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Swnmary. The discussion o molecular sequence ali is | ing more prominent in
studies of molecular systematics and evolution. As the basis for initial homology statements,
alignment is crucial to comparative molecular biolog)r, Although fundamental. alignment is
not a process which necessarily yields objective, precise results. Ambiguities can appear in
alignment due to a number of lactors. l'htl:e such sources of ambiguity are discussed here.
These are ambiguity in the blishiment of ali paramet pair-wise order and
individual “path” variation. The first arises from the necessary but empirically untestable
assumptions of gap costs and other factors which are reqmmd 1o align sequences objectively.
The second is due to the ible exi e of tions to the same alignment
- parameters in heuristic and exact solutions. The third is a result of multiple optimal paths
. within single alignments, potentially generating huge numbers of equally costly but unique
alignments. Some of the problems with and several possible solutions to the difficult situation
of non-unique alignments are discussed.

Introduction

Alignment of sequence data is the fulcrum of molecular systematics. All
evolutionary analyses of molecular sequence rely on the series of corre-
spondences that comprise an alignment. In systematics and evolution,
these correspondences are the putative homologies tested by clado-
grams. Cladistic analysis then gives us the ability to discern historical
relationships based on the discrimination of homology and non-homol-
ogy or homoplasy. However, these higher level operations are depen-
dent entirely on the foundation alignment. Even when alignments are
generated automatically, as opposed to “by eye,” untested assumptions
and ambiguities can creep into the alignment process. Since alignment is
so basic, these same assumptions and ambiguities perfuse subsequent
operations, holding them subject to the same forces encountered by
earlier phases of analysis.

Sources of ambiguity

Three sources of ambiguity are discussed here: “parameter” variation,
“order” variation, and “path™ variation. Each of these factors can affect
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the correspondence between and among sequence positions. Most of the
discussion here will be limited to nucleic acid sequence data, but the
arguments apply equally to amino acid data. There is an additional
source ol uncertainty in the alignment of phylogenetically interesting
numbers of taxa and that is the operational necessity to deal with
heuristic solutions. As with phylogenetic analysis, the algorithmic
method to find the “best” or optimal alignment is known. The method
is an extension of the two-dimensional Needleman and Wunsch proce-
dure (Needleman and Wunsch, 1970). This well defined algorithm is
almost entirely intractable for large numbers of sequences requiring
storage and computation increasing by a factor of the length of each
successively added sequence (m", where m is the length of the sequences
and n the number of sequences). This extreme level of computational
complexity necessitates the use of heuristic shortcuts to find workable
solutions, thus adding an extra degree of fog to the analysis. This
problem is not fatal, however. Phylogenetic analysis has faced this
situation for some time and has been able to progress. The ambiguities
discussed here apply to both heuristic and exact solutions.

The first source of ambiguity in sequence alignments comes from the
necessity of specifying the relative costs of the events required to
transform one sequence into another and create the alignment correspon-
dences. The most obvious of these are insertion-deletion and base change
costs. The insertion-deletion or “gap™ value is the cost (in some optimal-
ity currency) of the insertion or deletion of a gap or base. This must occur
when sequences are unequal in length. The base change cost is the debit
incurred in the transformation of one nucleotide (amino acid) into
another. The sum of base changes and gap events multiplied by their
individual costs is the total “cost” of the alignment. The set of correspon-
dences which minimizes this cost is the best alignment based on those
parameter values. The ambiguity is derived from need to specify, or
assume, these costs a priori. Different cost regimes can yield different
alignments (Fitch and Smith, 1983; Waterman, 1992) which can in turn
imply different schemes of phylogenetic relationship ( Wheeler, in press).
Since there is no way to determine directly the appropriate gap or change
values through measurement, more or less arbitrary assumptions must be
made (although they can be limited to some extent — Wheeler, 1993).

When multiple alignments are created, whether by exact or heuristic
means, the notion of alignment order comes into play. Heuristic multi-
ple alignment solutions are built typically from a series of ever larger
pairwise alignments. Initially, two sequences are aligned and this result
aligned to a third, maintaining the relative alignment between the first
two (“once a gap, always a gap” — Feng and Doolittle, 1987, 1990) and
50 on. Any such alignment is obviously order dependent. A different
order of alignment might well yield a different alignment. Even when
some explicit optimality criterion, such as parsimony has been chosen,
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multiple orders may yield unique yet equally optimal multiple solutions.
This situation gives rise to the multiple-alignment problem discussed by
Gatesy et al. (1993) and Wheeler et al. (in press). The same data and
parameter assumptions yield non-unique solutions. This is analogous to
the problem of equally parsimonious cladograms found in almost all
phylogenetic analyses. Most systematic data imply more than one most
parsimonious scheme of relationships. The set of solutions may contain
topologies which are almost entirely identical or highly divergent. The
same situation can occur in alignment. One solution to the multiple order
problem might seem to be simultaneous alignment of all sequences, but
even if possible, this would be no escape. Exact methods such as that of
Sankoff and Cedergren (1983) rely on a parsimony based alignment cost
function. In order to calculate the cost the scheme of phylogenetic
relationships among the sequences must be “known™ or at least specified
a priori. If the phylogenetic relationships are unknown or non-unique,
the cost function would vary with each potential topology, potentially
yielding non-unique multiple alignments.

The third source of alignment uncertainty discussed here is path
variation. Path variation occurs when the alignment algorithm can follow
multiple paths through the alignment space, yielding the potential for
huge numbers of equally costly (or optimal) solutions, Any NW based
alignment, irrespective of dimension, follows a similar procedure. A
space is created bordered by the sequences to be aligned. If only two
sequences are compared, they constitute a plane; three sequences are a
cube, and so on to higher dimensions. The cells of this space are created
by the matching and mismatching of the input sequences. Alignment
starts at one corner, top left, and proceeds through the space attempting
to find the path of lowest cost (or highest benefit). The “*best™ path is the
alignment. Path variation occurs when the road diverges, so to speak.
When the alignment can either insert a gap or match the bases with equal
cost the number of solutions doubles. This can happen repeatedly,
resulting in a large number of equally costly, but different alignments.

Each of these sources of ambiguity may result in multiple solutions to
the same alignment problem. In the following sections, the NW al-
gorithm and some of its elaborations will be described, especially within
the framework of parsimony. These methods will then be applied to a
situation likely to generate multiple solutions. In the final section, several
as yet untested methods that attempt to accommodate multiple solutions
will be discussed.

The basic algorithm

The algorithm initially proposed by Needleman and Wunsch (1970) is
a dynamic programming string match algorithm applied to biological
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sequences, but it can be used more generally to determine correspon-
dences between any ordered series of objects. There are five parts to the
algorithm: 1) specifying the cost function, 2) laying out the alignment
matrix, 3) initializing the matrix elements, 4) “wave [ront” updating the
matrix elements, and 5) tracing back. As an example, we may be
presented with two short sequences, “ACGT” and “AGTT.” The first
step is to establish the cost parameters. Initially, they may be set to a
gap cost of 10 and a mismatch cost of 1. (The description which follows
is based on a minimal cost optimum as opposed to the maximum benefit
described by Needleman and Wunsch. The details will differ from their
description, but with suitable modulation of the cost function the results
are identical.) A 5 x 5 matrix is then created (Fig. 1). These axes are one
more than the lenghts of the sequences to allow for initial or leading
gaps. The first row and column are labeled 0" and each clement is
assigned an initial value of 0 (Fig. 2). The remaining elements from row
and column 1 until the end (4) are given initial values of 0 if the
corresponding bases [rom the sequences match and 1 (the mismatch
cost) if they do not (Fig. 3). The matrix is now entirely initialized and
the heart of the algorithm begins.

The algorithm returns to element (0, 0) in the upper left corner and
updates each row and column in turn by realizing that in order to get to
element (i, j) only three other cells need be examined (il they exist):
those above (i, j — 1), to the left (i — 1, j), and diagonally above and to
the left (i — 1,7 — 1) (Fig. 4). A path from the diagonal cell implies a
correspondence between the two bases whether they match or not,
whereas the left and upper cells imply gaps in either sequences II or I,
respectively. This simple dependency is due to the assumption of the
method if base i of sequence I corresponds to base j of sequence II, then
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Figure 1. Initial comparison matrix for two four-base-pair sequences.
Figure 2. Comparison matrix with initialization of first rwo and column complete.
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Figure 3. Comparison matrix with initialization complete.
Figure 4. Cells which may lead to cell (7. 7) during alignment.

i+ k(k = 0) must correspond to a base j + /(! = 0). The first elements
are those in row 0, the topmost. In these cases, only the row to the left
will exist, hence. the algorithm proceeds from cell (0. 0) to the right
(0. 1) et seq.. until all the elements have been updated. The first cell to
undergo this process is cell (0, 1). Following the alignment logic, the
only way to get to this cell is via a gap in sequence I. In this case, it is
a leading gap which precedes any of the bases in sequence 1. The new
value of this cell, (1, 0) is calculated by adding two numbers. The first
is the value of the preceding cell {in this case [0, 0]) and the second is the
cost of inserting the gap to get from (0, 0) to (0, 1). Hence the new value
is 04 10=10. In addition to noting the new cost of the cell, the
direction from which it came (here, left) is also noted (Fig. 5). The
process is repeated for the entire row, in each case basing the new cell
value on the one immediately to its left plus the gap cost (Fig. 6). This
same operation is performed on the first column. Here, the gaps implied
are in sequence | (leading gaps before sequence II; Fig. 7).

With the first row and column completed, the procedure moves down
and over to row and column | beginning with cell (1, 1). Now that there
are cells above, left and diagonally, the calculation of the new cell values
are more complex. Three types of events must be considered: 1) a gap in
sequence I, 2) a gap in sequence I1. and 3) a correspondence between

- sequences 1 and I1. The cost of the new cell will be the lowest of the

three possible paths to the cell. Hence, the cost for each of the three
paths is first calculated. The cost for a gap in sequence I is the sum of
the value in cell (1, 0) and the gap cost for a total of 20. The cost of a
gap in sequence 11 is in the same way the sum of cell (0, 1) and the gap
cost for 20 again. In calculating the cost of the diagonal path. there is
no gap penalty. The only costs are those in cell (0,0) and (1, 1),
summing to 0. The three paths, then, offer costs of 20, 20, and 0 with
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Figure 5. Beginning of “wavelront™ update of comparison matrix. The second cell of the first
column has been updated 1o reflect its origination from cell (0, 0) and the incurred gap cost.
The arrow signifies that the cell to its left (0, 0) was the lowest (and only in this case) source
for cell (1,0).

