAGTTTGTT
CCATTACCGCGGGCAGGGAGAAACTGGTGCAAATGTGTTGGTTGGTATCCAAGT
AGCTCAAAATGAGATGGGTGAGTTTCGGGGCCGTGCAAATAGTCTCGGTTATGA
ATATGAATTGGAAACCAGTAATGAAGCATTTCAGCTTTTAATGCGA
RICINUS_COMMUNIS
TCTAGTATTTTCTTGAATAAAGTTITCACCAAATTCTCTGCAATACCCTCCTGGATA
TCTCGGGGCACCTGACCGTGCAGTTAATAATAATGGAGCAATG---
ATGGGATACTTGACTAATATATTGTCGTCTAAAGTTTATGATGTCGCTATTGAAT
CTCCTTTGCAATTTGCTCCTAAATTATCTGAGAGATTAAAGGTTAAAGTTTGGCTC
AAAAGAGAGGATTTACAGCCGGTTITTCTCATTTAAGCTACGCGGAGCTTATAAC
ATGATGGCAAAACTTTCAAAGGAACAGTTGGAAAAAGGGGTITATTTGCTCGTCA
GCTGGAAATCATGCCCAAGGTGTTGCATTAGCTGCTAAGAGACTAGGATGCAAT
GCAGTGATTGCTATGCCTATAACTACTCCTGAGATTAAGTGGCAATCTGTTGAGA
GATTGGGTGCAACAGTTGTTCTAGTTGGGGATTCATATGATGAGGCACAGACAT
ATGCTAAGAAAAGGGCCAAAGAGGAGGGTCGAACATTCATACCTCCITTTGATC
ACCCAGACGTTATCATGGGACAAGGAACTGTTGGGATGGAAATTGTTCGTCAAA
TTCAAGCACCAATGCATGCAATTITTGTGCCTGTAGGGGGTGGTGGGCTAATAGC
TGGTATTGCTGCATATGTGAAGAGGGTITAATCCTGAGGTAAAGATCATTGGGGT
GGAACCCTCTGATGCAAATGCAATGGCACTGTCCCTACATCATGGTGAGAGAGT
GATGTTGGACCAGGTTGGAGGTTTTGCGGATGGTGTTGCAGTTAAAGAGGTGGG
TGAAGAAACTTTCCGTTTGTGCAAGGAATTAATAGATGGTGTGGTTCTTGTAAGC
CGTGATGCTATTTGTGCCTCAATAAAGGACATGTTTGAGGAGAAAAGGAGCATT
TTAGAGCCAGCAGGTGCCCTTGCCCTTGCTGGAGCAGAAGCATACTGCAAGTAT
TATGGCCTTGAGGGCAAAAATGTTGTGGCAATAACCAGCGGGGCAAATATGAAT
TTTGATAAACTGAGGATTGTAACTGAACTTGCCAATGTTGGTAGGCAACAAGAG
GCTGTGCTTGCAACTGTTATGCCAGAAGAGCCCGGGATGTTCAAACGTTTTTGTG
AGCTGGTGGGACCTATGAATATAACTGAGTTCAAATACAGATGTAGTTCTGAA---
AAGGAGGCTGTTGTTCTCTACAGTGTTGGCCTTCATACAGTTTTTGAAATTCAAG
CGTTACAGCAGCGGATGGAAGCTTCACAATTGAGAACTTACAATCTTACATCAA
GCGATTTGGTCAAAGATCACTTGCGATATTTGATGGGTGGCAGATTGAATGTTCA
AAATGAGGTTCTCTGTCAATTTGTTTITCCCAGAAAGACCTGGTGCTCTTATGAAG
TTCTTGGATGCATTCAGTCCACGTTGGAACATTAGCTTGTTCCATTACCGGGGGC
AGGGTGAAACTGGTGCAAACATATTGGTAGGAATCCAGGTTCCTGAAAGTGAG
ATGGAGGAGTTCCATAGTCGTGCCAACAGTGTTGGGTATGGCTATGTTGTTGTAA
CTGACGACAATAACTTCCAGCTTITGATGCAT

GLYCINE_MAX
GCTCCTCCTCCGCGCCCCCGCGTCTTGCCGGATTCCCTCCAGTACCCGCCCGGCT
TCGTCGGCGCGCCCGCCCGCTCCCGCTCCGACGGTGGCGGGATG---
ATGACTTATTTGACGAACATTCTCTCTTCGAAGGTGTATGACGTGGCGATTGAGT
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CTCCTCTGCAATTGGCGCCAAAGCTCTCTGCGAGACTCGGGGTTAAGGTTTGGCT
CAAGAGAGAGGATTTGCAACCTGTTTTCTCATTTAAGCTTCGTGGAGCTTATAAT
ATGATGGCAAAGCTTCCGAGGGAATTGTTGGAAAGGGGGGTTATATGCTCGTCT
GCTGGCAATCATGCTCAAGGAGTTGCATTGGCTGCCAAGAGGTTGAATTGCAGT
GCGGTGATTGCTATGCCTGTCACCACTCCGGAAATCAAGTGGAAATCCGTGGAG
GCGCTGGGTGCTACAGTTGTGCTCGTGGGGGATTCATATGATGAAGCACAAGCG
TATGCTAAGAAGCGGGGGGTAGAGGAGGGTAGGACATTCGTACCTCCTTTTGAT
CATCCTGATGTCATCATGGGTCAGGGAACAGTTGGGATGGAAATTGTCCGCCAA
ATGCAGGGTCCAATTTTTGCAATCTTTGTGCCTGTGGGAGGAGGTGGTCTCATTG
CTGGTATTGCTGCTTATGTGAAGAGGGTTAATCCGGAGGTGAAGATTTTTGGGGT
GGAACCCACTGATGCGAATGCAATGGCATTGTCACTCCATCATGATCAGAGAGT
GATTTTGGATCAGGTTGGAGGATTTGCAGATGGTGTAGCTGTTAAAGAGGTTGGT
GAAGAAACTTTTCGCATATGCAAGGAGTTGATAGATGGCGTTGTTCTTGTAAGCC
GTGATTCAATTTGTGCGTCAATAAAAGATATGTTCGAGGAGAAAAGGAACATAT
TAGAACCAGCAGGTGCACTTGCACTAGCTGGAGCTGAGGCATACTGCAAGCATC
ATGGGGTCCAGGGGAAAGATATTGTAGTAATAACCAGTGGAGCAAACATGAAT
TTTGATAAACTTCGGGTTGTAACTGAACTCGCTAACGTTGGCCGTAAACAAGAG
GCTGTGCTGGCAACTGTTTTGCCAGAGGAGCCGGGCAGTTTCAAACAGTTITGTG
AATTGGTGGGGCAGATGAACATCACAGAATTCAAATACAGATATAACTCC---
AATGAGAAGGCTGTTGTCCTTITACAGTGTTGGGATTCACACAGTCTCCGAATTAA
GAGCAATGCAGGAGAGGATGGAATCTTCTCAGCTCAAAACTTACAATCTCACAG
AAAGTGACTTGGTGAAAGACCACTTGCGTTACTTGATGGGAGGCCGATCAAACA
TTCAGAATGAGGTTCTCTGTCGTTTCACCTTTCCAGAAAGACCTGGTGCTTTGATG
AAATTTITGGACCCCTTCAGTCCACGTTGGAATATCAGTTTATTCCATTACCGAG
GGGAGGGTGAAACTGGAGCAAATGTGCTAGTTGGAATACAGGTACCCAAAAGT
GAGATGGATGAGTTCCACGATCGTGCCAACAAACTTGGATATGATTATAAAGTG
GTGAATAATGATGATGACTTCCAGCTTCTAATGCAC

MALUS TCTCCGCCTCCCAAC---
CGGGTTTCCTCCAATTCGCTCCAGTACCCGCCCGGCTTCCTGGGAGCCCCCGACC
GTTCGGCCACGGACGGAAACGAGACG---
ATGGAGTACTTGACGAACATTCTGTCGTCCAAGGTGTATGACGTGGCCATCGAA
TCTCCATTGGAATTGGCTACGAAGCTCTCGGAGCGATTGGGGGTGAAATTATGG
ATGAAAAGAGAGGACTTGCAGCCTGTTTTCTCGTTCAAGCTTCGTGGGGCTTACA
ACATGATGGCAAAGCTTCCAAGGGAGCAATTGGATCGAGGGGTTATTTGCTCTT
CGGCCGGAAACCATGCCCAGGGAGTTGCTTTGGCTGCTAAGAAGTTGAAATGCA
GTGCCGTGATTGCTATGCCCGTCACCACGCCGGAGATTAAGTGGAAGTCGGTGG
AGAGATTGGGAGCCACGGTTGTTCTTATAGGGGATTCATATGACGAGGCTCAAG
CITATGCTAAGAAGCGGGCAAAGGAGGAGGTAAGGACCTTCATACCTCCTTTTG
ATCACCCGGATGTITATTATCGGCCAGGGCACAGTTGGGATGGAAATTATGCGCC
AAACAAAGGCTCCATTGCATGCAATTTITGTGCCTGTTGGGGGCGGTGGCCTTAT
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AGCTGGTATTGCTGCATATGTAAAGAGGGTTGCTCCAAAGGTGAAGATTATTGG
TGTGGAGCCCTCTGATGCAAATGCACTGGCATTGTCACTACATCACGGCCAGAG
AATAATGTTGGACCAGGTGGGTGGTTTTGCAGATGGTGTGGCTGTGAAAGAGGT
TGGTGAAGAGACCTTCCGCTTATGCAAGGACATGGTTGACGGTGTAGTTCTITGTC
AGCCGCGATGCTATCTGCGGCTCAATAAAGGATATGTTTGAGGAGACAAGGAGC
ATTTTAGAACCGGCAGGTGCTCITTCTCITGCCGGTGCTGAAGCTTATTGCAAGT
ATTATGGTCITAAAGGAGAAAATGTTGTTGCAATAACGAGTGGGGCAAATATGA
ACTTTGATAAATTGAGAGTGGTGACTGAACTTGCTAATGTTGGTCGACAACAAG
AGGCTGTACTCGCAACTGTTATGCCCGAGGAGCCTGGGAGCTTTAAACATTATTG
TGAACTGGTGGGCCCAATGAATATCAGTGAATTCAAATACAGACACAATTCTGA
T---
AAAGAGGCTATAGTATTGTACAGTGTTGGTGTGCATACAGCCTCTGAACTTCAA
GAAATGCAAGAGCGCCTGGAGTCTITCTCAACTCAAGACTTACAATCTCACGAAA
AGTGACTTAGTCAAAGATCACTTGCGTTACTTGATGGGGGGCCGATCAAATCTTC
AAAATGAGATTCTTTGTCGCTTTGTCTTCCCAGAAAGACCCGGTGCTCTGATGAA
GTTCTTGGACGCTTTTAGTCCACGTTGGAATATTAGTTTGTTCCACTACCGCGGAG
AGGGTGAAACCGGGGCAAATGTGTTGGTTGGGATCCAAGTTCCTCAAAGCGAG
ATCGATGAGTTCCATGCTCGAGCCACTACTCTTGGATACGACTATGTAGTAGTGA
CCGATGATATTGACTTCAAGCTTTTGATGCAT

MEDICAGO
GTGGTTCCTCCGAGGTTGAAGGTTTCGCCGGATTCACTTCAGTATCCACCTGGTT
ACGTCGGAGCGCCTGACAGGTCACGTGGTAGTGATGAAGAAGTG---
ATGGGTTATTTGACTAGTATACTTACTTCTAAGGTTTATGATGTTGCTGTTGAATC
ACCTCTTGAATTGGCGCCAAAGCTTTCTGAAAGACTTGGTGTTAATGTTTGGCTT
AAACGTGAAGATCTTCAACCTGTATTTTCATTCAAGATCCGTGGAGCTTATAATA
TGATGGCTAAACTTCCAAAGGATGTTTTGGAGAAAGGGGTTATATGCTCTTCAGC
TGGAAATCATGCTCAAGGAGTTGCCATGTCTGCCAAGAGATTGAATTGCAGCGC
CGTTATTGCAATGCCAGTTACCACTCCTGATATCAAGTGGAAATCTGTGGAGAG
ATGGGGTGCTACTGTGGTCCTTATTGGAGATTCCTACGATGAAGCACAAGCATAT
GCTAAGAAGCGTGCTATAGAGGATGGTCGTACTTTCATACCTCCITITGATCATC
CCGATGTCATTATGGGTCAGGGAACTGTCGGGATGGAAATTGTGCGCCAGATGA
AGCGTCCGGTTCATGCAATCTTTGTGCCTGTGGGAGGTGGTGGTCTCATTGCTGG
TATTGCCGCTTACGTGAAGAGGATAAATCCAGAGGTGAAGATAATTGGGGTGGA
ACCCACTGATGCAAATGCATTGGCTTTGTCACTTCATCATGGCCAAAGAGTGGTT
TTGGACCAGGTTGGAGGATTTGCAGATGGTGTGGCTGTAAAAGAGGTTGGCGAG
GAAACTTTCCGCTTGTGCAAGGAGTTGGTAGATGGTGTTGTTCTTGTAAGCCGTG
ATGCAATTTGTGCATCGATAAAGGACATGTTITGAGAAAAAAAGGAGCATTTTAG
AACCAGCAGGCGCTCTTGCTCTTGCTGGAGCTGAGGCATACTGCAAGTATTATG
GACTCAAAGGGGAAAATGTTATAGCAATAACCTCCGGAGCAAACATGAATTTTG
ATAAACTCAGGATAGTAACTGAACTTGCTAACGTCGGTCGTAAACAAGAAGCTC
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TGCTGTTAACTGTCATGCCGGAGGAGCCTGGCAGCTTCAAACAGTTTTGTGAATT
GGTGGGGCAGATGAATATCACAGAATTCAAATACAGATATAGTTCC---
AAGGAGAAAGCTGTTGTCCTTTACAGTGTTGGTGTTCACACGCCCTTAGAACTAA
AAGAAATGCAGGAGAGAATGGAAACTTCTAAGCTTGTAACTCACAACCTCTCAG
ACGTTGACTTGGTGAAAGATCATTTGCGTCACATGATGGGAGCCCGACCGGATA
TTCAGAACGAGGTTCTTTGTCGTTITACCTTTCCAGAAAGACCTGGTGCTTTGACG
AAATTTITAGACTCCTITAGTCCACGATGGAATATCTCTITATTCCATTACCGTGC
GCAGGGTGAAACTGGAGCAAATGTATTAGTTGGAATTCAGGTTCCAAGCAGCGA
GATGGAGGAATTCAACGATCGTGCCACCGGACTTGGGTATGACTATAATGTGCT
GTCTGATGACCTTTTCITCAAGCTTTTAATGCAT

HELIANTHUS_ANNUUS
CAACCACCGGCGGTGCTGCGAGTGAGTCCGTCTTCGTTGCAGTACGAATCAGGT
GAGTTAGGAGCTCCGGACCATAAGGTGGAGGAAGGTAACGGAGTG---
ATGGAGTATTTGACGAATATATTGTCGTCGAATGTTTATGATGTGGCGATTGAAT
CGCCGTTGTCGCTTGCGCCGAAGCTTTCGGAACGGTTGGGAGTGAATGTGTGGCT
TAAGCGAGAAGATCTGCAGCCTGTCTTCTCATTCAAGCTTCGCGGAGCATACAA
TATGATGGCAAAGCTCCCAAAAGAACAGCTGGCAAAAGGTGTCATATGCTCGTC
AGCCGGCAATCATGCTCAAGGGGTTGCATTATCAGCCAAGACACTCGGCTGTGA
TGCCGTGATTGTCATGCCAGTTACCACACCCCGGATCAAGTGGGAGTCCGTCAA
GAGATTAGGTGCAACAGTTGTCCTTGAAGGTGATTCCTATGACGAAGCACAGGC
ATACGCTAAAAGAAGAGGTGAAAGTGAGAACCGAACGTTCATCCCTCCITITGA
TCACCCGGATATTATAACGGGTCAGGGGACCGTTGGAATGGAGATTGTGCGCCA
AATGCAAGGTCCAATTCATGCTATATTTGTGCCTGTTGGTGGTGGTGGTTTGATA
GCTGGTCTTGCTGCCTATGTGAAGAGGGTATCACCAGAGGTACGGATTATTGGA
GTAGAGCCTACTGATGCAAATGCAATGGCATTGTCATTACATCATGGGCAACGA
GTAGTGCTTGATCAAGTTGGAGGCTTTGCAGACGGTGTTGCTGTTAAGGAGGTTG
GTTTGGAAACTTTCCGTTTATGCAGGGAACTGATTGATGGTGTGGTTCTTGTCAG
CCGTGACGCCATTTGTGCATCCATAAAAGACATGTITGAGGAAAAAAGGAGCAT
TCTAGAACCAGCAGGTGCCCTTGCTCTTGCTGGGGCAGAAGCATACTGCAAATT
CTATAATCTTAAGGATATAAATGTTGTAGCTATAACTAGTGGGGCCAACATGAA
TTTCGATAGATTAAGATTGGTITACCGAACTTGCAAATGTTGGTAGACAACGGGA
GGCTGTGCTCGCAACTTTCCTGCCTGAAGAAGCTGGAATTATTAAACAGTTTGCT
GAACTGGTTGGGAAGATGAATATTACCGAGTTCAAGTACAGATATGAACATGAA
AAGAAAGAAGCTCTTGTTCTGTACAGTGTCGGTCTTCATACCAAGTTITGAACTCC
AAGAAATGGTGGAGAGAATGGAGTCACATGAACTAAAAACCATTGAATTTACA
AAGAATGACATGGTTAAAGATCATTTACGCCATCTGATGGGAGGCAGAACTAAT
GTAGAAAACGAGCTTCTTTGTCGGTTTGTATTCCCCGAGAGGCCAGGGGCTTTGA
TGAAGTTCTTGCATGCTCTTAGTCCACGTTGGAACATCAGTTTGTTTCACTACCGT
GCACAGGGAGGAATGGGGGCAAATGTTTITAGTCGGTATTCAAGTTCCATCAAAT
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GAATTAGATGAGTTTCGGTATCATGCGAACGATCTTGGATACGAGTATGAACTT
GAGACCGATAATGAAGCATTCCAGCTTTTAATGCGT

IOCHRO_TD1
CCTTCGGTTCCCTTACTACGAGTATCTCCGAGCTCGTTGCAGTGTGAACCGGGTT
ATTTGATACCGAATACTCCGGTITITAGGTAGTGGTGGTTTGATTGGGTACGAGTA
TTTGACGAATATATTGTCGTCAAAAGTGTATGATGTAGCTITATGAGACGCCTTTG
CAGAATGCACCTAAATTGTCTGAAAGGCTTGGAGTTAAAGTGTGGCTCAAAAGA
GAGGATCTTCAGCCTGTCTTCTCGTTCAAAATCAGAGGAGCTTACAATATGATGG
CAAAACTCCCTAAAGAGCAGTTGGAAAAAGGGGTTATATGCTCATCAGCTGGA
AATCATGCACAAGGTGTTGCATTATCCGCTCAGAGACTTGGCTGTAATGCTGTGA
TTGTCATGCCTGTTACTACACCAGACATCAAATGGAAATCAGTITAAGAGATTGG
GTGCTACTGTTGTTCTGGTGGGGGACTCATATGATGAAGCTCAAGCATACGCCA
AAGAGCGGGCCGAAGCTGAATGTCGCACATTCATCCCTCCTTTTGATCACCCAG
ATGTCATTACAGGGCAAGGTACAGTAGGGATGGAGATAAATCGCCAACTCAAA
GATAACATTCATGCAATCTTTGTGCCTGTTGGAGGAGGGGGTCTTATAGCTGGTA
TTGCTTCTTATTTGAAAAGGGTTGCCCCTGATATAAAGATTATTGGAGTTGAACC
ACTTGATGCAAATGCATTGGCATTATCATTACAGCATGGTCAGAGAGTAATGCT
GGACCAAGTTGGGGGGTTTGCAGATGGTGTAGCTGTAAAAGTGGTTGGCGAAGA
AACCTATCGTCTCTGCAAGGAATTAATAGATGGTGTAGTCCTAGTTGGTCGTGAT
GCTATATGTGCATCTATAAAGGACATGTTTGAAGAGAAAAGAAGCATACTAGAG
CCTGCAGGTGCACTTGCTCTTGCTGGAGCCGAGGCATACTGCAAGTACTATGGC
CTCAAGGATGAAAACGTAGTAGCAATAACTAGTGGAGCCAACATGAACTTTGA
CAGACTTAGATTGGTAACTGAACTCGCAGATGTTGGTAGACAGCGGGAAGCTGT
TCTTGCTACTTTTATGCCAGAAGACCCAGGAAGCTTCAAAAAACTTGATTTACAG
GTAGGACCAATGAATATCACTGAATTCAAGTACAGATACAATTCTGATAAAGAA
AGAGCTCTAGTACTTTACAGTGTTGGTCTTCACACAAAATTAGAACTTGAAGAA
ATGGTGGAGAGGATGAAATCAGCAGATCTGCAAACCATTAATCTTACAGACAAT
GACTTGGTCAAAGATCATCTTAGGCATTTGATGGGTGGTAGAACAAATGTTCAT
AATGAGCTTTTGTGTCGATTCACTTTTCCTGAGAGGCCCGGTGCTTTGATGAAGTT
TTTGGATGCTTTCAGCCCATGTTGGAATATAAGTTTGTTTCATTATCGTGCACAGG
GAGATACTGGTGCGAATGTGCTTGTCGGGATCCAAGTTCCACAGGATGAGGTGA
ATGAGTTTCAGGAACAGGCAAACACTCTTGGTTATGAATATGCAGTGGAGAGTC
TCAATGAGGCATTCCAGCTCATAATGCAT

IOCHRO_TD2
GACTCTTCAGCGCCAGTGGTAAGTGCTCCAGTATCCITACAGGACAAGCCTGGG
AAGTTGATCGAGAATAATCCGACAGGTGGCGATAGCGAAGAAATG---
CTTCAGTACTTGCTTGACATATTGGCTTCGAGAGTGTACGATGTAGCGATCGATT
CCCCTTTGCAGCGCGCAACGAAGCTTTCGAAAAAGCTTGGAGTTAACTTTTTTAT
CAAAAGAGAGGATATGCAGTCTGTGTTTTCATTCAAGCTTAGAGGAGCTTACAA
TATGATGACCCAACTCACAAAGGAGCAATTAGATAAAGGGGTTATAACAGCAT
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CAGCTGGAAATCATGCACAAGGTGTTGCATTAGGTGCTCAGAGACTTAATTGTA
AAGCTAAAATTGTCATGCCTGTTACTACCCCAGAGATCAAGATTGAAGCTGTTA
AAAACTTGGATGCTACAGTAGTTCTTGAGGGTGACACATTTGATGAAGCTCAAG
CACATGCACTCACATTGAGTCAAACGGAAGGGCTCACATTCATCCCACCATTCG
ATCATCCAGATGTCATCAAAGGCCAAGGTACAATTGCAACAGAGGTCAACCGTC
AACTTAAGGAC---
ATACATTCAGTATTTGTACCTGTTGGTGGTGGGGGTCTAATAGCTGGTGTTGCTG
CCTATTTCAAAAAAGTTGCCCCAAATACAAAAATTATTGGAGTTGAAACATTTG
GTGCAAGTTCAATGACAGTGTCATTGCAAAAAGGAGAAAGAATAAAGTTGGAA
CAAGTTGATAATTTITGCAGATGGTGTAGCTGTGGCACTTGTTGGTGAAGTAACTT
TTAGACTATGCCAGGATTTAATTGATGGAATGGTACTTGTTGGTCGTGATGCTAT
TAGTGCTGCAGTAAAGGATGTGTATGATGAAGGAAGGAACATATTAGAGACAT
CAGGTGCACTTGCCATAGCTGGAGCTGAAGCATATTGCAAATACTATAACATCA
AAGATGAAAATATTGTAGCAATTGCAAGTGGAGCAAATATGGATTTTAGCAAAC
TAAAATTAATAGTGGATTTAGCAGATATTGGTGGACAGAGAGAAGCTCTGCTAG
CTACTTTTATGCCAGAAGAACCAGGAAGCTTCAAGAAATTCTGTGAACATGTGG
GCTCATTGAATATTACTGAATTCACATACAGATTTAATTCTGGAAGAAAACAAG
CTCTAGTITCTGTACAGTGTTGATGTTCCTAAAAAATTGGATCTTGAAGCAATGAT
GGAGAGAATGAAATCATCAGAAATGAATACTGTTAATCTCTCAAATAATGATTT
GGTCAAAGAACATCTAAAGCATTTGATGGGTGGCAGATCAGATCCTGGTAATGA
GATTTTCTGTCAATITATTTTCCCTGAGAAGCCTGGAGCTTTAAGAAAATTTTTAG
ATGCTTTCAGCCCTCGTTGGAATATAACTTTGTTCCATTATCGTGAACAGGGAGA
ACTTGATGCAAGTGTGTTAGTGGGATTCCAAGTTCCAAAAAGTGAGATGGAAGA
ATTTCAAAATCAAGCTAACAATCITGGTITATTCATATGAAATTGAGAGTCTCAAT
GAGGCITACAAACTTATAAATGAG

I BATATAS

CTTTCCCTTGCAGGAGCTGAAGCATACTGCAAGTACTACAACCTCAAGGACCAA
AACATAGTAGTAATAACCAGTGGAGCTAATATGAACTTTGATAGACTAAGATTG
GTAACTGAACTAGCAGATGTTGGTAGAAAACGTGAAGCTGTTCTTTCAACCAAT
TTGCCTGAAGAGCCAGGCAGTTTCAAGAAATTTGTTGAACTTGTGGGGCCCATG

AACATTACTGAATTCAGATACAGATACAGTTCTGGTCAAGGACAAACTCTGGTA
CTATACAGTGTTGGTCTTCATAAAAAAATGGAACTTGATGCAATGGTGGAGAGG
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ATGACACTCTCTCAATTITCATACCATTGATCTGACAGATAATGACCTTGTCAAAG
ATCATCTACGCCATTTGATTGGTGGCCGATCTAGTGTACAAGATGAACTTCTTTG
CCGGTITTGTTTTCCCAGAGAGGCCTGGTGCCCTAATGAAATTTITAGACGCTTTC
AGCCCACGATGGAATATAAGTTTGTTCCATTACCGTTCACAGGGAGAAGCTGGT
GCAAATGTGCTGGTCGGTCTTCAAGTTGCCAGCAACGAGATAGATGAGTTTAAG
CAACGAGCCAACAATCTGGGTTATGAGTATGCTGTGGAAACCTGTAACGAGGCT
TTCCAACTCTTGATGCAT

