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Abstract

Spider silk proteins and their genes are very attractive to researchers in a wide range of disciplines because they permit linking many levels of
organization. However, hypotheses of silk gene evolution have been built primarily upon single sequences of each gene each species, and little is
known about allelic variation within a species. Silk genes are known for their repeat structure with high levels of homogenization of nucleotide
and amino acid sequence among repeated units. One common explanation for this homogeneity is gene convergence. To test this model, we
sequenced multiple alleles of one intron—exon segment from the Flag gene from four populations of the spider Nephila clavipes and compared
the new sequences to a published sequence. Our analysis revealed very high levels of heterozygosity in this gene, with no pattern of population
differentiation. There was no evidence of gene convergence within any of these alleles, with high levels of nucleotide and amino acid substitution
among the repeating motifs. Our data suggest that minimally, there is relaxed selection on mutations in this gene and that there may actually be

positive selection for heterozygosity.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Silk proteins and their genes are very attractive to researchers
in a wide range of disciplines including materials scientists
[1,2], and evolutionary ecologists [3]. Spiders are a particu-
larly attractive model system for the study of silk genes, as each
individual produces multiple distinct silk types, each from a
particular set of glands (reviewed in Ref. [3]). These different
silks are used by the spiders in diverse functions, ranging from
prey capture to nest building and egg-sac protection. Recent
advances in sequencing of many silk genes from spiders have
allowed researchers to begin to link the molecular structure to
physical properties and to ecological function. These compar-
ative studies are further enhanced by phylogenetic reconstruc-
tions that provide an evolutionary framework for understanding
the evolution of these genes. Thus far, the consensus is that
these diverse genes form a gene family, that evolved through
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gene duplication and subsequent divergence and specialization
[4].

The gene coding for the spider flagelliform silk protein, Flag,
is one of the more recently characterized silk genes [5,6], and
codes for a silk found in a relatively derived clade of spiders, the
araneoids (orb-weaving spiders and their relatives [7]). Flagel-
liform silk forms the core of the viscid spiral, and is remarkable
for its toughness and elasticity [1]. Like many silk genes in spi-
ders and other arthropods, the Flag gene has a nested structure.
Each exon includes many small motif repeats, in this case that
code for the amino acid motif GPGGX. These series of repeating
amino acid motifs are interspersed with non-repeating sequences
forming a higher-level repeating unit. In flagelliform silk pro-
tein, the larger motifs are ensemble repeats of up to 61 GPGGX
motifs forming high-glycine regions that flank non-repetitive
glycine-poor spacers [6]. Each ensemble repeat corresponds to
an individual exon. An estimated 13 exons are separated from
one another by introns which are themselves very similar to
each other across the Flag gene. The GPG portion of the motif
is believed to form a 3-helix, which may act like a spring in this
exceedingly elastic silk [5].
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Observed patterns of variation among homologous genes
across species, and, in repetitive proteins, among repeat motifs
within a sequence, have been used as the basis for various mod-
els of evolutionary changes in gene and protein structure (i.e.
[3]). Some authors have speculated that the repeating motifs
of silk genes may function like “minisatellite” DNA, with
misalignment during recombination generating variation upon
which selection can act [3,6]. Another common model evoked
to explain patterns of variation among motifs is that high fre-
quencies of recombination increase the chances of motif dupli-
cation and deletion. “Chi-like” sequences (gctggag [8]) have
been reported in other organisms to increase the frequency of
recombination, and such sequences have been found at several
locations in silk genes [3]. In contrast to these models predict-
ing increased variation, the low levels of variation among motifs
within a sequence is hypothesized to be due to gene conversion
[6,8].

However, most of these models of molecular mechanisms
of evolution in spider silks are based upon comparisons across
repeated regions within a single sequence or upon comparisons
among species, with only a single sequence for a particular
species (e.g. [4], however, see [9,10]). To truly understand the
patterns of mutational change in microevolution of a particular
protein, one needs to study allelic variation within a species.
The patterns found among species of web-building spiders and
among genes within a species reflect evolutionary history, but the
grist of natural selection is variation among individuals, which
can only be studied by sequencing the same gene repeatedly
within and among populations and examining allelic variation.
If, for instance, misalignment during recombination leads to
variation in number of motifs within an exon [3], this pattern
should be visible among sequences within a species as high
levels of allelic variation in number of motifs within a particu-
lar exon among alleles. Likewise, the hypothesis that “chi-like”
sequences increase the likelihood of duplication and deletion is
best tested by investigating within a species whether alleles are
more variable near such sequences.

To better understand the patterns of variation in a gene with
repeating motifs, we compared 17 sequences of Flag from 10
individual Nephila clavipes (Linnaeus) (Araneae: Tetragnathi-
dae) from five disjunct populations, one in Florida [6] and four
in Mexico. The sequences were all from the last intron—exon
pair and included the initial portion of the carboxyl terminus
[6]. Overall, we found nearly identical patterns of insertion and
deletion of entire motifs in alleles from Mexican populations
compared to Florida. Among the Mexican sequences, we found

no patterns that suggesting that homogenization across motifs is
occurring and indeed in the repeating region of the gene there is a
very high frequency of single nucleotide substitutions and amino
acid substitutions. In contrast, the region coding the upstream
portion of the C terminus had much lower frequency of single
nucleotide polymorphisms (snps) and amino acid substitution,
which could reflect the hypothesized organizational function of
this portion of the protein [9,11]. We conclude that high rates of
mutation and amino acid substitution are at least tolerated in the
repeating region of this exon, perhaps because this is a secreted
protein, and that there may actually be positive selection for
heterozygosity in this gene.

2. Methods
2.1. Sampling

Spiders were sampled in Mexico in July 2002. We choose
populations that are geographically disjunct and inhabit very
different habitats (Table 1). Data from population genetics stud-
ies of these populations indicate that there is little gene flow
among them (Nufiez Fardn and Vargas, pers. commun.). Within
each site, we sampled haphazardly, by finding large juvenile or
mature females and pinching a leg to cause automization, which
we then placed in 100% ethanol, one specimen per vial.