Figure 6. Progression of “wavefront™ update. The entire first row has been updated with each
cell now containing both its cost and ongin (arrow from previous cell).

the diagonal as the lowest. The diagonal path is chosen, noted in the
matrix, and cell (1, 1) given its updated cost (Fig. 8). This is repeated
for all cells until the mitrix is completely updated (Fig. 9). This is called
a “wavefront” process because the update follows like a wave over the
matrix. (A procedure similar to that for the first row and column can be
employed to account for trailing gaps in the row and column.}
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Figure 7. Update of the first column. The first column (signifying leading paps in the top
is pletely updated with costs and directions.
Figure 8. Update of matrix cell (1, 1). This is the first cell which required Ivi

all three possible originating cells, left, above and diagonally above and left, The least cost
operation was to match from cell (0, 0) to (1, 1), resulting in a cost of zero. The costs from
the cells to the left and above would both have been 20.
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Figure 9. Matrix after completed “wavefront” update. The matrix compansons have been
completed and the trace-back process can begin.
Figure 10. Ali I from seq s "ACGT" and “AGTT" with gap cost of ID‘

and nucleotide change cost of 1.

The final step is the trace-back. During the wavefront cell updates,
not only the new values of the cells were noted but also the lowest cost
path (direction) to those cells. In the trace-back phasc, the passage
through the matrix is reversed, starting at the lower right corner. The
algorithm moves back up and left through the matrix, following the
lowest cost path notations previously laid down. Each time the tra
back moves directly up or left, gaps are inserted in sequences I or Il
respectively. Each diagonal move is a correspondence between bases
The trace-back continues until cell (0, 0) is reached and the alignment i
complete (Fig. 10). In this case there were two base mismatches and n
gaps required to align the sequence with a cost of 2.

Extension to multiple sequences

The two sequence or pair-wise NW algorithm can be gencralized into
N-sequence algorithm quite easily. Without going into too much detail
instead of a plane matrix of two dimensions, the algorithm woul
encounter a cube for three sequences and higher dimension alignmen
spaces as the data set grows richer. Instead of requiring approximatel
n® matrix elements, n™ would be required (m sequences of length n).

data set with 100 sequences of length 1000 (which is certainly reasonabl
in today’s empirical climate) would require (in the worst case) 10
clements. When updating cells, the two-dimensional case examines th
other cells. For three sequences this number jumps to seven, for four
sequences 15 must be examined to account for all the possible combina-
tions of gaps, matches, and mismatches. Generally, 2™ — 1 cells would
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Figure 11. The impact of phylogenetic topology on alignment cost. The cost of an aligned
position (left) can vary with the phylogenetic arrangement ol the taxa (right).
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need to be considered (m sequences) or for 100 sequences approxi-
mately 10 cells would be taken into account for each of the 10°
elements. This is not going to happen easily.

The generalization of the cost function also presents a challenge.
Whereas a change from A to C or a gap is a simple cost when only two
or three sequences are examined, at data sets of four or more sequences
the problem of phylogeny becomes necessarily interwoven. Four taxa
may be arranged phylogenetically in three different ways (il rooting in
unimportant). The distribution of bases and gaps at an aligned position
can have different implied cost on different topologies (Fig. 11). Fur-
thermore, aligned positions need not agree in their minimal cost topol-
ogy favoring different taxonomic arrangements. For these reasons,
Sankoff and Cedergren (1983) proposed using the principle of parsi-
mony to determine multiple (>2 sequence) alignments. Sankoff re-
quires, however, that the scheme of relationships be “known” or at least
established a priori. Rarely, if ever, is this the case. In most cases, the
reason for aligning the sequences in the first place is to determine these
relationships. Even if there is some prior knowledge of relationships,
systematic inference is always a provisional operation, awaiting more
data and revision. The inability to specify evolutionary topologies
before alignment can be ameliorated by performing the alignment
repeatedly for the different possible topologies, but since the number of
these increases combinatorially ( # topologies = I[2i — 5]; where i goes
from 4 to the number of taxa and the trees are bifurcating and
unrooted), this would be an exhausting procedure.
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Figure 12. Tree based alignment of three sequences. Sequences | and 11 are aligned first via
pair-wise Needleman and Wunsch (1970) forming alignment A. The alignment A and
sequence 111 are then aligned, also via pairwise alignment, to form the multiple alignment of
three sequences.

Due to these computational problems, a great diversity of heuristic
methods has been proposed to achieve reasonable solutions given man-
ageable resources. The first simplification is the reliance on pair-wise
(two-dimensional) alignments. To avoid the huge complexities of true
simultaneous multiple alignment an alignment “‘tree” is specified to
allow the ordered accumulation of aligned sequences into a multiple
alignment. Sequence I is aligned with sequence II and the resulting
alignment with sequence 111, and so on (Fig. 12). The methods differ in
how this “tree” is determined and in how or whether the tree interacts
with the alignment in any way.

Feng and Doolittle (1987, 1990; adapted by Higgins and Sharp, 1988,
1989) start with pairwise alignments. A distance measure is calculated
from these pairwise alignments and a Fitch-Margoliash (Fitch and
Margoliash, 1967) tree determined for these distances. The phylogenetic
topology yielded by the Fitch-Margoliash analysis determines the order
of alignment (Fig. 13). This process is taken one step further by
Konings et al. (1987) and Hein (1989, 1990). In these procedures, the
alignment resulting from the first round is cranked through again. This
time, the distance tree is derived from the multiple alignment of the first
pass. The realignments are repeated until the alignment order and
derived phlogeny converge.

Absent from these methods is any criterion of optimality. The al-
gorithms simply produce a result (Feng and Doolittle, 1987, 1990) or
have a stopping rule. Furthermore, each of these methods relies at some
point on distances, hence they inherit all the shortcomings of that form
of analysis (Farris, 1981, 1985, 1986). Hein (1987, 1990) adds a parsi-
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Figure 13. Alignments of two taxa based on different gap costs. Alignment A results when
gaps are more costly that changes, while alignment B would result il nucleotide changes are
more expensive than gaps.

mony step (with tree rearrangements) to test the convergence of
phlogeny and alignment topolgy (as opposed to Konings et al., 1987),
but maintains the topology = alignment stopping rule. Mindell (1991),
though avoiding distance argumentation, supports this notion of phlo-
genetic determination of alignment order (in this case from pre-existing
analyses). The necessity of this convergence is questionable (why should
optimal pair-wise alignment order and phylogeny be exactly coinci-
dent?) and at best provides an endpoint for these algorithms.

Criterion of optimality
Justification of parsimony

Since sequence alignment is basically a procedure by which we can
recognize and describe potential homology among nucleotide (or amino
acid) positions, a logical means to assess the quality of these statements
is the number of steps (or evolutionary events) required to explain or
span the observed variation among the sequences. The minimum num-
ber of steps or changes required by an alignment is the most parsimo-
nious branching diagram for these sequences. Since this is the same
criterion used to determine the relative merits of the cladograms derived
from these sequences, it seems only logical to extend this criterion to the
alignments themselves. The “best” alignment is that which yields the
most parsimonious cladogram. This is not a statement of reality, but one
of support. The hypothesis which satisfies Occam’s razor requires the
fewest explanatory gymnastics. Hence, the alignment which yields the
most parsimonious cladogram is the best supported (there may, of
course be several such alignments).

This simple and consistent picture is complicated by the necessity of
gap cots when sequences do not line up precisely. If a cost is not
assigned to the insertion of gaps, a trivial (cost equal to zero) alignment
will result, with one sequence having gaps at each position where the
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other has nucleotides. Additionally, to create an entirely logical and
consistent parsimony-based alignment, the same cost function which is
used in the Needleman-Wunsch prodedure must be used in the con-
struction of cladograms from these alignments. Gaps (with the excep-
tion of those which result from the mechanics of sequencing) are then a
fifth state (after A,C,G,T/U). The cost of transformation between a gap
and the other states in cladogram construction is determined by the
parameters of the alignment.

The MALIGN program

Software now exist to automatically align molecular sequences (Feng
and Doolittle, 1987, 1990; CLUSTALL-Higgins and Sharp, 1988; Hein,
1989, 1990; MALIGN, Wheeler and Gladstein, 1993) so there is really
no longer a need for “eye-ball” alignments. Through the use of these
programs, the factors which affect alignment correspondences can be
explored. Gap costs can be varied and multiple alignment solutions can
be generated, at least with some of them. This chapter will use MA-
LIGN (Wheeler and Gladstein, 1993; Wheeler and Gladstein, in press)
to explore and demonstrate these effects. MALIGN offers a heuristic
multiple alignment solution based on sequential pair-wise NW. That is,
the program aligns the sequences on some “tree” where a two-dimen-
sional alignment is performed at each node. For n taxa, n — 1 pair-wise
alignments are performed. MALIGN will manipulate the alignment
“tree” order through the types of operation found in phylogeny recon-
struction programs (Farris, 1988; Swofford, 1993). In this way, the
program can generate many (or effectively all) multiple alignments and

. save the single or multiple “best.” MALIGN defines the “best™” or

optimal alignment to be that which generates the most parsimonious

_ cladogram, whatever the topology. Hence, the alignment “tree” or trees

need not conform to the evolutionary tree implied by the alignment.
Facilities exist in the program (as in others) to vary alignment parame-
ters such as gap cost and explore the generation of non-unique optimal

- alignments.

Sources of non-unique alipnments

- Parameter variation

The most important factor in determining an alignment is the cost
function used to assess its quality. This model may contain any number
of factors (parameters) which relate to DNA (or protein) change.

; Perhaps the most prominent of these is the gap cost. As described



334

above, this value describes the cost of the insertion or deletion of a base
within the sequence. The gap cost is most frequently expressed in
relation to the cost of a base change, hence the term gap cost ratio.
When gap costs are low in relation to base transformations, the align-
ments tend to be somewhat diffuse, with many gaps and relatively few
base transformations. When gaps are costly, on the other hand, the
alignments are tighter, shorter, and involve much more base change.
Obviously, these two situations can have vastly different phylogenetic
implications. Differentiation can be made among types of gaps as well.
Gaps can have lower costs if they are leading or trailing, or occur in
contiguous strings. The number of gaps of any lenght can be minimized
as well as gaps which violate reading frames.

As an example of the effects of gap cost, the two simple sequences
aligned above, “ACGT” and “AGTT” can be aligned under different

cost regimes (Fig. 13). When gaps are more expensive than base

changes, alignment A is favored, while B is chosen when gaps are cheap.
Interestingly, when gaps and changes are assigned equal cost, align-
ments A and B are equally costly as well.

Another factor which may affect alignment is the model of base
change specified in the cost. All base transformations may be treated as
equally informative or special weight may be given to some over others.
One case of this would be the specification of transition-transversion
ratios (Fig. 14). Alignment A implies (along with two gaps) one
transition (C{-)T) and one transversion (G¢->T), whereas alignment B
implies two transversions (G{->G and G{->T).