I LAC_1
ACGCGGCCTGACTTGCCGGTAGTGTCTCCGGCCTCCTTGACCAGTGAGCCTGGAT
GCGTTATTCCGAATGAGCCCTATAGCTACAAAGCT------------
GTAGAGTATTTGACCGCGATATTGTCATCTAAGGTTTACGATGTAGCGTTTGAGT
CGCCATTGCAGCTCGCCTCGAAGCTCACAGCGAGGCTGGGGAACAAAATCTGG
CTCAAAAGGGAGGATCTCCAACCTGTATTCTCATTCAAACTTCGAGGAGCTTATA
ATATGATGGCTAAACTCCCAAGGGAGGTATTGGATAAAGGAGTTATCTGTTCAT
CTGCTGGTAATCATGCCCAAGGGGTTGCTTTATCTGCACAGAAACTTGGGTGTGA
TGCTGTGATTGTAATGCCTGTTACTACACCTGAGATCAAGTGGAAATCAGTTGAG
CAATTAGGGGCTACTGTTGCTCTTGTGGGGGACTCGTATGATGAAGCACAAGCA
TATGCAAAAAAGAGGGCTGAAGAGGAAGGGCGCACATTCATCCCTCCTTTTGAT
CACCCTGATATCATTGCTGGGCAGGGTACAATTGGAAAGGAGATCATAGGCCAA
TCAAAATGTCCAATACATGCAATATTTGTTCCTGTTGGTGGTGGGGGGCITATTG
CAGGTATTGCTGCCTTTGTGAAAATGGTTAATCCAGAAGTAAAGATAATTGGAG
TTGAGCCATATGATGCAAATGCTTTGGCATTATCACTACGTCATGGTGAAAGAGT
AATGCTGGACCAAGTAGGAGGTTTTGCAGATGGTGTAGCAGTCAAAGTGGTAGG
TGAAGAAACCTTCCGGATATGCAGAGAGTTAGTAGATGGAGTAGTTTTTGTTGG
CCGTGATGCTATGTGCGCCTCAATAAAGGATATGTTTGAAGAGAAAAGGAGCAT
TTTAGAGCCGGCAGGTGCTCTTTCCCTTGCAGGAGCTGAAGCATACTGCAAGTA
CTACAACCTCAAGGACCAAAATATAGTAGTAATAAACAGTGGAGCTAACATGA
ACTTTGATAGACTAAGATTGGTAACTGAACTAGCAGATGTTGGTAGACAACGTG
AAGCTGTTCTTTCAACCAATTTGCCTGAAGAGCCAGGCAGTTTCAAGAAATTTGT
TGAACTTGTGGGGCCCATGAACATTACTGAATTCAGATACAGATACAGTTCTGGT
CAAGGACAAACTCTGGTACTATACAGTGTTGGTCTTCATAAAAAAATGGAACTT
GATGCAATGGTGGATAGGATGACACTCTCTCAATTTCATACCATTGATCTGACAG
ATAATGACCTTGTCAAAGATCATCTACGCCATTTGATTGGTGGCCGATCTAGTGT
ACAAGATGAACTTCTTTGCCGGTTTGTTTTCCCAGAGAGGCCTGGTGCCCTAATG
AAATTTITAGACGCTTTCAGCCCACGATGGAATATAAGTTTGTTCCATTACCGIT
CACAGGGAGAAGCTGGTGCAAATGTGCTGGTCGGTCTTCAAGTTGCCAGCAACG
AGATAGATGAGTTTAAGCAACGAGCCAACAATCTGGGTTACGAGTATGCTGTGG
AAACCTGTAACGAGGCTTTCCAACTCTTGATGCAT

I LAC_2
CCGCCGGCTGAACTGCCGCGAGTGTCTCCGAGCTCACTGCAGTGCGATCCTGGG
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TACCTTATT---AATAATGGCGCTGGTAGGGACAATGCG---------
GTTGAGTATTTGACTAGCATATTGGCTTCGAAGGTGTACGATGTCGCCTATGAAT
CGCCATTGCAGCTCGCTCCTAAGCTATCTGAGAGGTTGGCGAACAATGTCTGGCT
CAAAAGAGAGGATCTTCAACCTGTATTTTCATTCAAGCTTAGAGGAGCTTACAA
TATGATGGCTAAACTCCCAAAGGAGCAGTTGGAAAGAGGGGTTATCTGTTCATC
AGCTGGGAATCATGCTCAAGGGGTTGCATTATCTGCTCAGAGACTTGGGTGCAA
TGCTGTAATTGTGATGCCTGTTACAACACCAGAAATCAAGTGGCAATCAGTTGA
GGGGTTTGGTGCAACTGTTGTTCTTGTGGGAGATTCATATGATGAAGCTCAAGCA
TATGCCAAGAAGCGGGCCGAGGAGGAAGGGCGGACCTTCATTCCTCCTTITCGAT
CACCCTGATGTGATTGCAGGACAGGGTACTGTTGGGAAGGAGATTATGAACCAA
ATAAATGGTCCAGTACATGCAATATTITGTGCCTGTTGGGGGTGGGGGGCITATTG
CAGGCATTGCTGCCTATGTGAAAATGGTAAATCCAAACATAAAGATAATAGGA
GTAGAGCCATTTGATGCAAATGCCATGGCATTGTCACTGCACCAAGACCAGAGA
ATAATGCTGGACCAAGTTGGAGGCTTTGCAGATGGCGTAGCTGTTAAAGTAGTC
GGTGAAGAAACGTATCGTATCTGCAGAGAGACAATCGATGGAGTGGTTCTTGTT
AGCCGTGACGCCATTTGTGCCTCAATAAAGGACATGTTTGAGGAGAAAAGAAG
CATTTTAGAGCCTGCTGGTGCACTTGCTCTTGCTGGAGCTGAAGCATACTGCAAA
CACTATGGCCACAAAAATCAAAATGTTGTTGTAATAACTAGTGGAGCAAACATG
AACTTTGACAGGCTITAGATTGGTAACTGAACTTGCAGATATTGGTAGGCAGCAG
GAAGCCGTGCTCGCAACTTACATGCCAGATGATCCTGGCAGTTTCAAGCAATTCT
GTGAACTTGTAGGACCAATGAACATTACTGAGTTCAAGTGCAGATGCACTTCTA
GTAAAGAAAAAGCTGTGGCGCTATACAGTGTITGGCCTTCACTTAAAAATAGAAC
TTGAGGCAATGATGGAGAGGATGTTATCAGCTGGACTTTATACTATTAATCTTAC
AAACAATGACCTTGTCAAAGATCATCTAAGGCATTTGATGGGAGGGCGGTCCAA
TGTTCAAAATGAGCTCTTATGCAGATTTGTGTTTCCAGAGAGGCCAGGTGCCTTG
ATGAAGTTCTTAGATGCTTTCAGCCCACGCTGGAACATTAGTCTGTTCCATTACC
GCTCACAGGGAGAAGAAGGTGCGAATGTGTTGGTGGGTATCCAAGTTGCAGAC
AGCGAGATTGGTGAGTTTAAGGATTGTGCACACAACCTAGGATATGAATATGCA
GTGGAAAACAGCAATAGGGCTTTCCAACTCCTAATGCAT

LACT_SATIVA
CAACCACCGCCGTITGCTTCGAGTGTCTCCGTCTTCATTGCAGTACGAATCAGGCC
TGTTGGGCGCTCCGGACCATAAGGTGGAGGAAGGTAATGGAGTG---
ATGGAGTATTTGACGAATATTTTGTCTTCGAATGTTTACGACGTTGCAATTGAATC
TCCGTTATCGCTCGCCCCTAAGCTTTCAGAACGATTAGGTGTCAACATCTGGCTT
AAACGAGAAGATCTTCAACCTGTTTTCTCATTCAAGCTTCGTGGAGCATATAACA
TGATGGCAAAACTCCCAAAAGAACAATTATCACAAGGAGTCATCTGITCATCAG
CAGGAAATCATGCTCAAGGAGTTGCATTAGCAGCGAAAACACTAGGCTGTGAT
GCAGTGATTGTAATGCCAGTAACCACACCTCGAATCAAGTGGGAATCTGTCAAA
AGATTAGGCGCAACAGTTGTTCTTGAAGGCGATTCATACGATGAAGCACAAGCA
TACGCGAAAAAAAGAGGCAAAAACGAAAAAAGAACCTTCATCCCCCCITITGA
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CCATCCAGATATCATAATGGGCCAAGGAACTGTAGGAATGGAGATTGTGAGAC
AAATGCAAGGTCCAATTCACGCCATTTTTGTCCCTGTAGGTGGTGGCGGTTTAAT
TGCAGGTATAGCCGCGTATGTGAAAAGAGTTITCACCAGAGGTACGAATCATTGG
TGTAGAGCCAGCTGATGCAAACGCAATGGCGTTATCATTACACCATGGTCAACG
CATAATGCTTGACCAAGTTGGAGGTTTTGCAGATGGTGTTGCTGTTAAAGAAGTT
GGTGTAGAAACTTTTCGTTTATGCAGAGAGTTAATAGATGGAGTTGTTCTTGTCA
CCCGTGATGCCATTTGTGCATCCATAAAAGATATGTITGAGGAGAAAAGGAGTA
TTCTAGAACCAGCAGGGGCTCTTGCACTTGCTGGAGCTGAAGCCTATTGCAAAT
ATTATAACCTTAAAGATATTAATGTTGTTGCAATAACAAGTGGGGCCAACATGA
ATTTTGATAGATTAAGGTTGGTGACAGAGCTTGCAAATGTTGGTAGGCAACGGG
AGGCTGTTCTTGCAACTTTCCTTCCGGAAGAACCCGGAAGCTTCAAACAGTTTTG
TGAACTGATAGGGTCGATGAATATTACTGAGTTCAAGTATCGATATGATGCTGG
AGAGAAACAAGCTTTAGTTCTATACAGTGTGGGGCTACATACAAAGTTTGAGCT
TCAAGCAATGGTGGAGAGAATGGAATCATATGAATTAAAA-
CTATGGAATTTACAAATAATGACATGGTTAAGGATCATTTACGACATCTGATGG
GAGGG---
ACTAATGTGGAAAATGAGCTACTATGTCGGTTTGTTTITTCCGGAGAGGCCAGGG
GCATTGATGAAATTTTTGCATGGGTTTAGTCCGCGATGGAATATTAGCTTGTITTCA
TTACCGAGCACAGGGAGAAATGGGGGCGAATGTTTTGGTTGGGATTCAGGTTTG
TTCAAGTGAATTAAATGAGTTTCGGGGTGTTGCAAATGAGCTTGGATATGAGTAT
GAAATTGAAACAGATAATGAAGCATTCCAGCTTTTAATGCGT

LACT_SERIOLLA
CAACCACCGCCGTTGCTTCGAGTGTCTCCGTCTTCATTGCAGTACGAATCAGGCC
TGTTGGGCGCTCCGGACCATAAGGTGGAGGAAGGTAATGGAGTG---
ATGGAGTATTTGACGAATATTTTGTCTTCGAATGTTTACGACGTTGCAATTGAATC
TCCGTTATCGCTCGCCCCTAAGCTTTCAGAACGATTGGGTGTCAACATCTGGCTT
AAACGAGAAGATCTTCAACCTGTTTTCTCATTCAAGCTTCGTGGAGCATATAACA
TGATGGCAAAACTCCCAAAAGAACAATTATCACAAGGAGTCATCTGTITCATCAG
CAGGAAATCATGCTCAAGGAGTTGCATTAGCAGCGAAAACACTAGGCTGTGAT
GCAGTGATTGTAATGCCAGTAACCACACCTCGAATCAAGTGGGAATCTGTCAAA
AGATTAGGCGCAACAGTTGTTCTTGAAGGCGATTCATACGATGAAGCACAAGCA
TACGCGAAAAAAAGAGGCAAAAACGAAAAAAGAACCTTCATCCCCCCTTTTGA
CCATCCAGATATCATAATGGGCCAAGGAACTGTAGGAATGGAGATTGTGAGAC
AAATGCAAGGTCCAATTCACGCCATTTTTGTCCCTGTAGGTGGTGGCGGTTTAAT
TGCAGGTATAGCCGCGTATGTGAAAAGAGTTTCACCAGAGGTACGAATCATTGG
TGTAGAGCCAGCTGATGCAAACGCAATGGCGTTATCATTACACCATGGTCAACG
CATAATGCTTGACCAAGTTGGAGGTTTTGCAGATGGTGTTGCTGTTAAAGAAGTT
GGTGTAGAAACTTTTCGTTITATGCAGAGAGTTAATAGATGGAGTTGTTCTTGTCA
CCCGTGATGCCATTTGTGCATCCATAAAAGATATGTTTGAGGAGAAAAGGAGTA
TTCTAGAACCAGCAGGGGCTCTTGCACTTGCTGGAGCTGAAGCATATTGCAAAT
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ATTATAACCTTAAAGATATTAATGTTGTTGCAATAACAAGTGGGGCCAACATGA
ATTTTGATAGATTAAGGTTGGTGACAGAGCTTGCAAATGTTGGTAGGCAACGGG
AGGCTGTTCTTGCAACTTTCCTTCCGGAAGAACCCGGAAGCTTCAAACAGTTTTG
TGAACTGATAGGGTCGATGAATATTACTGAGTTCAAGTATCGATATGATGCTGG
AGAGAAACAAGCTTTAGTTCTATACAGTGTGGGGCTACATACAAAGTTTGAGCT
TCAAGCAATGGTGGAGAGAATGGAATCATATGAATTAAAAACTATGGAATTTAC
AAATAATGACATGGTTAAGGATCATTITACGCCATCTGATGGGAGGG---
ACGAATGTTGAAAATGAGCTACTATGTCGGTTTGTATTTCCGGAGAGGCCAGGG
GCATTGATGAAATTTTTGCATGGGTTTAGTCCGCGATGGAATATTAGCTTGTTTCA
TTACCGAGCACAGGGAGAAATGGGGGCGAATGTTTTGGTTGGGATTCAAGTTTG
TTCAAGTGAATTAAATGAGTTTCGGGGTGTTGCAAATGAGCTTGGATATGAGTAT
GAAATTGAAACAGATAATGAAGCATTCCAGCITTITAATGCGT

PETUNIA1
CCTTCGGTTCCGTTGCAACGAGTTTCACCGAGCTCGTTGCAATGCGAACCGGGTT
ATTTAATACCGAATAGTCCGGTATTAGGTACTGGTGGTGATATTGGTTATGAGTA
TTTGACTAATATATTATCATCAAAAGTGTATGATGTAGCTTATGAAACTCCTTTGC
AAAATGCCCCTAAGTTATCTGAGAGGTTGGGAGTTAATGTGTGGCTCAAAAGAG
AGGATCTTCAGCCGGTTITTCTCATTCAAGATCAGAGGAGCTTACAATATGATGGC
AAAACTCCCCAAGGAGCAATTAGAGAGAGGGGTTATCTGCTCATCAGCTGGAA
ATCATGCACAAGGTGTTGCATTATCTGCACAGAGACTTGGCTGCGATGCTGTGAT
TGTGATGCCTGTTACGACACCAGACATCAAATGGAAATCAGTTAAGAGATTGGG
TGCTACTGTTGTTCTAGTGGGAGACTCATATGATGAAGCTCAAGCATATGCCAAA
GCGCAGGCCGAAGCGGAAGGCCGTACATTCATCCCTCCITITGATCACCCAGAT
GTCATCATAGGGCAGGGTACAGTTGGAATGGAGATAAATCGCCAATTTAAAGAT
AACATTCATGCAGTTTTTGTGCCTGTTGGGGGAGGGGGTCTTATTGCTGGTATTGC
TGCCTATTTGAAAAGGGTTGCCCCTGATATAAAGATTATCGGAGTTGAGCCGTTT
GATGCAAATGCTTTGGCATTATCATTACAGCATGGTCAAAGAGTAATGTTGGAC
CAAGTTGGGGGGTTTGCAGATGGTGTAGCTGTTAAAGTGGTTGGTGAAGAAACT
TATCGTATCTGCAAGGAATTAGTGGATGGCGTGGTCCTAGTTGGTCGTGATGCTA
TATGTGCATCTATAAAGGACATGTTCGAAGAGAAAAGAAGCATACTAGAGCCT
GCAGGTGCACTTGCTCTTGCCGGAGCTGAGGCATACTGCAAGTATTATGGCCITA
AGGGTGAAAACGTAGTAGCAATAACTAGTGGAGCCAACATGAACTTTGACAGA
CITAGATTGGTCACTGAACTCGCAGATGTTGGTAGACAGCGGGAAGCTGTTCTTG
CTACTTTTATGCCAGAAGAGCCTGGAAGCTTCAAAAAGTTCTCTGAAATGGTAG
GACCAATGAATATCACTGAATTCAAGTACAGATACAATTCTGACAAAGAAAAG
GCTCTATTTTATTCAAGTGTTGGTCTTCACACAAAATTAGAACTTGAAGAAATGG
TGGAGAGAATGAAATCATCGGATCTGCAAACCATTAATCTTACAGAAAATGACT
TGGTCAAAGATCATTTAAGGCATTTGATGGGTGGCAGAACAAATGTCCATAATG
AGCTTCTCTGTCGATTTATATTTCCTGAGAAGCCTGGTGCTTTGATGAAGTTTTTA
GATACTTTCAGCCCACGTITGGAATATAAGTTTGTTTCATTACCGTGCACAGGGAG
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CTACTGGTGCAAATGTGTITAGTCGGCATCCAAGTTCCACAGGCTGAGGTTGATG
AGTTCCGAGGACGGGCTGACAGTCTTGGTTATGAATATGCAGTGGAGAGTCTCA
ACGAGGCTTTCCAGCTCATAATGCAT

L_BARB_TD1
CCTTCGGCTCCGTTATTACGAGTTTCTTCGAGCGAGTTGCAGTGTGAACCGGGTT
ACTTGATACCGAATACTCCGGTITITAGGTACTGGTGGTGTGGTTGGATACGAGTA
TTTGACGAGCATTTTGTCATCGAAAGTGTATGAT---
GCTTATGAGACGCCTTTACAGAAAGCGCCTAAGCTGTCAGAAAGGCTTGGAGTT
AATGTGTGGCTTAAAAGAGAGGATCTTCAGCCTGTCTTCTCGTTCAAAA--
AGAGGAGCTTACAATATGATGGCAAAACTGCCTAGGGAGCAGTTGGAAAGAGG
GGITATATGCTCATCAGCTGGAAACCATGCACAAGGTGTTGCATTATCCGCTCAG
AGACTCGGCTGTGATGCTGTGATTGCCATGCCTGTTACTACACCAGACATTAAAT
GGAAATCAGTITAAGAGATTGGGTGCCACTGTITGTTCTAGTGGGGGACTCATACG
ATGAAGCTCAAGCATACGCCAAAGAGCGGGCCGAAGCTGAAGGCCGCACATTC
ATCCCTCCTTTTGATCACCCAGATGTCATCATAGGGCAAGGTACAGTAGGAATG
GAGATAAATCGCCAACTCAAAGAAGACATTCATGCAATCITTGTGCCT-
TTGGAGGAGGAGGTCTTATAGCTGGTATTGC-
GCTTATTTGAAGAGGGTTGCCCCTGATATAAAGATTATTGGAGTTGAACCCCTTG
ATGCAAATGCAATGGCATTATCATTGCAGCATGGTCAGAGAGTAATGCTGGACC
AAGTTGGGGGTTTTGCAGATGGTGTAGCTGTTAAAGTGGTT

J_PROCUMB_TD1
CCGTCAGCTCCGTTGCTACGAGTTTCTCCGAGCTCGTTGCAGTGTGAACCGGGAC
ATTTGATACCGAATAGTCCGGTTTTAGGTAGTGGTGGTAAGATCGGGTACGAGT
ATTTAACAAACATCTTGTCGTCAAAAGTGTATGATGTAGCTTATGAGACGCCTTT
ACAGAACGCGCCTAAACTGTCAGAAAGGCTGGGAGTTAAAGTGTGGCTCAAAA
GAGAGGATCTTCAGCCTGTTTTCTCGTTCAAAAA-
AGAGGAGCTTACAATATGATGGCAAAACTCCCTAAAGAGCAGTTGGAAAAAGG
GGTTATATGCTCATCAGCTGGAAACCATGCACAAGGTGTTGCATTATCTGCTCAG
AGACTTGGCTGCGATGCTGTGATTGCCATGCCTGTTACTACACCAGACATCAAAT
GGAAATCGGTTAAGAGATTGGGTGCTACTGTTGTTCTAGTGGGGGACTCATATG
ATGAAGCTCAAGCATACGCCAAAGAGCGGGCCAAAGCTGAAGGCCGCACATTC
ATCCCTCCTTTTGATCACCCAGATGTCATCGTAGGGCAAGGTACAGTGGGTATGG
AAATAAATCGCCAACTCAAAGATAACATTCATGCAATCTTTGTGCCTGTTGGAG
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GAGGGGGTCTTATAGCTGGTATTGCTGCTTATTTGAAAAGGGTTGCCCCTGATAT
AAAGATTATTGGAGTTGAACCACTTGATGCAAATGCATTGGCATTATCATTACAG
CATGGTCAGAGAGTAATGCTGGACCAAGTTGGGGGTTTTGCAGATGGTGTAGCT
GTTAAAGTGGTTGGTGAAGAAACTTATCGTATCTGCGAGGAACTAATAGATGGT
GTAGTCCTAGTTGGTCGTGATGCTATATGTGCATCTATAAAGGACATGTTTGAAG
AGAAAAGAAGCATACTAGAGCCTGCAGGTGCACTTGCTCTCGCTGGAGCCGAG
GCATACTGCAAGTACTATGGCCTCAAGGGTGAAAACGTAGTAGCAATAACTAGT
GGAGCCAACATGAACTTTGACAGACTTAGACTGGTTACGGAACTCGCAGATGTT
GGTAGACAGAGGGAAGCTGTTCTTGCTACTTITATGCCAGAAGAGCCAGGGAGC
TTCAAAAAGTTCGCTGAAATGGTAGGACCAATGAATATCACTGAATTCAAGTAC
AGATACAATTCTGATAAAGAAAGAGCTCTAGTACTTTACAGTGTTGGTCTTCACA
TGAAACTAGAACTTGAAGAAATGGTGGACAGGATGAAATCAGCAGATCTGAAA
ACCATTAATCTTACAGACAATGACTTGGTCAAAGATCATCTAAGGCATTTGATG
GGTGGTAGAACAAATGTTCATAATGAGCTTTTGTGTCGATTCACTTTTCCCGAGA
AGCCCGGTGCTITTGATGAAGTTTTTAGATGCTTTCAGCCCATGTTGGAATATAAG
TTTGTTTCATTACCGTGCACAGGGAGACACTGGTGCAAATGTGCTAGTTGGGATC
CAAGTTCCACAGGATGAGGTAGTTGAGTTCCAGAGACGGGCAGACAGTCTTGGT
TATGAATATGCAGTGGAGAGTCTCAATGAGGCATACCAGCTCATAATGCAT
CAPSIC_TD1
CCTTCGGCTCCGTTACTACGAGTATCTCCGAGCTCGTTGCAGTGTGAACCGGGAT
ATTTGATACCGAATACTCCGGTITTITAGGTAGTGGTGGTTTGGTTGGATATGAGTA
TTTGACGAATATATTGTCGTCGAAAGTGTATGATGTAGCTTATGAAACGCCGTTG
CAAAATGCGCCGAAATTGTCTGAAAGGCTTGGAGTTAAAGTTTGGCTTAAAAGA
GAGGATCTTCAGCCTGTAAGTATTITTCAAAATCAGAGGAGCTTACAATATGATG
GCAAAACTCCCTAAAGAGCAGTTGGAAAAAGGGGTTATATGCTCATCAGCTGG
AAACCATGCACAAGGTGTTGCATTATCCGCTCAGAGACTTGGCTGCAATGCTGT
GATTGCCATGCCTGTTACTACACCAGACATCAAATGGAAATCAGTGAAGAGACT
GGGTGCTACTGTTGTTITAGTGGGAGACTCATATGATGAAGCTCAAGCATACGCC
AAAGAGCGGGCCAAGGCTGAACGCCGCACATTCATTCCTCCITITGATCACCCG
GATGTCATCATAGGGCAAGGTACAGTAGGAATGGAGATAAATCGCCAACTCAA
AGATAACATTCATGCAGTCTTTGTGCCTGTTGGAGGAGGGGGTCTTATAGCTGGT
ATTGCTGCTTATTTGAAAAGGGTTGCCCCTGATATAAAAATCATTGGAGTTGAAC
CACTGGATGCAAATGCATTGGCATTATCATTACAGCATGGTCAGAGAGTAATGC
TGGACCAAGTTGGGGGTTTTGCAGATGGCGTAGCTGTTAAAGTAGTTGGTGAAG
AAACTTATCGTCTCTGCAAGGAATTGATAGATGGTGTAGTCCTAGTTGGTCGTGA
TGCTATATGTGCATCAATAAAGGACATGTTTGAAGAGAAAAGAAGCATATTAGA
GCCTGCAGGTGCACTTGCTCTTGCTGGAGCCGAGGCATACTGCAAGTACTATGG
CCTCAAGGGTGAAAACGTAGTAGCAATAACTAGTGGAGCCAACATGAACTTTG
ACAGACTTAGATTGGTGACTGAACTCGCAGATGTTGGTAGACAGCGGGAAGCTG
TTCTTGCTACTTTTATGCCAGAAGAGCCTGGGAGCTTCAAAAAGTTTTGTGAAAT

67



GGTAGGACCAATGAATATCACTGAGTTCAAGTACAGATACAAGTCTGATGAAG
AACGAGCTCTAGTACTTTACAGTGTTGGTCTTCACACACAATTAGAACTTGAAGG
AATGGTGGAGAGGATGAAATCAGTAGATCTGCAAACCATTAATCTTACGGACA
ATGACTTGGTCAAAGATCATCTAAGGCATTTGATGGGTGGTAGAACACATGTTC
ATAATGAGCTTTTGTGTCGATTCACTTITTCCTGAGAGGCCTGGTGCTTTGATGAAG
TTITTAGATGCITTCAGCCCACGTTGGAATATAAGTTTGTTTCATTATCGTGCACA
GGGAGATACTGGTGCAAATGTGCTAGTCGGGATCCAAGTTCCACAGGATGAGAT
AGATGAGTTCCAGGGACTGGCAGACACTCTTGGTTATGAATATGCAGTGGAGAG
TCTCAATGAGGCATTCCAGCTTATAATGCAT