2.2. DNA extraction

DNA was extracted from whole legs through salting-out,
in a protocol modified from Sunnucks and Hales [12] for the
larger mass of the spider legs. We dried specimens 2 h before
extraction, to insure complete evaporation of the ethanol, and
incubated the legs with TNES and proteinase K for 18h at
room temperature. After precipitating the proteins with NaCl,
we precipitated the DNA with cold 100% ethanol. In some
cases, DNA visibly precipitated and was removed, dried and
resuspended in water. If DNA did not visibly precipitate, or
after removing any precipitated DNA, we centrifuged the sample
(14,000 rpm 5 min), to collect the remaining DNA. These DNA
specimens were air dried, resuspended in water (PCR quality,
100 1 if tibia + patella length was greater than 0.75 cm, other-
wise 500 1), and then further cleaned with a phenol/chloroform
extraction, reprecipitated with ethanol and sodium acetate, and
resuspended in water. All DNA specimens were stored in 50 .l
water at —80°C.

Table 1

Field sites

Site Initials Co-ordinates Habitat type

Xalapa, Veracruz Xal 19°30'45N, 96°52"78W Mid-altitude temperate, coffee plantation

Fortin de las Flores, Veracruz FF 18°54'N, 96°59'56W Mid-altitude temperate, private garden

Los Tuxtlas region, Veracruz LT, Nan 18°27'40N, 95°3/'96W Lowland tropical, forest preserves

Mateos de Romero, Oaxaca Mat 16°53'N, 95°02'W Lowland, semi-deciduous tropical, private ranch

Los Tuxtlas (LT) and Nanciyaga (Nan) are two sampling sites in the same region separated by approximately 10 km; Xalapa and Fortin are separated from each other
by approximately 100 km of desert uninhabited by N. clavipes, and these mid-altitude sites are separated from the coastal sites by cane fields where N. clavipes is

not found.
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2.3. PCR

PCR was performed using the Failsafe PCR system (Epicen-
tre Technologies). Spider DNA (2 ng) was combined with 1 uM
each of forward and reverse primer designed from the GenBank
sequence for N. clavipes Flag (GenBank no. AF218621.S2
DNA;  3'Flag_forward:  5'-gcaaccgcctcatcgtcatttcgtac-3/,
3'Flag_reverse: 5'-gcgaacattcttcctacaga-3'), Failsafe enzyme
mix and PCR premix I. Reactions were then put in the thermal
cycler (Techne) and cycled for 40 cycles under the following
conditions: 30s at 96 °C, 1 min at 55 °C, and 2.5 min at 72 °C.

2.4. Cloning and isolation

We purified all PCR products using gel purification (Qia-
gen) and purified products were then cloned into TOPO vectors
(Invitrogen 2.1-TOPO TA cloning kit with One-shot E. coli),
following the manufacturers’ protocols. After extracting plas-
mid DNA (Qiagen miniprep) from recombinant colonies, we
did an EcoR1 (Invitrogen) digest to verify the presence of the
full size insert within purified plasmids. Known positive clones
were sent to the Vermont Cancer Center sequencing facility for
sequencing.

2.5. Sequencing and alignment

The sequencing was done using three primers, as the target
DNA sequence was 2.3 Kb long. The end primers we used were
the universal primers, M13 forward and reverse, and a unique
middle primer (Flagmid: 5'-tgcaggtgtaggacctgatggaagtg-3').
The three contiguous sequences were aligned in MacClade (ver-
sion4 [13]) by hand, as the repeating nature of the DNA sequence
resulted in errors in automated alignment (i.e., sequencher
reversed the middle sequence to align the 3’-end over the 3'-
end of the upstream sequence). Only sequences that overlapped
by at least 20 bp were included to assure proper alignment of
the contiguous sequences. We sequenced 2—4 clones from each
individual and utilized the cleanest (lowest number of ambigu-
ous readings and longest overlap between contiguous sections)
in alignment. In most cases, we obtained two clearly distinct
alleles from each individual, and thus include two sequences.
The merged sequences were then aligned to each other and
then relative to the published downstream sequence from a
Florida population ([6] GenBank no. AF218621.S2 DNA).
Alignment with a cDNA sequence from the same Florida pop-
ulation ([6] GenBank no. AF027973 cDNA) was used to deter-
mine where the exon started. To verify that all the sequences
came from the same section of the Flag gene, all were run
through BLAST. The best match for all the sequences was
the same sequence that we had used to align the sequences
(AF218621.S2).

To verify the accuracy of hand-alignment of these sequences,
the Mexican sequences were also aligned to each other using
both muscle [14] and T-coffee [15]. SinicView [16] was then
used to compare the three alignments (hand, muscle, and T-
coffee) of each individual sequence. All of the alignments were
in agreement, with 98% or greater concordance.

3. Results

The sequences we obtained showed very high levels of vari-
ation with an overall snp frequency of 123/2180 or 5.64%, but
all corresponded to the same region of the Florida sequence
(BLAST results show >95% correspondence for positions
676-1590 and positions 2047-2790 of the GenBank sequence
AF218621.S2). Among the new sequences, the single nucleotide
substitutions were most often silent (third codon) indicating that
most were not generated during the amplification and cloning
procedure, which would be blind to codon position. The amino
acid substitutions are not evenly distributed across the entire
exon, but are more common in the high-glycine (repeating motif)
section than in other sections. However, we did find that one
portion of the high-glycine region had exceptionally low amino
acid substitution rates. Finally, there were few instances of motif
insertion or deletion among the Mexican sequences but align-
ment of these Mexican sequences with the sequence from Florida
show a series of insertions and deletions of entire motifs.

The aligned nucleotide sequences are presented in Appendix
A and a schematic is presented in Fig. 1. Comparison of multi-
ple sequences of the same clone showed only three nucleotide
substitutions apparently due to the sequencing reaction (N=11
clones or 22 sequences, 384-877 nucleotides sequenced, for a
total of 12,722 bases or an error rate of 1/4240 bases sequenced).
However, we suspected that the preparation of this complex
gene might be error prone. To determine the error rate during
PCR and cloning, we sequenced multiple clones for six indi-
viduals and matched sequences that appeared to be from the
same allele, primarily using patterns of insertions and dele-
tions of motifs but also matching according to the smaller
number of single nucleotide differences between sequences.
The apparent error rate during PCR and cloning is higher
than the error rate during sequencing, ranging from a low of
1 in 2075 nucleotides to a high of 14 in 2089 nucleotides.
The average rate including all duplicate clones was 33/8786
nucleotides sequenced (1/265.6) but removing the one high
point (14 differences) it drops to 1/352.5 nucleotides. The vari-
ation among specimens in error rate presumably reflects the
quality of the template DNA. Because of this apparently high
error rate, for each of these repeatedly sequenced alleles we
choose to use the sequence that had the lowest number of
differences (snps) compared to the other Mexican sequences
in the remaining analyses, presuming it to be the least error
prone.