Other less commonly employed features include codon based weight-
ing and secondary structure considerations. Specific to protein coding
regions, coding weighting comes in two forms, The first of which limits,
or at least heavily biases alignment gaps to groups of three. Other
lengths would presumably violate reading frames. A second codon effect
could come in the weighting of certain rare or unique codons which may
reflect higher order protein structure or function. The correspondences

ATCGT
AGTT-

Migmene s 2 CCGT
AGTT
Figure 14. Alignments of two taxa showing different bers of transitions and

sions. Aligs A implies two I while aligr t B implics one transition, one
transversion, and two gaps.
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among cysteine residues are frequently given high weight in protein
alignments.

~ Secondary structure models can function analogously to codon
weights for RNA molecules. Bases changes or insertion which are
non-compensatory may affect the secondary and higher order structure
of the mature molecule. Alignment taking hairpin loop and fold struc-
tures may yield different results than those based solely on base-to-base
comparison (assuming the secondary structure is known).

Multiple equally parsimonious alignments

When computers were first employed to find least cost cladograms, in
addition to the novel (and sometimes disturbing) nature of the new
solution, it was found that there were often multiple solutions. Even
relatively “clean” data can generate thousands of phylogenetic solu-
tions. It should come as no surprise. then, that this alsooccurs with
automated alignment. As shown by Gatesy et al. (1993) and Wheeler et
al. (in press), the same gap-to-change ratio can generate non-unique
solutions. Each one of these solutions can (but not necessarily will)
imply different phylogenies for the taxa.

In the same, simple example above, “"ACGT” and “AGTT.” when

ps and base changes are equally costly (Fig. 13), alignments A and B
are equally costly. When multiple alignments are created through se-

~ quential pair-wise alignments, several alignment “trees™ may yield

unique and equally costly alignments. This problem is not limited to
uristic solutions, however. In the Shankofl procedure, the tree used to

~ determine alignment costs may be unknown. When this is the case,

several phylogenetic topologies may yield equally costly alignments.

Multiple equally parsimonious *paths™

As described in the section on the NW algorithm, a cell in a pairwise
alignment can be reached from three other cells. The choice is based on
the cost of each event, a mismatch or gaps in either of the two
sequences. In many cases, two or all three may be equally costly cvents.
This means that several alignments are equally costly at that region. The
number of possible, equally costly alignments can be huge since they
would multiply at each fork. This situation also pertains to true n-di-
mensional alignments since they also require path decision based on
costs from abutting cells (in the general case there are 2™ — 1 of them for
m sequences). E

Although there may be a huge number of these alignments, their
divergence from the diagonal, perfect correspondence is bounded. If the
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insertion of gaps is favored (when a gap or base change can take place
with equal cost), then an ellipse which contains all possible alignments
can be described and the “bounding™ alignments produced. Within this
ellipse, alignments which favor contiguous, or random choices exist.

The data of Whiting and Wheeler (1994) were subjected to this sort of
path variation. In each case, the gap:change cost ratio was 2 to I, that
is gaps cost twice as much as base changes, Here, 23 800-base-pair insect
rDNA sequence were aligned repeatedly. In each case, arbitrary deci-
sions were made when equally costly paths through the matrix were
found. In some cases, different types of gaps were favored, in others
random choice was made. The ten alignments yielded different phyloge-
netic conclusions (Fig. 15). Although the different paths yield identical
costs in the two-dimensional case, when these alignments are aligned to
other sequences the results are not necessarily equally costly. This can
be most readily seen in the placement of gaps. When gaps are favored
over base changes when equally costly, the gaps in the multiple align-
ments tend to line up better than otherwise (Fig. 16), and yield more
resolved cladograms. This may be due to the lack of “scattered” gaps
when contiguous gaps are favored. Interestingly, although five different
runs of “random™ path were made, they each yielded the same phyloge-
netic conclusions.

Solutions

This chapter has presented some of the factors which can cause se-
quence alignment to yield ambiguous, non-unique, results. As more
data sets are investigated more thoroughly, these multiple alignment
solutions will press even more heavily upon us. What can be done? In
recent years, much space has been devoted to dealing with ambiguity in
phylogenetic analysis in systematics journals. Most methods have been
proposed 1o either accommodate or choose among multiple equally
optimal solutions. Methods will now be needed to deal with the same
issue in sequence alignment.

The analysis of these multiple equally optimal alignments depends
heavily on the interpretation given the alignments. Some seem to feel

Figure 15. Phylogenetic results of alig of insect 185 rDNA when different equally costly
“paths” are f; d. Phyl i ions were performed using Farris' Hennig86
(Farris, 1988). Alig f: i: (A) hes (there were four unique alignments each of
which yielded the same strict lad ), (B) ig gaps, (C) discontinuous

gaps, (D) gaps in the Shorter sequence, (E) gaps in the longer sequence, (F) random choice
among equally costly alternatives ( this topology resulted from each of five alignments). In each
case the gap cost was & and the change cost 4. (These arrangements arc not meant to be
definitive, and some of them are absurd. They are merly shown to demonstrate the variety of
phylogenetic conclusions which can occur from different alignments.)
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CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCACTCCCGGCACGGGGAGGTAGTGACGAAAAATAACGATACGGGACTC~~ATCCGAGGCCCTGTAATCG
CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCACTCCCGGCACGGGGAGGTAGTGACGAAAAATAACGATACGGGACTC~=TTACGAGGCCTCGTAATCG
CCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGCACGTAAAT TACCCAATCCCAGCACGGGGAGGTAGTGACGAAAAATAACAATCCGGAACTC--AAACGAGTTTCCGAAATTG
CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGATAAATAACGATCCGGAACTC-~TAATGAGTTTCCGTAATCG
CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCACTCCCGGCACGGGGAGGTAGTGACGAAAAATAACGATACGGGACTC~~ATCCGAGGCCCCGTAATCG
CCTGAGARACGGCTACCACATCTAAGGAAGGCAGCAGGCGCGTAAATTACCCACTCCCAGC TCGGGGAGGTAGTGACGAAARATAACAATACAGGACTCATATCCGAGGCCCTGTAATTG
CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGAARAATAACGATACGGGACTC--TTACGAGGCCTCGTAATCG
CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCAC TCCCGGCACGGGGAGGTAGTGACGAAAAATAACGATACGGGACTC-~ATCCGAGGCCCCGTAATCG
CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGAAAAATAACGATACGGGACTC-~ATCCGAGGCCTCGTAATCG
CCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGAAAAATAACGATACGGGACTC~~ATCCGAGGCCCTGTAATCG
CCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGCGCGTAAAT TACCCACTCCCAGCACGGGGAGGTAGTGACGAARRAATAACAATACAGGACTCATATTCGAGGCCCTGTAATTG
CCTGAGAAACGGC TACCACATCCAAGGAAGGCAGCAGGCACGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACAAAAAATAACGATACGGGACTC-~ATCCGAGGCCCCGTAATCG
CCTGAGARACGGCTACCACATCTAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGAAAAATAACGATACGGGACTC~~ATCCGAGGCCCCGTAATCG
CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCTCGGCACGAGGAGGTAGTGACGAAARATAACGATACGGGACTC-~ATCCGAGGCCCCGTAATCG
CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGAAAAATAACGATACGGGACTC~~GTCCGAGGCCTCGTGATCG
CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGAAARAATAACGATACGGGACTC-~ATCCGAGGCCCGGTAATCG
CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCACGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACAAAAAATAACGATACGGGACTC-~ATCCGAGGCCCCGTAATCG
CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGAAAAATAACGATACGGGACTC~~ATCCGAGGCCCCGTAATCG
CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGAAARMATAACGATACGGGACTC--ATCCGAGGCCCCGTAATCG
CCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGCGCGTAAAT TACCCAATCCCAGCACGGGGAGGTAGTGACGAAAAATAACAATACAGGACTCA-ATCCGAGGCCCTGTAATTG
CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCACGCAAAT TACCCACTCCCAGCACGGGGAGGTAGTGACGATARATAACGAT CCGGGACTC-~TTTAGAGT TTCCGTAATCG
CCTGAGAAACGGCTACCACATCCAAGGARGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGARAAATAACGATACGGGACTC~~ATCCGAGGCCCCGTAATCG
CCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGCGCGCAAAT TACCCACT CCCGGCACGGGGAGGTAGTGACGATARATAACGATCCGGAACTC-~AAATGAGT TTCCGTAATCG

GAATGAGAACACTTTAAATCCTTTAACGAGGATCTAT TGGAGGGCAAGT CTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATAT TAAAGT TGT TGCGGTTATTAGAGTGCT
GAATGAGTACACTTTAAATAT TTTAACGAGGRAACAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATACTARAATTGT TGCGGTTATTAGAGTGCT
GAATGAGTACAATTTAAAAACT TTAACGAGGAGCAAATGGAGGGCAAGTCTGGTGLCAGCAGCCGCGGTAATTCCAGCTCCAT TAGTATATAT TAAAGT TGT TGCGGTTATTAGAGTGCT
GAATGAGCACAATTTAAATCCTTTAACGAGGAGCAAATGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAT TAGCATATATTARAGT TGTTGCGGT TATTAGAGTGCT
GAATGAGTACACT TTAAATCCTTTAACGAGGATCTAT TAGAGGGCCAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCTAATAGCGTATATTAAAGT TGT TGCGGT TATTAGAGTGCT
GAATGAGTACACTTTAAATCCT TTAACAAGGACCAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATAT TAAAGTTGT TGCGGT TATTAGAGTGCT
GAATGAGTACACTTTAAATAT TTTAACGAGGAACAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATACTAARATTGT TGCGGT TATTAGAGTGCT
GAATGAGTACACTTTARATCCT TTAACGAGGACCAAT TGGAGGGCAAGTCT GG TGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATAT TAAAGTIGT TGCGGTTATTAGAGTGCT
GAATGAGTACACTTTARATCCT TTAACGAGGATCCAT TGGAGGGCAAGT CTGGTGCCAGCAGCCGCGGTARTTCCAGCTCRAATAGCGTATATTARAGTTCT TGCGGTTATTAGAGTGCT
GAATGAGTACACT TTAAATCCTTTAACGAGGATCCAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATICCAGCTCCAATAGCGTATATTAAAGT IGTTGCGGT TATTAGAGTGCT
GAATGAGTACACT TTAAATACT TTAACAAGGACCTAT TGGAGGGCAAGTCTGGTGCCAGCAGCTGCGGTAAT TCCAGCTCCAATAGCGTATATTARAGTTGT TGCGGT TATTAGAGTGCT
GARATGAGAACACCCTAAATCCTTTAACGAGGATCTAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGC TCCAATAGCGTATATTAAAGT TGT IGCAGT TATTAGAGTGCT
GAATGAGTACACTTTAAATCCTTTAACGAGGATCCAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATAT TAAAGT TGT TGCGGT TATTAGAGTGCT
GAATGAGTACACT TTAAATCCT TTAACGAGGATCAAT TIGGAGGECAAGTCTGETGCCAGCAGCCGCGGTARTTCCAGCTCTAATAGCGTATAT TARAGT TGT TGCGGTTATTAGAGTGCT
GAATGATTACACTTTAAATCCTTTAACGAGGATCCAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCATATAT TAAAGT TGT TGCGGT TATTAGAGTGCT
GAATGAGTACACTTTAAATCCT TTAACAAGGATCAATIGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTARTTCCAGCTCCAATAGCGTATAT TARAAGT TGT TGCGGT TATTAGAGTGCT
GAATGAGTACACTTTAAACCCT TTAACCAGGATCTAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTARCTCCAGCTCCAATAGCGTATATTAAAGT TGT TGCGGTTATTAGRGTGCT
GAATGAGTACACTCTAAACCCTTTAACGAGGATCAAT TGGAGGGCARGTCTGGTGCCAGCAGCCGCGGTAAT TCCAGC TCCAATAGCGTATAT TAAAGT TGT TGCGGT TATTAGAGTGCT
GAATGAGTACACTCTAAACCCT T TAACGAGGATCAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTART TCCAGCTCCAATAGCGTATAT TAAAGT TGT TGCGGT TATTAGAGTGCT
GAATGAGTACACTTTAAATCCTTTAACAAGGAACAAT TGGAGGGCARGTC TGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATAT TAAAGT TGT TGCGGTTATTAGAGTGCT
GAATGAGTACAGTT TAGGTCCT I TAACGAGGAACARGTGGAGGGCAAGTCTGGTGC CCAGCTCCATTAGTATATAT TAAAGT TGT TGCGGTTATTAGAGTGCT