S_AVIC_TD1
GCTCCGGTTCCTITTGCTACGAGTTTCTCCCAGCTCGTTGCAGTGTGAACCGGGAT
ATTTGATACCAAATAGTCCGGTTCTAGGTAGTGGTGGTTTGATCGGGTACGAGTA
TTTGACAAACATCTTGTCGTCAAAAGTGTATGATGTAGCTTATGAGACGCCTTTG
CAAAAAGCGCCTAAGCTGTCAGAAAGATTGGGAGTTAATGTGTGGCTCAAAAG
AGAGGATCTTCAGCCCGTCTTCTCATTCAAAATCAGAGGAGCTTACAATATGAT
GGCAAAAATCCCTAAAGAGCAGTTGGAAAAAGGGGTTATATGCTCATCAGCTG
GAAACCATGCACAGGGTGTTGCATTATCCGCTCAGAGACTTGGCTGCAATGCTG
TGATTGCCATGCCTGTTACTACACCAGACATCAAATGGAAATCAGTTAAGAGAT
TGGGTGCTACTGTTGTTCITGTGGGGGACTCATATGATGAAGCTCAAGCATATGC
CAAAGAGCGGGCCGAAGCTGAAGGCCGCACATTCATCCCTCCTTTTGATCACCC
AGATGTCATCGTAGGGCAAGGTACAGTAGGGATGGAGATAAATCGCCAACTCA
AAGATAACATTCATGCAATCTTTGTGCCTGTTGGAGGAGGGGGCCTTATAGCTGG
TATCGCTGCTTATTITGAAAAGGGTTGCCCCTGATATAAAGATTATTGGAGTTGAA
CCACTTGATGCTAATGCGTTGGCATTATCATTACAGCATGGTCAGAGAGTAATGC
TGGACCAAGTTGGGGGTTTTGCAGATGGTGTAGCTGTTAAAGTGGTTGGTGAAG
AAACTTATCGTCTCTGCGAGGAATTAATAGATGGCGTAGTCCTAGTTGGTCGTGA
TGCTATATGTGCGTCTATAAAGGACATGTTTGAAGAGAAAAGAAGCATACTAGA
GCCTGCAGGTGCACTTGCTCTTGCTGGAGCCGAGGCATACTGCAAGTACTATGG
CCTCAAGGGTGAAAACGTAGTAGC-ATAACTAGTGGAGCCAA-AT-
AACTTTGACAGACTTAGATTGGTAACTGAACTCGCAGATGTTGGTAGACAGCGG
GAAGCTGTTCITGCTACTTTITATGCCAGAAGACCCAGGAAGCTTCAAAAAGTTTG
CTGAAATGGTAGGACCAATGAATATCACTGAATTCAAGTACAGATACAATTCTG
ATAAAGAAAGAGCTCTAGTACTTTACAGTGTTGGTCTTCACACCAAATTAGAAC
TTGAAGAAATGGTGGAGAGGATGAAATCAGCAGATCTGCAAACCATTAATCITA
CAGACAATGACTTGGTCAAAGATCATCTTAGGCATTTGATGGGTGGTAGAACAA
ATGTTCATGATGAGCTTITTGTGTCGATTCACTTTTCCTGAGAAGCCTGGTGCTTT-
ATGAAGTTTTTAGATGCTTTCAGCCCACGTTGGAATATAAGTTTGTTTCATTATCG
TGCACAGGGAGATACTGGTGCAAATGTGCTAGTCGGGATCCAAGTTCCACAGGA
TGAGGTAGTTGAGTTCCAGGGACGGGCAGAGAGCCTTGGTTATGAATATGCAGT
GGAGAGCCTCAATGATGCATTCCAGCTCATAATGCAT
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S_ARCANUM_TD1
GCACCGGTTCCGTTGCTACGAGTTTCTCCGAGCTCGTTGCAGTGTGAGCCGGGAT
ATTTGTTACCGAATAGTCCGGTTTTAGGTACGGGTGGTGTGACCGGGTATGAGTA
TTTGACGAACATCTTGTCATCGAAAGTTTATGATGTAGCTTATGAGACGCCTTTG
CAGAAAGCTCCTAAGCTGTCAGAAAGATTGGGAGTTAATGTATGGCTAAAAAG
AGAGGATCTTCAGCCGGTGTTTTCGTTCAAAATCAGAGGAGCTTACAATATGAT
GGCAAAACTCCCGAAAGAGCAGTTGGAAAAAGGGGTTATATGCTCATCAGCTG
GAAACCATGCACAAGGTGTTGCATTATCTGCTCAGAGACTTGGCTGTGATGCTGT
CATTGTTATGCCTGTTACTACACCAGACATCAAATGGAAATCAGTAAAGAGATT
GGGTGCTACTGTTGTTCTTGTTGGGGGCTCATATGATGAAGCTCAAGCATATGCC
AAAAAGCGGGCTGAATCTGAAGGCCGCACATTCATTCCTCCTTTTGATCACCCA
GATGTCATTGTAGGGCAGGGTACAGTAGGGATGGAGATAAATCGCCAACTCAA
AGATCACATTCATGCAATCTTTGTGCCTGTTGGAGGAGGGGGGCTITATAGCTGGT
ATTGCTGCTTATTTGAAAAGGGTTGCCCCAGATATAAAGATTATTGGAGTTGAAC
CACTTGATGCGAATGCATTGGCATTATCATTACATCATGGTCAGAGAGTAATGCT
GGACCAAGTTGGGGGTTTTGCAGATGGTGTAGCTGTTAAAGTGGTTGGTGAAGA
GACTTATCGTCTCTGCGAGGAATTAATAGATGGCGTTGTCCTAGTTGGTCGTGAT
GCTATATGTGCATCTATAAAGGACATGTTTGAAGAGAAAAGGAGCATACTAGAG
CCTGCAGGTGCACTTGCTCTTGCTGGAGCCGAGGCATACTGCAAGTATTATGGCC
TCAAGGGTGAAGACGTAGTAGCAATAACTAGTGGAGCCAACATGAACTTTGAC
AGGCTTAGATTGGTAACAGAACTCGCAGATGTTGGTAGACAGCGGGAAGCTGIT
CTTGCTACTTITATGCCAGAAGACCCAGGAAGCTTCAAAAAGTTCGCTGAAATG
GTAGGACCAATGAATATCACTGAATTCAAGTACAGATACAACTCTGATAAAGAA
AGAGCTCTTGTACTTTACAGTGTTGGACTTCACACAATACTAGAACTTGAAGGA
ATGGTGGAGAGGATGGAATCAGCAGATCTGCAAACCATTAATCITACAGACAAT
GACTTGGTCAAAGATCATCTTAGGCATTTGATGGGTGGTAGAACAAATGTTCAT
AATGAGCTTTTGTGTCGATTCACTTTTCCTGAGAAGCCTGGTGCTTTGATGAAGTT
TTTAGATGCTTTCAGCCCACGTTGGAATATAAGTTTGTTTCATTATCGTGCACAGG
GAGATACTGGTGCAAATGTGCTAGTCGGGATCCAAGTTCCACAAGATGAGGTAG
TTGAGTTTGAGGGACGGGCAGACAGTCTTGGTTATGAATATGCAGTGGAGAGTC
TCAATGAGGCATACCAGCTCATAATGCAT

S_BULB_TD1
GCTCCGGTTCCGTTGCTACGAGTTTCTCCGAGCTCGTTGCAGTGTGAGCCGGGAT
ATTTGATACCGAATACTCCGGTITTITAGGTACTGGTGGTGTGACCGGGTATGAGTA
TTTGACAAACATCTTGTCATCGAAAGTTTATGATGTAGCTITATGAGACGCCTTTG
CAGAAAGCGCCTAAGCTGTCAGAAAGATTGGGAATTAATGTATGGCTTAAAAG
AGAGGATCTTCAGCCGGTGTTTTCGTTCAAAATCAGAGGAGCTTACAATATGAT
GGCAAAACTCCCTAAAGAGCAGTTGGAAAAAGGGGTTATATGCTCATCAGCTG
GAAACCATGCACAAGGTGTTGCATTATCTGCTCAGAGACTTGGCTGCGATGCTGT
GATTGTTATGCCTGTTACCACACCAGACATCAAATGGAAATCAGTTAAGAGATT
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GGGTGCTACTGTITGTTCTTGTTGGGGACTCATATGATGAAGCTCAAGCATATGCC
AAAGAGCGGGCTGAAGCTGAAGGCCGCACATTCATCCCTCCTTITTGATCACCCA
GATGTCATCGTAGGGCAAGGTACAGTAGGGATGGAGATAAATCGCCAATTCAA
AGATAACATTCATGCAATCTTTGTGCCTGTTGGAGGAGGGGGGCTTATAGCTGGT
ATTGCTGCTTATTTGAAAAGGGTTGCCCCAGATATAAAGGTTATTGGAGTTGAAC
CACTTGATGCAAATGCGTTGGCATTATCATTACAGCATGGTCAGAGAGTAATGCT
GGACCAAGTTGGGGGTTTITGCAGATGGTGTAGCTGTTAAAGTGGTTGGTGAAGA
GACTTATCGTCTCTGCGAGGAATTAATAGATGGCGTAGTCCTAGTTGGTCGTGAT
GCTATATGTGCATCTATAAAGGACATGTTTGAAGAGAAAAGGAGCATACTAGAG
CCTGCAGGTGCACTTGCTCTTGCTGGAGCCGAGGCATACTGCAAGTATTATGGCC
TCAAGGGTGAAAACGTAGTAGCAATAACTAGTGGAGCCAACATGAACTTTGAC
AGGCTTAGATTGGTAACAGAACTCGCAGATGTTGGTAGACAGCGGGAAGCTGIT
CTTGCTACTTITATGCCAGAAGAACCAGGAAGCTTCAAAAAGTTCGCTGAAATG
GTAGGACCAATGAATATCACTGAATTCAAGTACAGATACAACTCTGATAAAGAA
AGAGCTCTTGTACTTTACAGTGTTGGACTTCACACAATATTAGAACTTGAAGGAA
TGGTGGAGAGGATGGAATCAGCAGATCTGCAAACCATTAATCTTACAGACAATG
ACTTGGTCAAAGATCATCITAGGCATTTGATGGGTGGTAGAACAAATGTTCATA
ATGAGCTTTTGTGTCGATTCACTTTTCCCGAGAAGCCTGGTGCTTTGATGAAGTTIT
TTAGATGCTTTCAGCCCATGTTGGAATATAAGTTTGTTTCATTATCGTGCACAGG
GAGATACTGGTGCAAATGTGCTAGTCGGGATCCAAGTTCCACCGGATGAGGTAG
TTGAGTTTGAGGGACGGGCAGACAATCTTGGTTATGAATATGCAGTGGAGAGTC
TCAATGAGGCATACCAGCTCATAATGCAT

S_TUBE_TD1
GCTCCGGTTCCGTTGCTACGAGTTTCTCCGAGCTCGTTGCAGTGTGAGCCGGGAT
ATTTGATACCGAATACTCCGGTITITAGGTACTGGTGGTGTGTCCGGGTATGAGTA
TTTGACAAACATCTTGTCATCGAAAGTTTATGATGTAGCTTATGAGACGCCTTTG
CAGAAAGCTCCTAAGCTGTCAGAAAGATTGGGAGTTAATGTATGGCTTAAAAGA
GAGGATCTTCAGCCGGTGTTTTCGTTCAAA---
AGAGGAGCTTACAATATGATGGCAAAACTCCCTAAAGAGCAGTTGGAAAAAGG
GGTTATATGCTCATCAGCTGGAAACCACGCACAAGGTGTTGCATTATCTGCTCAG
AGACTTGGCTGCGATGCTGTGATTGTTATGCCTGTTACTACACCAGACATCAAAT
GGAAATCAGTTAAGAGATTGGGTGCTACTGTTGTTCTTGTTGGGGACTCATATGA
TGAAGCTCAAGCATATGCCAAAGAGCGGGCTGAAGCTGAAGGCCGCACATTCA
TCCCTCCTTTTGATCACCCAGATGTCATCGTAGGGCAAGGTACAGTAGGGATGG
AGATAAATCGCCAACTCAAAGATAACATTCATGCAATCTTTGTTCCTGTTGGAGG
AGGGGGGCTTATAGCTGGTATTGCTGCTTATTTAAAAAGGGTTGCCCCAGATATA
AAGATTATTGGAGTTGAACCACTTGATGCAAATGCGTTGGCATTATCATTACAGC
ATGGTCAGAGAGTAATGCTGGACCAAGTTGGGGGTTTTGCAGATGGTGTAGCTG
TTAAAGTGGTTGGTGAAGAGACTTATCGTCTCTGCGAGGAATTAATAGATGGCG
TAGTCCTAGTTGGTCGTGATGCTATATGTGCATCAATAAAGGACATGTTTGAAGA
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GAAAAGGAGCATACTAGAGCCTGCAGGTGCACTTGCTCTTGCTGGAGCCGAGGC
ATACTGCAAGTATTATGGCCTCAAGGGTGAAAACGTAGTAGCAATAACTAGTGG
AGCCAACATGAACTTTGACAGGCTTAGATTGGTAACAGAACTCGCAGATGTITGG
TAGACAGCGGGAAGCTGTTCTTGCTACTTTTATGCCAGAAGACCCAGGAAGCIT
CAAAAAGTTCGCTGAAATGGTAGGACCAATGAATATCACTGAATTCAAGTACAG
ATACAACTCTGATAAAGAAAGAGCTCITGTACTTTACAGTGTTGGACTTCACACA
ATTTTAGAACTTGAAGGAATGGTGGAGAGGATGGAATCAGCAGATCTGCAAAC
CATTAATCTTTCAGACAATGACTTGGTCAAAGATCATCTTAGGCATTTGATGGGT
GGTAGAACAAATGTTCATAATGAACTTTTGTGTCGATTCACTTTTCCCGAGAAGC
CTGGTGCTITTGATGAAGTTTTITAGATGCTTTCAGCCCACGTTGGAATATAAGTITG
TTTCATTATCGTGCACAGGGAGATACTGGTGCAAATGTGCTAGTCGGGATCCAA
GTTCCACAGGATGAGGTAGTITGAGTTTGAGGGACGGGCAAACAATCTTGGTTAT
GAATATGCAGTGGAGAGTCTCAATGAGGCATACCAGCTCATAATGCAT
S_DULC_TD1
GCTCCGGTTCCGTTGCTACGAGTTTCTCCCAGCTCGTTGCAGTGTGAGCCGGGAT
TTTTGATACCGAATAGTCCGGTTCTAGGTAGTGGTGGTTTGATCGGGTACGAGTA
TTTGACAAACATCTTGTCGTCGAAAGTGTATGATGTAGCTTATGAGACGCCTTTG
CAGAAAGCGCCTAAGCTCTCAGAAAGATTGGGAGTITAATGTGTGGCTCAAAAG
AGAGGATCTTCAGCCCGTCTTCTCGTTCAAAATCAGAGGAGCTTACAATATGAT
GGCAAAACTCCCTAAAGAGCAGTTGGAAAAAGGGGTTATATGCTCATCAGCTG
GAAACCATGCACAAGGTGTTGCACTATCCGCTCAGAGACTTGGCTGCGATGCTG
TGATTGCCATGCCTGTTACTACACCAGACATCAAATGGAAATCAGTTAAGAGCT
TGGGAGCTACTGTTGTTCTTGTAGGGGACTCATATGATGAAGCTCAAGCATATGC
CAAAGAGCGGGCCGAAGCTGAAGGCCGCACATTCATCCCTCCTTTTGATCACCC
AGATGTCATCGTAGGGCAAGGTACAGTAGGGATGGAGATAAATCGCCAACTCA
AAGATAGCATTCATGCAATCTTTGTGCCTGTTGGAGGAGGGGGGCTTATAGCTG
GTATTGCTGCTTATTITGAAAAGGGTTGCCCCTGATATAAAGATTATTGGAGTTGA
ACCACTTGATGCAAATGCGTTGGCATTATCATTACAGCATGGTCAGAGAATAAT
GCTGGACCAAGTTGGGGGGTTTGCAGATGGTGTAGCTGTTAAAGTGGTTGGTGA
AGAGACTTATCGTCTCTGCGAGGAATTAATAGATGGCGTAGTCCTAGTTGGTCGT
GATGCTATATGTGCATCTATAAAGGACATGTTTGAAGAGAAAAGAAGCATATTG
GAGCCTGCAGGTGCACTTGCTCTTGCTGGAGCCGAGGCATACTGCAAATACTAT
GGCCTCAAGGGTGAAAATGTAGTAGCAATAACTAGTGGAGCCAACATGAACTIT
GACAGGCTTAGATTGGTAACTGAACTCGCAGATGTTGGTAGACAGCGAGAAGCT
GTTCTTGCTACTTTITATGCCAGAAGACTCAGGAAGCTTCAAAAAGTTCGCTGAAA
TGGTAGGACCAGTGAATATCACTGAATTCAAGTACAGATACAATTCTGATAAAG
AAAGAGCTCTAGTACTTITACAGTGTTGGTCTTCACACAACATTAGAACTTGAAG
GAATGGTGGAGAGAATGGAATCAGCAGATCTGCAAACCATTAATCTTACAGAC
AATGACTTGGTCAAAGATCATCTTAGGCATTTGATGGGTGGTAGAACAAATGTT
CATAATGAGCTTTTGTGTCGATTCATTTTTCCCGAGAAGCCTGGTGCTTTGATGAA
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GITITTAGATGCCTTCAGCCCACGTTGGAATATAAGTTTGTTTCATTATCGTGCAC
AGGGAGATACTGGTGCAAATGTGCTAGTCGGGATCCAAGTTCTACAGGATGAGG
TAGTTGAGTTCCATGAACGGGCAGACAGTCTTGGTTATGAATATGCAGTGGAGA
GTCTCAATGAGGCATTCCAGCTCATAATGCAT

S_LYCO_TD1
GCACCGGTTCCGTTGCTACGAGTTTCTCCGAGCTCGTTGCAGTGTGAGCCGGGAT
ATTTGTTACCGAATAGTCCGGTTTTAGGTACGGGTGGTGTGACCGGGTATGAGTA
TCTGACGAACATCTTGTCATCGAAAGTTTATGATGTAGCTTATGAGACGCCTTTG
CAGAAAGCTCCTAAGCTGTCAGAAAGATTGGGAGTTAATGTATGGCTAAAAAG
AGAGGATCTTCAGCCGGTGTTTTCGTTCAAAATCAGAGGAGCTTACAATATGAT
GGCAAAACTCCCGAAAGAGCAGTTGGAAAAAGGGGTTATATGCTCATCAGCAG
GAAACCATGCACAAGGTGTTGCATTATCTGCTCAGAGACTTGGCTGCGATGCTGT
GATTGTTATGCCTGTTACTACACCAGACATCAAATGGAAATCAGTTAAGAGATT
GGGTGCTACTGTTGTTCTTGTTGGGGACTCATATGATGAAGCTCAAGCATATGCC
AAAAAGCGGGCTGAATCTGAAGGCCGCACATTCATCCCTCCITTITGATCACCCA
GATGTCATTGTAGGTCAGGGTACAGTAGGGATGGAGATAAATCGCCAACTCAAA
GATAACATTCATGCAATCTTTGTGCCTGTTGGAGGAGGGGGGCTTATAGCTGGTA
TTGCTGCTTATTITGAAAAGGGTTGCCCCAGATATAAAGATTATTGGAGTTGAACC
ACTTGATGCTAATGCATTGGCATTATCATTACATCATGGTCAGAGAGTAATGCTG
GACCAAGTTGGGGGTTTTGCAGATGGTGTAGCTGTTAAAGTGGTTGGTGAAGAG
ACTTATCGTCTGTGCGAGGAATTAATAGATGGCGTTGTCCTAGTTGGTCGTGATG
CTATATGTGCATCTATAAAGGACATGTTTGAAGAGAAAAGGAGCATACTAGAGC
CGGCAGGTGCACTTGCTCTTGCTGGAGCCGAGGCATACTGCAAGTATTATGGCCT
CAAGGGTGAAAACGTAGTAGCAATAACTAGTGGAGCCAACATGAACTTTGACA
GGCTTAGATTGGTAACAGAACTCGCAGATGTTGGTAGACAGCGGGAAGCTGTTC
TTGCTACTTTTATGCCAGAAGACCCAGGAAGCTTCAAAAAGTTCGCTGAAATGG
TAGGACCAATGAATATCACTGAATTCAAGTACAGATACAACTCTGATAAAGAA
AGAGCTCTTGTACTTTACAGTGTTGGACTTCACACAATATTAGAACTTGAAGGAA
TGGTGGAGAGGATGGAATCAGCAGATCTGCAAACCATTAATCITACAGACAATG
ACTTGGTCAAAGATCATCITAGGCATTTGATGGGTGGTAGAACAAATGTTCATA
ATGAGCTTTTGTGTCGATTCACTTTTCCTGAGAAGCCTGGTGCTTITGATGAAGTTT
TTAGATGCTTTCAGCCCACGTTGGAATATAAGTTTGTTTCATTATCGTGCACAGG
GAGATACTGGTGCAAATGTGCTAGTCGGGATCCAAGTTCCACCGGATGAGGTAG
TTGAGTTTGAGGGACGGGCAGACAGTCTTGGTTATGAATATGCAATGGAGAGTC
TCAATGAGGCATACCAGCTCATAATGCAT

S_MELO_TD1
GGTAAGGTTCCGTCGGTGCGAGTTTCTCCCAGCTCGTTGCAGTGTGAGCCGGGAT
ATTTGATACCGAATAGTCCGGTTCTAGGTAGTGGTGGTTTGATCGGTTACGAGTA
TCTGACGAACATCTTGTCGTCGAAAGTGTATGATGTAGCTTATGAGACGCCGTTG
CAGAAAGCTCCTAAGCTGTCAGAAAGATTGGGAGTTAATGTGTGGCTCAAAAGA
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GAGGATCTTCAGCCGGTCTTCTCATTCAAAATCAGAGGAGCTITACAATATGATG
GCAAAACTCTCTAAAGAGCAGTTGGAAAAAGGGGTAATATGCTCATCAGCTGG
AAACCATGCACAAGGTGTTGCATTATCCGCTCAGAGACTTGGCTGCGATGCTGT
GATTGCCATGCCTGTTACTACGCCAGACATCAAATGGAAATCAGTTAAGAGATT
GGGTGCTACTGTITGTTCTTGTGGGCGACTCGTATGATGAAGCTCAAGCATATGCC
AAAGAGCGGGCTGTAGCTGAAGGCCGCACATTCATCCCTCCTTTTGATCACCCA
GATGTCATCGCCGGGCAAGGTACAGTAGGGATGGAGATAAATCGCCAACTCAA
AGATAACATTCATGCAATCTTTGTGCCTGTTGGAGGAGGGGGGCTTATAGCTGGT
ATTGCTGCTTATTTGAAAAGAGTTGCCCCCGATATAAAGGTTATTGGAGTTGAAC
CACTTGATGCAAATGCGTTGGCATTATCATTACAGCATGGTCAGAGAGTAATGCT
GGACCAAGTTGGTGGTTTTGCAGATGGTGTAGCTGTTAAAGTGGTTGGTGAAGA
AACTTATCGTATCTGTGAGGAATTAATAGATGGCGTAGTCCTAGTTGGTCGTGAT
GCTATATGTGCATCTATAAAGGACATGTTTGAAGAGAAAAGAAGCATACTAGAG
CCTGCAGGTGCACTTGCTCTTGCGGGAGCCGAGGCATATTGCAAGTACTATGGA
CTCGAGGGTGAAAATGTGGTAGCAATAACTAGTGGAGCCAACATGAACTTTGAC
AGACTTAGATTGGTCACTGAACTCGCAGATGTTGGTAGACAGCGGGAAGCTGTT
CTTGCTACTTTTCTGCCAGAAGAGGCAGGAAGCTTCAAAAAGTTTGCTGAAATG
GITGGACCAATTAATATCACTGAATTCAAGTACAGATACAATTCTGATAAAGAA
AGAGCTCTAGTACTTTACAGTGTITGGTCTTCACACAATATTAGAACTTGAAGGAA
TGGTGGAGAGGATTGAAGCAGCAGATCTGCAAACCATTAATCTTACAGACAATG
ACTTGGTGAAAGATCATCTTAGGCATTTGATGGGTGGGAGAACAAATGTTCAGA
ATGAGCTTTTGTGTCGATTCACTTTTCCCGAGAAGCCTGGTGCCTTGATGAAGTTT
TTAGATGCTTTCAGTCCACGTTGGAATATAAGTTTGTTTCATTATCGTGCACAGG
GAGATACTGGTGCAAATGTGCTAGTCGGAATCCAAGTTCCACACGATGAGGAAG
TTGAGTTCCAGGGACGGGCAGATAGTCTTGGTTATGAATATACAGTGGAGAGTC
TCAACGAGGCATTGCAGCTCATAATGCAT