Overall, 5.22% of the nucleotide positions were variable.
Most of the snps appear to be due to real differences among
alleles, not errors generated during sequence preparation. This
assumption is supported by the observation that a significant
fraction of snps in the exon are in the third codon position (38/79
or48.1%; X2 =8.226, d.f.=2, p <0.05), a bias that would not be
selected for during sequence preparation.

There are some differences in frequency of nucleotide poly-
morphisms among the four regions of the sequenced portion of
this gene. In the intron, there are 40 polymorphic sites over 725
base pairs (5.51%), in the repeating region of the exon (which
includes one short non-repeating region), there were 62 poly-
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Fig. 1. Graphical representation of the pattern of indels and amino acid polymorphisms among the Mexican sequences and the two GenBank sequences from Florida.
The first letter refer to the site of collection (Table 1), the first number refers to the individual specimen, and the number after the dash is the sequence identifier for
that individual (when two sequences are presented, they are assumed to be separate alleles for a heterozygous individual). The different repeat motifs are identified
by the following symbols: large oval, XGPGG; medium oval, XGGY; circles, XGG; box, low glycine (non-repetitive) spacer. A colored oval or a bar in the spacer
indicates an amino acid substitution, where only one amino acid substitution was found in all motifs except number 19. The nature of the substitution is indicated
by the color: grey, same group; purple, exchange of glycine and long chain residue; blue, exchange of hydrophobic and hydrophilic residue; green, exchange of
aromatic and straight chain residue; yellow, addition or deletion of cysteine; red, addition or deletion of proline. (For interpretation of the references to color in this

figure legend, the reader is referred to the web version of the article.)

morphic sites/1111bp (5.6%), in the spacer there were seven
polymorphic sites/78 bp (8.97%) and in the C terminus region
there were 10 polymorphic sites/264 bp (3.79%). Several of
these polymorphic sites have more than two character states. The
differences in snp frequency among the repeating, spacer, and
C terminus regions of the exon are not significant when the dif-
ferences in sequence lengths are taken into account (x> =3.183,
d.f.=2, p>0.05).

Examining the presumed protein sequence (obtained from
MacClade translation using the standard genetic code, Appendix
B, Fig. 1), the differences in frequency of amino acid polymor-
phic sites among the different regions of the protein are very
apparent. There are three different motifs in the high-glycine
section: XGPGG, XGGY, and XGG (note that we have rear-
ranged these motif codings from [6] to accommodate the most
common break point for insertions and deletions). Among the
variable motifs, all but one vary at only one amino acid position
(i.e., only one substitution per motif) hence our ability to color
code the substitutions in Fig. 1. The XGGY motif is most prone
to variation, with three variable residues or approximately 25%
of the 12 amino acids in the three repetitions (which are, notably,
scattered across the exon). Twenty-two of the 61 XGPGG motifs
are variable (7.2% of the amino acid positions), and most of
these substitutions were at the “X” position (Appendix B). The
least variable motif is the XGG section, which has 12 contiguous

motifs or 36 amino acids, and only 1 (2.7%) polymorphic amino
acid position. Six of the 12 XGG motifs are AGG, a purported
hotspot for recombination in silk [3]. Across the entire exon,
there are eight AGG (three coded by gctggag), however there
is only one amino acid substitution among them, and no other
evidence of increased recombination (unless the homogeneity in
XGG reflects gene conversion through unequal recombination).

Most of the 35 amino acid polymorphisms involved changes
from one functional group to another (Fig. 1). Eleven involved
gain or loss of a proline (seven were losses of the proline from
the XGPGG motif or the variants on this motif near the carboxyl
end), 10 were exchanges between glycine and an amino acid with
along side chain (six involved loss of a glycine from the XGPGG
motif), and seven involved the interchange of a hydrophobic and
hydrophilic residue.

The most striking difference between all the Mexican
sequences and the Florida sequences is the insertion or dele-
tion of entire motifs in the upstream high-glycine (repetitive)
region of the exon (Fig. 1). Compared to the Florida sequence,
there are six motif-long gaps and three motif-long insertions in
nearly all of the Mexican sequences, for a net difference of three
motifs in length. Some sequences have additional gaps of one or
more motifs (i.e., Nanciyaga N3-B5). All of these indels occur
in the part of the exon that is upstream from the low-glycine
spacer.
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4. Discussion

The Flag gene is composed of an estimated 13 nearly iden-
tical exons interspersed with nearly identical introns [6]. The
Flag gene section that we sequenced, the downstream intron and
exon pair including a portion of the carboxyl end, appears to be
more variable than most structural genes that have been repeat-
edly sequenced, without any indication of a loss of function of
the protein that forms the core of the viscid spiral in the prey-
capture web. Indeed, all the spiders we sampled were on normal-
appearing orb webs and most were large juveniles and sexually
mature females, indicating that the viscid silk functioned prop-
erly in prey capture. Although the frequency of polymerase error
found through comparison of multiple sequences from the same
allele is higher than is generally reported (10~ for Taq poly-
merase and 10~° for proofreading polymerases; reviewed in Ref.
[17]), the unequal distributions across codon positions and the
bias in amino acid substitution patterns support our conclusion
that most of the observed variation reflects real genetic differ-
ences among these sequences and between the Mexican and
Florida sequences.