~=CAMAAGCAGG~~CCGT TGGTACAGCC~TGAATAC~ TGTGTGCATGGAATAATAGAATAGGMCC TCGGTTCCS G’ CAGS : P
--C-AAAGCGGG--CCAAA~ATGCGGCN-TGAATAT ~TTCGTGCATGGAATAATAGAATATGATCTCGGTTCTATTTT=-GT TGGTT' : L "TA §
~=T=AAAGCAGG~CAAAT T-TATATGCCTTGAATAT~CG-CAGCATGGAATAATAGAATATGATCTCGGTACCGNNNN-NNNNN~NNNNNNNN=-NN-NNAGATAATGAT TRATAGAGACG
~=T=AARGCAGG=CAAAT T-TATATGCCTTGAATATGAT-CAGCATGGAATAATAGAATATGATCTCGATACTGNNNN-NNNNN~NNNNNNNN-NN~NNAGATAATGATCARTAGAGACG
~=T=AAAGCAGG~=CTNNN=-NT~C=GCC-TGAATAT ~TGTGTGCATGGAATAATGGAATAGGACCTCGGTTCTATTT T-GT TGGT T TTCGGAA~TTCCGAGGTAARTGATTAATAGGGACA
~=T=AAAGCAGG--CTTCA-AA~-T-GCC-TGAATAT-TCTGTGCATGGGATAATGARATAAGACCTCTGT TCTGCTTTCAT TGGT TTTCAGAT~CA-AGRGGTAATGATTAATAGAAGCA
==C=AAAGCGGG~=-CCAAA-ATGCTGCN-TGAATAT-TTCGTGCATGGAATAATAGAATATGATCTCGGT TCTAT T T T~GT TGGT TTTCAGAA-CTCCGAGGTAATGATTAATAGGGATA
-=T=AAAGCAGG~-CTAAA-ATTTTGCC-TAAATAT - TGTGTGCATGGAATAATGGAATAGGACCTCGGTTCTATT T T-GT TGGT TTTCGGAA~CTCCGAGGTAATGATTAATACGGACA
-=C=AAACGGGG-=-CTGAC-TCTCGGCC~-TGAATAT~-TGTGYGCATGGAATAATRGAATAGGACCTCGGT TCAAT TTT~GT TGGCT TTCTGAC~CCCAGAGGTAATGATTAATAGGGACA
~=T=AAAGCAGG--CTAGC-TT~C~GCC~TGAATAC-TGTGTGCATGGAATAATGGAATAGGACCTCGGT TCTATTTT-GT TGGT T TTCGGAA~CCCCGAGGTARTGATTAATAGGGACA
-=T=AAAGCAGG~-~CTACA-AT-T~-GCC-TGAATAT-TTTGTGCATGGAATAAT GGAATAAGACCTCTGTTCTACT I TCAT TGGT T TTTAGAT ~CA~AGAGGTAATGAT TAATAGARGCA
CCC~AAAGCAGGTCCTCT T-ARATCGAC-CTGATAG-TG-GTGCATGGAATAAT GGAACAGGACCTTGGT TCTAT TTT~GT 1GG-T TTCGGAA-TC-CAAGGTAATGATCAATAAGGACA
-=T=AAAGCAGG-~CTATT~TT-C-GCC-TGAATAC-TGTGTGCATGGRATAATGGARTAGGACCTCGGT TCTATTTT~GT TGGT T TTCGGAA-CCCCGAGGTAATGATTAATAGGGACA
--T-AAAGCAGG=-~-CTAAT~CT~C~GCC~TGTATAT-TGTGTGCATGGAATAATAGAATAGGACCTCGT TTCTATTTT-GT TGGT T T TCGGAA-TTCCGAGGTAATGAT TAATAGGGACA
==C=ARACGGGG-~CTAAC-TCTCGGCC-TGAATAT~TGTACGCATGGAATAATAGAATAGGACCTCGGT TCAGT TT T-GT TGGCTTTCTGAT~ACCAGAGGTRAATGAT TAATAGGGACA
~=T=AAAGCAGG--CTAAA-ATTTTGCC-TGAATAC-TGTGTGCATGGAATAATAGAATAGGACCTCGGTTCTATTTT~GT TGGT T T TCGGAR-CCCCGAGGTAATGAT TAATAGGRACG
==T=AAAGCAGG=~CTGAA=TC-CAGCC~AGRATAG-TG-GTGCATGGARTAATAGAACAGGACCTTGGT TCTATTCT-GT TGGT TTTCGGAA-TC~CAAGGTAATGATCAATAAGGACA
--T=-ARAGCAGG-~-CTAAA-ACT TCGCC~TGAATAC-TGTGTGCATGGAATAATGGAATAGGACCTCGGTTCTATTTT-GT TGGT T TTCGGAAT T T~ TGAGGTAATGATTAATAGGAACG
~=T=AAAGCAGG-=CTARA-ATTTCGCC-TGAATAC-TGTGTGCATGGAATAATGGARTAGGACCTCGGT TCTATT TT~GT TGGT TTTCGGAACCC~CGAGGTAATGATTAATAGGAACG
~=T=AAAGCAGG-~-CCATT-TG-T~GCC-TGAATAT-TCTCTGCATGGAATAATGGAATAAGACGTCTGT TCTAT TTTCAT TGGT TTT TRGAT~CA-AGACGTAATGATTAATAGARGCA
-~T=AAAGCAGG-CAAATT-TATATGCCT TGAATAT -CG~CAGCATGGAATAATAGAATATGATC TCGGTACCGNNNN-NNNNN-NNNNNNNN=-NN=NNAGATARTGRTTAATAGAGACG
~ =T~ AARGCAGG= = Cm==A=AGGCCG~C-TGAATAC-TGTGTGCATGGAATAATGGAATAGGACC TCGGTTCTAT TT T-GT TGGT T T TCGGAA~CC-CGAGG TAATGATTACTAGG-ACA
~~T=ARAGCAGG-CARATT-TATATGCCT TGAATAT ~AA-CAGCATGGAATAATAGARTATGATC TCGATACT GNNNN ~NNNNN-NNNNNNNN~NN~NNAGATAATGATCARTAGAGACG

G-ACGGEGGCATTCGTAT TGCGA-GT TAGAGGTGAART TCTTGGATCGTCGCAAGACGAACCGAT GCGAARGEAT TTGCCARGAACGTTTTCAT TAATCAAGARCGAAAGT TAGAGGT TC
A-CTGGGGGCA-TGGTGAAATTCT TGGATCGGTGAAAT TCTTGGATCGTCGCAAGACGAACATCAGCGARAGCAT T TGCCAAAGGTGT TTTCATCAATCAAGAACGAAAGT TAGAGGTTC
G-ATGGGGGCAT TCGTACTACGACGE TAGAGGTGARAT TCT TGGACCETCGTAAGACGAAC TGAAGCGAAAGCGT TTGTCAARAACGT TTTCAT TGATCARGARCGAAAGT TAGAGGT TC
G~ATGGGGGCATTCGTACTACGACGC TAGAGGTGAART TCT TGGACCGTCGTAAGACGAACTGAAGCGAARGCGT TTGTCARAAACGT TTTCATTGATCARGAACGAAAGT TAGAGGT TC
A-CTGGGGGCATTCGTAT TGCGACGT TAGAGETGAAAT TCTTGGATCGTCGCAAGACGGACAGAAGCGAAAGCAT TTGCCAAATGTGT TTTCATCAATCARGARCGAAAGT TAGAGGT TC
GTTTGGGGGCATTAGTAT TACGACGCGAGAGGTGARAT TCTTGGACCGTCGTAAGACTARCT TARGCGARAGCAT TTGCCAAAGATGT TTTCATTARTCARGAACGARAGT TAGAGGT TC
A-CTGGGGGCATTCGTAT TGCGACGT TAGAGGTGARAT TCTTGGATCGTCGCAAGACGAACATCAGCGAAAGCAT TTGCCAARGGTGT TTTCATCAATCAAGAACGAARGT TAGAGGT TC
G-ATGGGGGCATTCGTAT TGCGACGT TAGAGGTGAAAT TCT TGGATCGTCGCAAGACGGACAGAAGCGARAGCAT TTGCCAAARATGT TTTGAT TGATCAAGRACGAARGT TAGAGGT TC
A-CTGGGGGCATTCGTAT TGCGACGT TAGAGGTGAAAT TC T TGGATCGTCGCAAGACGGAC TAAAGCGAAAGCAT TTGCCARAGGTGT TTTCATTAATCAAGAACGAAAGT TAGAGGT TC
G-ATGGGGGCATTCGTAT TGCGACGT TAGAGGTGARAT TCT TGGATCGTCGCAAGACGGACAGARGC GARAGCAT TTGCCAARARTGT TTTCATTAATCAAGAACGARAGT TAGAGGT TC
G-TTGGGGGCATTAGTAT TACGACGC-AGAGGTGAART TCT TGGACCGTCGTAAGACTAACT TAAGCGAARGCAT TTGCCARAGATGT TTTCATTAATCAAGAACGAAAGT TAGAGGT TC
G-GCGGGGGCATTCGTAT TGCGACGT TAGAGGTGAAAT TCT TGGATCGTCGCARGACGTACCTAAGCGARAGCAT TTGCCAAGTATGTCCTCGT TAATCAAGAACGRAAGT TAGAGGT TC
G-ATGGGGGCATTCGTAT TGCGACGT TAGAGGTGARAT TCT TGGATCG TCGCAAGACGGACAGAAGC GARAGCAT T TGCCARAAATGT TTTCATTAATCAAGAACGARRGT TAGAGGT TC
A-CTGGGGGCATTCGTAT TGCGACGT TAGAGGTGARAT TCT TGGATCGTCGCAAGACGGACAGAAGCGARAGCAT TTGCCAAATGTGT TTTCATCAATCARGAACGARAGT TAGAGGT TC
A-CTGGGGGCATTCGTATTGCGACGT TAGAGGTGAAAT TCTTGGATCGTCGCAAGACGGACTAAAGCGAAAGCAT TTGCCAAAGGTGT TTTCATTAATCARGAACGAAAGT TAGAGGT TC
G-ATGGGGGCATTCGTAT TGCGACGT TAGAGGTGAAAT TCT TGGACCGTCGCAAGACGGAGAGTAGCGARAGCAT T TGCCARAAACGCTT TCATTGATCARGAACGAARGT TAGAGGT TC
G~ACGGGGGCATTCGTAT TGCGACGT TAGAGGT GAAAT TGT TGGACCGTCGCAAGACGTACTAAAGCGAAAGCAT TTGCCAAGAATGTCTTAATTGATCAAGAACGARAGT TAGAGGT TC
G-ATGGGGGCATTCGTAT TGCGACGT TAGAGGT GAAAT TC T TGGATCGTCGCAAGACGGACARAAGC GAAAGCAT TTGCCARARACGCTTTCAT TGATCAAGAACGARAGT TAGAGGT TC
G-ATGGGGGCATTCGTAT TGCGACGT TAGAGGTGAAAT TCT TGGATAGTCGCAAGCARGACAGAAGCGAAAGCAT TTGCCARAAACGCTT TCATTGATCAAGAACGAAAGT TAGAGGT IC
G~TTGGGGGCATTAGTAT TACGGCGCGAGAGGTGAAAT TCGTGGACCGTCGTARGACTAACATARGCGAAAGCAT TTGCCAAAGATGT TTTCAT TAATCAAGAACGAAAGT TAGAGGT TC
G-ATGGGGGCAT TCGTACTACGACGC TAGAGGTGAAAT TCT TGGACCGTCGTAAGACGAACTGAAGCGAAAGCGT TTGTCARAARCGTTT TCAT TGATCAAGAACGAAAGTTAGAGGTIC |