S_SITI_TD1
GCAACGGTTCCGTTGCTACGAGTTTCTCCGAGCTCGTTGCAGTGTGAGCCGGGAT
ATTTGATACCGAATAGTCCGGTTTTAGGTGCGGGTGGTGTGACCGGGTATGAGTA
TTTGACGAACATCTTGTCATCGAAAGTTTATGATGTAGCTTATGAGACGCCTTITG
CAGAAAGCTCCTAAGCTGTCAGAAAGATTGGGGGTITAATGTATGGCTAAAAAG
AGAGGATCTTCAGCCGGTGTTTTCGTTCAAAATCAGAGGAGCTTACAACATGAT
GGCAAAACTCCCTAAAGAGCAGTTGGAAAAAGGGGTTATATGCTCATCAGCTG
GAAACCATGCACAAGGTGTTGCATTATCTGCTCAGAGACTTGGTTGCGATGCTGT
GATTGTTATGCCTGTTACTACACCAGACATCAAATGGAAATCAGTTAAGAGATT
GGGTGCTACTGTTGTTCTTGTTGGGGACTCATATGATGAAGCTCAAGCATATGCC
AAAAAGCGGGCTGAAGCTGAAGGCCGCACATTCATCCCTCCTTTTGATCACCCA
GATGTCATCGTAGGGCAAGGTACAGTAGGGATGGAGATAAATCGCCAACTCAA
AGATAACATTCATGCAATCTTTGTGCCTGTTGGAGGAGGGGGGCTTATAGCTGGT
ATTGCTGCTTATTTGAAAAGGGTTGCCCCAGATATAAAGATTATTGGAGTTGAAC
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CACTTGATGCAAATGCGTTGGCATTATCATTACAGCATGGCCAGAGAGTAATGC
TGGACCAAGTTGGGGGTTTTGCAGATGGTGTAGCTGTTAAAGTGGTTGGTGAAG
AGACTTATCGTCTCTGCGAGGAATTAATAGATGGCGTAGTCCTAGTTGGTCGTGA
TGCTATATGTGCATCTATAAAGGACATGTTTGAAGAGAAAAGGAGCATACTAGA
GCCTGCAGGTGCACTTGCTCTTGCTGGAGCCGAGGCATACTGCAAGTATTATGGC
CTCAAGGGTGAAAACGTAGTAGCAATAACTAGTGGAGCCAACATGAACTTTGA
CAGGCTTAGATTGGTAACAGAACTCGCAGATGTTGGTAGACAGCGGGAAGCTGT
TCTTGCTACTTTTATGCCAGAAGACCCAGGAAGCTTCAAAAAGTTCGCTGAAAT
GGTAGGACCAATGAATATCACTGAATTCAAGTACAGATACAACTCTGATAAAGA
AAGAGCTCTTGTACTTTACAGTGTTGGACTTCACACAATATTAGAACTTGAAGGA
ATGGTGGAGAGGATGGAATCAGCAGATCTGCAAACCATTAATCITACAGACAAT
GACTTGGTCAAAGATCATCTITAGGCATTTGATGGGTGGTAGAACAAATGTTCAT
AATGAGCTTTTGTGTCGATTCACTTTTCCCGAGAAGCCTGGTGCTTTGATGAAGTT
TTTAGATGCTTTCAGCCCACGTTGGAATATAAGTTTGTTTCATTATCGTGCACAGG
GAGATACTGGTGCAAATGTGCTAGTCGGAATCCAAGTTCCACAGGATGAGGTAG
TTGAGTTTGAGGGACGGGCAGACAGTCTTGGTTATGAATATGCAGTGGAGAGTC
TCAATGAGGCATACCAGCTCATAATGCAT

S_PSEU_TD1
GCTCCGGTTCCGTTGCTGCGAGTTTCTCCCAGCTCATTGCAGTGTGAGCCGGGAT
GTTTGATACCGAATAGTCCGGTTCTAGGTAGTGGTGGTTTGATGGGTTACGAGTA
TTTGACGAACATCTTGTCGTCAAAAGTGTATGATGTAGCTTATGAGACGCCATTG
CAGAAAGCGCCTAAGCTGTCAGAAAGATTGGGAGTTAATGTGTGGCTCAAAAG
AGAGGATCTCCAGCCGGTCTTCTCGTTCAAAATCAGAGGAGCTTACAATATGAT
GGCAAAACTCCCTAAAGAGCAGTTGGAAAAAGGGGTTATATGCTCATCAGCTG
GAAACCATGCACAAGGTGTTGCATTATCTGCTCAGAGACTTGGCTGCAATGCTG
TGATTGCCATGCCTGTTACTACTCCAGACATCAAATGGAAATCAGTTAAGAGATT
GGGTGCTACTGTTGTTCTTGTTGGGGACTCATATGATGAGGCTCAAGCATATGCC
AAAGAGCGGGCTGAAGCTGAAGGCCGCACATTCATCCCTCCTTITTGATCACCCA
GATGTCATCGCTGGTCAAGGTACAGTAGGAATGGAGATAAATCGCCAACTCAA
AGATAACATTCATGCAATCTTTGTGCCTGTTGGAGGAGGGGGGCTTATAGCTGGT
ATTGCTGCTTATTTGAAAAGGGTTGCCCCCGATATAAAGATTATTGGAGTTGAAC
CACTTGATGCAAATGCGTTGGCGTTATCATTACAGCATGGTCAGAGAGTAATGCT
GGACCAAGTTGGGGGTTTTGCAGATGGTGTAGCTGTTAAAGTGGTTGGTGAAGA
AACTTATCGTATCTGCGAGGAACTAATAGATGGTGTAGTCCTAGTTGGTCGTGAT
GCTATATGTGCATCTATAAAGGACATGTTTGAAGAAAAAAGAAGCATACTAGAG
CCTGCAGGTGCACTTGCTCTCGCTGGAGCCGAGGCATACTGCAAGTACTATGGC
CTCAAGGGTGAAAACGTAGTAGCAATAACTAGTGGAGCCAACATGAACTTTGA
CAGACTTAGACTGGTTACGGAACTCGCAGATGTTGGTAGACAGAGGGAAGCTGT
TCTTGCTACTTTTATGCCAGAAGAGCCAGGGAGCTTCAAAAAGTTCGCTGAAAT
GGTAGGACCAATGAATATCACTGAATTCAAGTACAGATACAATTCTAATAAAGA
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AAGAGCTCTAGTACTTTACAGTGTTGGTCTTCACATGAAACTAGAACTTGAAGA
AATGGTGGACAGGATGAAATCAGCAGATCTGAAAACCATTAATCTTACAGACA
ATGACTTGGTCAAAGATCATCTAAGGCATTTGATGGGTGGTAGAACAAATGTTC
ATAATGAGCTTTTGTGTCGATTCACTTTTCCCGAGAAGCCCGGTGCTTTGATGAA
GITITTAGATGCTTTCAGCCCATGTTGGAATATAAGTTTGTITCATTACCGTGCAC
AGGGAGACACTGGTGCAAATGTGCTAGTTGGGATCCAAGTTCCACAGGATGAG
GTAGTTGAGTTCCAGAGACGGGCAGACAGTCTTGGTTATGAATATGCAGTGGAG
AGTCTCAATGAGGCATACCAGCTCATAATGCAT

N_PHYS_TD1
CCATCGGCTCCGTTGCTACGAGTTTCTCCGAGCTCGTTGCAGTGCGACCCGGGGT
ACTTGATACCGAATAGTCCGGTTCTAGGTACTGGTGGTGTGGTTGGGTACGAGTA
TTTGACAAACATCTTGTCGTCAAAAGTGTATGATGTAGCTTATGAGACGCCTTTG
CAGAAAGCGCCTAAACTGTCAGAAAGGCTGGGAGTTAATGTGTTTCTAAAAAGA
GAGGATCTTCAGCCCGTCTTCTCGTTCAAAATCAGAGGAGCTTACAATATGATG
GCAAAACTACCAAAAGTGCAGTTGGAAAAAGGGGTTATATGCTCATCAGCTGG
AAACCATGCACAAGGTGTTGCATTATCTGCTCAGAGACTTGGCTGCGATGCTGTG
ATTGCCATGCCTGTTACTACACCAGACATCAAATGGAAATCAGTTAAGAGATTG
GGTGCTACTGTTGTTCTAGTTGGGGACTCATATGATGAAGCTCAAGCATACGCCA
AAGAGCGGGCTGAAGCTGAAGGCCGCACATTCATCCCTCCTTTTGATCACCCAG
ATGTCATCGTAGGGCAAGGTACAGTAGGAATGGAGATAAATCGCCAACTCAAA
GATAACATTCATGCAATCTITTGTGCCTGTTGGAGGTGGGGGTCTTATAGCTGGTA
TTGCTGCTTATTTGAAAAGGGTTGCCCCTGATATAAAGATTATTGGAGTTGAACC
ACTTGATGCAAATGCATTGGCATTATCATTACAGCATGGTCAGAGAGTAATGCT
GGACCAAGTTGGGGGTTTTGCAGATGGTGTAGCTGTTAAAGTGGTTGGTGAAGA
AACTTATCGTCTCTGCAAGGAATTGATAGATGGTGTAGTCCTCGTTGGTCGTGAT
GCTATATGTGCATCTATAAAGGACATGTTTGAAGAGAAGAGAAGCATACTTGAG
CCTGCAGGTGCACTTGCTCTTGCTGGAGCTGAGGCATACTGCAAGTACTATGGCC
TCAAGGATGAAAACGTCGTAGCAATTACTAGTGGAGCCAACATGAACTTTGACA
GACTTAGATTGGTAACTGAACTCGCAGATGTTGGTAGACAGCGGGAAGCTGTTC
TTGCTACTTTTATGCCAGAAAACCCAGGGAGCTTCAAAAAATTTGCTGAAATGG
TAGGACCAATGAATATCACTGAATTCAAGTACAGATACAATTCTGATAAAGAAA
GAGCTCTAGTACTTTACAGTGTTGGTCTTCACACAAAATTAGAACTTGAAGAAAT
GGTGGAGAGGATGAAATCAGCAGATCTGCAGACCATTAATCTTACAGACAACG
ACTTGGTCAAAGATCATCTAAGGCATTTGATGGGTGGTAGAACAAATGTTCATA
ATGAGCTTTTGTGTCGATTCACTTTTCCCGAGAAACCCGGTGCTTTAATGAAGTTT
TTAGATGCTTTCAGCCCACGTTGGAATATAAGTTTGTTTCATTATCGTGCACAGG
GAGATACTGGTGCAAATGTGCTAGTCGGGATCCAAGTTCCAAAGGATGAGGTAG
AAGAGTTCCAGGGACGAGCAGACAGTCTTGGTTATGAATATGCAGTGGAGAGTC
TCAATGAGGCATTCCAGCTCATAATGCAT

75



N_ATTEN_TD1
CCTTCGGTTCCGTTGCTACGAGTTTCGCCGAGCTCGTTGCAGTGCGAACCGGGAT
ACTTAATACCGAATAGTCCGGTTTTAGGTACCGGTGGTAAGCTTGGTTACGAGTA
TTTGACGAACATCTTGTCGTCTAAAGTGTATGACGTGGCTTATGAGACTCCTTTG
CAGAACGCGCCTAAGCTGTCAGAGAGATTGGGTGTTAATGTGTGGCTCAAAAGA
GAGGATCTTCAGCCGGTCTTCTCGTTCAAGCTCAGAGGAGCTITACAATATGATGG
CAAAACTTTCTAAGGAGCAGTTGGAAAGAGGGGTTATATGCTCATCAGCTGGAA
ATCATGCACAAGGTGTTGCATTAGCCGCTCAGAGACTTGGCTGCAATGCTGTGAT
TGCCATGCCTGTTACTACACCAGACATTAAATGGAAATCAGTTAAGAGATTGGG
TGCTACTGTTGTTCTAGTGGGAGACGCATATGATGAAGCTCAAGCATACGCAAA
AGCGCGGGCTGAAGCTGAAGGCCGTACATTCATCCCTCCTTTTGATCACCCTGAT
GTCATCATAGGACAAGGTACAGTITGGAATGGAGATAAATCGACAGCTTAAAGA
AAACATTCATGCAGTTTTTGTGCCTGTTGGGGGAGGGGGTCTITATAGCTGGTATT
GCTGCCTATTTGAAAAGGGTTGCCCCTGATATAAAGATTATTGGAGTTGAGCCAC
TTGATGCAAATGCAATGGCATTATCATTACAGCATGGTCAAAGAGTAATGCTGG
ACCAAGTTGGGGGTTTCGCAGATGGTGTAGCTGTTAAAGTGGTTGGTGAAGAAA
CTTATCGTCTCTGCAAGGAATTAATAGATGGCGTGGTCCTTGTTGGTCGTGATGC
TATATGTGCATCTATAAAGGACATGTTTGAAGAGAAAAGAAGCATACTAGAGCC
TGCAGGTGCACTTGCTCTTGCTGGAGCTGAGGCATACTGCAAGTACTATGGCCTC
AAGGGTGAAAACATAGTAGCAATAACTAGTGGAGCCAACATGAACTTTGACAG
ACTTAGATTGGTAACTGAACTCGCAGATGTTGGTAGACAACGGGAAGCTGTTCT
TGCTACTTTTATGGCAGAAGAGCCAGGTAGCTTCAAGAAGTTCTCTGAAATGGT
AGGGCCAATGAATATCACTGAATTCAAGTACAGATACAATTCTGGGAAAGAAA
AAGCTCTTGTACTTTACAGTGTTGGTCTTCACACAAAATTAGAACTCGAAGAAAT
GCTGGAGAGGATGAAATCTGCAAATCTGCAAACCATTAATCTTACAGATAATGA
CITGGTCAAAGATCATCTAAGGCATTTGATGGGTGGCAGAACAAATGTCCACAA
TGAGCTTCTGTGTCGATTCACTTTTCCTGAGAAGCCCGGTGCTTTGATGAAGTTTT
TAGATGCTTTCAGCCCACGTTGGAATATAAGTTTGTTTCATTACCGTGCACAGGG
AGATACTGGTGCAAATGTGCTAGTCGGCATCCAAGTTCCACAGGCCGAGGTTGA
TGAGTTCCAGGGACGGGCTGACAGTCTTGGTTATGAATATGCAGTGGAGAGTCT
CAATGAGGCTTTCCAGCTCATAATGCAG

N_BENT_TD1
CCTTCGGTTCCGTTGCTACGAGTTTCGCCGAGCTCGTTGCAGTGCGAACCGGGAT
ACTTAATACCGAATAATCCGGTTTTAGGTACCGGTGGTAAGCTTGGTTACGAGTA
TTTGACGAACATCTTGTCGTCTAAAGTGTATGACGTGGCTTATGAGACTCCTTTG
CAGAACGCGCCTAAGCTGTCAGAGAGATTGGGAGTTACTGTGTGGCTCAAAAGA
GAGGATCTTCAGCCGGTCTTCTCGTTCAAG---
AGAGGAGCTTACAATATGATGGCAAAACTTTCTAAGGAGCAGTTGGAAAGAGG
GGTTATATGCTCATCAGCTGGAAATCATGCACAAGGTGTTGCATTAGCTGCTCAG
AGACTTGGCTGCAATGCTGTGATTGCCATGCCTGTTACTACACCAGACATTAAAT
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GGAAATCAGTAAAGAGATTGGGTGCTACTGTTGTTCTAGTGGGAGATGCATATG
ATGAAGCTCAAGCATACGCAAAAGCGCGGGCCGAAGCTGAAGGCCGTACATTC
ATCCCTCCTTTTGATCACCCTGATGTCATCATAGGACAAGGTACAGTTGGAATGG
AGATATATCGACAGTTTAAAGAAAATATTCATGCAGTCTTTGTGCCTGTTGGGGG
AGGGGGTCTTATAGCTGGTATTGCTGCCTATTTGAAAAGGGTTGCCCCTGATATA
AAGATTATTGGAGTTGAGCCACTTGATGCAAATGCAATGGCATTATCATTACAG
CATGGTCAAAGAGTAATGCTGGACCAAGTTGGGGGTTTCGCAGATGGTGTAGCT
GTTAAAGTGGTTGGTGAAGAAACTTATCGTCTCTGCAAGGAATTAATAGATGGC
GTGGTCCTTGTTGGCCGTGATGCTATATGTGCATCTATAAAGGACATGTTTGAAG
AGAAACGAAGCATACTAGAGCCTGCAGGTGCACTTGCTCTTGCTGGAGCTGAGG
CATACTGCAAGTACTATGGCCTCAAGGGTGAAAACGTAGTAGCAATAACTAGTG
GAGCCAACATGAACTTTGACAGACTTAGATTGGTAACTGAACTCGCAGATGTTG
GTAGACAACGGGAAGCTGTTCTTGCTACTTTTATGCTAGAAGAGCCAGGTAGCIT
CAAGAAGTTCTCTGAAATGGTAGGGCCAATGAATATCACTGAATTCAAGTACAG
ATACAATTCTGCGAAAGAAAACGCTCTTGTACTTITACAGTGTCGGTCTTCACACA
AAATTAGAACTTGAAGAAATGGTGGAGAGGATGAAATCTGCACATTITGCAAAC
CATTAATCITACAGATAATGACTTGGTCAAAGATCATCTAAGGCATTTGATGGGT
GGCAGAACAAATGTTCACAATGAGCTTCTGTGTCGATTCACCTTTCCCGAGAAA
CCTGGCGCTTTGATGAAGTTTTTAGATGCTTTCAGCCCACGTTGGAATATAAGCT
TGTTTCATTATCGTGCACAGGGAGATACTGGTGCAAATGTGCTAGTCGGCATCCA
AGTTCCACAGGCCGAGGTTGATGAGTTCCAGGGACGGGCTGACAGTCTTGGTTA
TGAATATGCAGTGGAGAATCTCAATGAGGCTTTCCAGCTCATAATGCAG
N_SYLV_TD1
CCTTCGGTTCCGTTGCTACGAGTTTCGCCGAGCTCGTTGCAGTGCGAACCGGGAT
TCITTAATACCGAATAGTCCGGTTITAGGTACCGGTGGTAAGCTTGGTTACGAGTA
TTTGACGAACATCTTGTCGTCTAAAGTGTATGACGTGGCTTATGAGACTCCTTTG
CAGAACGCGCCTAAACTGTCAGAGAGATTGGGAGTTAATGTGTGGCTCAAAAG
AGAGGATCTTCAGCCGGTCTTCTCGTTCAAGCTCAGAGGAGCTTACAATATGAT
GGCAAAACTTTCTAAGGAGCAGTTGGAAAGAGGGGTTATATGCTCATCAGCTGG
AAATCATGCACAAGGTGTTGCATTAGCCGCTCAGAGACTTGGCTGCAATGCTGT
GATTGCCATGCCTGTTACTACACCAGACATTAAATGGAAATCAGTTAAGAGATT
GGGTGCTACTGTTGTCCTAGTGGGAGACGCATATGATGAAGCTCAAGCATACGC
AAAAGCGCGGGCCGAAGCTGAAGGCCGTACATTCATCCCTCCTTTTGATCACCC
TGATGTCATCATAGGACAAGGTACAGTTGGAATGGAGATAAATCGACAGCTTAA
AGAAAACATTCATGCAGTCTITTGTGCCTGTTGGGGGAGGGGGTCTTATAGCTGGT
ATTGCTGCCTATTTGAAAAGGGTTGCCCCTGATATAAAAATTATTGGAGTTGAGC
CACTTGATGCAAATGCAATGGCATTATCATTACAGCATGGTCAAAGGGTAATGC
TGGACCAAGTTGGGGGTTTCGCAGATGGTGTAGCTGTTAAAGTGGTTGGTGAAG
AAACTTATCGTCTCTGCAAGGAATTAATAGATGGCGTGGTCCTTGTTGGTCGTGA
TGCTATATGTGCATCTATAAAGGACATGTTTGAAGAGAAAAGAAGCATACTAGA
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GCCTGCAGGTGCACTTGCTCTTGCTGGAGCTGAGGCATACTGCAAGTACTATGGC
CTCAAGGGTGAAAACATAGTAGCAATAACTAGTGGAGCCAACATGAACTTTGA
CAGACTTAGATTGGTAACCGAACTCGCAGATGTTGGTAGACAACGGGAAGCTGT
TCTTGCTACTTTTATGGCAGAAAAGCCAGGTAGCTTCAAGAAGTTCTCTGAAATG
GTAGGGCCAATGAATATCACTGAATTCAAGTACAGATACAATTCTGGGAAAGA
AAAAGCTCTTGTGCTTITACAGTGTTGGTCTTCACACAAAATTAGAACTTGAAGAA
ATGGTGGAGAGGATGAAATATGCAAATCTGCAAACCATTAATCTTACAGATAAT
GACTTGGTCAAAGATCATCTAAGGCATTTGATGGGTGGCAGAACAAATGTCCTC
AATGAGCTTCTGTGTCGATTCACTTTTCCTGAGAAGCCCGGTGCGTTGATGAAGT
TTTTAGATGCTTTCAGCCCACGTTGGAATATAAGTTTGTTTCATTACCGTGCACAG
GGAGATACTGGTGCAAATGTGCTAGTCGGCATCCAAGTTCCACAGGCTGAGGTC
GATGAGTTCCAGGGACGGGCTGACAGTCTTGGTTATGAATATGCAGTGGAGAGT
CTCAATGAGGCTTTCCAGCTCATAATGCAG

N_TABA_TD1A
CCTTCGGTTCCGTTGCTACGAGTTTCGCCGAGCTCGTTGCAGTGCGAACCGGGAT
ACTTAATACCGAATAGTCCGGTTTTAGGTACCGGTGGTAAGATTGGTTACGAGTA
TTTGACAAATATCTTGTCGTCGAAAGTGTATGACGTGGCTTATGAGACTCCTTTG
CAGAACGCGCCTAAGCTGTCAGAGAGATTGGGAGTTAATGTGTGGCTCAAAAG
AGAGGATCTTCAGCCTGTCTTCTCGTTCAAG---
AGAGGAGCTTACAATATGATGGCAAAACTTTCTAAGGAGCAGTTGGAAAGAGG
GGTTATATGCTCATCAGCTGGAAATCATGCACAAGGTGTTGCATTAGCCGCTCA
GAGACTTGGCTGCAATGCTGTGATTGCCATGCCTGTTACTACACCAGACATTAAA
TGGAAATCAGTTAAGAGATTGGGTGCTACTGTTGTTCTAGTGGGAGACGCATAT
GATGAAGCTCAAGCATACGCAAAAGCGCGGGCCGAAGCTGAAGGCCGTACATT
CATCCCTCCTTTTGATCACCCTGATGTCATCATAGGACAAGGTACAGTTGGAATG
GAGATAAATCGACAGCTTAAAGAAAACATTCATGCAGTCTTTGTGCCTGTTGGT
GGAGGGGGTCTTATAGCTGGTATTGCTGCCTATTTGAAAAGGGTTGCCCCTGATA
TAAAGATTATTGGAGTTGAGCCACTTGATGCAAATGCAATGGCATTATCATTACA
GCATGGTCAAAGAGTAATGCTGGACCAAGTTGGGGGTTTCGCAGATGGTGTAGC
TGTTAAAGTGGTCGGTGAAGAAACTTATCGTCTCTGCAAGGAATTAATAGATGG
CGTGGTCCTTGTTGGTCGTGATGCTATATGTGCATCTATAAAGGACATGTTTGAA
GAGAAAAGAAGCATACTAGAGCCTGCAGGTGCACTTGCTCTTGCTGGAGCTGAG
GCATACTGCAAGTACTATGGCCTCAAGGGTGAAAACGTAGTAGCAATAACTAGT
GGAGCCAACATGAACTTTGACAGACTTAGATTGGTAACTGAACTCGCAGATGTT
GGTAGACAACGGGAAGCTGTTCTTGCTACTTTTATGCCAGAAGAGCCAGGTAGC
TTCAAGAAGTTCTCTGAAATGGTAGGGCCAATGAATATCACTGAATTCAAGTAC
AGATACAATTCTGGGAAAGAAAAAGCTCTTGTACTTTACAGTGTTGGTCTTCACA
CAAAATTAGAACTTGAAGAAATGGTGAAGAGGATGAAATCTGCAGAACTGCAA
ACCGTTAATCTTACGGATAATGACTTGGTCAAAGATCATCTAAGGCATTTGATGG
GTGGCAGAACAAATGTTCAAAATGAGCTTCTGTGTCGATTCACTTTTCCCGAGAA
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GCCCGGTGCTTTGATGAAGTTITITAAATGCTTTCAGCCCACGTTGGAATATAAGT
TTGTTTCATTACCGTGCACAGGGAGACACTGGTGCAAATGTGCTAGTTGGCATCC
AAGTTCCGCAGGCTGAGGTCGATGAGTTCCAGGGACGGGCTGACAGTCTTGGGT
ATGAATATGCAATGGAGAGTCTCAATGAGGCTTTCCAGCTCATAATGCAC
N_TABA_TD1B
CCTTCGGTTCCGTTGCTACGAGTTTCGCCGAGCTCGTTGCAGTGCGAACCGGGAT
TCITAATACCGAATAGTCCGGTTITAGGTACCGGTGGTAAGCTTGGTTACGAGTA
TTTGACGAACATCTTGTCGTCTAAAGTGTATGACGTGGCTTATGAGACTCCTTTG
CAGAACGCGCCTAAACTGTCAGAGAGATTGGGAGTTAATGTGTGGCTCAAAAG
AGAGGATCTTCAGCC-
GTCTTCTCGTTCAAGCTCAGAGGAGCTTACAATATGATGGCAAAACTTTCTAAGG
AGCAGTTGGAAAGAGGGGTTATATGCTCATCAGCTGGAAATCATGCACAAGGTG
TTGCATTAGCCGCTCAGAGACTTGGCTGCAATGCTGTGATTGCCATGCCTGTTAC
TACACCAGACATTAAATGGAAATCAGTTAAGAGATTGGGTGCTACTGTTGTCCT
AGTGGGAGACGCATATGATGAAGCTCAAGCATACGCAAAAGCGCGGGCCGAAG
CTGAAGGCCGTACATTCATCCCTCCITITGATCACCCTGATGTCATCATAGGACA
AGGTACAGTTGGAATGGAGATAAATCGACAGCTTAAAGAAAACATTCATGCAG
TCTTTGTGCCTGTTGGGGGAGGGGGTCTTATAGCTGGTATTGCTGCCTATTTGAAA
AGGGTTGCCCCTGATATAAAAATTATTGGAGTTGAGCCACTTGATGCAAATGCA
ATGGCATTATCATTACAGCATGGTCAAAGGGTAATGCTGGACCAAGTTGGGGGT
TTCGCAGATGGTGTAGCTGTTAAAGTGGTCGGTGAAGAAACTTATCGTCTCTGCA
AGGAATTAATAGATGGCGTGGTCCTTGTTGGTCGTGATGCTATATGTGCATCTAT
AAAGGACATGTTTGAAGAGAAAAGAAGCATACTAGAGCCTGCAGGTGCACTTG
CTCTTGCTGGAGCTGAGGCATACTGCAAGTACTATGGCCTCAAGGGTGAAAACA
TAGTAGCAATAACTAGTGGAGCCAACATGAACTTTGACAGACTTAGATTGGTAA
CCGAACTCGCAGATGTCGGTAGACAACGGGAAGCTGTTCTTGCTACTTITATGGC
AGAAGAGCCAGGTAGCTTCAAGAAGTTCTCTGAAATGGTAGGGCCAATGAATAT
CACTGAATTCAAGTACAGATACAATTCTGGGAAAGAAAAAGCTCTTGTGCTTTA
CAGTGTTGGTCTTCACACAAAATTAGAACTTGAAGAAATGGTGGAGAGGATGAA
ATATGGAAATCTGCAAACCATTAATCTTACAGATAATGACTTGGTCAAAGATCA
TCTAAGGCATTTGGATGGGTGGCAGACAAATGTCCTCAATGAGCTTCTGTGTCGA
TTCACTTTTCCTGAGAAGCCCGGTGCGTTGATGAAGTTTTTAGATGCTTTCAGCCC
ACGTTGGAATATAAGTTTGTTTCATTACCGTGCACAG