The high polymerase error rate deduced by comparisons of
sequences of the same clone may reflect the complex structure
of the Flag gene, although the repeats themselves did not appear
to increase error rate. We did not observe a significant increased
snp frequency in the region coding for the XGPGG region of the
exon compared to the regions of the gene coding for the spacer
or coding for the carboxyl end. The consistency of insertion and
deletion patterns across most of the Mexican sequences leads us
to conclude that the process we used to contig the three separate
sequences from each allele was reliable, and therefore the high
error rate does not reflect misalignment during this step. It must
be noted that there remains the possibility that these comparisons
of what we presumed to be repeated, slightly different, sequences
of the same allele could possibly reflect the existence of multiple
copies of this gene in these individuals. We do not, at this time,
have the ability to distinguish between sequencing error and
multiple copies.

Biologically, there are two patterns of variation that appear
particularly interesting in light of our understanding of the struc-
ture of the Flag protein. One of the most common types of amino
acid substitution involved the proline residues (Fig. 1). The sub-
stitution of other amino acids for the proline in the XGPGG motif
could disrupt the (3-helix region of the protein [18,19], possibly
altering the extraordinary extensibility of the protein [1]. The
other interesting variable aspect of these sequences is the num-
ber of XGPGG motifs in the high-glycine section of the exon.
The Mexican sequences are on average three motifs shorter than
the Florida sequence. If the Hinman and Lewis model [18] is
correct, this could result in a shorter “spring” in the protein syn-
thesized by these spiders, particularly if this change is echoed
in a majority of the 13 exons. Whether these changes have func-
tional significance cannot be discerned without biomechanical
studies, and differences (if any) may be below detection by cur-
rent technology (Hayashi, pers. commun.).

Hayashi and Lewis [6] postulated that the high degree of sim-
ilarity among the introns and exons within their Flag sequences

might reflect gene conversion. Their model of concerted silk
gene evolution allows us to make two predictions from our
sequences. First, the consistently lower number of motifs in the
Mexican sequences suggests that the shorter “spring” may be
functionally advantageous. Second, if Hayashi and Lewis [6] are
correct about the process of gene conversion in Flag and other
silk genes, the remaining exons in Flag among Mexico should
present similarly shorter repeat sections (although the terminal
exon may not be homogenized with the interior repeats).

By obtaining multiple sequences of Flag from different indi-
viduals in several populations, we observed a very high degree
of allelic variation. The rarity of this observation may be in part
an artifact of the logistical difficulties of sequencing silk genes,
which has resulted in most publications and sequence analyses
being based upon a single sequence for each gene from each
species (i.e. [8,9]). Beckwitt et al. [20] and Tai et al. [10] have
done the only other within-species comparisons we are aware
of. Beckwitt and colleagues obtained three sequences of major
ampulate spid2 gene from N. clavipes and, as in our results,
each of the three sequences is unique, again suggesting high
levels of heterozygosity. Tai and colleagues obtained multiple
sequences of MaSp from several individual N. pilipes, and in
each case they found two alleles (i.e., among the five sequences
obtained from cDNA of one individual, they found four identi-
cal sequences and one distinct one; [10, Section 3.5]). Although
they interpret these results as indicating multiple copies of this
gene, their results are also consistent with these individuals being
heterozygotes for a single gene. As in our study of Flag, Tai et
al.’s MaSp sequences include a portion of the carboxyl terminus
and are therefore unlikely to be different exons within the gene.
Both of these groups found that the carboxyl end of the silk gene
was relatively conserved, a finding that has been repeated with
our study of Flag, among species, and among silk genes [11,21].
The conservation of the carboxyl end of the protein is possibly
related to its function in maintaining protein solubility prior to
extrusion [11].

There are relatively few comparable data sets of multi-
ple within-species sequences of structural genes. Most studies
repeatedly sequencing genes in a single species involve genes
of medical interest. The genes most analogous to silk genes
in structure are the collagen-like genes which, like silk genes,
consist of repeated motifs of amino acids (GXY [22]). Unlike
silk genes, the collagen-like proteins are internally expressed.
Perhaps reflecting the internal function of these proteins, most
allelic variation in the collagen-like genes strongly affects the
function of the protein and is related to disease ([22], Boot-
Handford, pers. commun.). A closer analogy may exist between
silk genes and a collagen-like bacterial gene coding for a protein
that is extruded and forms part of the spore capsule of Bacillus
anthracis. Sylvestre et al. [23] found nine alleles with differ-
ent numbers of the GXY repeating motif. Bacteria with distinct
alleles produced proteins of different lengths, which Sylvestre
et al. believe reflects adaptive differences among strains from
different ecological backgrounds.

The high amount of allelic variation and presumed protein
sequence variation may be tolerated in Flag because of the
function of silk proteins: they are extruded, and have no known



206 L.E. Higgins et al. / International Journal of Biological Macromolecules 40 (2007) 201-216

internal function to the spider. After synthesis, silk proteins are
maintained in a liquid state inside the silk glands and do not take
final quaternary structure until spun. That silk is an extruded pro-
tein leads us to postulate that the high rate of non-silent snps at
minimum reflects relaxed selection, and based upon this con-
clusion we would expect to find similarly high levels of amino
acid substitution among sequences within and among popula-
tions for all of the silk genes. So long as the protein maintains
its integrity, there may be little functional affect of occasional
amino acid substitution. It is also possible that there is posi-
tive selection for genetic diversity. Nearly all the individuals we
examined were heterozygotes, suggesting that there may be a
functional advantage of heterozygosity in this gene. This is all
the more remarkable given the very low levels of genetic diver-
sity in two mitochondrial markers sequenced for these same
populations (COH, NADH, Higgins, pers. obs.).

In contrast to patterns of amino acid substitution, the consis-
tency of differences in motif number suggests that the addition
and deletion of entire motifs may be under more stringent selec-
tion, although this could also reflect historical accident such as a
bottle-neck event in one or both populations. Certainly, our ini-
tial hope that repeat number may be hyper-variable was not met,
and this gene is not appropriate for population genetics work
as a “mini satellite”. However, the patterns of variation indi-
cate that population-level work is a fruitful source for improved
understanding of the evolution of these genes and, when bio-
physical studies are done, the possible adaptive significance of
the differences in gene structure. Because the genotype of an
individual and the resultant protein produced from the gene
can both be obtained without destructive sampling, research
can concurrently include genetic and structural studies, making
this a particularly strong system for investigating the interaction
between genetic variation and protein function.