tad
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G-GCGGGGGCATTCGTAT TGCGACGT TAGAGGTGAAAT TCTTGGATCGTCGCARGACGAAGCGAAGCGAACAAGT TTGCCAAGAATGT TCTCGTTGATCAAGAACGAAAGTTAGREGTTC Ly
G-ATGGGGGCATTCGTACTACGAGGC TAGAGGTGARAT TGT TGGACCGTCGTAAGACGAAC TGAAGCGAAAGCGT T TGTCAARARCGT TTTCATTGATCAAGAACGAAAGT TAGAGGTTC \O
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Figure 16, (A)

GAAGGCGATCAGATACCGCCCTAGTICTAACCATAAACGATGCCAGCCAGCGATCCGCCGAAGT TC-CTCCGA~~TGACTCGGCGGGCAGCTT-CC~GG-AACC-~A-A-~ =~ ~======
GAAGGCGATTAGATACCCGCCTAGTICTAACCGTAAATNATGTCATCTAGCGATCCGCCGACGT TA-CTACARA~=-TGGCTCGGCGGGCAGCT T-CCGGGAAACCAAAGATTTTGGTCTCC
GAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAACGATGCCGACCAGCGATCCGYCGATGTTCATTYARA~T TGACTCGACGGGCAGCT T~CCGGGARACCAAAGT TTTTGGGTTCC
GAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAACGATGCCGACCAGCGATCCGTCGATGTTCATT TAAA-TTGACT CGACGGGCAGC T T~CCGGGAAACCAAAGT TTTTGGGTTCC
GAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAACGATGCCAGCTAGCGATCCGCCGAAGT TC-CTCCGA~~TGACT CGGCGGGCAGC T T~CCGGGAAACCAAAGCTTTTGGGTTCC
GAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAACGATGCCAGCTAGCAATTGGGTGTAGCTA~CTTTTA-~TGGCTCTCTCAGTCGCT T-CCGGGAAACCAAAGCTTTTGGGCTCC

43

=)

GAAGGCGATTAGATACCGCCCTAGTTCTAACCGTAAATNATGTCATCTAGCGATCCGCCGACGT TA-CTACAA~~TGGCTCGGCGGGCAGC T T-COGGGARACCAAAGATTTTGGTCTCC -

GAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAACGATGCCAGCTAGCGATCCGCCGAAGT TC=CTCCGA~~TGACTCGGCGGGCAGC T T=CCGGGARACCARAGCGTTTGGGTTCC
GAAGGCGATTAGATACCGCTGTAGTTCTAACCATAAATGATGCCAGC TAGCGATCCGCCGAAGT TC-CT TCGAT TNNNNNNGGTGGGCAGCTC-CCGGGARACCARAGCTTTCGGGCTCC
GAAGGCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCGATCCGCCGAAGT TC-CTCCGA==TGACTCGGCGGGCAGC T T-CCGGGAAACCARAGCTTTTGGGTTCC
GAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAACGATGCCAGC TAGCAAT TGGETGTAGCTA-CTTTTA-~TGGCT TTCTCAGTCGC TTCCCGGGAAACCAAAGCTTTTGGGCTCC
GAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAACGATGCCAGCCAGCGATCCGCCGAAGT TC-CTCCGA~=-TGACTCGGCGGGCAGC T T-CCGGGAAACCARAGCTTTTGGGT TCC
GAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAACGATGCCAGCTAGCGATCCGCCGAAGT TC-CTCCGA~~-TGAC TCGGCGGGCAGC T T-CCGGGAAACCARAGCTTTTGGGT ICC
GAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAACGATGCCAGCTAGCGATCCGCCAAAGT TC-CTCCGA--TGACT TGGLGGGCAGC T T-CCGGGAAACCARAGCTTTTGGGTTCC
GAAGGCGATTAGATACCGCTGTAGTTCTAACCATAAATGATGCCAGCCAGCGATCCGCCGAAGTTT-CTTAATTTTAACCCGGTGGGCAGC TC~-CCGGGAAACCAAAGCTTTCGGGCTCC
GAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAACGATGCCAGCTAGCGATCCGCCGACGTTC-CTCATA-~TGACTCGGCGGGCAGL T T-CCGGGAMACCAAAGCTTTTGGGTTCC
GAAGGCGATCAGATACCGCCCTAGTTCTARCCATAAACGATGTCAGCCAGCGATCCGCCGACGT TC-AT TGAA- - TGGC TCGGCGGGCAGC T T-CCCGGAARACGAAAGCTTTCGGGTTCC
GAAGGCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCGATCCGCCGACGT TC~-CTCCGA--TGACTCGGCGGGCAGCT T-CCGGGAAACCAARGCTTTTGGGTTCC
GAAGGCGATCAGATACCGCCCTAGT TCTAACCATAMACGATGCCAGCTAGCGATCCGCCGACGT TC-CTCCGA~~TGACTCGGCGGGCAGCT T~CCGGGAARCCARRGCTTTTGGGTTCC
GAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAACGATGCCAGCTAGCAATTGGATGGAGCTA-CTTATA-~TGGCTCTTTCAGTCGCT ITCCGGGARACCAAAGCTTTTGGGCTCC
GAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAACGATGCCGACTAGCGATCCGTCGATGT TCATT TAAA~T TGACTCGACGGGCAGCT T-CCGGGAAACCAAAGTTTTTGGETTCC
GAAGGCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCCAGCGATCCGTCGACGTTC=CTTTTA==TGACTCGGCGGGCAGCT T-CCGGGAAACCARAGCTTTTGGGTTCC
GAAGGCGATCAGATACCGCCCTAGTTCTAACCATAARCGATGCCGACCAGCGATCCGTCGATCT TCATTCAAA-TTGACTCGACGGGCAGCT T=CCGGGARAACCAAAGT TTTTGGGTTCS

======pG~ATGGTTGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCT - C~=CTTAAT TTGACTCAACACGGGAAACCT TACCAGGCCCAGACACC-GA
GGGGG~AGTATGGT TGCARAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCT TAAT T TGACTCAACACGGGAAAT CTCACCAGGCCCGGACACCGGA
GGGGGAAGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGTACCACCAGGAGTGGAGCTTGCGGCT TAAT TTGACTCAACACGGGAAACCTCACCAGGTCAGGACACTGAT
GGGGGARGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCTTGCGGCT TAAT T TGACTCAACACGGGAAATCTCACCAGGCCCGGACACCGAR
GGGGGARGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACTACAAGGAGTGGAGCCTGCGGCT TAAT TTGACTCAACACGGGAAACCTCACCAGGTCCGGACACCGGA
GGGGGARGTATGGT TGCAAAGCTGAAACT TARAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT TTGACTCAACACGGGAARACT TACCAGGT~CGAACATAAGT
GGGGG-AGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT TTGACTCAACACGGGAAAT CTCACCAGGCCCGGACACCGGA
GGGGGAAGTATGGT TGCAAAGCTGAAACT TARAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT TTGACTCAACACGGGAAACCTCACCAGGCCCAGACACCGGA
GGGGGCAGTATGGT TGCAAAGCTGAAACT TARAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT T TGACTCAACACGGGAARCCTNACCAGGCCCAGACACYGGA
GGGGGAAGTATGGT TGCAAAGCTGAAACT TARAGGAA T TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCT TRAAT TTGACTCAACACGGGAAACCTCACCAGGCCCGGACACCGGA
GGGGGAAGTATGET TGCAAAGCTGARACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCLCTGCGGCTTAAT TTGACTCAACACGGGAARRCT TACCAGGTCCGAACATAAAT
GGGGGAAGTATGGT TGCAAAGCTGAARCTTARAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCT TAAT TTGACTCAACACGGGAAACCTCACCAGGCCCGGACACCGGA
GGGGGAAGTATGGTTGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT T TGACTCAACACGGGAARCCTCACCAGGCCCGGACACCGGA
GGGGGAAGTATGGTTGCAAAGT TGAAACT TAAAGGAAT TGACGGARGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT T TGACT CAACACGGGARACCTCACCAGECCCGGACACTGGA
GGGGGCAGTATGGET TGCAAAGCTGAARCT TARAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGEC T TAAT TCGACTCAACACGGGAAMACTCACCAGGCCCGGACACTGGA
GGGGGAAGTATGGT TGCAAAGCTGAAACT TARAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGC~GCTTAAT TTGACTCAACACGGGAAACCTCACCAGGCCCAGACACCGGA
GGGGGAAGTATGGT TGCAAAGCTGAAACT TARAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTECGGCT TAAT TTGACTCAACACGGGARACCTCACCAGGCCCGGACAT TGGA
GGGGGAAGTATGGT TGCAAAGCTGAAACT TARAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGC T TAAT TTGACTCAACACGGGAAACCTCACCAGGCCCGGACACCGGA
GGGGGAAGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCT TAAT TTGACTCAACACGGGAAACCTCACCAGGCCCGGACACCGEA
GGGGGAAGTATGGT TGCAAAGCTTARAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGC TTGCGGCTTAAT TTGACTCAACACGGGGAAACT TACCAGGTCCGARCATAAAT
GGGGGAAGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGT GGAGC TTGCGGC T TAAT TTGACTCAACACGGGARAT CTCACCAGGCCCGGACACCGAA
GGGGGAAGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGECACCACCAGGAGTGGAGCCTGCGECTTAAT TTEACTCAACACGEGAAACCTCACCAGGCCCGGACACCGEA
GGGGGAAGTATGCET TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGC TTGCGGCTTAAT TTGACTCAACACGGGARAATCTCACCAGGCCCGGACACCGAR