N_TOME_TD1
CCTTCGGTTCCGTTGCTACGAGTTTCGCCGAGCTCGTTGCAGTGCGAACCGGGAT
ACTTAATACCGAATAGTCCGGTTTTAGGTACCGGTGGTAAGATTGGTTACGAGTA
TTTGACAAATATCTTGTCGTCGAAAGTGTATGACGTGGCTTATGAGACTCCTTTG
CAGAACGCGCCTAAGCTGTCAGAGAGATTGGGAGTTAATGTGTGGCTCAAAAG
AGAGGATCTTCAGCCTGTCTTCTCGTTCAAGCTCAGAGGAGCTTACAATATGATG
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GCAAAACTTTCTAAGGAGCAGTTGGAAAGAGGGGTTATATGCTCATCAGCTGGA
AATCATGCACAAGGTGTTGCATTAGCCGCTCAGAGACTTGGCTGCAATGCTGTG
ATTGCCATGCCTGTTACTACACCAGACATTAAATGGAAATCAGTTAAGAGATTG
GGTGCTACTGTTGTTCTAGTGGGAGACGCATATGATGAAGCTCAAGCATACGCA
AAAGCGCGGGCCGAAGCTGAAGGCCGTACATTCATCCCTCCITITGATCACCCT
GATGTCATCATAGGACAAGGTACAGTTGGAATGGAGATAAATCGACAGCTTAA
AGAAAACATTCATGCAGTCTITTGTGCCTGTTGGTGGAGGGGGTCTTATAGCTGGT
ATTGCTGCCTATTTGAAAAGGGTTGCCCCTGATATAAAGATTATTGGAGTTGAGC
CACTTGATGCAAATGCAATGGCATTATCATTACAGCATGGTCAAAGAGTAATGC
TGGACCAAGTTGGGGGTTTCGCAGATGGTGTAGCTGTTAAAGTGGTCGGTGAAG
AAACTTATCGTCTCTGCAAGGAATTAATAGATGGCGTGGTCCTTGTTGGTCGTGA
TGCTATATGTGCATCTATAAAGGACATGTTTGAAGAGAAAAGAAGCATACTAGA
GCCTGCAGGTGCACTTGCTCTTGCTGGAGCTGAGGCATACTGCAAGTACTATGGC
CTCAAGGGTGAAAACGTAGTAGCAATAACTAGTGGAGCCAACATGAACTTTGA
CAGACTTAGATTGGTAACTGAACTCGCAGATGTTGGTAGACAACGGGAAGCTGT
TCTTGCTACTTTTATGCCAGAAGAGCCAGGTAGCTTCAAGAAGTTCTCTGAAATG
GTAGGGCCAATGAATATCACTGAATTCAAGTACAGATACAATTCTGGGAAAGA
AAAAGCTCTTGTACTTTACAGTGTTGGTCTTCACACAAAATTAGAACTTGAAGAA
ATGGTGAAGAGGATGAAATCTGCAGAACTGCAAACCGTTAATCTTACGGATAAT
GACTTGGTCAAAGATCATCTAAGGCATTTGATGGGTGGCAGAACAAATGTTCAA
AATGAGCTTCTGTGTCGATTCACTTTTCCCGAGAAGCCCGGTGCTTTGATGAAGT
TTTTAAATGCTTTCAGCCCACGTTGGAATATAAGTTTGTTTCATTACCGTGCACAG
GGAGACACTGGTGCAAATGTGCTAGTTGGCATCCAAGTTCCGCAGGCTGAGGTC
GATGAGTTCCAGGGACGGGCTGACAGTCTTGGGTATGAATATGCAATGGAGAGT
CTCAATGAGGCTTTCCAGCTCATAATGCAC

PETUNIA3
TCAGATGATACACCGTTACCGGTGCTCCCGAGCTCGTTACAATGCGAGCCAGGG
TACTTGATACCGAATTATCCT------------
TCTGGTGATATTGGATATAAGTATCTCAGGGAAATATTGACATCAAAAGTATAT
GAAATAGCTGATGAAACGCCTTTGCATTTTGCACCTAAGCTTTCAGAAAGGTTA
GGTGTAAATTTGTGGCTCAAACGAGAGGATCTTCAGCCT

GAGGTGTTAGAAAAGGGGGTTATATGCTCATCAGCTGGAAATCATGCACAAGGT
GTTGCATTAGCTGCCAAGAGACTTGGCTGCAATGCTGTCATTGTGATGCCTGTTA
CTACACCAGAAATTAAGTGGAAATCAGTTGAGAGATTGGGTGCTACTGTTGTTC
GTAAGGGGGACACATATGATGAAGCTCAAGCATTTGCCATAGCTCAGAGTAAA
GCCGAAGGCCGCACATTTGTCCCTCCITITGATCACCCAGATATCATAATAGGGC
AAGGTACAGTAGGAATGGAGATTAATCGCCAACTCAAAAAGAAAATACATGCA
GTATTTGTGCCTGTTGGTGGAGGGGGTCTTATAGCTGGCATTGCTGCCTATTTGAA
AAAAGTTTCCCCTGAAATAAAGATTATTGGTGTTGAGCCAACGGATGCAAATAC
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AATGGCTTTGTCATTACATCATGATCAAAGAGTAATGCTCGAGCAGATTGGAGG
TTTTGCGGATGCTGTAGCTATTAAAGTGCCTGGTAAAGAATGTTTTCGTCTGTGC
AAGGAATTAATAGATGGGATCGTCCTAGTTAATCGTGATGCTATATGTGCATCG
ATAAAGGACATGTTTGAAGAGAAAAGAAGCATATTGGAGCCTGCAGGTGCACT
TGCCCTAGCTGGAGCTGAAGCTTATTGCAAGTACTATGGCCTGAAGGGGAAAAA
CATAGTAGCAGTAACTAGTGGAGCCAACATGAACTTTGACAGACTITAGACTGGT
AACTGAACTTGCAGATGTTGGCAGAAAGAAGGAAGCAGTTCITGCTACGTTCAT
GCCCGAAGAGCCAGGGAGCTTCAAAAAGTTCCGTGAGATGATTGGAGGGATGA
ATATTACTGAATTCAAGTATCGATATAATTCTGGAAAAGAAAAAGCTACAGTTC
TTTACAGAGTTGGTGTTCACACTAAACTACAACTTGAAGAAATGGTGGAGAGAA
TGGAATCATCACAACTGCATACCATTGATCTTACAAACAACGACTTGGTGAAGG
ATCACCTAAGGCATATGATGGGAGGCAGATCAGATGTTCATAATGAGCTTCTCT
GCCGATTCATTITTCCCGAGAGGCCTGGTGCTTTGATGAAGTTTTTAGATACTTTC
AGCCCACGTTGGAATATAAGTTTGTTACATTACCGTTCGCAGGGAGAAACTGGT
GGAAATGTGTTAGTCGGCATCCAAGTTCCACAAGGCGAGGTCGATGAGTTCCTA
GGACGAGCTGATAGTCTTGGTTATGAATATGCTGTGGAGACACTCAATGAGGCT
TTCCAACTGCTAATGCAT

N_SYLV_TD3
TCAGATATAGTGCTACCAGTAGTACACCCGAGTTCGTTACAATGCGAGCCAGGG
TATTTGATACCGAATTATCCA------------
CGTGGTAATATCGGCTACAAGTACATGAAAGAAATATTGACATCAAAAGTGTAT
GAGGTAGCCGATGAAACGCCTCTGCAGTTTGCACCTAAGCTCTCTGAGCGGTTA
GGGGTAAATTTATGGCTCAAAAGAGAGGATCTTCAGCCGGTCTTCTCATTCAAG
GTCAGAGGATCTITACCATATGATGGCAAAGCTCCCTAGAGAGCTGTTAGAAAAG
GGAGTTATATGCTCATCAGCTGGAAATCATGCACAAGGTGTTGCATTAGCTGCC
CAGAGACTTGGTTGCAATGCTGTGATTGTGATGCCAGTTACTACACCAGAAATTA
AATGGAAATCCGTTGAGAGATTGGGTGCTACTGTTATTTGCAAGGGGGACACAT
ATGATGAAGCTCAAGCATATGCGAAAGCTCAGGCCAAAGCAGAAGGCCGCACA
TTCGTCCCTCCTITTITGATCACCCAGATATTATAATAGGACAAGGTACAGTTGGAA
TGGAGATTAGTCGCCAATTCAAGGATGACATACACGCAGTATTTGTACCTGTITGG
TGGAGGGGGTCTTATAGCTGGAATTGCGGCATATTTGAAAAAAGTTTCCCCTGAT
ATAAAGATTATCGGTGTTGAGCCATTCGATTCAAATGCAATGGCATTGTCGTTGC
ACCATGGTCGAAGAATAATGCTGGAACATGTTGGAGGTTTTGCAGATGCTGTAG
CTATTAAAGTGATGGGAGAAGAAACTTTCCGTCTCTGCAGGGAATTATTAGATG
GGGTGGTCCTAGTTGGTCGTGATGCTATATGTGCATCGATAAAGGACATGTTTGA
AGAGAAACGAAGCATATTGGAGCCTGCAGGTGCACTTGCTCTTGCTGGAGCAGA
AGCGTATTGTAAGTACTATGGCCTGAAGGGTGAAAACATAGTAGCAATAACTAG
TGGAGCCAACATGAATTTTGACAGACTTAGATTGGTAACTGAACTCGCGGATGT
TGGTAGGCAGCGGGAAGCTGTTCTCGTTACTTATATGCCCGAAGAGCCAGGGAG
CTTCAGAAAGTTCTATAAAATGGTGGGAAGGATGAATCTTACTGAATTGAAGTA
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CAGATATAATTCTGAGAAAGAAAAAGCTAGAGTACTTITACAGAGTTGGTCTTCA
CACTAAATTAGAACTTGAAGAAATGGTGGACAGGATGGAATCATCACAACTGC
ATACCATTAATTITTACAGATAATGAATTGGTCAAAGATCATCTAAGGCATCTGAT
GGGTGGCAGATCAAATGTTCACGATGAGCTTCTCTGTCGATTCATTTTITCCCGAG
AGGCCTGGTGCTTTGATGAAGTTTTTAGATGCTTTITAGCCCGCGTTGGAATATTA
GITTGTTCCATTACCGTGCACAGGGAGAAACTGGTGCAAATGTGTTAGTCGGCAT
CCAAGTTCCACAGGGTGAGGTCGGTGAGTTCAAGGCACGAGCTGACACTCTTGG
TTATGAATATGTAGTGGAGACTCTCAATGAGGCTTTCCAGATACTGATGCAT
N_ATTEN_TD3
TCAGATACAGTGCTACCAGTAGTACACCCGAGTTCGTTACAATGCGAGCCAGGG
TATTTGATACCGAATTATCCA------------
CGTGGTAATATTGGCTACAAGTACCTGAAAGAAATATTGACATCAAAAGTGTAT
GAGGTAGCCGATGAAACGCCTCTGCAGTTTGCACCTAAGCTCTCCGAGAGGTTA
GGGGTAAATTTGTGGCTTAAAAGAGAGGATCTCCAGCCGGTCTTCTCATTCAAG
GTCAGAGGATCTTACCATATGATGGCAAAGCTCCCTAGAGAGCTGTTAGAAAAG
GGAGTTATATGCTCATCAGCTGGAAATCATGCACAAGGTGTTGCATTAGCTGCC
AAGAGACTTGGTTGCAATGCTGTGATTGTGATGCCTGTTACTACACCAGAAACTA
AATGGAAATCCGTTGAGAGATTGGGTGCTACTGTTATTCGCAAGGGGGACACAT
ATGATGAAGCTCAAGCATACGCGAAAGCTCAGGCCAAAGCAGAAGGCCGCACA
TTCGTCCCTCCTTTTGATCACCCTGATATTATAATAGGACAAGGTACAGTTGGAA
TGGAGATTAGTCGCCAGTTCAAGGATGACATACACGCAGTATTTGTACCTGTITGG
TGGAGGGGGTCTTATAGCTGGAATTGCGGTATATTTGAAAAAAGTTTCCCCTGAT
ATAAAGATTATCGGTGTTGAGCCATTCCATTCAAATGCAATGGCATTGTCGTTGC
ACCTTGGTCGAAGAATAATGCTGGAACATGTTGGAGGTTTTGCAGATGCTGTAG
CTATTAAAGTGATGGGAGAAGAAACTTTTCGTCTCTGCAGGGAATTATTAGATG
GGGTGGTCCTAGTTGGTCGTGATGCTATATGTGCATCGATAAAGGACATGTTTGA
AGAGAAACGAAGCATATTGGAGCCTGCAGGTGCACTTGCTCTTGCTGGAGCAGA
AGCATATTGTAAGCACTATGGCCTGAAGGGTGAAAACATAGTAGCAATAACTA
GTGGAGCCAACATGAATTTITGACAGACTTAGATTGGTAACTGAACTCGCGGATG
TTGGTAGGCAGCGGGAAGCTGTTCTCGCTACTTATATGCCGGAAGAGCCAGGGA
GCTTCAGAAAGTTCTATAAGATGGTGGGAAGGATGAATCTTACTGAATTGAAGT
ACAGATATAATTCTGAGAAAGAAAAAGCTAGAGTACTTTACAGAGTTGGTCTTC
ACACTAAACTAGAACTTGAAGAAATGGTGGACAGGATGGAATCATCACAACTA
CATACCATTAATTTTACAGATAATGAATTGGTCAAAGATCATCTAAGGCATCTGA
TGGGTGGCAGATCAAATGTTCACGATGAGCTTCTCTGTCGATTCATTTTTCCCGA
GAGGCCTGGTGCTTTGATGAAGTTTITTAGATGCTTITAGCCCGCGTTGGAATATT
AGTTTGTTCCATTACCGTGCACAGGGAGAAACTGGTGCAAATGTGTTAGTCGGC
ATCCAAGTTCCACAGGGTGAGGTCGATGAGTTCAGGGCACGAGCTGACACTCTT
GGTTATGAATATGTAGTGGAGACTCTTAATGAGGCTTTCCAGATACTGATGCAT
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N_TOME_TD3A
TCAGATACATTGCTACCAGTAGTACACCCGAGTTCGTTACAATGCGAGCCAGGG
TATTTGATACCGAATTATCCA------------
CGTGGTAATATCGGCTACAAGTACCTGAAAGAAATATTGACATCAAAAGTGTAT
GAGGTAGCTGATGAGACGCCTCTGCAGCTTGCACCTAAGCTTTCAGAGAGGITA
GGGGTAAATTTGTGGCTCAAAAGAGAGGATCTACAGCCGGTCTTCTCATTCAAG
GTCAGAGGATCTITACCATATGATGGCAAAGCTCCCTAAGGAGCTGTTAGAAAAG
GGGGTTATATGCTCATCAGCTGGAAATCATGCACAAGGTGTTGCATTAGCTGCCC
AGAGACTTGGTTGCAATGCTGTGATTGTGATGCCTGTTACTACACCCGAAATTAA
ATGGAAATCAGTTGAGAGATTGGGTGCTACTGTTATTCGCAAGGGGGACACATA
TGATGAGGCTCAAGCATATGCGAAAGCTCAGGCCAAAGCAGAAGGCCGCACAT
TCGTCCCTCCTTTTGATCACCCAGATATTATAATAGGACAAGGTACAGTTGGAAT
GGAGATTAGTCGCCAATTCAAGGATGACATACACGCAATATTTGTACCAGTTGG
TGGAGGGGGTCTTATAGCTGGAATTGCAGCCTATCTGAAAAAAGTTTCCCCTGAT
ATAAAGATTATCGGTGTTGAGCCATTCGATTCAAATGCAATGGCATTGTCTTTGC
ACCATGGTCGAAGAATAATGCTGGAACAAGTTGGAGGTTTTGCAGATGCTGTAG
CTATTAAAGTGATGGGAGAAGAAACTTTCCGTCTCTGCAGGGAATTATTAGATG
GGGTGGTCCTAGTTGGTCGTGATGCTATATGTGCATCGATAAAGGACATGTTTGA
AGAGAAAAGAAGCATACTGGAGCCTGCAGGTGCACTTGCTCTTGCTGGAGCAG
AAGCGTATTGTAAGTACTATGGCCTGAAGGGTGAAAACATAGTAGCAATAACTA
GTGGAGCCAATATGAATTTTGACAGACTTAGATTGGTAACTGAACTCGCGGATG
TTGGTAGGCAGCTGGAAGCTGTTCTCGCTACTTATATGCCCGAACAGCCAGGGA
GCTTCAGAAAGTTCTATAAGATGGTGGGAAGGATGAATCTTACTGAATTGAAGT
ACAGATATAATTCTGAGAAAGAAAAAGCTAGAGTACTTTACAGAGTTGGTCTTC
ACACTAAATTAGAACTTGAAGAAATGGTGGACAGGATGGAATCATCACAACTG
CATACCATTAATTITACAGATAACGAATTGGTCAAAGATCATCTAAGGCATCTG
ATGGGTTGCAGATCAACTGTTCACAATGAGCTTCTCTGTCGATTCATTTTTCCCGA
GAGGCCTGGTGCTTTGATGAAGTTTTTAGATGCTTTITAGCCCTCGTTGGAATATTA
GTTTGTTCCACTACCGTGCACAGGGAGAAACTGGTGCAAATGTGTTAATCGGCA
TCCAAGTTCCACAGAGTGAGGTCGATGAGTTCAGGGCACGAGCTGACACTCTTG
GITATGAATATGTATTGGAGACTCTCAATGAGGCTTTCCAGTTACTAATGCAT
N_TOME_TD3B
TCAGATACATTGCTACCAGTAGTACACCCGAGTTCGTTACAATGCGAGCCAGGG
TATTTGATACCGAATTATCCA------------
CGTGGTAATATCGGCTACAAGTACCTGAAAGAAATATTGACATCAAAAGTGTAT
GAGGTAGCTGATGAGACGCCTCTGCAGCTTGCACCTAAGCTTTCAGAGAGGITA
GGGGTAAATTTGTGGCTCAAAAGAGAGGATCTACAGCCGGTCTTCTCATTCAAG
GTCAGAGGATCTTACCATATGATGGCAAAGCTCCCTAAGGAGCTGTTAGAAAAG
GGGGTTATATGCTCATCAGCTGGAAATCATGCACAAGGTGTTGCATTAGCTGCCC
AGAGACTTGGTTGCAATGCTGTGATTGTGATGCCTGTTACTACACCCGAAATTAA
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ATGGAAATCAGTTGAGAGATTGGGTGCTACTGTTATTCGCAAGGGGGACACATA
TGATGAGGCTCAAGCATATGCGAAAGCTCAGGCCAAAGCAGAAGGCCGCACAT
TCGTCCCTCCTTTTGATCACCCAGATATTATAATAGGACAAGGTACAGTTGGAAT
GGAGATTAGTCGCCAATTCAAGGATGACATACACGCAATATTTGTACCAGTTGG
TGGAGGGGGTCTTATAGCTGGAATTGCAGCCTATCTGAAAAAAGTTTCCCCTGAT
ATAAAGATTATCGGTGTTGAGCCATTCGATTCAAATGCAATGGCATTGTCTTTGC
ACCATGGTCGAAGAATAATGCTGGAACAAGTTGGAGGTTTTGCAGATGCTGTAG
CTATTAAAGTGATGGGAGAAGAAACTTTCCGTCTCTGCAGGGAATTATTAGATG
GGGTGGTCCTAGTTGGTCGTGATGCTATATGTGCATCGATAAAGGACATGTTTGA
AGAGAAAAGAAGCATACTGGAGCCTGCAGGTGCACTTGCTCTTGCTGGAGCAG
AAGCGTATTGTAAGTACTATGGCCTGAAGGGTGAAAACATAGTAGCAATAACTA
GTGGAGCCAATATGAATTTITGACAGACTTAGATTGGTAACTGAACTCGCGGATG
TTGGTAGGCAGCTGGAAGCTGTTCTCGCTACTTATATGCCCGAACAGCCAGGGA
GCTTCAGAAAGTTCTATAAGATGGTGGGAAGGATGAATCTTACTGAATTGAAGT
ACAGATATAATTCTGAGAAAGAAAAAGCTAGAGTACTTTACAGAGTTGGTCTTC
ACACTAAATTAGAACTTGAAGAAATGGTGGACAGGATGGAATCATCACAACTG
CATACCATTAATTTTACAGATAACGAATTGGTCAAAGATCATCTAAGGCATCTG
ATGGGTTGCAGATCAACTGTTCACAATGAGCTTCTCTGTCGATTCATTTITCCCGA
GAGGCCTGGTGCTTTGATGAAGTTITTAGATGCTITITAGCCCTCGTTGGAATATTA
GTTTGTTCCACTACCGTGCACAGGGAGAAACTGGTGCAAATGTGTTAATCGGCA
TCCAAGTTCCACAGAGTGAGGTCGATGAGTTCAGGGCACGAGCTGACACTCTTG
GTTATGAATATGTATTGGAGACTCTCAATGAGGCTTTCCAGTTACTAATGCAT
CAPSIC_TD3
GATGGTACATTGCCATTAGTAGTGCATCCGAGTTCGTTACAGTGCGATCAAGGTT
ATTTGATACCGAATAATCCA------------
CGTGGTGATATTGGGTACAGCTACGTAAGGGAAATATTGACCTCAAAAGTGTAT
GAAATAGCTGAGGAGACGCCTTTGCAGCTTGCGAGTAAGCTATCGGATCGGTTA
GGGGTAAATTTATGGCTTAAACGTGAAGATCTTCATCCGGTATTCTCATTCAAGA
TCAGAGGATCTTACCATATGATGGCAAAACTCTCCAAGGAGCAGTTAGAAAAG
GGGGTTATATGCTCATCAGCTGGAAATCATGCACAAGGTGTTGCATTAGCTGCC
AAGAGACTTGGCTGCAATGCTGTGATTGTGATGCCTGTTATTACAGCAGAAATTA
AATGGAAATCAGTTGAGAGATTGGGTGCTACTGTTGTTCGTGTGGGGGACACAT
ATGAAGAAGCTCAAGCATATGCCGTAGCTCAGGGCAAAGCAGAAGGTCGTGCA
TTCATCCCTCCCTTTGATCACCCAGATATCATAACAGGGCAAGGTACTGTTGGAA
TGGAGATTAATCGGCAACTCAAAGATAAGATACACGCAATATTTGTGCCTGTTG
GTGGAGGGGGTCTTATAGCTGGCATTGCTGCCTATATGAAAAAGGTCTCTCCTGA
TACAAAGATTATTGGTGTTGAGCCAGTGGATTCAAATTCATTGGCGTTGGCATTA
CACCATGATCGACCAGTAATGCTGGAACAAGTTGGAGGTTTTGCAGATGCAGTA
GCTATTAAAATGGTTGGTGAAGAAAGTTTCCGTCTCTGCAGGGAATTAATAGAT
GGGGTGGTCCTAGTTAATCATGATGCTATATGTGCATCGATAAAGGACATGTTTG
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AAGAGAAAAGAAGCATACTGGAGCCAGCAGGTGCACTTGCCCTGGCTGGAGCT
GAAGCATACTGTAAGTACTATGGCCTGAAGGGAGAAAACATTGTAGCACTAACT
AGTGGAGCTAACATGAACTTCGACAGACTTAGATTTGTAACTGAACTTGCGGAT
GTTGGTAGACAGCGGGAAGCTGTTCTCGCTACTTATATGTCTGTAGAGCCAGGC
AGCTTCAAGATGTTCTATGAGATGGTGGAACATATGAATATTACTGAATTGAAG
TTCAGATATAGTTCTGAGAAAGAAAATGCTAGAGTACTTTACAGAGTTGGTCGT
CACACTAAATCGGAACTTGAAGAAATAGTGGACAGAATGGAATCATCACAACT
GCATACCTTTAATTTTACTGATAATGAATTGGTCAAAGCTCATCTACGGCATTTG
ATGGATGGTACATCAAATGTTCACAATGAGCTTATCGGTCGATTCATCTTCCCCA
ACCGGCCTGGTGCTITTAATGAAGTTITTAGATACTTTCAGCCCACGTTGGAACAT
AAGTCTATTACATTACCGTGCACAGGGAGAAACTGGTGCGAATGTGTTAATCGG
CATCCAAGTTCCAGAGGATGAGGTTGATGAATTCCGGGATCAAGCTGACAGTCT
TGGCTATGAATATGCAGTGGAGACTCTCAATGAAGCTTTCCAGGAACTAATGCA
T