Acknowledgements

This work was supported by NSF INT-0233440 (LEH) and
Semarnat-CONACyT #0355 (JNF). Collecting in private prop-
erties was permitted by C. Rodriguez (Nanciyaga), the fam-
ily of L. Forbes (Fortin de las Flores), and the manager of
“Rancho La Esperanza” (Mateos de Romero). Logistical sup-
port was provided by the Insituto de Ecologia, UNAM, and
laboratory space graciously provided by Charles Goodnight
(UVM). The laboratory work was aided by Thomm Buttolph
(UVM). Conversations with W. Kilpatrick and P. O’Grady at
UVM were vital to interpreting these results, and R. Bar-
rantes (Cell and Molecular Biology, UVM) was very help-
ful in testing our alignments and comparing across differ-
ent alignment options. Comments from reviewers were very
helpful in polishing the presentation of these data. Lastly, C.
Hayashi first provided the impetus and positive controls for
the PCR, has been encouraging and helpful throughout, and
provided thoughtful comments on an earlier version of the
manuscript.

Appendix A

Nucleotide alignment of the Mexican sequences against two
GenBank sequences from Florida, one cDNA. The first refers to
the site of collection (Table 1), the first number refers to the indi-
vidual specimen and the second number (after the dash) refers to
the sequence identifier for that individual. The initiation of the
13th exon, where the cDNA sequence starts, is indicated by a
vertical line. Dots indicate no difference from the first sequence,
dashes indicate a deletion or no data.
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FL N

FL cDNA - A i .. =

FF3-1 TTTTTAGGAACGTTCATACTTCCATTTTCTTATATGGATAGAAATAGAGAAATAAATTCTAATTTTTGTTCGTTTCGAAACCGTTTGGAGTTGTAGTAAT

FF3-4 t e s e escsesecsccescsnsnsesses e nsesecen e s st secesses s st esecsoo e st eses s sssnencassessansnsnsons
Xal23-1 et eaeseaeeeeeeaeaeseaasasaeacaeaesasacacacata et e aaeacacacaasa e saaataa s et e acatacseaasacaaanann
D= 7K
LT7-4 et e e e e e e e e e e e ee et e et e s e e e ee e eaes e s e e e ta s et e e ea e ee et e aa e e e te sttt e s e e e et taesaca e ananen
LT9-3 T
LT9-4 e et e s eeeteecee e ee e et e s e naee e et ee et et ee e teteeaneaaeteteat e e e et ette e ea e et eteeee s e e
LT10-2 et e e e e e s eeeeeee e esaa e s e e e et eaes et e aca e ta et e e e ee e cacses e e e et et et et e e et atesesa e anns
1
Nan3-B5 et e e eeeeeecec e et s eee s e s ea e ea et e st ea e ta et s e et e estateees et e sttt et e e e te st teeea s a a0
Nan3-4 T
Mat8-1 @ iiiiiiiiieiccetanetancannanns Cecccoccccsonssosasssssncssosscsccnssssssnsosscsscscsnonsssssscscccssscnsssscss
Mat8-2 e s eaeaeseseececeaes et et e s s e eaes et et e e a et s et e e s a s tats et et e e et et et e e ettt eastacaaananan
£ o R Clittereeeeeeeesaensaceasannnnnes
Matl19-4 -
Matl2-1 e et e s e s e e eee s s e e eaa e a s s e e s e e e s s s te s et es s s e tete s e s ee et e e e e st teer e e ey
MALL2=B2 4 ittt eseceoeeoecesosoacssasosesoscscasacesesoscscacssesosascscsssssacssacscesescscscacscecscscncacnos
FL e e e e e e e e e s e e e cassseeeee s e eeeseeceeeseceeaes e eeesenseceseceeeseeesaesseseeasecssescecesestaaaaenon

FL cDNA - ——— e

FF3-1 ATGAAATTTCTTAATTATATATATGTTAAAATTTTTTTTAATTCTATCTCATATTGTAAACTGGGTAAATCTTTACAATTTTGGTCCCATTTAACGAAGA
FF3-4 e

Xal23-1 e
Xal23-2  iiiiiiiecesesesascctacacsnsnsans Bt ittt eeeseaesesesanaeasoasasasasacscacssssscssancscscacncannas Geeennn
LT7-4 e e e s e e e e e s s e e e e e e e e e eeee e eeeeeceeeseeeeeeseeeeeeseeeseecceesecseceesesesasescceaecsceetseoeeens
LT9-3 T
LT9-4 sesessessssesss eessescssssssvsesBecescsns secsesesssesessvsscsscssenseosenscsscssesesessCoscescsessscscs
LT10-2 et e e ee s eeeeeeeeete e eaes e e ee e et et e e e e e e te st e ea e eetete et ete e tete st et e e e ettt ese e e enanen
LTI10-4 i it eeeeeeeeeeseaessssnassessssssssssesessssssnsnssasns Clutieeeeesesesesesensssssssessssaseasssssnansas
Nan3-B5 e
Nan3-4 e N
o i
Mat8-2 et s e e eeceeececeeeetaeae s e e e ee e sa e e e s e e ee et et s e et e ee et eses e s e ettt e e e ettt esse e e a0
Matl9=3  iiiiiiiiiiieit ittt Bt ittt it et eeesesesaseetctesesesacatacstatsacscacacstaesacaasasenenan
Matl19-4 Ceeteteectee e e ceeteeceeeenaan [ ceeeeeean C ettt eeercecsecae e nnn
Matl2-1 L
Matl2-B2 .+t ieececccccancanscscannncannans Bt ittt et etecesessseseeasesasasessesscscscasssaseacacssacesescscssasnen
FL N

FL cDNA - R R e . =

FF3-1 AACAAGTACTCTCTTAAATATTAAAAGGTAAAAAATAATTTTTGCATTGAAGAATGTGTGGTTCCAAGAATATATAACAATTTTAGTTACAGATCTGATC

FF3-4 et cecececcecscececsceceses s et eeceeas et e e ee ettt et e e et eeec s et s e cecetssesceescecssetcosoa0anan
Xal23-1 S et eceecacecscececeseat s s s s s ease s s s s ee et et et s s eetesec e st eseess s st s e s et esesssss s os0anas
Xal23-2 I