A=GATTGAC~GATTGAGAGCTCTTTICTTGAT TCGGTGGGTGETGETGCATGGCCGTTCT TAGT TGGTGG-GCGAT T TGTCTGGT TAAT TCCGATAACGAACGAGACTC
AGGATTGACAGATTAACAGCTCTTTICTTGAT TCGGTGGGTGETGETGCATGGCCGT TCTTAGT TGGTGGAGCGATTTGTCTGGT TAAT TCCGATARCGARACGAGALTC
AGGATTGACAGATTGATAGCTCTTTCTTGATTCAGTGGGTGGETGGTGCATGGCCGT TCT TAGT TGGTGGAGCGAT TTGTCTGGT TAAT TCCGATAACGAACGAGACTC
AGGATTGACAGATTAATAGCTCTTICTTGATTCGGTGGGTGGTGGTGCATGGCCGT TCTTAGT TGGTGGAGCGATTTGTCTGGTTAAT TCCGATARCGAACGAGACTC
AGGATTGACAGATTGAGAGCTCTTICTTGAT TCGGTGGGTGGTGGTGCATGGCCGT TCT TAGT TGGTGGAGCGATTTGTCTGGT TAATTCCGATARACGAACGAGACTC
GTGTARGACAGATIGATAGCTCTTTCTCGAATCTATGGGTGGTGETGCATGGCCGTTCTTAGT TCGTGGAGTGATTTGTCTGGT TAATTCCGATAACGARCGAGACTS
AGGATTGACAGATTAACAGCTCTTICTTGAT TCGGTGGGTGGTGGTGCATGGCCGT TCT TAGT TGGTGGAGCGAT TTGTCTGGT TAAT TCCGATAMCGAACGAGACTC
AGGATTGACAGATTGAGAGCTCT TTCTTGAT TCGGTGGGTGGTGGTGCATGGCCGT TCT TAGT TGGTGGAGCGAT T TGTCTGGT TAAT TCCGATARCGAMCGAGAC TS
AGGATTGACAGATTGACAGCTCTTTCTTGAT TCGGTGGGTGETGETGCATGGCCGTTCT TAGT TGGTGGAGYGAT T TGTCTGGT TAAT TCCGATARCGAACGAGACTC
AGGATTGACAGATTGATAGCTCTTTCTTGAT TCGGTGGGTGGTGGTGCATGGCCGTTCT TAGT TGGTGGAGCGAT TTGTCTGGT TAAT TCCGATAACGAACGAGACTS
CAGTAAGACAGATTGATAGCTCTTTCTCGAATCTATGGGTGGTGETGCATGGCCGTTGT TAGT TCGTGGAGTGATTTGTCTGGT TAAT TCCGATARCGARACGAGACTC
AGGATTGACAGATCGATAGCTCTTTCTTGAT TCAGTGGGTAGTGETGCATGGCCGTTCT TAGT TGGT GGACTGATTTGTCTGGTTTATTCCGATARCGARCGAGACTS
AGGATTGACAGATTGACAGCTCTTTCTTGAT TCGGTGGGTGETGETGCATGGCCGT TCT TAGT TGGTGGAGCGAT TTGTCTGGT TAAT TCCGATAACGARCGAGACTC
AGGATTGACAGATTGAGAGCTCTTTCTTGAT TCAGTGEGTGETGGTGCATGGCCGTTCT TAGT TGGTGGAGCGATTTGTCTGGT TAATTCCGATARCGAACGAGACTC
AGGATTGACGGAT TARCAGCTCTTTCTCGAT TCGGTCGETGETGGTGCATGGCCGCTCTTAGT TGGTGGAGCGAT TTGTCAGGT TAATTCCGATAACGARCGAGACTC
AGGATTGACAGATTGAGAGCTCTTTCT TGAT TCGGTGGGTGGTGGTGCATGGCCGT TCT TAGT TGGTGGAGCGATTIGTCTGGT TAAT TCCGATARCGAACGAGACTC
AGGATTGACAGAT TGATAGCTICTTTCTIGAT TCAGTGGGTAGTGGTGCATGGCCGT TCT TAGT TGGTGGAACGAT TTGTCTGGT TAAT TCCGATARCGAACGAGACTC
AGGATTGACAGAT TGAGAGCTCTTICT TGAT TCGGTGGGTGGTGGTGCATGGCCGTTCT TAGT TGGTGGAGCGATTTGTCTGGT TART TCCGATAACGAACGAGAC TS
AGGATTGACAGAT TGAGAGCTCT TTCT TGAT TCGGTGGGTGGTGGTGCATGGCCGTTCTTAGT TGGTGGAGCGATTTGTCTGGT TAAT TCCGATAACGAACGAGAC TS
GAGTAAGACAGATTAATAGCTCT TTCTCGAATCTATGGGTGGTGGTGCATGGCCGTTCTTAGT TCGTGGAGTGATTTGTCTGGT TARTTCCGATAACGAACGAGACTT
AGGATTGACAGATTAATAGCTCTTICTTGAT TCGGTGGGTGGTGGTGCATGGCCGT TCTTAGT TGGTGGAGCGAT TTGTCTGGTTAAT TCCGATAACGAACGAGACTC
AGGATTGACAGATTGAGAGCTCTTTCTTGAT TCGGTGEGTGETGGTGCATGGCCGTTCT TAGT TGGTGGACTGATTTGTCTGGT TAAT TCCGATAACGAACGAGACTC
AGGATTGACAGATTAATAGCTCTTTCTTGAT TCGGTGGGTGGTGGTGCATGGCCGTTCTTAGT TGGTGGAGCGATTTGTCTGGT TAAT TCCGATAACGAACGAGACTC
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Figure 16 8