S_LYCO_TD3
GATGATACATTGATACCAGTAGTACATCCGAGTTCGTTACAGTGCGAGGAAGGT
TTTCTGTTACCGAATTATCCA------------
CGTGGTGAAATCGGATATAATTATGTTAAAGAGATATTGACATCTAAAGTATAT
GAATTAGCTGAAGAGACGCCATTGCAGCGTGCACATAAGTTATCAGAGAGGTTA
GGGGTAACTGTATGGCTCAAACGTGAAGATCTACATCCGGTCTTCTCATTTAAGG
TCAGAGGATCTTATCATATGATGGCAAAACTCTCGAAGGAGCAGTTAGAAAAGG
GCGTTATATGCTCATCAGCGGGAAATCATGCACAAGGTGTTGCTTTAGCTGCCA
AGAAACTCGGCTGCAATGCTGTGATTGTGATGCCCGTTACTACGCCAGAAATTA
AATGGAAATCAGTTGAGAGATTGGGCGCTACTGTTGTTCGTGTGGGGGATACAT
ACGAAGAAGCACAAGCATATGCTGTAGCTCAGGGCAAAGAAGAAGGACGTGC
ATTCGTTTCTCCCTTTGATCACCCTGATATCATAATAGGGCAAGGTACGGTTGGA
ATGGAGATTAACCGCCAATTCAAAGATAAGATACACGCGATATTITGTGCCTATT
GGTGGAGGAGGTCTTATAGCTGGCATTGCTGCTTATATGAAAAAAGTCTCCCCTG
ATACGAAGATTATTGGTGTTGAGCCAGTCGATTCCAATTCAATGGCGTTGGCATT
ACACCACGGTCAAAGAGTAATGCTGGAAAAAGTTGGATCTITITGCAGATGCAGT
AGCTATTAGAATGGTTGGTGAAGAAAGTTTTCGTCTCTGCAGGGAACTAATAGA
TGGGATCGTCCTAGTTAATCATGATTCTATAAGTGCATCGATAAAGGACATGTTC
GAAGAGAAAAGAAGCATACTGGAGCCGGCTGGTGCACTTGCCCTAGCTGGAGC
TGAAGCATACTGTAAGTACTATGGCGTGAAGGGAGAAAACATCGTAGCAATAA
CTAGTGGAGCCAACATGAACTTTGACAGACTTAGATTGGTAACTGAACTCGCGG
ATGTTGGTAGACAGAGGGAAGCTGTTCTCGCTACTTATCTGCCTGAAGAACGAG
GCAGCTTCAAAAAGTTCTATGAGATGGTGGGACAAACTAATATTACGGAATTGA
AGTATAGATATGATTCTGAGAAAGAAAATGCTCGAGTATTTTACAGAATTGGTC
TTCACACGAAAGTAGAACTTGAAGAAATGGTGGACAGGATGGAATTAGAACAA
CTGCATACGATTAATTATACAGATAATGAATTGGTTAAAGATCATCTAAGACAT
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CTGATAGGTGGGAGATCAGATGTCCACAATGAGCATCTCTGTCGATTCATTTTCC
CATACAAACCTGGTGTTTTGATGAAGTTTTTAGACGCTTTCAGCCCACGTTGGAA
TATAAGTTTGTTACATTACCATGCACAGGGAGAAACTGGCGGGAATGTGCTAAT
CGGACTCCAAGTTCCACAGAATGAGGTTGATGAATTCCGGGGTCGAGCTGAGAG
TCTTGGTTATGTGTGTGTTGTGGAGACTCTCAATGAAGCTTTCCAACAACTGATG
CAT

S_MELO_TD3
GTTGATTCATTGGTTCCGATAGTTCATCCGAGGTCGTTGCAATGCGAGGAAGGTT
ATTTGTTACGGAATTATCCGAGTGGT------
GAAATTGAAAGTGATTACAATTACGTGGCGGAAATATTGAGTTCGAAAGTGTAT
GAATTAGCTGATGAGACGCCTATACAGCTTGCACATAAGTTATCGGACAGGTTA
GGGGTAAATATATGGCTCAAACGTGAAGATCTTCATCCGGTCTITCTCATTCAAGG
TCCGAGGATCTTACCATATGATGGCGAAGCTCTCGAAGGAGCAGTTAGAAAAGG
GTGTTATATGTTCATCAGCTGGAAATCATGCTCAAGGTGTTGCATTAGCTGCCCA
GAGACTCGGCTGCAGCGCTGTGATTGTGATGCCCGTTACTACACCAGAAATTAA
ATGGAAATCAGTCCAGAGATTGGGTGCTACTGTTGTTCGTGTGGGGGAAACATA
TGAAGCAGCACAGACATATGCTGTAGCTCGGGGCAAAGAAGAAGGTCGTGCGT
TCATCCCACCTTTTGATCACCCTGATATCATAATAGGGCAAGGTACGGTCGGAAT
GGAGATTAATCGCCAATTCAAAGATAAGCTACACGCAATATTTGTGCCTGTTGG
TGGAGGGGGTCTTATAGCTGGCATTGCTGCTTATATGAAAAAAGTTTCCCCGGAT
ACAAAGATTATTGGTGTTGAGCCAGTGGATTCAAATTCAATGGCGTTGGCGTTGC
ACCATGGTCAAAGAGTAATGCTGGAGCAAGTTGGATCTTTTGCAGACGCAGTAG
CTATTAGAATGGTTGGTGAAGAAAGTTTCCGTCTTTGCAGGGAATTAATCGATGG
GGTTGTCCTAGTTAATCACGATTCTATAAGTGCATCGATAAAGGACATGTTTGAA
GAGAAAAGAAGTATACTAGAGCCTGCAGGTGCACTGGCCCTCGCTGGAGCAGA
AGCATACTGTAAGTACTATGGCCTGAAGGGAGAAAACATCGTAGCAGTAACGA
GTGGAGCCAACATGAACTTTGACAGACTTAGATTGGTAACAGAACTCGTGGATG
TTGGTAGAGAGCAGGAAGCTGTTCTCGCCACTTATTTGCCTGACGAGCCAGGCA
GCTTCAAAAAGTTTITATGAGATATTAGGACAAACTAATATTACTGAATTGAAGT
ATAGATATGATTCTGAGAAAGAAAATGCTAGAGTACTTTACAGAGTTGGTGTTC
ACACTAAATTGGAACTTGAAGAAATGGTGGAGAGGATGGAATCTTCGCAATTGC
ATACGATTAATTATACAGATAATGAATTGGTCAAAGTTCATCTAAGGCATCTGAT
GGGTGGGAGATCAGATGTTCACAATGAGCTTCTCTGTCGATTCACTTTCCCCGAC
AGGTCTGGTGCTTTGATGAAGTTTTTAGATACTTTCAGCCCGCGTTGGAATATAA
GTITTGTTACATTACCATGCACAGGGAGAAATTGTTGCGAATGTGCTGGTCGGACT
CCAAGTTCCGCAAGGTGATATTCATGAATTCCTGGATCAAGCTGAGAGTCTTGGT
TATGAATATGTTGTGGAGACTCTCAATGAGGCTTTCCAGCAACTAATGCAT
S_TUBE_TD3
GATGATACATTGATACCAGTAGTACATCCGAGTTCGTTACAATGCGAGGAAGGT
TATTTGTTACCGAATTATCCA------------
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CGTGGTGAAATCGGTTACAATTACGTCAAAGAAATATTGACATCAAAAGTGTAT
GAATTAGCTGAGGAGACGCCATTGCAGCGTGCACATAAGTTATCAGAGAGGTTA
GGGGTAAATGTATGGCTCAAACGCGAAGATCTTCATCCGGTCTTCTCATTCAAG
GTCAGAGGATCTTACCATATGATGGCAAAACTCTCGAAGGAGCAGTTAGAAAA
GGGCGTTATATGCTCATCAGCGGGAAATCATGCACAAGGTGTTGCATTAGCTGC
CAAGAAACTCGGCTGCAATGCTGTGATTGTGATGCCCGTTACTACGCCAGAAAT
TAAATGGAAATCAGTTGAGAGATTGGGTGCTACTGTTGTTCGTGTGGGGGATAC
ATATGAAGAAGCACAAGCCTATGCTGTAGCTCAGGGCAAAGAAGAAGGACGTG
CATTCGTCTCTCCCTTTGATCACCCTGATATCATAATAGGGCAAGGTACGGTTGG
AATGGAGATCAACCGCCAATTCAAAGATAAGATACACGCGATATTTGTGCCTAT
TGGTGGAGGGGGTCTTATAGCTGGCATTGCTGCTTATATGAAAAAAGTCTCCCCT
GATACGAAGATTATTGGTGTTGAGCCAGTCGATTCCAATTCAATGGCGTTGGCAT
TACACCACGGTCAAAGAGTAATGCTGGAAAAAGTTGGATCTTTTGCAGATGCAG
TAGCTATTAGAATGGTTGGTGAAGAAAGTTTCCGTCTCTGCAAGGAACTAATAG
ATGGGATTGTCCTAGTTAATCATGATTCTATAAGTGCATCGATAAAGGACATGTT
CGAAGAGAAAAGAAGCATACTAGAGCCAGCAGGTGCACTTGCCCTAGCTGGAG
CTGAAGCATACTGTAAGTACTATGGTGTAAAGGGAGAAAACGTCGTAGCAATA
ACTAGTGGAGCCAACATGAACTTTGACAGACTTAGATTGGTAACTGAACTCGCG
GATGTTGGTAGACAGAGGGAAGCTGTTCTCTCTACTTATATGCCTGAAGAACGA
GGCAGCTTCAAAAAGTTCTACGAGATGATGGGACATACTAATATTACTGAATTG
AAGTACAGATATGATTCTGAGAAAGAAAATGCTCGAGTATTTTACAGAGTTGGT
CTTCACACGAAAGTGGAACTCGAAGAAATGGTGGACAGGATGGAATCATCACA
ACTGCATACGATTAATTATACAGATAATGAATTGGTTAAAGATCATCTAAGACA
TCTGATAGGTGGGAGATCAGATGTACACAATGAGCATCTCTGTCGATTCATTTTC
CCAGACAAGCCTGGTGTTTTGATGAAGTTTTTAGACGCTTTCAGCCCAAGTTGGA
ATATAAGTTTGTTACATTACCGTGCACAGGGAGAAACTGGCGGGAATGTGCTAA
TCGGACTCCAAGTTCCACAGAACGAGGTTGATGAATTCAGGGGTCGAGCTGAGA
GTCTTGGTTATGTGTATGTTGTGGAGACTCTCAATGAAGCTTTCCAGCAACTAAT
GCAT

N_TABA_TD2
TCTCCATCAGCTGATTCAGTACCCGTTCCAGCGTCTTTACAGGATGAGGCGGGGA
AGTTGATTGAGAATAATCCATCAGGG-GTGATACAGAAGAATTG---
TTTCAGTATCTTGTTGAAATATTGGCTTCTAGAGTGTATGATGTAGCAATTGATTC
CCCCTTGCAAAATGCAACTAAGCTTTCCAAGAAGCTTGGAGTTAACTTTTGGATC
AAAAGAGAGGATATGCAGTCCGTATTCTCATTCAAGCTTAGAGGAGCTTATAAC
ATGATGACCAAACTCTCAAAGGAGCAATTAGAAAGAGGGGTTATAACTGCTTCA
GCTGGAAATCATGCACAAGGTGTTGCATTAGGTGCTCAGAGACTTAAATGTACT
GCTACGATTGTCATGCCTGTTACCACACCAGAGATCAAGATTGAAGCAGTTAAG
AACTTGGATGGTAATGTAGTTCTACAGGGTGACACATTTGATGAAGCTCAAGCA
CATGCTTTAAAGTTGGCTGAAGATGAAGGTCTCACATTCATCCCGCCTTTCGATC

87



AC CTTAAAGAT---
ATACATGCAGTATTTCTGCCTGTAGGAGGAGGAGGTTTAATAGCTGGTGTTGCTG
CATATTTCAAAAGGGTTGCTCCTCATACAAAGATTATAGGAGTTGAGCCATTITGG
TGCAAGTTCAATGACACAGTCTTTGTACCACGGAATGAGAGTAAAGTTAGAACA
AGTTGATAATTTTGCAGATGGCGTAGCTGTTGCACTAGTTGGTGAAGAAACTTTC
CGTCTTTGCAAAGATTTAATAGACGGAATGGTCTTAGTCAGTAACGATGCTATTA
GTGCAGCAGTAAAGGATGTGTACGACAAAGGAAGGAACATATTAGAGACATCA
GGTGCACTCGCCATAGCTGGAGCTGAAGCATACTGCAAATACTATGACATAAAG
GGCGAAAACGTTGTAGCAATTGCTAGTGGAGCCAATATGGACATCAGCAAACT
AAAATTAGTCGTCGATTTAGCAGATATTGGTGGACAGAGGGAAGCTCTGCTGGC
TACTTITATGCCAGAAGAACCAGGAAGCTTCAAAAAATTCTGCGAACTTGTGGG
ACCTATGATTATTACCGAATTCAAGTACAGATATAACTCTGGAAGAAAACAAGC
TCTAGTTCTGTACAG

AGATTTTCTGTCAATTCATATTTCCTGAGAAGCCTGGAGCTTTAAGGAAGTTCTIT
AGATGCTTTCAGCCCTCGATGGAATATAAGTTTGTTCCATTATCGTGAACAG-------

N_SYLV_TD2
TCTCCATCAGCTGATTCAGTACCCGTTCCAGCGTCTTTACAGGATGAGGCGGGGA
AGTTGATTGAGAATAATCCATCAGGG-GTGATACAGAAGAATTG---
TTTCAGTATCTTGTTGAAATATTGGCTTCTAGAGTGTATGATGTAGCAATTGATTC
CCCCTTGCAAAATGCAACTAAGCTTTCCAAGAAGCTTGGAGTTAACTTTITGGATC
AAAAGAGAGGATATGCAGTCC---
TTCTCATTCAAGCTTAGAGGAGCTTATAACATGATGACCAAACTCTCAAAGGAG
CAATTAGAAAGAGGGGTTATAACTGCTTCAGCTGGAAATCATGCACAAGGTGTT
GCATTAGGTGCTCAGAGACTTAAATGTACTGCTACGATTGTCATGCCTGTTACCA
CACCAGAGATCAAGATTGAAGCAGTTAAGAACTTGGATGGTAATGTAGTTCTAC
AGGGTGACACATTTGATGAAGCTCAAGCACATGCTTTAAAGTTGGCTGAAGATG
AAGGTCTCACATTCATCCCGCCTTTCGATCAC
-CITAAAGAT---
ATACATGCAGTATTTCTGCCTGTAGGAGGAGGAGGTTTAATAGCTGGTGTTGCTG
CATATTTCAAAAGGGTTGCTCCTCATACAAAGATTATAGGAGTTGAGCCATTTGG
TGCAAGTTCAATGACACAGTCTTTGTACCACGGAATGAGAGTAAAGTTAGAACA
AGTTGATAATTTTGCAGATGGCGTAGCTGTTGCACTAGTTGGTGAAGAAACTTTC
CGTCTTTGCAAAGATTTAATAGACGGAATGGTCTTAGTCAGTAACGATGCTATTA
GTGCAGCAGTAAAGGATGTGTACGACAAAGGAAGGAACATATTAGAGACATCA
GGTGCACTCGCCATAGCTGGAGCTGAAGCATACTGCAAATACTATGACATAAAG
GGCGAAAACGTTGTAGCAATTGCTAGTGGAGCCAATATGGACATCAGCAAACT
AAAATTAGTCGTCGATTTAGCAGATATTGGTGGACAGAGGGAAGCTCTGCTGGC
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TACTTITATGCCAGAAGAACCAGGAAGCTTCAAAAAATTCTGCGAACTTGTGGG
ACCTATGATTATTACCGAATTCAAGTACAGATATAACTCTGGAAGAAAACAAGC
TCTAGTTCTGTACAGG

AGATTITTCTGTCAATTCATATTTCCTGAGAAGCCTGGAGCTTTAAGGAAGTTCTT
AGATGCTTTCAGCCCTCGATGGAATATAAGTTTGTTCCATTATCGTGAACAGGGA
GAACTTGTTGCAAGTGTGTTAGTTGGATTCCAAGTTCCAAAAGGTGAGATGGAT
GAGTTTCGAGCTCAAGCTAACAATCTITGGTTATTCATATGAAATCGAGAGTCTCA
ACGAGGCTTCCCAACTTATAATG---

N_BENT_TD2B
TCTCCATCAGCTGATTCAGTGCCCGTTCCAGCGTTTTTACAGGAAGTGGCCGGGA
AGTTGATAGAGAATAATCCATCAGGGAGTGATACAGAGGAATTG---
TTTCAGTATCITGTTGAAATATTGGCTTCTAGAGTGTATGATGTAGCGATTGATTC
TCCCGTGCAAAATGCAACTAAGCTTTCCAAGAAGCTTGGAGTTAACTTTTGGATC
AAAAGAGAGGATATGCAGTCCGTGTTCTCATTCAAGCTTAGAGGAGCTTATAAC
ATCATGACCAAACTCTCAAAGGAGCAGTTAGAAAGAGGGGTAATAATTGCTTCA
GCTGGAAATCATGCACAAGGTGTTGCATTAGGTGCTCAGAGACTTAAACGTACT
GCTACGATTGTCATGCCTGTTACCACACCAGAGATCAAGATTGAAGCAGTTAAG
AATTTGGATGGTAAAGTAGTTCTACATGGTGACACATTITGATAAAGCTCAGGAA
CATGCTTTAAAGTTGGCTGAAGATGAAGGTCTCACGTTCATCCCGCCTTTCGATC
ACCCAGATGTGATCATAGGCCAAGGTACAGTTGGAACGGAGATTAATTGTCAAC
TTAAAGAT---
ATACACGCAGTATTTGTGCCTGTAGGAGGAGGAGGTTTAATAGCTGGTGTTGCTA
CATATTTCAAAAGGGTTGCACCTCATACAAAGATTATAGGAGTTGAGCCATTTG
GTGCAAGTTCAATGACACAGTCTTTGTACCGCGGAGAAAGAGTGAAGTTAGAAC
AAGTTGATAATTTTGCAGATGGCGTAGCTGTAGCTCTAGTTGGCGAAGAAACTTT
CCGTCTTTGCAAAGATTITAATAGACGGAATGGTCTTAGTCAGTAACGATGCTATT
AGTGCAGCAGTAAAGGATGTGTACGACGAAGGAAGGAACATATTAGAGACATC
AGGTGCACTCGCCATAGCTGGAGCTGAAGCATACTGCAAATACTATGACATAAA
GGGCGAAAGCGTAGTAGTAATTGCTAGTGGAGCTAATATGGACTTCAGCAAACT
AAAATTAGTCGTCGATTTAGCAGATATTGGCGGACAGAGGGAAGCTCTGCTAGC
TACTTTTATGCCAGAAGAGCCAGGAAGCTTCAAAAAATTCTGCGAACTTGTGGG
ACTTATGAATATTACCGAATTCAAGTACAGATATAACTCTGGGAGAAAACAAGC

AGTGTTGGTGTAACTACAAAATCGGATCTTGAGTCAATGTTGGAGAGGATGAAA
TCATCACAACTGAATACTGTCAATCTCACAAATAATAATTTGGTCAAAGAACAT
ATAAGGCATTTG
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N_BENT_TD2A
TCTCCATCAGCTGATTCAATGCCCGTTCCAGCGTCTTTGCAGGGCGAGGCAGGG
AAGTTGATAGAGAATAATCCATCAGGGGGCGATACAGAGGAATTG---
TTTCAGTATCTTGTTGAAATATTGGCTTCTAGAGTGTATGATGTAGCAATTGATTC
CCCCTTGCAAAATGCAGCTAAGCTTITCCAAGAAGCTTGGAGTTAACTTTTGGATC
AAAAGAGAGGATATGCAGTCCGTGTTCTCGTTCAAGCTTAGAGGAGCTTATAAC
ATGATCACCAAACTATCAAAGGAGCAGTTAGAAAGAGGGGTTATAACTGCTTCA
GCTGGAAATCATGCACAAGGTGTTGCATTAGGTGCTCAGAGACTTAAATGTACT
GCTACGATTGTCATGCCTGTCACCACACCAGAGATCAAGATTGAAGCAGTTAAG
AACTTGGATGGTAAAGTAGTTCTACATGGTGACACATTTGATAAAGCTCAGGAA
CATGCTTTAAAGTTGGCTGAAGATGAAGGTCTCACATTTATCCCGCCTITTGATC
ACCCAGATGTGATCATAGGCCAAGGTACAATTGGAACGGAGATTAATCGTCAAC
TTAAAGAT---
ATATATGCAGTATTTGTGCCTGTAGGAGGAGGAGGTTTAATAGCTGGTGTTGCTG
CATATTTCAAAAGGGTTGCTCCTCATACAAAGATTATTGGAGTTGAGCCATTTGG
TGCAAGTTCAATGACACAATCTITTGTACCATGGAGAAAGAGTAAAGTTGGAACA
AGTTGACAATTTTGCAGATGGCGTAGCTGTTGCACTAGTTGGTGAAGAAACTTTC
CGTCTTTGCAAAGATTTAATAGACGGAATGGTCTTAGTCAGTAACGATGCTATTA
GTGCAGCAGTAAAGGATGTGTACGACGAAGGAAGGAACATATTAGAGACATCA
GGTGCACTTGCCATAGCTGGAGCTGAAGCATACTGCAAATACTATAACATAAAG
GGCAAAAACGTTGTAGCAATTGCTAGTGGAGCCAATATGGACTTCAGCAAACTA
AAATTAGTCGTCGATTTAGCAGATATTGGCGGACAGAGGGAAGCTCTGCTGGCT
ACTTTTATGCCAGAAGAACCAGGAAGCTTCAAAAAATTCTGCGAACTTGTGGGA
CCTATGAATATTACTGAATTTAAGTACAGATATAATTCTGGAAGAAAACAAGCT
CTGGTACTCTACAGTGTITGGTGTTAATACAAAATCGGATCTTGAGTCAATGTITGG
AGAGGATGAAATCATCACAGCTGAATACTGTCAATCTCACAAATAATAATTTGG
TCAAAGAACATCTAAGGCATTTGATGGGAGGCAGATCAGAACCAAGTAATGAG
ATTTTCTGTCAATTCATATTTCCTGAGAAGCCTGGAGCTTTAAGGAAGTTCTTAG
ATGTTTTCAGCCCTCGCTGGAATATAAGTTTGTTCCATTATCGTGAACAGGGAGA
ACTTGATGCAAGTGTGTTAGTTGGATTCCAAGTTCCAAAAGGTGAGATAGAAGA
GITCCGAGTTCAAGCTAACAATCTTGGTTATTCATATGAAATCGAGAGTCTCAAC
GAGGCTTCCAAACTTATAATG---

N_ATTE_TD2
TCTCCATCAGCTGATTCAATGCCTGTTCCAGCGTCTTTGCAGGACGAGGCGGGGA
AGTTGATAGAGAATAATCCATCAGGGGGCGATACAGAGGAATTG---
TTTCAGTATCTTGTTGAAATATTGGCTITCTAGAGTGTATGATGTAGCAATTGATTC
CCCCTTGCAAAATGCAGCTAAGCTTTCCAAGAAGCTTGGAGTTAACTTTTGGATC
AAAAGAGAGGATATGCAGTCCGTGTTCTCGTTCAAGCTTAGAGGAGCTTATAAC
ATGATGACCAAACTCTCAAAGGAGCAGTTAGAAAGAGGGGTTATAACTGCTTCA
GCTGGAAATCATGCACAAGGTGTTGCATTAGGTGCTCAGAGACTTAAATGTACT
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GCTACGATTGTCATGCCTGTTACCACACCAGAGATCAAGATTGAAGCAGTTAAG
AACTTGGATGGTAAAGTAGTTCTACATGGTGACACATTITGATAAAGCTCAGGAA
CATGCTTTAAAGTTGGCTGAAGATGAAGGTCTCACATTCATCCCGCCTTTCGATC
ACCCAGATGTGATCATAGGCCAAGGTACAATTGGAACGGAGATTAATCGTCAAC
TTAAAGAT---
ATACATGCAGTATTTGTGCCTGTAGGAGGAGGAGGTTTAATAGCTGGTGTTGCTG
CATATTTCAAAAGGGTTGCTCCTCATACAAAGATTATTGGAGTTGAGCCATTTGG
TGCAAGTTCAATGACACAATCTTTGTACCATGGAGAAAGAGTAAAGTTGGAACA
AGTTGATAATTTTGCAGATGGCGTAGCTGTTGCACTAGTTGGTGAAGAAACTTTC
CGTCTTTGCAAAGATTTAATAGACGGAATGGTCTTAGTCAGTAACGATGCTATTA
GTGCTGCAGTAAAGGATGTGTACGACGAAGGACGGAACATATTAGAGACATCA
GGTGCACTTGCCATAGCTGGAGCTGAAGCTTACTGCAAATACTATAACATAAAG
GGCGAAAACGTTGTAGCAATTGCTAGTGGAGCCAATATGGACTTCAGCAAACTA
AAATTAGTCGTCGATTTAGCAGATATTGGTGGACAGAGGGAAGCTCTGCTGGCT
ACTTTTATGCCAGAAGAACCAGGAAGCTTCAAAAAATTCTGCGAACTTGTGGGA
CCTATGAATATTACTGAATTTAAGTACAGATATAATTCTGGAAGAAAACAAGCT
CTGGTACTCTACAGTGTTGGTGTTAATACAAAATCGGATCTTGAGTCAATGTTGG
AGAGGATGAAATCATCACAGCTGAATACTGTCAATCTCACAAATAATAATTTGG
TCAAAGAACATCTAAGGCATTTGATGGGAGGCAGATCAGAACCAAGTAATGAG
ATTTTCTGTCAATTCATATTTCCTGAGAAGCCTGGAGCTTTAAGGAAGTTTTTAGA
TGCTTTCAGCCCTCGTTGGAATATAAGTTTGTTCCATTATCGTGAACAGGGAGAA
CTTGATGCAAGTGTGTTAGTTGGATTCCAAGTTCCAAAAGGTGAGATAGAAGAG
TTCCGAGTTCAAGCTAACAATCTTGGTTATTCATATGAAATCGAGAGTCTCAACG
AGGCTTCTCAACTTATAATG---