LT7-4 e e e e s e scceecesec e s et e et e e e et s e et ec et ec et ec et et et eeeec e eses e s et e e se et et e et ecs et sat a0
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LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl9-4
Matl2-1
Matl12-B2
FL

FL cDNA

e
T s
e
P €
S
L
L T €

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl9-4
Matl2-1
Matl12-B2
FL

FL cDNA

AAACTTAGGTTATTGAGAGGTGCATGTAATTCGAAGAGGGATTCTTGTATATTTCAATAAACCGTGACATTTTTCCTCCTTTCTAAGCAATCGAATATTT

A
T P
L T S
e e s e ecececes et et et ececr s e esseseses e s e s e ses et e s es s esececeseseseetesre0s e 0etesesesests oo o0

|

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl9-4
Matl2-1
Matl12-B2
FL

FL cDNA

CCTTCTCTCATGAGCGGGCTAATATAAGAAAGAAAAGAACTGTTCTTCTGCCAGTGTCTGAAAAAACCTAAATTCAATTCTATCGATGGAGTTGAATTGA

ceescsctcccsecsscsccscsscscscseleiccccecectcctcetcctsotetcstcctcotsrtsecatcctsetsstesse0so0estsssssns o

P P

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl9-4
Matl2-1
Matl2-B2
FL

AGGTATAATTCCAAATTTCCCCTTGGACGATTTCTTTTGCTTCACTCGATTGCCTAATGATTTGTCATTGCGCATATCTCTTGTTCTTCTGTGTTGAACC

ceetescscscscrcesesescscssssesssescrssrseCoccetetttetoccttetetscsssststrcrtsstetscstrcessesananenn
A P
o
A A
e
A
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FL cDNA

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl9-4
Matl2-1
Matl1l2-B2
FL

FL cDNA

TGAATTCGAATTTTCTTGGGTTTGC | AGGTGTAGGACCTGATGGAAGTGGACCTGGAGGTTATGGACCTGGTGGA-——————————————m— o ——

J T T T

T T C e
........... Geeeooooosonoo|oeeGooonn

Y Y < e

cescesscccccscscscccscccce|oeeGeceann

[ T S R T T T T S U N

Ceeeeerestsetercessareans|veecercersesesBGiiiiiieiiettetettetceneaneanesess  AGTGGACCTGGAGGTTATGGACCTGG
- —————————————— ceeeessssseseeTeeerraesaassaanseeesecasssesssssss.agtggacctggaggttatggacctgg

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl19-4
Matl2-1
Matl12-B2
FL

FL cDNA

———--GCTGGACCTGGAGGTTACGGACCTGGTGGTTCTGGTCCAGGTGGATACGGACCCGGTGGT - ——————————————————— TCCGGA

BT ¢ Y —————— e ceeoees

mmmm i ceccescscrccsrene Teeowo eese..AG....A..T..A..Tee..... eTeceons TCTGGTCCAGGTGGATACGGACCCGGTGGT .« v v

TGGA..... ceetettetsesesssessssecsesesssssssssssasssssssssssss TCTGGTCCAGGTGGATACGGACCCGGTGGT. ... ...
tgga..... C et eeeeeesessssesssesesasssasasasssassasssesasss tCtggtccaggtggatacggacccggtggt. ...,

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl19-4
Matl2-1
Matl12-B2
FL

FL cDNA

CCAGGAGGATACGGACCTGGCGGTTCTGGACCTGGTGGATACGGACCTGGCGGTGCTGGACCTGGTGGATACGGATCTGCTGGATACGGACCTGGCGGTT

L T T N ceesesans ceececean T A P
T T T T T A O PR
P  J ceeescesccesccesecssaes e st sassstsesessstessoeseoanan

A ceecsceccccecectsestecececss s st ececectsesstenecen s

e €

P PP L

ceessescccececrssscscscscrsrsoscecscssrscsscscesleceittscccececoectssscccecocnon [

P P Y ceesesteciianann ceesesans ceeceseas ¢ mmmm——————————— ceceeccves

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5

D I I I R R I I R I R R T T I A R R I R I R R I R I I I I I R PP AT AP
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Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl9-4
Matl2-1
Matl12-B2
FL

FL cDNA

F T L

J T L

A

cececscesBicicectccccececossnscnccns

P

D o T - Ty

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl19-4
Matl2-1
Matl12-B2
FL

FL cDNA

TGGTACTGGACCTGGTGGTTCTGGACCTGGCGGATACGGACCTGGTGGTTCTGGACCTGGCGGTTCTGGA:

c s s s e s s ss s s esss s ssss e

TCTGGTGGTTTCGGA

ceeeesesescscscssesesess CCTGGCGGTTCTGGA........A.A. ...
«+e+.CCTGGCGGTTCTGGA.

«+e+.CCTGGCGGTTCTGGA.
«+e+.CCTGGCGGTTCTGGA.
«+e..CCTGGCGGTTCTGGA.
«+e..CCTGGCGGTCCTGGA.
«+e+.CCTGGCGGTCCTGGA.

«+e+.CCTGGCGGTTCTGGA.
«+e..CCTGGCGGTTCTAGA.

«e...CCTGGCGGTTCTGGAC
cctggeggttetggac

.

«.A.A....

....... Aeleooe

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl19-4
Matl2-1
Matl2-B2
FL

FL cDNA

R

R

R

GGTCCTGGCGGTTCTGGACCTGGTGGATACGGACCGGGTGGCT

«eGovveveo T ... .GGACCTAGTGGTTCTGGACCTGGCGGATAC. .
..g........t......ggacctagtggttctggacctggcggatac..

.G..

DI

ceseseesene

.

s ss e es s

oo

se s e s s s

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl19-4
Matl2-1
Matl12-B2
FL

FL cDNA

CTGGAGCCGGTGGTGCTGGACCTGGTGGCGCTGGAGGAGCAGGCGGAGCAGGAGGTTCAGGTGGAGCAGGAGGTTCAGGTGGTGCAGGAGGTTCGGGTGG

eeeeaTo
cerenans

<AL

ceQeeenn

© s s s e e s s s s ses s s ssss e

cseeesee

Y . W

css e

e

eedAiee.

eesAl....
eesAie..n.
eesBAieeen
«..Al....
eeAl....