LIBELLULA CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGLACGGGGAGGTAGTGACGAAAAATAACGATACGGGACTC=~ATCCGAGGCCCTGTAATCG W
ASCALAPHA CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGAAAAATAACGATACGGGACTC--TTACGAGGCCTCGTAATCG +
CAENOCHOLAX CCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGCACGTAAAT TACCCAATCCCAGCACGGGGAGGTAGTGACGARAAATAACAATCCGGAACTC~~ARACGAGT TTCCGAAAT TG
CRAWFORDIA CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGATAAATAACGATCCGGRACTC-~TAATGAGT TTCCGTAATCG
CTENOCEPH CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGAAAAATAACGATACGGGACTC-~ATCCGAGGCCCCGTAATCG
DROSOPHILA CCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGCGCGTARAT TACCCACTCCCAGC TCGGGGAGGTAGTGACGAAARATAACAATACAGGACTCATATCCGAGGCCCTGTAATTG
GALLERIA CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGARARATAACGATACGGGACTC==TTACGAGGCCTCGTAATCG
HEMEROBIUS CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGAAARAT AACGATACGGGACTC-~ATCCGAGGCCCCGTAATCG
HYDROPSYCHE CCTGAGAAACGGCTACCACATCCARGGAAGGCAGCAGGCGCGCAAAT TACCCAC TCCCGGCACGGGGAGGTAGTGACGAAARATAACGATACGGGACTC=-ATCCGAGGCCTCGTAATCG
MONOBIA CCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGAAAAAT AACGATACGGGACTC-~ATCCGAGGCCCTGTAATCG
MYTHICOMYIA CCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGCGCGTAAAT TACCCACTCCCAGCACGGGGAGGTAGTGACGARAAAATAACAAT ACAGGACTCATATTCGAGGCCCTGTAATTG
ONCOMETOPIA CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCACGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACAAAAAATARCGATACGGGACTC-~ATCCGAGGCCCCGTAATCG
OPHION CCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGT GACGAAAAATAACGATACGGGACTC--ATCCGAGGCCCCGTAATCG
PANORPA CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCTCGGCACGAGGAGGTAGTGACGAAAAATAACGATACGGGACTC-~ATCCGAGGCCCCGTAATCG
PYGNOPSYCHE CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGARAAATAACGATACGGGACTC--GTCCGAGGCCTCGTGATCG
RHIPIPHORUS CCTGAGAARCGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGAAAAATAACGATACGGGACTC--ATCCGAGGCCCGGTAATCG
SALDULA CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCACGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACAAAAAATAACGATACGGGACTC--ATCCGAGGCCCCGTAATCG
TENEBRIO CCTGAGAAACGGCTACCACATCCAAGGARGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGAARRATAACGATACGGGACTC-~ATCCGAGGCCCCGTAATCG
TETRAOPES CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAMAT TACCCACTCCCGGCACGGGGAGGTAGT GACGAAAAATAACGATACGGGACTC--ATCCGAGGCCCCGTAATCG
TIPULA CCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGCGCGTAAAT TACCCAATCCCAGCACGGGGAGGTAGT GACGAAAAATAACAATACAGGACTCA-ATCCGAGGCCCTGTAATTG
TRIOZOCERA CCTGAGAAACGGC TACCACATCCAAGGAAGGCAGCAGGCACGCAAAT TACCCACTCCCAGCACGGGGAGGTAGTGACGATAAATAACGATCCGGGACTC--TTTAGAGTTTCCGTAATCG
WARRAMABA CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGAAAAATAACGATACGGGACTC-~ATCCGAGGCCCCGTAATCG
XENOS CCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGATAAATAACGATCCGGAACTC-~AAATGAGTTTCCGTAATCG
LIBELLULA GAATGAGAACACTTTAAATCCTTTAACGAGGATCTATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATAT TARAGT TGT TGCGGT TATTAGAGTGCT
ASCALAPHA GAATGAGTACACTTTAAATATITTAACGAGGAACAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAAT TCCAGCTCCAATAGCGTATACTAAAAT TGTTGCGGT TATTAGAGTGCT
CAENOQCHOLAX GAATGAGTACAATTTARAAACTTTAACGAGGAGCARATGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAT TAGTATATAT TAAAGT TGT TGCGGT TATTAGAGTGCT
CRAWFCRDIA GAATGAGCACAATTTAAATCCTT TAACGAGGAGCAAATGGAGGGCAAGT CTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAT TAGCATATAT TAAAGT TGT TGCGGTTATTAGAGTGCT
CTENOCEPH GAATGAGTACACT TTAAATCCT TTAACGAGGAT CTAT TAGAGGGCCAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCTAATAGCGTATAT TAAAGT TGT TGCGGT TATTAGAGTGCT
DROSOPHILA GAATGAGTACACTTTAAATCCTT TAACAAGGACCAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATAT TAAAGT TGT TGCGGTTATTAGAGTGCT
GALLERIA GAATGAGTACACTTTAAATAT TTTAACGAGGAACAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATACTARAAT TGT TGCGGTTAT TAGAGTGCT
HEMEROBIUS GAATGAGTACACTTTAAATCCTTTAACGAGGACCAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGETAATTCCAGCTCCAATAGCGTATAT TAAAGT TGT TGCGGTTATTAGAGTGCT
HYDROPSYCHE GAATGAGTACACTTTAAATCCTTTAACGAGGATCCAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCRAATAGCGTATAT TAAAGT TGT TGCGGTTATTAGAGTGCT
MONOBIA GAATGAGTACACTTTAAATCCTT TAACGAGGATCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATAT TAAAGT TGT TGCGGTTATTAGAGTGCT
MYTHICOMYIA GAATGAGTACACTTTAAATACTTTAACAAGGACCTATTGGAGGGCAAGTCTGGTGCCAGCAGCTGCGGTAATTCCAGCTCCAATAGCGTATAT TAAAGT TGT TGCGGTTATTAGAGTGCT
ONCOMETOPIA GAATGAGAACACCCTAAATCCTTTAACGAGGATCTATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGT TGT TGCAGT TATTAGAGTGCT
QPHION GARTGAGTACACTTTAAATCCTTTAACGAGGATCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAAT TCCAGCTCCAATAGCGTATAT TAARGT TGT TGCGGTTATTAGAGTGCT
PANORPA GAATGAGTACACTTTAAATCCTTTAACGAGGATCAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTART TCCAGCTCTAATAGCGTATAT TARAGT TGT TGCGGTTATTAGAGTGCT
PYGNOPSYCHE GAATGATTACACTTTAAATCCTTTAACGAGGATCCAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAAT TCCAGC TCCAATAGCATATAT TARAGT TGT TGCGGT TATTAGAGTGET
RHIPIPHORUS GAATGAGTACACTTTAAATCCTTTAACAAGGATCAAT TGGAGGGCAAGT CTGGTGCCAGCAGCCGCGGTARTTCCAGCTCCAATAGCGTATAT TARAGT TGT TGCGGT TATTAGAGTGCT
SALDULA GAATGAGTACACTTTAAACCCTTTAACCAGGATCTAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTARCTCCAGCTCCAATAGCGTATAT TARAGT TGT TGCGGT TAT TAGAGTGET
TENEBRIO GAATGAGTACACTCTAAACCCTTTAACGAGGATCAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATAT TARAGT TGT TGCGGTTATTAGAGTGCT
TETRAOPES GAATGAGTACACTCTAAACCCT T TAACGAGGATCAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATAT TAAAGT TGT TGCGGTTATTAGAGTGCT
TIPULA GAATGAGTACACTTTAAATCCTTTAACAAGGAACAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGETART TCCAGC TCCAATAGCGTATAT TARAGT TGT TGCGGTTATTAGAGTGET
TRIOZOCERA GAATGAGTACAGTTTAGGTCCTT TAACGAGGAACAAGTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAAT TCCAGCTCCAT TAGTATATAT TAAAGT TGT TGCGETTATTAGAGTGET
WARRAMABA GAATGAGAACACTTTAAATCCTT TAACGAGGATCTAT TGGAGGGCAAGTCTAGTGCCAGCAGCCGCGGTAAT TCCAGC TCCAATAGCGTATAT TARAGT TGT TGCGGTTATTAGAGTGET
XENOS GAATGAGTACAATTTAAAAGCGT TAGCAAGTATCAAATGGAGGGCAAGTCTGGT GCCAGCAGCCGCGGTART TCCAGC TCCAT TAGTATATAT TAAAGT TGT TGCGGTTATTAGAGTGCT
LIBELLULA ~CAAAAGCAGGCCGT TGGTACAG-CCTGAATACTGT-GTGCATGGAATAATAGAATAGGMCCTCGGT TCCATTTT-GT TGGT TTTCAGAACTC~GAGGTAATGAT TAATAGGGACGGAC -
ASCALAPHA -~CAAAGCGGGCCAAAA~TGCGG-CNTGAATATTTC-GTGCATGGAATAATAGAATATGATCTCGGTTCTATTTT-GTTGGT TTTCAGAACT CCGAGGTAATGAT TAATAGGGANAACT -
CAENOCHOLAX -=TAAAGCAGGCAAATTTATATGCCT TGAATATCG--CAGCATGGAATAATAGAATATGATCTCGGTACCGNNNN-NNNNNNNN~NNNNNNNN=-NAGATAATGAT TAATAGAGACGGAT -
CRAWFORDIA -=-TARAGCAGGCAAATTTATATGCCTTGAATATGAT-CAGCATGGRATAATAGAATATGATCTCGATACTC =} NNNNNNNN-NAGATAATGATCAATAGRGACGGAT~
CTENOCEPH ~=TARAGCAGGCTNNN==NTC=G~CCTGAATATTGT-GTGCATGGAATAATGGARTAGGACCTCGGTTCTATTTT~GT TGGT TTTCGGAAT TCCGAGGTAATGAT TAATAGGGACAACT~
DROSOPHILA ~~TARAGCAGGCTTCA==AAT~G=CCTGAATATTCT~GTGCATGGGATARTGARATAAGACCTCTGTTCTGCTTTCATTGGT TTTCAGAT CAA-GAGGTAATGAT TAATAGRAGCAGTIT
GALLERIA ==CARAGCGGGCCAAAA~TGCTG-CNTGAATATTTC-GTGCATGGAATAATAGAATATGATCTCGGT TCTATTTT-GT TGGTTT TCAGAACTCCGAGGTAATGAT TAATAGGGATAACT -
HEMEROBIUS ~~TAAAGCAGGCTAAAA-TTTTG-CCTARATATTGT-GTGCATGGAATAATGGAATAGGACCTCGGT TCTATT I T-GTTGGT T T TCGGAACTCCGAGGTAATGAT TAATACGGACAGAT ~
HYDROPSYCHE ~=CAAACGGGGCTGACT~CTCGG-CCTGAATATTGT ~GYGCATGGAATAATRGAATAGGACCTCGGTTCAAT T TT~GTTGGCTT TCTGACCCCAGAGGTAATGAT TARTAGGGACAACT ~
MONCBIA ==TAAAGCAGGCTAGC~~TTC-G=-CCTGAATACT GT~GTGCATGGAATAATGGAATAGGACCTCGGTTCTATTITT-GT TGGT TTTCGGAACCCCGAGGTAATGAT TARTAGGGACAGAT ~
MYTHICOMYIA ==TARAGCAGGCTACA-=ATT-G-CCTGAATAT T TT-GTGCATGGAATAATGGAATARGACCTCTGTTCTACT TTCAT TGGTTI TTAGATCAA-GAGGTAATGAT TAATAGAAGCAGT T~
ONCOMETOPIA CCCAAAGCAGGTCCTCT~TAART~CGACCTGATAGTGGTGCATGGAATAATGGAACAGGACCTTGGTTCTATT TT~GT TGGT T T~CGGAATCC~AAGGTAATGATCARTARGGACAGGC -
CPHION ~=TAAAGCAGGCTAT T==-TTC-G~CCTGAATACTGT~GTGCATGGAATAATGGAATAGGACCTCGGTTCTATTTT~GTTGGT T TTCGGAACCCCGAGGTAATGAT TAATAGGGACAGAT -
PANORPA ==TAAAGCAGGCTAAT~~CTC-G~CCTGTATAT TGT-GTGCATGGARTAATAGAATAGGACCTCGTTTCTATT T T-GT TGGT T TTCGGAAT TCCGAGGTAATGAT TAATAGGGACAACT =
PYGNOPSYCHE ~~CARACGGGGCTAACT ~CTCGG~CCTGAATATTGT ~ACGCAT GGAATAATAGAATAGGACCTCGGTTCAGTTTT=GT TGGCT TTCTGATACCAGAGGTAAT GAT TAATAGGGACAACT =
RHIPIPHORUS -=TARAGCAGGCTAAAA-TTTTG~-CCTGAATACTGT ~-GTGCATGGAATAATAGAATAGGACCTCGGTTCTATTTI-GT TGGT TTTCGGAACCCCGAGGTAATGAT TAATAGGARCGGAT ~
SALDULA ==~TAAAGCAGGCTGAAT ~CCA~G~CCAGAATAGT G-~ GTGCATGGAATAATAGAACAGGACCTTGGTTCTATTCT-GTTGGT T TTCGGAATCC-AAGGTAATGATCAATAAGGACAGAC-
TENEBRIO =-=TAAAGCAGGCTAAAACTTC=G~CCTGAATACTGT-GTGCATGGAATAATGGAATAGGACCTCGGTTCTATT T T~GTTGGTTTTCGGAAT T T TGAGGTAATGAT TAATAGGARCGGAT~
TETRAOPES ~=TARAGCAGGCTAAAATTTC-G-CCTGAATACTGT~GTGCATGGAATAAT GGAATAGGACCTCGGETTCTATT TT~GT TGGT TT TCSGAACCCCGAGGTAATGAT TAATAGGAACGGAT ~
TIPULA -=TAAAGCAGGCCATT--TGT~G-CCTGAATATTCT-CTGCATGGAATAATGGAATAAGACGTCTGT TCTAT T TTCATTGGT TT TTRGATCAA~GACGTAATGAT TAATAGAAGCAGT T~
TRIOZOCERA ~=TARAGCAGGCARATTTATATGCCTTGAATATCG-~CAGCATGGAATAATAGAATATGATCTCGGTACCGNNNN-NNNNNNNN ~NNNNNNNN=-NAGATAATGAT TARTAGAGACGGAT -
WARRAMABA ~=TAAAGCAGGCAAGG=~CC~-~G-CT~GAATACTGT~-GTGCATGGAATAATGGRATAGGACCTCGGT TCTATTTT-GTTGGT T TTCGGAACCC~GAGGTAATGAT TACTAGGA-CAGGC -
XENOS ~=TAAAGCAGGCAAATTTATATGCCTTGAATATAA--CAGCATGGAATAATAGAATATGATCTCGATACTGNNNN-NNNNNNNN~NNNNNNNN-NAGATAATGATCAATAGAGACGGAT~
LIBELLULA GGGGGCATTCGTATTGCGA=-GT TAGAGGTGARAT TCT TGGATCGTCGCAAGACGAACCGATGCOGAAARGCATTIGCCRAAGRACST T TTCATTAATCAAGAACGARAGT TAGRGGT TCGARG
RASCALAPHA GGGGGCATG-GTGAAATTCTTGGATCGGTGARATTCT TGGATCGTCGCARAGACGAACATCAGCGAAAGLATT TG CAARGGTGTTTTCATCAATCAAGAACGARAGT TAGAGGTTCGAAG
CAENOCHOLAX GGGGGCATTCGTACTACGACGC TAGAGGT GARAT TCT TGGACCGTCGTARGACGAAC TGRAGCGAAAGCGT TTGTCAARAACGT TTTCATTGATCAAGAACGAAAGT TAGAGGT TCGAAG
CRAWFORDIA GGGGGCATTCGTACTACGACGC TAGAGGTGAAATTCT TGGACCGTCGTAAGACGAAC T GARAGCGAAAGCGT TTGTCAARAACGTTTTCAT TGATCAAGAACGAAAGT TAGAGGT TCGAAG
CTENOCEPH GGGGGCATTCGTATTGCGACGT TAGAGGTGAAATTCTTGGATCGTCGCAAGACGGACAGAAGCGARAGCATTTGCCARATGTGTTTTCATCAATCAAGAACGAAAGT TAGAGGT TCGARG
DROSOPHILA GGGGGCATTAGTAT TACGACGCGAGAGGTGAAATTCTIGGACCGTCGTARGACTAACT TAAGCGARAGCATTTGCCAAAGATGTTTTCAT TAATCAAGAACGAARGT TAGAGGT TCGAAG
GALLERIA GGGGGCATTCGTATTGCGACGT TAGAGGTGAAATTCT TGGATCGTCGCARGACGAACATCAGCGARAGCATTTGCCARAGGTGTTTTCATCARTCAAGAACGARAGT TAGAGGT TCGAAG ’
HEMEROBIUS GGGGGCATTCGTAT TGCGACGT TAGAGGTGAAATTCTTGGATCGTCGCAAGACGGACAGAAGCGAAAGCATTTGCCAARRATGT TTTGAT TGATCAAGAACGAAAGT TAGAGGT TCGAAG
HYDROPSYCHE GGGGGCATTCGTATTGCGACGT TAGAGGTGARAT TCT TGGATCGTCGCAAGACGGACTAAAGCGARAGCAT T TGCCARAGSTGT TTTCATTAATCAAGAACGAAAGT TAGAGGT TCGAAG
MONOBIA GGGGGCATTCGTATTGCGACGT TAGAGGTGAAATTCTTGGATCGTCGCAAGACGGACAGAAGCGARAGCAT TTGCCAAARATGT TTTCATTAATCAAGAACGAAAGT TAGAGGT TCGAAG
MYTHICOMYIA GGGGGCATTAGTAT TACGACGC-AGAGGTGAAATTCTTGGACCGTCGTAAGACTAACT TAAGCGARAGCAT T TGCCARAGATGT TTTCAT TAATCAAGAACGAAAGT TAGAGGT TCGAAG
ONCOMETOPIA GGGGGCATTCGTAT TGCGACGT TAGAGGTGAAAT TCTTGGATCGTCGCARGACGTACCTARGCGARAGCATTTGCCAAGTATGTCCTCGT TAATCAAGAACGAAAGT TAGAGGT TCGAAG
OPHION GGGGGCATTCGTAT TGCGACGT TAGAGGTGAAAT TCT TGGATCGTCGCAAGACGGACAGAAGCGAAAGCAT TTGCCARAAAATGTTTTCATTAATCAAGAACGAAAGT TAGAGGT TCGAAG
PANORFA GGGGGCATTCGTATTGCGACGT TAGAGGTGARAT TCT TGGATCGTCGCAAGACGGACAGAAGCGAAAGCATTTGCCAAATGTGTTTTCATCAATCAAGARCGAAAGT TAGAGGT TCGRAG
PYGNOPSYCHE GGGGGCATTCGTAT TGCGACGT TAGAGGTGAAAT TC T TGGATCGTCGCAAGACGGAC TAAAGCGARAGCAT T TGCCAAAGGTGT TTTCAT TAATCAAGAACGAAAGT TAGAGG T TCGARG
RHIPIPHORUS GGGGGCATTCGTATTGCGACGT TAGAGGTGAAAT TCT TGGACCGTCGCAAGACGGAGAGTAGCGAAAGCAT T TGCCARAAACGCTTTCAT TGATCAAGAACGAAAGT TAGAGGT TCGAAG
SALDULA GGGGGCATTCGTAT TGCGACGT TAGAGGTGARAT TGT TGGACCGTCGCAAGACGTACTAAAGCGAAAGCAT T TGCCAAGAATGTCT TAAT TGATCAAGAACGAAAGT TAGAGGTTCGAAG
TENEBRIO GGGGGCATTCGTAT TGCGACGT TAGAGGTGAAAT TCTTGGATCGTCGCAAGACGGACAAAAGCGAAAGCATTTGCCAAAAACGCTTTCATTGATCAAGAACGAAAGT TAGAGGT TCGAAG
TETRAOPES GGGGGCATTCGTAT TGCGACGT TAGAGGT GAAAT TCT TGGATAGTCGCAAGCAAGACAGAAGCGAAAGCAT TTGCCAAARACGCTTTCAT TGATCAAGAACGAARGT TAGAGGT TCGARG
TIPULA GGGGGCATTAGTAT TACGGCGCGAGAGGTGAAAT TCGTGGACCGTCGTAAGACTAACATAAGCGAAAGCATTTGCCAAAGATGTTTTICAT TAATCAAGAACGAAAGT TAGAGGTTCGAAG
TRIOZOCERA GGGGGCATTCGTAC TACGACGCTAGAGGTGARATTCT TGGACCGTCGTAAGACGAAC TGAAGCGAAAGCGTTTGTCAAARACGTTTTCAT TGATCAAGAACGAAAGT TAGAGGTTCGAAG
WARRAMABA GGGGGCATTCGTAT TGCGACGT TAGAGGT GARAT TCT TGGATCGTCGCAAGACGAAGCGAAGCGAACAAGT TTGCCAAGAATGTTCTCGTTGATCAAGAACGAAAGT TAGAGGTTCGAAG &2