L_BARB_TD2
GACTCTTCAGCACCGGTGGTGAGTGCTCCTGCATCCTTGCAGGACGAGGCTGGA
AAATTGATAGAGAATAATCCAACGGGTGGCGATAGTGAAGAATTG---
TTCCAGTACTTGCTTGAAATATTGTCTTCGAGAGTGTACGATGTTGCTATCGAGTC
CCCGTTGCAGCATGCTACAAAGCTTTCAAAGAGGCTTGGAGTTAACCTTTTTATC
AAAAGAGAGGATATGCAGTCCGTGITTITCGTTCAAGCTTAGAGGAGCTTACAAC
ATGATGTCCAAACTTCCAAGGAGCAAT-
TAGAAAGAGGGGTTATAACAGCATCAGCTGGAAATCACGCACAAGGAGTAGCA
TTAGGTGCTCAGAGACTTCAATGTACTGCTAAGATTGTCATGCCTGTTACCACCC
CTGTGATCAAGAGGGAAGCAGTTGAAAACTTAGGTGGTACAATAGTACTTGAGG
GTGACACATTTGATGAAGCTCAAACATATGCATTGAAGTTGGCTGAAGAGGAAG
GTCTCACATTCATCCCACCATTCGATCATCCAGATGTCATCATAGGTCAAGGTAC
AATTGGAACAGAGATAAACCGTCAACTTAAGGAT---
ATACATGCAGTATTTGTGCCTGTTGGTGGTGGGGGTCTATTAGCTGGTGTTGCTGC
CITTTTCAAAAAAGTTGCCCCTAACACAAAGATTATTGGAGTTGAGCCATATGGT
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CAPSIC_TD2
AATCCTTTTGAACCAGAGGTAAGTAGTCTGAGATCCTTAGAGAACGAGCCCGGG
GAGTTGATCGTGAATAATCCAACTGGGGGCGACAAAGACGAC------
ATTCAATACTTTCTTGACATGTTGTCGTCGCCGGTGTACGACGTAGCGGTAGAAT
CTCCGTTGCAACAATCGATGAATATTTCCGAAAGGCTTGGAGTTAACTTTTATAT
GAAGAGAGAGGATAGACAGTCGATGTTTTCATTCAAGATTAGAGGAGCTTACAA
TATGATGAGCAAACTGCCAGATGATCAATTAAGCAAAGGGGTTATAACAGCATC
AGCTGGAAATCATGCAATGGGTGTTGCATTAAGTGCTCAAAAACTTAAATCTAG
TGCTACAATTGTCATGCCTGTTACCACCCCAGAGTTCAAGAGGGAAGCAGTTGA
AAATACGGGCGCTACGGTAATTCTITAGGGGCAACACATTTGATGAAGCTCACGA
ATATGCAATGACGATGTCTCAAGATGAAGATCTCACATTCATCCCACCATACGA
TCATCCTGATATCATCAAAGGCCAAGGTACAATCGGAGCAGAGATTAGCCGTCA
ATTTAGTAAATCAGTACATGCAATATTTGTACCTATTGGTGGTGGGGGGTTAGCG
GCCGGTATAGCTACCTATATGAAACAAGTTTCACCAAGTACAAAAATTATTGGA
GTTGAACCATATGGTGCATGTTCAATGGCATTGTCATTGTCAAATGGAGTAAGA
GTAAAGTTGGAAAATGTTGATAATTTITGCTGATGGTGTTGCTGTTGGACTTGTTG
GTGAACAGCCTTTTAGAATTTGCAAAAATTTAATTGATGGAATGGTACTTGTTGA
TCGTGATGCTATTAGTGCTACAATAAAGGATGTGTATGATGAAGAAAAGAATAT
ATTAGAGACATCAGGTGCACTTGCCATAGCTGGAGCTGAAGCATATTGTAAATA
TTATAATATTAAAAATGAAAATATTGTTGCAATTGCAAGTGGAGCAAATATGGA
TTTCAGCAAATTCAAATCAATAATGGATITAGCAAATATTGGTGCAAAAAAAGA
AGCTTTATTAGCTACTTTTATGCCAGAAGAACCTGGAAGCTTCAAGAGATTCACT
CAACTGGTAAGTTTTACTCATTITAATATCTGTTTTGTTCAGATTCGTCAAAAATAT
TTTTTTTCGCACATTGCTGTTTAGG------------
ATACAATACGAATGCAACAATGTTCAGTATTATATTTGTAGCTTAGACTCTTCGA
ACATGTTGTTGCATCTAAATAAATCTATGAAAAAATTTGTCAACTATTTGATAGG
TGGCAGATCGCATCCTCGTCATGAAATTTTATGTCAATTTATTTITCCCTGAGAAG
CCTGGAGCTTTAAGAAAATTCGTAGATGCTTTTAGCCCTCGTTGGAATATAACTT
TATTTCATTATCGTGATCAGGGAGAGGTAGATGCAAGTGTGTTGGTTGGATTTCA
AGTCCAAAAATGGGAAATGGGAGAATTTCAATATCATGTTAACAATCITGGITA
TCCATATGAAATTGAGATTCACAATGAGGCTTACAAACTTATAATGGAG
S_DULC_TD2
GATTCTTCAGCCGTCTTACCGGTGAGTGAACCAGTATTGCCAGTCCAGCCTGGAC
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AGTTGATAGAAAATAAACGAATTCCTTACGATCCAGATGAATTA---
TTGCAATATTTGCTCGACATGTTGGCATCACCAGTATACAATGTCGCGAAAGTAA
CCCCCTTGGAGCCTGCAAAGAAGATTTCAGATAAGCTTGGAGTTAAATTTTATAT
CAAAAGAGAGGATAAACAGGATGTGTTTTCATTCAAGATTAGAGGAGCTTACAA
CATGATGAGTAGCCTCTCACAGGAGCAATTAGATAAAGGGGTTGTAACAGCATC
AGCTGGAAATCATGCACAAGGTGTTGCAGTTAGTGCTGCAACACTITAAATGTCA
GGCTACAATTGTCATGCCTGAGACCACCCCAGAAATCAAGGTTGAGGCGGITAG
ATCCTTAGGTGGTGATATAAAACCTGTGGGTCAGACATTTGATGAAGCTCAAGC
AGAGGCCCTGAGGTTGGTTGAAGAAAATGGGTACATATTCGTCTCACCATTCGA
TGATCCAGGAGTCATCAAAGGCCAAGGTACAGTTGGAATGGAGATAAACCATC
AACTTAAGGAC---
ATCTATGCCGTGTITTGTGCCTGTTGGTGGTGGTGGTCTAATAGCTGGTGTTGCTGC
TTATTTCAAACAAGTTGCCCCAAATACAAAAATTATTGGAGTTGAACCATATGGT
GCAGCTTCAATGACATATTCATTATATAAAGGTGAAAGAATAAAATTGGAAAAT
GTTGATACTTTTGCTGATGGTGTAGCTGTTGCACAAGTTGGTGTATACAATTTTCA
AAAATGTCAAGAGTTAATTGATGGAATGGTACTTGTTCATCGTGATGATATTAGT
GCTGCAATAAAGGATGTGTATGATGAAGGAAGGAACATATTAGAGACATCAGG
TGCAGTTTCCATAGCTGGAGCTCAAGCATATTGCAAATATTATAACATCCAAAAT
GAAAATATTGTAACAATTGCAAGTGGAGCAAATATGGATTTCAGCAAACTAAA
ATTAGTTGCAGACTATGCAGCGATTGGTGCAGGGGAAGAAGCTTTGTTAGCTAC
TGTTATGCCAGAAGAACAAGGAAACTTCTTGAAATTCATTCAAATTTTGGGCTCT
TTCAATATTACTGAATTCACATACAGATATAGTGCTGAAAGAAAAAAGGCTGTA
GCTCTATACAGTGTTGATATTGATGAAAATACGGATATTAAAGCAATAATTGAG
AAGTTGAATTCAGAAGGATTCCATACTGTTGATCTCTCACATCATGATGTGGCCA
ATGAACACCTAAGGCATTTGGTGGGTGGCGCATCAAATCCTAGTGATGAGATTC
TCTGTCAATTTATTTTCCCTGAAATTGCTGGAGCTCTAAGAAAATTCTTATATGCT
TTCTCCCCTCGTTGGAATATAACTTTGTTCCGTTACCGTGAACAGGGAGATATAA
ATGCAAGTGTGTTAGTGGGATTCCAAGTTCCAAAAAGTGAGATGGATGAATTCC
AAAATCAAGCTAATAATCTTGGTITATGCATATAGTTTTGAGAATCTTGATGAGGT
TTATAAGCTTATAAGGAAT

S_MELO_TD2
GATTCTTCTGCCCCCTTGAGGGTGAATGAACCTCTAGACCTCGAAAAGCCTGGA
GAGTTGATAGAAAATCATCGAATTCCTTATGATCCAGATGAATTA---
AGGCAATATTTGCTTGATATATTGGCATCGCGAGTCTATGATGTCGCGATCGAGT
CCCCGTTGGAACGTGCAACAAAGATTTCAGATAAGCTTGACGTAAATTTTTTCAT
CAAAAGAGAGGATAGACAGCCTGTGTTTITCATTCAAGATTAGAGGAGCTTACAA
CATGATGAGCAGCCTCTCACAGGAAGTGTTAGATAAAGGGGTTGTAACAGCATC
AGCTGGAAATCATGCACAAGGTGTTGCAGTAAGTGCTAAAAGACTTAAATGTCA
AGCTACAATTTGCATGCCTAAAACTACCCCACAAATCAAGGTTGACGCAGTTAG
AACCCTAGGTGGTGAAGTAGAACTTGAGGGTAACACATTTGATGAAGCTCAAGC
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TTATGCCCTGCAATTGGTTCAAGAAAAAGGGTACAAATACATCCCACCATTTGA
TGATCCTGGAGTCATCAAAGGCCAAGGTACAATTGGAGTGGAAATAAACCGCC
AGCTTAAGGAC---
ATCCATGCAATATTTATACCTGTTGGTGGTGGTGGTCTAATATCTGGTGTTGCTGC
TTTTTTCAAACAAGTAGCCCCAAATACAAAAATTATTGGGGTTGAACCATATGGT
GCAGCTTCAATGACTGTGTCATTACTCGAAGGTAAAAGAATAAAATTGGACAAT
GITGATACTTTTGCTGATGGTGTTGCTGTTGCACTTGTTGGTGAATACAATTTTCA
AAAATGCCATGAATTAATTGATGGAATGGTACTCGTCCATCGTGATGGTATTAGT
GCTGGACTAAAGGATGTGTATGATGAAGGGAGGAACATATTAGAGACATCAGG
TGCACTTGCCATAGCTGGAGCTCAAGCATATTGTAAATTTITATGGCATTAAAAAT
GAAAATATTGTAGCAATTGCAAGTGGAGCAAATATGGATTTCAGCAAACTAAA
ATTAGTTGCAGAATTAGCAGAGATTGGTGCAGGAAAAGAAGCTTTGTTAGCTAC
TTTTATGCCAGAACAAGTAGGAAGCTTCCACAAATTCATTAAATTGTTGGGCTCT
TTCAATATTACTGAATTCACATACAGATATAACTCTGACGGAAAACAAGCTGTA
GTTCTATACAGTGTTGATATTGATCCTGAGCATAAAATTAAAGAAATAATTGATA
AGATGAATTCAGAAGGATTCACAACTGTTGATCTCTCACATCATGATTTGGCCAA
GGAACATCTAAGGCATTTGGTTGGTGGGGCGTCAAATCCTAGTGATGAGATTAT
CTGTCAATTTATTTTCCCTGAAATTGCTGGAGCGCTAAAAAGATTCTTAGATGCIT
TCTCCCCTCGTTGGAATATAACCTTGTTCCGCTATCGTGAACAGGGAGAAATAGA
TGCAAGTGTGTTGGTGGGATTCCAAGTTCCACAAAGTGAGATGGAAGAGTTCAA
AAAACAAGCTAATAAACTTGGTTATCCATATGCATTTGAGAGTCTTGATGAGGCT
CAAAAGCTTATAAGGAAT

S_PSEU_TD2 -—--ATT---GCG------------ GTGCCT---TCA---
CATCGTGAGCCCGGAGAGTTGGTACCACATCAGCCAACCGGGGGCGATAGAGA
AGAGTTG---
TTACAATATTTATTTGACATGTTGGCATCGCCAGTCTACGATGTCGCGATCGAAT
CCCCGTTGGAAAAGGCAGAGAAGATTTCGACAAAGCTTGGAGTAAATTTTTTTA
TCAAAAGAGAGGATAAGCAGAAAGTATTTTCATTCAAGCTTAGAGGAGCTTACA
ACATGATGAGCAAACTCCCAGAGGAGCAATTAAAGAAAGGGATTATAACAGCA
TCAGCTGGAAATCATGCACAAGGTGTTGCATTAAGTTCITATAAA---
AAATGTCCAGCTACAATTGTCATGCCTACTACCACCCCACAAATCAAGATTGAT
GCAGTTAGAAGCTTGAATCCTGACGTACCATTAAAGGGGGAAAATTTTGATGAG
GCTCAATTGCATTGGATATGGCTGA--CAAGCA--
AGGGCTCACATTCATCCCACCATATGATCATCCAGAAATCATCAAAGGCCAAGG
TACGATTGGAGTGGAGATAAACCGTCAACTTAAGGAC---
ATTTATGCAGTATTTGTACCTGTTGGTGGTGGGGGTCTAATATCTGGTATTGCTGC
ATATATGAAACAAATAGCCCCAAAGACAAAAATTATTGGAGTTGAACCATATG
GTGCAGCTTCAATGACTTTGGCATTATGNTANGGTAAGCCAGAAAAGTTGGAAA
GG-TGGATAATTTTGCTGAT-
GTGTAGCTGTGGGAAAGGCTGGGGAGTACACTTTTAAAATATGTAATGAGTTAA
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TTGATGGAATGGTACTCATGCATCGTGAGGGTATTAGTGCTGGATTAAAGGATGT
GTATGATCAAGGAAGGGAAATATTAGAGACATCAGGTGCACTTGCCATAGCTGG
AGCTGAAGCATATTGCAACTATTATAACATCAAAGATAAAAATATTGTTGCAAT
TGCAAGTGGAGCAAATATGGATTTCAGCAAATTAAAATTAGTTGCAGAGTTGGC
CCCAATTGGTGCAGGGACAGAAGCTTTGTTAGCTACTACTGTGCCAGAAAAATC
AGGAAGCTTCCTCGAATTCACTAAAGTGTTGGGCTCTTTCAGTATTACTGAATTC
ACATACAGATATAGTGATCAAAGAAAACATGCTGTATTTCTATACAGTATTGAT
CTAACTGCTAAAGATGATGTTGACAATGTAATTGCTAAGATGAATTCAGCAGGA
TTCGACACTGTTGATATCTCACATCATGATTTGGCCAAAGAACATCTAAGGCATT
TGGTTGGTGGAGTATCAAGTGTTAGTGATGAAATTTTCGTTCAATTTGTTTTCCCT
GAGATTCAAGGAGCTTITGAACAAATTCITAAATGCATTCTGTCCTCGTTGGAATA
TAACTTTGTTCCGTTATCGCAGCCAGAGAGAAATTGATGCAAGTGTITTITGGTGGG
ATTCCAAGTTCCACAAAGTGAGATGGATGAATTCAAAAATCAAGCCAATAAACT
TGGTTATTCATATGCATTTGAGAGTCTTGATGAGGCAGCTAAGCTAATAGTT---
S_PERU_TD2
GATATTACAGCTCCGGTGGAAAATGTTCCTGCTATCTTGCCAAAAGTTCCCGGAG
AGTTGATAGTGAATGAACCAACGGGGGGCGATAGCGATGAATTG---
TTTCAATATTTAGTTGATATTTTGGCATCGCCAGTGTATGATGTAGCGATCGAATC
GCCATTAGAGCTAGCAGATAAGCTCTCGGATAGGCTCGGAGTTAAATTTTATATC
AAAAGAGAGGATAAACAGAAGGTGTTITCATTCAAGCTTAGAGGAGCTTACAA
CATGATGAGTAACCTCTCAAGGGAGGAATTAGATAAAGGGGTTATAACAGCATC
AGCTGGAAATCATGCACAAGGTGTTGCATTAGCTGGTCAAAGACTTCACTGTGT
AGCTAAAATTGTCATGCCTACAACTACCCCACAAATCAAGGTTGATGCGGTTAG
AGCCCTGGGAGGTGATGTAGTTCTTCATGGTGAAACATTITGATGAAGCTCAAAT
ATATGCGCTGGAATTGAGTGAAAATGACGGGCTCAAATACATCCCACCATTCGA
TGATCCAGGAGTCATCAAAGGCCAAGGTACAATTGGAACAGAGATAAACCGTC
AACTGAAGGAC---
ATTCACGCGGTGTTTATACCTGTTGGTGGTGGGGGTTTGATAGCTGGTGTTGCTAC
CTTTTTCAAACAAATTGCCCCAAATACAAAAATTATTGGAGTTGAGCCATATGGT
GCAGCTTCAATGACATTGTCATTGCTTGAAGGATATAGAGTGAAATTATCAAAT
GITGATACTTTTGCTGATGGTGTAGCTGTTGCACAAGTTGGTGAATACACTTTTGC
AAAATGCCAAGAGTTAATTGATGGAATGGTACTTGTTGGAAATGATGGTATTAG
TGCTGCAATAAAGGATGTGTATGATGAAGGAAGGAACATATTAGAGACATCAG
GTGCAGTTTCCATAGCTGGAGCTGCAGCCTACTGTGAATATTATAAAATAAAAA
ATGAAAATATTGTAGCAATTGCAAGTGGAGCTAATATGGATTTCAGTAAACTAC
ACAAAGTTACAGAGTTAGCAGGGTTAGGTTCAGGCAAAGAGGCTTTGTTGGCTA
CTTTITATGGTAGAACAACAAGGAAGCTTCAAGACATTTGTTGGACTCGTGGGCTC
TTTGAATTTTACTGAATTGACATACAGATTCACTTCTGAAAGGAAAAATGCTCTA
ATTTTATACAGGGTTAATGTTGATAAAGAATCAGATCTTGAAAAAATAATTGAG
GATATGAAATCATCAAATATGACTACTCTTAATCTCTCACATAATGAATTGGTTG
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TAGACCATCTAAAACATTTGGTCGGTGGGTCAGCAAATATCAGTGATGAAATTTT
CGGTGAATTTATTGTACCTGAGAAGGCTGAAACTTTGAAAACATTCTTAGACGCT
TTCTCCCCTCGTTGGAATATAACTTTATGCCGTTACCGTAATCAGGGAGATATAA
ATGCAAGTGTGTTAATGGGATTCCAAGTTCCTCAAAGTGAGATGGATGAGTTCA
AAAATCAAGCTGATAAGCTTGGTTATCCATATGAACTTGATAATTATAATGAGG
CTTTTAACCTTGTAGTAGGT

S_LYCO_TD2
GATATTACAGCTCCGGTGGAAAATGTTCCGGCTATCTTGCCAAAAGTTCCCGGA
GAGTTGATAGTGAATAAACCAACGGGGGGCGATAGCGATGAATTG---
TTTCAATATTTAGTTGATATTTTGGCATCGCCAGTGTATGATGTAGCGATCGAATC
GCCATTAGAGCTAGCAGAGAAGCTCTCGGATAGGCTCGGAGTTAATTTITATATC
AAAAGAGAAGATAAACAGAGGGTGTITTTCATTCAAGCTTAGAGGAGCTTACAA
CATGATGAGTAACCTCTCAAGGGAGGAATTAGATAAAGGGGTTATAACAGCATC
AGCTGGAAATCATGCACAAGGTGTAGCATTAGCTGGTCAAAGACTTAACTGTGT
AGCTAAAATTGTCATGCCTACAACCACCCCACAAATCAAGATTGATGCGGTTAG
AGCCCTGGGAGGTGATGTAGTTCTTITATGGTAAAACATTTGATGAAGCTCAAAC
ACACGCGCTGGAATTGAGTGAAAAAGACGGGCTCAAATACATCCCACCATTCG
ATGATCCAGGAGTCATCAAAGGCCAAGGTACAATTGGAACAGAGATAAACCGT
CAACTGAAGGAC--
ATTCACGCTGTGTTTATACCTGTTGGTGGTGGGGGTTTGATAGCTGGTGTTGCTAC
CTTTTTCAAACAAATTGCCCCAAATACAAAAATTATTGGAGTTGAGCCATATGGT
GCAGCTTCAATGACATTGTCATTGCATGAAGGACATAGAGTGAAATTATCAAAT
GITGATACTTTTGCTGACGGTGTAGCTGTTGCACTAGTTGGTGAATACACTTTTGC
AAAATGCCAAGAGTTAATTGATGGAATGGTACTTGTTGCAAATGATGGTATTAG
TGCTGCAATAAAGGATGTGTATGATGAAGGAAGGAACATATTAGAGACATCAG
GTGCAGTGGCCATAGCTGGAGCTGCAGCCTATTGTGAATTITTATAAAATAAAAA
ATGAAAATATTGTAGCAATTGCAAGTGGAGCTAATATGGATTTCAGCAAACTAC
ACAAAGTTACAGAGTTAGCAGGGTTAGGTTCAGGCAAAGAGGCTTTATTGGCTA
CTTTITATGGTAGAACAACAAGGAAGCTTCAAGACATTTGTTGGACTTGTGGGCTC
ITTGAATTTTACTGAATTGACATACAGATTCACTTCTGAAAGGAAAAATGCTCTA
ATTTTGTACAGGGTTAATGTTGATAAAGAATCAGATCTTGAAAAAATGATTGAG
GATATGAAATCATCAAATATGACTACTCTTAATCTCTCACATAATGAATTGGTTG
TAGACCATCTAAAACATTTGGTTGGTGGCTCAGCAAATATCAGTGATGAAATTTT
CGGTGAATTTATTGTACCTGAGAAGGCTGAAACTTTAAAAACATTCTTAGACGCT
TTCTCCCCTCGTTGGAATATAACTTTATGCCGTTACCGTAATCAGGGAGATATAA
ATGCAAGTTTGTTGATGGGATTCCAAGTTCCTCAAGCTGAGATGGATGAGTTCAA
AAATCAAGCTGATAAGCTTGGTTATCCATATGAACTTGATAATTATAATGAGGCT
TTTAACCTTGTAGTAAGT

S_BULB_TD2
GATTCTTCAGCTCCAGTGGTAAGTGTTCCTGCAAACTTGCCAAAAACCCCTGGGG
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AGTTGATAGTGAATAATCCAACGGGGGGCGATAAGGATGAATTG---
TTTCAATATTTGGTTGACATTTTGGCATCGCCAGTGTACGATGTAGCGATTGAAT
CCCCATTAGAGCGCGCAACGAAGCTTTCGACTAGGCTTGGAGTTAACTTTTATCT
CAAAAGAGAGGATAAGCAGCTTGTGCTTTCATTCAAGCTTAGAGGAGCTTACAA
CATGATGAGTAGCCTCCCAAGGGAGGAATTAGATAAAGGGGTTATAACAGCAT
CAGCTGGAAATCATGCACAAGGTGTTGCATTAGCTGCTGAGAGACTTAAATGTT
ATGCTAAAATTGTCATGCCTACAACCACCCCACAAATCAAGGTTGATGCGGITA
GAGCCCTGGGAGGTGATGTACATCTTGAGGGTCAGACATTTGATGAAGCTCAAG
AATTTGCACTGAAAGAGAGTCAAGAAAAAGGGTACACATTTATCCCAGCATATG
ATGCTCCAGAAATCATCAAAGGCCAAGGTACGGTTGGAACGGAGATAAACCGT
CAACTCAAGGAC---
ATTTATGCGGTGTTTGTACCTGTTGGTGGTGGGGGTCTAATATCTGGTGTTGCTTC
CTATTTCAAACAAGTTGCCCCAAATACAAAAATTATTGGAGTAGAGCCAACTGG
TGCAGCTTCAATGACATTGTCATTGTATGAAGGAGAAATAATAAAATTGGAAAA
TGTTGATACTTTITGCTGATGGTGTAGCTGTTGCACAAGTTGGTGAATACACTTITG
CAAAATGCCAAGAGTTAATTGATGGAATGGTACTTGTTAGAAATGATGGTATTA
GTGCTGCAGTAAAGGATGTGTATGATGAAGGAAGGAACATATTAGAGACATCA
GGTGCAGTTGCCATAGCTGGAGCTACAGCCTATTGCGAATACTATAACATTAAA
AATGAAAATATTGTAGCAATTGCAAGTGGAGCTAATATGGATTTCAGCAAACTA
CACAAAGTTACAGAGTTAGCAGGGTTAGGTGCAGAAACAGAAGCTTTGCTAGCT
ACTTTTATGATAGAACAACCAGGAAGTTTCAAGACATTTGCTCAACTTGTGGCCT
CTATGAATATTACTGAAGTGACATACAGATTCACTTCTGAAAGAAAACATGCTC
TAGTTTTGTACAGAGTTGATGTTGATGAAAAATCAGATCTTGAAGAAATGATTAA
GAAATTGAATTCATCAAATATGAATACTTITTAATTTICTCACATAATGAATTGGTTT
CAGAACATCTAAAACATTTGATTGGTGGCTCAGCAAATATCAGTGATGAAATTT
TCGGTGAATTTACTTTACCTGAGAAGGCTGGAACTTTAAGCACATTCTTAGAAGC
TTTCTCCCCACGTTGGAATATAACTTTATGCCGTTACCGTGATCAGGGAGATATA
AATGGAAATGTGTTAGTGGGATTCCAAGTCCCTCAAAGTGAGATGGATGAGTTC
AAAAGTCAAGCTGATGGACTTGGCTATCCATATGA-
CTTGACAATTTCAATGAGGCTTTTAACATT---------

S_TUBE_TD2
GATATTTCAGCTCCAGTGGTGAGTGCTCCTGCAATCTTGCCAAAAGACCCCGGG
GAGTTGGTAGTGAATAACCCAACGGGGGGCAATCCCGATGAATTG---
ATTCAATATTTGGTTGACATTTTGGCATCGCCAGTGTACGATGTAGCGATTGAAT
CCCCATTAGAGCTCGCAAAGAAGCTTTCGACTAGGCTTGGAGTTAACTTTTATAT
CAAAAGAGAGGATAAGCAGTCTGTGTTTTCATTCAAGCTTAGAGGAGCTTACAA
CATGATGAGTAACCTCTCAAAGGAGGAATTAGCTAAAGGGGTTATAACAGCATC
AGCTGGAAATCATGCACAAGGTGTTGCATTAGCTGGTCAAAGACTTAATTGTAC
ATCTACAATTGTCATGCCTGAAACCACCCCACAAATCAAGGTTGATGCGGTTAG
AGGCCTGGGAGGTAATGTAGTTCTTCATGGTCAAACATTTGATGAAGCTCAAAC
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ATATGCAGTGGAACTGAGTGAAAAAGACAAGCTCACATACATCCCACCATTCG
ATGCTCCAGGAGTCATCAAAGGCCAAGGTACAATTGGAACGGAGATAAACCGT
CAACTTAAGGAC---
ATTCATGCAGTGTTTGTACCTGTTGGTGGTGGGGGTCTAATATCTGGTGTTGCTGC
CTTITTCAAACAAATTGCCCCAAATACAAAAATTATTGGAGTTGAGCCATATGGT
GCAGCTTCAATGACATTGTCATTGTATGAAGGACATAGAGTAAAATTGGAAAAT
GITGATACTTTTGCTGATGGTGTAGCTGTGGCACTTGTTGGTGAATACACTTTTGC
AAAATGCCAAGAGTTAATTGATGGAATGGTACTTGTTAGAAATGATGGTATTAG
TGCTGCAATAAAGGATGTGTATGATGAAGGAAGGAACATATTAGAGACATCAG
GTGCAGTTGCCATAGCTGGAGCTGCAGCCTATTGTGAATTCTATAACATTAAAA
ATGAAAATATTGTAGCAATTGCAAGTGGAGCTAATATGGATTTCAGCAAACTAC
ACAAAGTTACAGAGTTAGCAGAGTTAGGTTCAGACAAAGAAGCTTTGTTAGCTA
CTTTTATGATAGAACAACCAGGAAGCTTCAAGACATTTGCTAAACTTGTGGGCTC
TATGAATATTACTGAAGTGACATACAGATTCACTTCTGAAAGAAAAGAAGCTCT
AGTTTTGTACAGAGTTGATGTTGATGAAAAATCAGATCTTGAAGAAATGATTAA
GAAATTGAATTCATCAAATATGAAGACTTITAATTTCTCACATAATGAATTGGTT
GCAGAACATATAAAACATTTGGTTGGTGGCTCAGCAAGTATCAGTGATGAAATT
TTCGGTGAATITATTTTTCCTGAGAAGGCTGGAGCTTTAAGCACTTTCITAGAAG
CTTTCTCCCCTCGTTGGAATATAACTTTATGCCGTTACCGTGATCAGGGAGATAT
AAATGGAAATGTGTTAGTGGGATTCCAAGTCCCTCAAAGTGAGATGGATGAGTT
CAAAAGTCAAGCTGATGGACTTGGTTATCCATATGAACTTGACAATCTCAATGA
GGCTTTTAACATTGTAGTAGCT