- TR

FF3-1
FF3-4

AGCAGGAGGTTCAGGTGGAGTAGGAGGATCCGGCGGTACAACAATCACCGAAGACTTGGATATCACAATTGATGGCGCAGATGGCCCGATAACGATTTCA

PP &
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Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl19-4
Matl2-1
Matl12-B2
FL

FL cDNA

!

L R O o O Py

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl9-4
Matl2-1
Matl12-B2
FL

FL cDNA

GAAGAATTAACAATTAGTGGTGCTGGAGGTTCTGGACCCGGTGGTGCTGGACCAGGTGGTGTAGGGCCTGGTGGCTCTGGACCAGGAGGTGTAGGACCTG

e
Y

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl19-4
Matl2-1
Matl12-B2
FL

FL cDNA

GAGTCTCTGGACCAGGAGGCGTAGGACCTGGTGGTTCTGGACCAGGAGGCGTAGGTTCTGGTGGTTCTGGACCAGGAGGCGTAGGACCTGGTGGTTACGG

T €
L S

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl9-4

F P IR € ]
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Matl2-1
Matl12-B2
FL

FL cDNA

D o

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl9-3
Matl19-4
Matl2-1
Matl1l2-B2
FL

FL cDNA

CCTAGTGGAACTTATGGTTCTGGAGGAGGATATGGTCCTGGTGGTGCTGGAGGACCATATGGACCTGGAAGTCCTGGAGGAGCTTATGGACCTGGAAGCC

A €

e N
PR & PN
T PPN
e eseccecssecscessssescesss s essececsssssstscecesssoscsscsccescssssscscccccssslectccccccccans

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl9-4
Matl2-1
Matl12-B2
FL

FL cDNA

CTGGAGGAGCTTATTATCCTAGCTCGCGTGTTCCCGATATGGTGAATGGTATAATGAGTGCTATGCAAGGATCTGGTTTTAACTACCAAATGTTTGGTAA

D I R R I I I T I I R R R I I I I I I T I R R I I I I I R AP

T U

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl9-4
Matl2-1
Matl2-B2
FL

FL cDNA

TATGCTATCACAATATTCGTCTGGTTCAGGAACATGCAATCCAAATAATGTTAATGTTTTGATGGATGCTTTGTTAGCTGCTTTGCACTGTCTAAGTAAC

o

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4

L
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LTI10=2 it eteeeececeeeeensosassasssssssassssassssssssscssssssssssnsscssssssssscssssasssssssnssas -
LT10=4 = it ccccucccccecsnacscccsuassassoncsccansasssncncnacsossnsncsncccscscsnsacscsascncsssns —-—=
Nan3-B5  teieeeeeenceanns Bl ittt ettt eeessesocesaseseassssssessesssssssssssesscsesacasssnnnns -
NAN3=4 i ittt ittt eeeeesasesaeeaessssesssssosasesssasssssssessssscsssessssessssscnssocnsas -—
Mat8=1l = ..t ccccccscscescccecsasososcssccscccsosossssecsccstcnsssnccsssssssesacasssssecsse ——
Mat8=2 it ittt ittt et ettt ettt e et e a et e s st e st e eeeeeeateas s ea et eanenn -—
MAtlO=3 i ecececccccacscsosccccacsesosonccccsosososcscscascassososccccacssscscsccscsosnne —-—=
£ ol —-——
MAtl2=1 et csccesccscccscsccccccsescscscsccsesssosesescascstsctsesesscscscsossssssesesese —-——
Matl2-B2 it eeeescccscesssosssosssssseassscsssassnnsens Gecoecocssccccscsacccsscscsccscssscsnsns -
FLiT%  ceeeeccscscsesssscscssscaccsscsossssossscssscsscsssossssscsscescscsssssseommmmm= -

FL CDNA  ticccececccacccocsscocsoscsccsosssasonssscasssscccssecsossosccsosscsocssossassnsssscs —-——

213
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Appendix B

Protein sequence alignment of the Mexican sequences against two GenBank sequences from Florida. Dots indicate no difference
from the first sequence, dashes indicate no data. Specimen identifiers as in Fig. 1 and Appendix A.

FF3-1 GVGPDGSGPGGYGPGG—————————— AGPGGYGPGGSGPGGYGPGG——————————

FF3-4 SGPGGYGPGGSGPGGYGP e ¢ e e oo eeeeesseeem————m————— . . .iteesccssosossssss——————————
XBL123-1 | teeeeeeneeoeeeneeoasansesoseansesseemmmmm——— . .i.iceicenctccannteesmmm——m—————
XBL123=2 | teteiteeneeeeeneseesesessseseasasam e m——— ittt aaaeeam o
LT7-4 c e e ececcecceesee et st et e et e e e s s e mmmmmm e L.t ccs st e s s s s e s mmmmmm—m———
LTO=3 | teteeeeeeeoeeenecoasonesosesessssemm——————— i .i.iieseeocsnnsnsnnses——————————
LTO9=4 | titeiteieeeeeaneeesecnesonasnasnsem——m—————m

LT10-2 | cceeeeenn. Acierenees SGPGGYGPGG e ¢ e et eeeeeocccccesssssosssssssssssmmmmmm—m—m——
LT10-4 | teteieeneeenesenesoesmmmmmm e ieiuteeoesossssesssssssssssssssss—————————m
NAN3=B5 | tutttennnneeeennnnssmmmmm e it eeeeeaeeasscasonasssessnnssmmmmmmm————————
NAN3=4 | ittt eeenesneasm————————— i .iiiietncrncans Coveennnnneeoneaneem————————m
MAtB8=1 | titeeeeeeeneeesssosesemmmmmm e it ieeecccscsoscsccccss sttt aseseeen s mmmmm—m————
MAtB8=2 | teeeeeeeeenssssescessem————m————— . L .i.iiccccssccccsssss st sssseeess——————————
= ol e et ottt
MatlO-4 | ceeeeteeeeeeeeeeeeeemmmmm e i ieeeeeccccccccscsssssssccssacceemmmmmmm——n—
Matl2=1 | tttiienienneeneeneeem o i iiiceeceeectteaecetteanteanaans T —mm——————
MAtLl2-B2 | tteeenneenneanesaesammmmm e ittt eeeoaasoacssssssasssssnaseessmm—mm—————
FLEFL = | ceeeeeeeeecccccnnssemmmmmm—mmaa

CDNA | ceeeeeceecccncsccnnnns € SGPGGYGPGG . ¢ e e eeeeeeeccccannns SGPGGYGPGG. ..
.............. SeeeeGeeeeeeeeee . SGPGGYGPGG. e e e eeeeeecacesesss . SGPGGYGPGG... ...