PETUNIA4
AGTACTCCATTATTACCAGTAGTTTCTCCAAGTTCGTTACAGTGTGAGCCTGGCT
ACTTGATACCAAATTATCCAGTTAGTGGTAAAGGAGGTGAGAGAGGGTTTCAGT
ATTTGGTTGATATATTGGGTACAAAAGTATATGATGTAGCCCATGAATCTCCGTT
ACAACTTGCGCCAAAGCTTTCACAGAAGTTGGGGGTTAATGTTTGGCTCAAACG
AGAGGATCTTCAACCTGTCTTCTCATTCAAGCTAAGAGGAGCTTACAATATGATG
GTCAATCTGACCAAGGAGCAGTTGAAAAGAGGGGTTATATGCTCATCGGCTGGG
AATCATGCACAAGGTGTTGCATTAGCTGCTCAGAAACTTGGCTGCGATGCTGTC
ATTGTGATGCCTGTTACTACACCAGAGATTAAGTGGAAATCAGTITAAGAGATTG
GGCGCTACTGTTGTTCTTGTGGGAGATGCTTATGATGAAGCTCAAGCATATGCCA
AAAACAGGGCTGAAGAGGAAGGCCGGACGTTCATCCCTCCTTTTGATCATCGAG
AAGTCATCGTAGGACAAGGTACCATTGGTATGGAAATTTATCGCCAACACAAGG
ATAAAGTTCATGCAATATTTGTGCCTGTTGGTGGAGGAGGTCTTATAGCTGGCAT
TGCTGCCTATATGAAAAGGGTCGCCCCGCATGTAAAGATTATTGGAGTCGAGCC
ATCTGATGCAAATGCAATGGCATTGTCATTACAGTATGGTGAGAGAGTAATGCT
CGATCAAGTTGGAAAGTTTGCAGATGGTGTAGCTGTTAAAGTGGTTGGCGAAGA
ACCTTTCCGTCTCTGTAAGGAATTGATAGACGGGGTGGTCCTTGTTAATCGCGAT
GCTATATGTGCATCAATAAAGGACATGTTTGAAGAGAAAAGGAGCATATTAGA
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GCCTGCAGGTGCACTTGCTCTAGCTGGAGCTGAAGCATACTGCAAGTACTATGG
CCTCAAGGATGAAAACGTAGTAGCAATAACTAGCGGAGCCAATATGAACTTTG
ACAGACTAAGATTAATATCCGAACTTGCAGATGTTGGTAGAAAGCAGGAAGCTG
TGCTAGCTACTTTTATGCCAGAAGAGCAGGGAAGCTTGAAACAATTTTGTGAAC
AGGTCCTACCGATGAAGATTACTGAATTCAAGTACAGATATAATTCTGGCAATG
ATCCAGCTCTAGTGCTTTACATTATTGGCTTITCAAACAAATTCAGAATITGAAGC
TATGATGGAGAGGATGAGAACATCAAAACTGCCTACTGTTAATCTATCAGAAAA
TGACTTGGTCAAAGATCACTTGAGGCATTTGATGGGAGGTAGATCAGATGTTGA
CAATGAGCTTCTTTGTCGCTTCACTTTTCCGGAGAAGGCTGGTGCTTTGTTGAAAT
TTTTAGATGCTTTCAGCCCCCGTTGGAATATAAGTTTGATGCATTATCGTGCACA
GGGACAAACTGGTGCAAATGTITITAGTTGGCATCCAAGTTCCACAGGATGAGTT
TGATGAATTCCAGTATCGCGCTGCCAGTCTTGGTTATGAGTATGTGGTGGAGAGT
AGAAATGATGCTTTCAAACTTCTAATGCAT

N_TOME_TD4
CCTCCGACTCCATTGCTAGTAGTTTCTCCGAATTCGTTACGGTGTGAGCCTGGGT
ACTTGATACCGAATTATCCGGTGGGCGGTAATGGAGGTGAGAACGGGTTTCAGT
ATCTAGTGGATATATTGGGTACGAAAGTGTACGATGTAGCAAATGAATCGCCAT
TGCAGCTTGCGCCGAAGCTTTCACAGAAGTTGGGGGTTAACGTTTGGCTTAAAC
GAGAGGATCTTCAACCCGTCTTCTCATTCAAGCTTAGAGGAGCATACAATATGA
TGGTCAATCTCTCCCAAGAGCAGCTGAAAAGAGGGGTCATATGCTCATCAGCTG
GGAATCACGCGCAAGGCGTCGCATTAGCTGCTCAAAGACTTGGCTGCAATGCTG
TCATTGTGATGCCTGTTACTACACCAGAGATTAAGTGGAAATCAGTAAAGAGAT
TGGGTGCTGATGTTGTTCTTGTGGGGGACGCGTATGATGAAGCTCAAGCATACGC
CAAAAAGAGAGCTGAAGAGGAAGGCCGCATCTTCATCCCTCCTTITTGATCATCC
AGATATCATCGTAGGGCAAGGTACTATCGGTATGGAGATTAATAACCAACTCAA
AGATAAAATACACGCGATATTTGTGCCTGTTGGTGGAGGTGGTCTTATAGCTGGT
ATTGCTGCCTATATGAAAAGAGTTGCCCCTCATATAAAGATTATTGGAGTTGAGC
CATCTGATGCAAATGCGATGGCATTGTCATTACACTATGGTCAGAGAGTAATGCT
AGACCAAGTCGGACGTTTTGCAGATGGTGTAGCTGTTAAAGTGGTTGGCGAAGA
AACTTTCCGTCTTTGTAAGGAATTAATAGATGGCGTGGTCCTAGTTAATCGCGAT
GCTATATGTGCATCGATAAAGGACATGTTTGAAGAGAAACGGAGCATATTAGAG
CCTGCAGGTGCACTTGCTCTAGCCGGAGCTGAAGCATACTGCAAATACTATGGC
CTAAAGGATGAAAACGTCATAGCAATAACAAGTGGAGCTAATATGAACTTTGAT
AGACTAAGATTGATAAGCGAACTCGCAGATGTTGGTAGAAAGCGGGAAGCTGT
GCTCGTTACTTTTATGCCAGAAGAGCCGGGAAGCTTCAAACGGTTCTGTGAACA
GGTCGGAACAATGAAATTTACTGAAGTTAAGTACAGATATAATTCTGGCAATGA
AAAAGCTCAAGTTCTTTACAGTGTTGGTATTCAAACTGAATCAGAACCTGAATCT
CTGATGGAGAGGCTGAAATCAGTACAATTGCATACTGTTAATCTTACGGAGAAT
GACTTGGTCAAAGATCATTTGAGGCATTTGATGGGTGGTAGATCAAATCTTCACA
ATGAGCTTCTTTGTCGATTCACTTTITCCGGAGAAGCCTGGTGCTTTATTGAAGTTT
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TTAGATACTTTCAGCCCGCGTTGGAATATAAGTTTGATCCATTATCGCGGACAGG
GACAAATTGGTGCAAATGTTTTAGTTGGGATACAAGTTCCAGAGGCTGAGTTTG
ATGAGTTCCAGGGTCGAGCTGCCAATCTTGGTTATGAATATGTGGTGGAGAGTCT
AAATGATGCTTTCAAGCTTATAATGCAT

N_ATTEN_TD4
CCTCCGACTCCATTGCTAGTAGTTTCTCCGAATTCGTTACAGTGCGAGCCTGGGT
ACTTGATACCGAATTATCCGGTAGGCGGTAATGGAGGTGAGAACGGATTTCAGT
ATTTGGTGGATATATTGGGTACGAAAGTGTACGATGTAGCAAATGAATCGCCAT
TGCAGCTTGCGCCGAAGCTTTCAGAGAAGTTGGGGGTTAACGTTTGGCTTAAAC
GAGAGGATCTTCAACCTGTCTTCTCATTCAAGCTTAGAGGTGCATACAATATGAT
GGTAAATCTCTCCAAAGAGCAGCTGAAAAGAGGGGTCATATGCTCATCAGCTGG
GAATCACGCGCAAGGCGTTGCATTAGCTGCTCAAAGACTTGGCTGCGATGCTGT
CATTGTGATGCCTGTTACTACACCAGAGATTAAGTGGAAATCAGTAAAAAGATT
GGGTGCTAATGTTGTTCTCGTGGGGGACGCGTATGATGAAGCTCAAGCATACGC
CAAAAAGAGGGCTGAAGAGGAAGGCCGCATCTTCATCCCTCCGTTTGATCATCC
AGATATCATCGTAGGGCAAGGTACTATCGGTATGGAGATTAATCGCCAACTCAA
AGATAAAATACATGCGATATTTGTGCCTGTTGGTGGAGGTGGTCTTATAGCTGGT
ATTGCTGCCTATATGAAAAGAGTTGCCCCTCATATAAAGATTATTGGAGTTGAGC
CATCTGATGCAAATGCAATGGCATTGTCATTACACTATGGTCAGAGAGTAATGC
TAGACCAAGTCGGACGTTTTGCAGATGGTGTTGCTGTTAAAGTGGTTGGCGAAG
AAACTTTCCGTCTCTGTAAGGAATTAATAGATGGCGTGGTCCTAGTCAATCGCGA
CGCTATATGTGCATCGATAAAGGACATGTTTGAAGAGAAACGGAGCATATTAGA
GCCTGCAGGTGCACTTGCTCTAGCCGGAGCTGAAGCATACTGCAAATACTATGG
CCTGAAGGATGAAAACGTCATAGCAATAACAAGTGGAGCTAATACGAACTTTG
ATAGACTAAGATTGATAAGCGAGCTCGCAGATGTTGGTAGAAAGCGGGAAGCT
GTGCTAGTTACATTTATGCCAGAAGAGCCGGGAAGCTTCAAACGGTTCTGTGAA
CAGGTCGGAACAATGAAATTTACTGAAGTTAAGTACAGATATAATTCTGGCAAT
GAAAAAGCTCAAGTTCTTTACAGTGTTGGCATTGAAAAAGAATCAGAACCTGAA
ACTTTGATGGAGAGGATGAAATCAGCACAATTGCATACTGTTAATCTITACGGAC
AATGACTTGGTCAAAGATCACTTGAGGCATTTGATGGGTGGTAGATCAAATCTTC
CCAATGAGCTTCITTGTCGATTCACTTITCCGGAGAAGCCTGGTGCTTTGTTGAAG
TTTTTAGATACTTTCAGCCCGCGTTGGAATATAAGTTTGATCCATTATCGCGCAC
AGGGACAAATTGGTGCAAATGTTTTAGTTGGGATACAAGTTCCAGAGGCTGAGT
TTGATGAGTTCCAGGGTCGAGCTGCCAATCTTGGTTATGAATATGTGGTGGAGAG
TCTAAATGATGCTTTCAAGCTITATAATGCAT

N_BENT_TD4

ATGGTAAATCTCTCCAAAGAGCAGCTGAAAAAAGGTGTCATATGCTCATCAGCT
GGGAATCACGCGCAAGGCGTCGCATTAGCTGCTCAAAGACTTGGCTGCAATGCT
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GTCATTGTGATGCCTGTTACTACACCAGATATTAAGTGGACATCAGTAAAGAGA
TTGGGTGCTAATGTTGTTCTCATGGGGGACGCCTACGATGAAGCTCAAGCATAC
GCCAAAAAGAGGGCTGAAGAAGAAGGCCGCATCTITCATCCCTCCGTTTGATCAT
CCAGATATCATCGTAGGGCAAGGTACTATCGGTATGGAGATTAATCGCCAACTC
AAAGATAAAATACATGCGATATTTGTGCCTGTTGGTGGAGGTGGTCITATAGCTG
GTATTGCTGCCTITTATGAAAAGAGTTGCCCCTCATATAAAGGTTATTGGAGTTGA
GCCATCTGATGCAAATGCAATGGCATTGTCATTACACTATGGTCAGAGAGTAAT
GCTGGACCAAGTCGGACGTTTTGCAGATGGTGTTGCTGTTAAAGTGGTTGGCCAA
GAAACTTTCCGTCTCTGTAAGGAATTAATAGATGGCGTGGTCCTAGTCAATCGCG
ACGCTATATGTGCATCGATAAAGGACATGTTTGAAGAGAAACGGAGCATATTAG
AGCCTGCAGGTGCACTTGCTCTAGCCGGAGCTGAAGCATACTGCAAATACTATG
GCCTAAAGGATGAAAACGTCATAGCAATAACAAGTGGAGCTAATATGAATTTTG
ATAGACTAAGATTGATAAGCGAACTCGCAGATGTTGGTAGAAAGCGGGAAGCT
GTGCTAGTTACTTTTATGCCAGAAGAACCAGGAAGCTTCAAACGGTTTTGTGAGC
AGGTC---
TCAATGAAATTTACTGAAGTTAAGTACAGATATAATTCTGGCAATGAAAAAGCT
CAAGTTCTTTACAGTGTTGGTATTCAAGAAGAATCAGAAGCTGAAGCTITTAATG
GAGAGGATGAAATCAGTACAATTGCGTACTGTTAATCTTACG-
AGAATGACTTGGTCAAAGATCACTTGAGGCATTTGATGGGTGGGAGATCAAATC
TTCAGAATGAGCTTCTTTGTCGATTCACTTTTCCGGAGAAGCCTGGTGCTTTATTG
AAGTTTTITAGACAGTTTCAGCCCGCGTTGGAATATAAGTTTGATGCATTATCGTG
GACAGGGACAAATTGGTGCAAATGTITITAGTTGGGATACAAGTTCCAGAGGCTG
AGTTTGATGAGTTCCAGGGCCAAGCTGCCAATCTTGGTTTTGAATATGTGGTGGA
GAGTCTCAATGATGCTTTCAAGCTTATAATGCAT

S_TUBE_TD4
CTGATTTCACCATTGCCGGTAGCGTCTCTGAACTCGTTACGGTGCGATCCCGGGT
ACTTGATTCCAAATTATCCGGTGGGCGGTAATGGCGGTGATAGTGGATTTCAGTA
TCTGATCAACATTTTGGGTGCGAGAGTGTATGACGTGGCACACGAATCGCCATT
ACAGCTCGCGCCGAAGCTTTCACAGAAGCTCGGAGTTAATGTCTGGCTTAAACG
AGAGGATCTTCAACCCGTCTCCTCATTTAATCTTAGAGGAGCATACAATATGATG
GCAAAACTCTCAGAGGAGGAGCTGAAAAGAGGTGCCATTTGCTCATCAGCTGG
GAATCATGCTCAAGGTGTTGCATTAGCTTCTCACAAACTTGGCTGCAATGCTATC
ATTGTCATGCCTGTTACTACACCAGAGATTAAGTCGAAATCAGCTGAGAGGTTA
GGTGGTAATGTTGTTCTTATGGGAGACGTGTATGATGAATCACAAGCATACGCC
AAAAAGAGGGCTGAAGTGGAAGGTCGAACATTCATCCCTCCTTTCGATCATCCA
GATGTCATTGCAGGGCAAGGTACTATAGGTATGGAGATCAATCGTCAACTGAAA
GATAAAATTCACGCGATATTTGTACCTGTTGGTGGAGGGGGACTTATAGCTGGTA
TTGCTGCATATATGAAAAGAGTTGCCCCTGATGTAAAGATTATTGGAGTTGAACC
ATGTGATGCAAATGCAATGGCAATGTCATTACACTATGGTCACAGAGTCATACT
GGACCAAGTTGGAAATTTTGCAGATGGCGTAGCTGTTAAAGTTGTTGGTGAAGA
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AACTTTCCGTCTCTGTAAGGAACTAATAGACGGGGTGGTCCTAGTTAATCGCGAT
GCTATATGTGTATCGATAAAGGACATGTTTGAAGAAAAAAGGAGCATATTAGAG
CCTGCAGGGGCACTTGCACTTGCAGGAGCTGAAGCATACTGCAAGTACTATGGC
CTCAAGGATGAAAATGTAGTAGCAATTACAAGTGGAGCCAATATGAACTTTGAC
AGACTAAGATTGATAAGCCAACTTGCAGATGCTGGTAGAAATTGCGAAGCTGTG
CTAGCTACTTGTATGCCAGAAGAGCCCGGAAGCTTCAAACGGTTTTGTAAACAG-
——————————— AATATA
AGGGTTGCTCATCAAACGAAATCGGAACTTGAAGCTCTGATAGAGAAGATGAG
ATCAGCAAAACTGCACACTGTTAATCTTACAGATAATGACTTGGTCAAAGATCA
CTCGAGACATTTGACAGGCGGTAGATCAAATCTTCACAATGAGCTTCTTTGTCGA
TTCACTTTCCCCAAGAAGGCTGGTGCTTTGTCAAAGACTATAGATGCTTTCAGTC
TGCGTTGGAATATAAGTTITGATCCATTATCGCGCACAGGGACATATTGGTGCAA
ATGTTTTAGTTGGCATACAAGTTCCACAGGACGAGTTTGATGAATTCCAA------—--—--
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Appendix E: SDS-PAGE of chymotrypsin exposed SITD2
and Mutants

SDS-PAGE (10%, Tris-Glycine buffer) was run to determine that all of the enzyme
incubated with chymotrypsin was cleaved. Two incubations of each enzyme were run..
Lane 1: Standard; 2: Control; 3: SITD2; 4: SITD2; 5: Mutl; 6: Mutl; 7:Mut2; 8: Mut2; 9:
Mut3; 10: Mut3. Control (a) shows normal size of TD2 and Mutants, ~55kD (lane 2), (b)
shows the cleaved TD2 and the Mutants ~40kD. (c) is the chymotrypsin band ~25kD. All
chymotrypsin exposed enzymes were fully cleaved before the activity assays. Note: Gel

was damaged before photo taken but it did not affect results.
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Appendix F: One-way ANOVA code in Python

from pyvttbl import Anovalway

print("#ARRRRERBHARRRRHRHHARARE")

print("ANOVA for Kcat")
print("#ARHHHHRBHARBRABRAAAAARY")

d =[[262.939894114,267.7981937091,255.9825599502],
[214.8584119933,210.3275957801,217.5930038867],
[262.6191172172,255.746857644,273.867290266],
[284.0514285714,253.3485714286,262.3885714286]]

conditions_list = 'CIP1 CIP2 CIP3 TD2'.split()

D=Anovalway()

D.run(d, conditions_list=conditions_list)

print(D)

print("\n\n\n\n#######ERHHARRRERHHARAE")
print("ANOVA for Km")
print("#ARHREHRBHARHRABRAAARARY")

m = [[0.36751,0.41894,0.484027],
[0.363046,0.45325,0.505294],
[0.298005,0.394395,0.403787],
[0.493134,0.418784,0.52156]]

conditions_list = 'CIP1 CIP2 CIP3 TD2'.split()
D=Anovalway()

D.run(m, conditions_list=conditions_list)
print(D)

print("\n\n\n\n########EERFHRHBREREHARR")

print("ANOVA for Kcat/Km")

print("#A#HRREHBHARHRRERHHARARY")

c = [[715.4632366847,639.2280367335,528.8600841486],
[591.8214551141,464.043233933,430.6265340311],

[881.2574192285,648.4536001825,678.2469229222],

[576.0126630316,604.9623945246,503.084154131]]

conditions_list = 'CIP1 CIP2 CIP3 TD2'.split()

D=Anovalway()

D.run(c, conditions_list=conditions_list)

print(D)
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Appendix G: Two-way ANOVA code in Python

import pandas as pd

from statsmodels.formula.api import ols

from statsmodels.stats.anova import anova_Im

from statsmodels.graphics.factorplots import
interaction_plot

import matplotlib.pyplot as plt

from scipy import stats

def eta_squared(aov):
aov['eta_sq'] = 'NaN'
aov['eta_sq'] = aov[:-1]['sum_sq']/sum(aov['sum_sq'])
return aov

def omega_squared(aov):
mse = aov['sum_sq'][-1]/aov['df'][-1]
aov['omega_sq'] = 'NaN'
aov['omega_sq'] = (aov[:-1]['sum_sq']-(aov[:-
1]['df'T*mse))/(sum(aov['sum_sq'])+mse)
return aov

#temperature assay anovas

datafile="temp2W Anova.csv"
data = pd.read_csv(datafile)

fig = interaction_plot(data.Temp, data.Enzyme,
data.Product,colors=['red’, blue’,'green’,'grey'],

markers=['D','""','0’,'v'])

tig

formula = 'Product ~ C(Enzyme) + C(Temp) +
C(Enzyme):C(Temp)'

model = ols(formula, data).fit()

aov_table = anova_lm(model, typ=2)

eta_squared(aov_table)
omega_squared(aov_table)
print(aov_table)
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d1 = data[data.Enzyme !='CIP2]
d1=d1[d1.Enzyme !='CIP3']
d2 = data[data.Enzyme !='CIP1']
d2 = d2[d2.Enzyme !='CIP3']
d3 = data[data.Enzyme !="'CIP1']
d3 = d3[d3.Enzyme !="CIP2']

formula = 'Product ~ C(Enzyme) + C(Temp) +
C(Enzyme):C(Temp)'

model = ols(formula, d1).fit()

aov_table = anova_lm(model, typ=2)

eta_squared(aov_table)
omega_squared(aov_table)
print("\n\n\nTD2 vs CIP1")
print(aov_table)

formula = 'Product ~ C(Enzyme) + C(Temp) +
C(Enzyme):C(Temp)'

model = ols(formula, d2).fit()

aov_table = anova_lm(model, typ=2)

eta_squared(aov_table)
omega_squared(aov_table)
print("\n\n\nTD2 vs CIP2")
print(aov_table)

formula = 'Product ~ C(Enzyme) + C(Temp) +
C(Enzyme):C(Temp)'

model = ols(formula, d3).fit()

aov_table = anova_lm(model, typ=2)

eta_squared(aov_table)
omega_squared(aov_table)
print("\n\n\nTD2 vs CIP3")
print(aov_table)

##4pH Assay Anovas###

datafile="pH2W Anova.csv"
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data = pd.read_csv(datafile)

#fig = interaction_plot(data.pH, data.Sample,
data.Product,colors=['red’, blue’,'green’,'grey’],
markers=['D',""','0','v"])

#tig

formula = 'Product ~ C(Sample) + C(pH) +
C(Sample):C(pH)'

model = ols(formula, data).fit()

aov_table = anova_lm(model, typ=2)

eta_squared(aov_table)
omega_squared(aov_table)
print(aov_table)

d1 = data[data.Sample != 2]
d1 =d1[d1.Sample != 3]
d2 = data[data.Sample !=1]
d2 = d2[d2.Sample != 3]
d3 = data[data.Sample !=1]
d3 = d3[d3.Sample !=2]

formula = 'Product ~ C(Sample) + C(pH) +
C(Sample):C(pH)'

model = ols(formula, d1).fit()

aov_table = anova_lm(model, typ=2)

eta_squared(aov_table)
omega_squared(aov_table)
print("\n\n\nTD2 vs CIP1")
print(aov_table)

#formula = 'Product ~ C(Enzyme) + C(Temp) +
C(Enzyme):C(Temp)'

model = ols(formula, d2).fit()

aov_table = anova_lm(model, typ=2)

eta_squared(aov_table)
omega_squared(aov_table)
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print("\n\n\nTD2 vs CIP2")
print(aov_table)

#formula = 'Product ~ C(Enzyme) + C(Temp) +
C(Enzyme):C(Temp)'

model = ols(formula, d3).fit()

aov_table = anova_lm(model, typ=2)

eta_squared(aov_table)
omega_squared(aov_table)
print("\n\n\nTD2 vs CIP3")
print(aov_table)

### Chymotrypsin anova

datafile="chymo2W Anova.csv"
data = pd.read_csv(datafile)
data

fig = interaction_plot(data.Protease, data.Enzyme,
data.Product,colors=['red’,'blue’,'green’,'grey’],
markers=['D',""','0','v'])

formula = 'Product ~ C(Enzyme) + C(Protease) +
C(Enzyme):C(Protease)’

model = ols(formula, data).fit()

aov_table = anova_lm(model, typ=2)

eta_squared(aov_table)
omega_squared(aov_table)
print(aov_table)

d1 = data[data.Enzyme !='CIP2]
d1=d1[d1.Enzyme !='CIP3']
d2 = data[data.Enzyme !="CIP1']
d2 = d2[d2.Enzyme !="CIP3']
d3 = data[data.Enzyme !="CIP1']
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d3 = d3[d3.Enzyme !='CIP2']

formula = 'Product ~ C(Enzyme) + C(Protease) +
C(Enzyme):C(Protease)’

model = ols(formula, d1).fit()

aov_table = anova_lm(model, typ=2)

eta_squared(aov_table)
omega_squared(aov_table)
print("\n\n\nTD2 vs CIP1")
print(aov_table)

model = ols(formula, d2).fit()
aov_table = anova_lm(model, typ=2)

eta_squared(aov_table)
omega_squared(aov_table)
print("\n\n\nTD2 vs CIP2")
print(aov_table)

model = ols(formula, d3).fit()
aov_table = anova_lm(model, typ=2)

eta_squared(aov_table)
omega_squared(aov_table)
print("\n\n\nTD2 vs CIP3")
print(aov_table)
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