FF3-1 GGAGPGGYGSAGYGPGGSGPGGYGPGGSGPGGYGPGGSGPGGYGPGGTGPGGTGPGGSGPGGYGPGGSGPGGSG. . .
FFE3=4 | teteeeeecesescaessssssesssssssssossssesssssssesscssssssssssesssssssssssssssssss
XAL123=1 | teeeeeeeeeoenosoosssscssesossoosssssssssscsecsessssssssssssssosssssssssssssscscssss
Xal23-2 | ceeen Lt teeeeesssesssesssesssssssoanscsnscsannscssns S
D
T
T
LT10=2 | teeiuceeoceanosanaosasanscsansassscsssssssscssscssscssssssscsssssassscssnsssnsssaes
LT10=4 | teeieeeeoeseoosceosssnsscssoscssesssssssesssesscsssscssssssssssssssssscssssssssssses
NAN3-B5 | ittt eeeeeeeeseeosssnsssesssessssesssssscsssscssssssssssssssssssssscssssssssssacs
NAN3=4 | e oo eeoeosoocsooessoessesssocssessessssssssssssssssssssssssssssssssssssssssssssscs
Mat8—1 | ceeeeeeeecoeacscssossosssscssscsscsscssssacncsss 2
MAt8=2 | teeeeeececcocaacssssossasosssssssssssssssssssssssssssssssssocsss ST.eeeeeaaannnnse
MAtlO9=3 | teeeeeeeseoooooscssossssssssssosssssssssssssssssssssssssssssss ST e eeeeeeoscocnccnnse
MAtlO=4 | ¢ eeeeeeeeeeeoosssssccossssssesossssscsesssssssscsssssssssssssssssssssssssscssssss
£ o 7 Teeeeeeonoonnnsans Nevoowo
MAtl2=B2 | ceveeeeeeocooeesasssossssssssssssssssmmm——teeosossasssssseesmmmmmmm—m—m

FLFL @ | ceeeeosecssessossssosssssssssssossssssssssscsess—————0cocoeoosososssssssess—————————=
CDNA | teeeeeeeocoocscsossossoosscsocsnoscccss

FF3-1 | —=——- SGGFGPSGSGPGGY-—————————

FF3-4 GPGGSGPGGYGPGGSGAGGAGPGGAGGAGGAGGSGGAGGSGGAGGPGGSG. « e ¥ e e v v v s nssmmm—mm———mm
XB123=1 | teeeeeennneeeeeennaoeecaaaoasscacaaassaaannas PGGSG.e:eYerouosoessmmmmmmmmmm
XAL123=2 | teueeenneenneeaneaanesensaanasanasaeanannanns PGGSG. . eYereuernnsammmmmm——omm
LT7=4 | eeeeeeeennoeeeeennaoeeeeanaasseecnnasssaennas PGGSG.e s e¥eroensonssmmmmmmmmmm
LTO=3 | teueeeeeecennocanocsnoceoosceasosasceasaannnns PGGSG. e eYereuonanasmmmmm———om
LT9-4 | teveeenecennceanncannnnns Setterennraaaaaanaan PGGSG. e eYereuoronssmmmmmm——mm
LT10-2 | teeeeeennooeeeeannaocecaanoasscacanassaaannans PGGSG.e:eYerouosonssmmmmmmmmmm
LTLI0=4 | teueeenneenneeaneaanecenoaeeasensaaeasaananns PGGSG. . eYereuornnaammmmmmm—mm
NaN3-B5 | tieteeeeeeosesessososssosessssesosssssnsnsesse————— ceeYi ittt
NAN3=4 | tiieeeeeceeeseeessaesssesssessssssssasssasssem———— I et et
Mat8-1 | ceveeeeconnnnnnaonnns Weveoooooooooossaasannnns PGGSG.eeYeuoeronnsommmmmmmmmm
MAtEB=2 | teeeereeeneoeeeeaaaoceceanoasscaaanassaaannans PGGSS.te¥eroeoronssmmmmmmmmmm
Matl9-3 | teeeeeeecconnnns 2 ettt ectecesttesetessteenaneammm—— A i
MAtL10=4 | ceerereneeeoeoaoossoesasesssnsssesssensonsssemmmmm SRR S —
MAtL12=1 | teiueeenoeneneeeneeeeanenaceeasaaancannaannas PGGSG. . eYereuerneaaammm—mm———mm
MAtl2-B2 | teeeeeeeoossssssssssssesossssssscssssccsosssssmmm—mm— ceeY i i it e
FLEFL @ | teceecescsesosscssssssssscssssssssosscsscsscsscscsccass PGGSGP..Y..eeeeeonn GPSGSGPGGY...
CDNA | teeeeesccsscnnsnse L PGGSGP..Y...eeeeeen GPSGSGPGGY......

FF3-1 SGGAGGSGGVGGSGGTTITEDLDITIDGADGPMatISEELTISGAGGSGPGGAGPGGVGPGGSGPGGVGPGVSGP. .
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Appendix B (Continued )

FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl9-4
Matl2-1
Matl2-B2
FLFL
cDNA

-----------------------------------------------------------------------------

-----------------------------------------------------------------------------

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl9-4
Matl2-1
Matl2-B2
FLFL
cDNA

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl19-4
Matl2-1
Matl2-B2
FLFL
cDNA

FF3-1
FF3-4
Xal23-1
Xal23-2
LT7-4
LT9-3
LT9-4
LT10-2
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LT10-4
Nan3-B5
Nan3-4
Mat8-1
Mat8-2
Matl19-3
Matl9-4
Matl2-1
Matl2-B2
FLFL
cDNA
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