XENOS GGGGGCATTCGTAC TACGAGGCTAGAGGTGAAAT TGT TGGACCGTCGTAAGACGAAC TGAAGCGAAAGCGTTTGTCAARAACGTTTTCATTGATCAAGAACGARAGT TAGAGGTTCGAAG ('E
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Figure 16. (B)

GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCCAGCGATCCGCCGAAGT TCCTCCGATG-A~CTC~GGCGGGCAGCTTCCGG=AA=CCAAAG= === === === m === —a=
GCGATTAGATACCCGCCTAGT TCTAACCGTAAATNATGTCATCTAGCGATCCGCCGACGT TACTACAATG-G~CTC-GGCGGGCAGC T TCCGGGARACCAAAGAT TT TGGTCTCCGGGGG
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCGACCAGCGATCCGYCGATGT TCATTYAAAT TGACTC~GACGGGCAGC T TCCGGGAAACCAAAGT TTT TGGGT TCCGGGGE
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCGACCAGCGATCCGTCGATGT TCATTTAAAT TGACT C~GACGGGCAGC T TCCGGGAAACCAAAGT TTT TGGGTTCCGGGGG
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCGATCCGCCGAAGT TCCTCCGATG-A~CTC-GGCGGGCAGCTTCCGGGAAACCAAAGCT TTTGGGT TCCGGGGE
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCAATTGGGTGTAGCTACTTTTATG-G-CTCTCTCAGTCGCTT-CCGGGAAACCAAAGCT TT TGGGCTCCGGGGG
GCGATTAGATACCGCCCTAGT TCTAACCGTAAATNATGTCATCTAGCGATCCGCCGACGT TACTACAATG-G~CTC-GGCGGGCAGCTTCCGGGAAACCAAAGAT TTTGGTCTCCGGGGE
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCGATCCGCCGAAGT TCCTCCGATG~A~CTC~GGCGGGCAGC T TCCGGGAAACCAAAGCGT T TGGGT TCCGGGEE
GCGATTAGATACCGCTGTAGT TCTAACCATAAATGATGCCAGCTAGCGATCCGCCGAAGT TCCTTCGAT TNNNNNN-GGTGGGCAGCTCCCGGGAAACCAAAGCT TTCGGGC TCCGGGGE
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCGATCCGCCGAAGT TCCTCCGATG-A-CTC-GGCGGGCAGC T TCCGGGAAACCAAAGCT TTTGGGT TCCGGGGE
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCAATTGGGTGTAGCTACTTTTATG-G-CTTTCTCAGTCGCTTCCCGGGAAACCAAAGCT TT TGGGC TCCGGGGG
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCCAGCGATCCGCCGAAGT TCCTCCGATG-A-CTC-GGCGGGCAGCT TCCGGGAAACCAAAGC T TTTGGGT TCCGGGGG
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCGATCCGCCGAAGT TCCTCCGATG-A-CTC-GGCGGGCAGCTTCCGGGAARCCAAAGCT TTTGGGT TCCGGGEG
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCGATCCGCCAAAGT TCCTCCGATG-A~CT T =GGCGGGCAGC T TCCGGGAAACCAAAGCT TTTGGGT TCCGGGGE
GCGATTAGATACCGCTGTAGT TCTAACCATAARTGATGCCAGCCAGCGATCCGCCGAAGT TTCTTAATT T TAACCC-GGTGGGCAGC TCCCGGGAAACCAAAGCT TTCGGGC TCCGGGEG
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCGATCCGCCGACGT TCCTCATATG-A~CTC-GGCGGGCAGCT TCCGGGAAACCAAAGCT TTTGGGT TCCGGGGG
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGTCAGCCAGCGATCCGCCGACGT TCAT TGAAT G-G-CTC~-GGCGGGCAGC T TCCCGGAAACGAAAGCT T TCGGGT TCCGGGGG
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCGATCCGCCGACGT TCCTCCGATG-A~CTC~-GGCGGGCAGCT TCCGGGAAACCAAAGCT TTTGGGTTCCGGGGE
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCGATCCGCCGACGT TCCTCCGATG-A~CTC~GGCGGGCAGCT TCCGGGAAACCAAAGCT TTTGGGT TCCGGGGG
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCAAT TGGATGGAGCTACTTATATG-G~CTCTTTCAGTCGCTTTCCGGGAAACCARAGCT T TTGGGC TCCGGGGE
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCGACTAGCGATCCGTCGATGT TCATT TAAAT TGACTC-GACGGGCAGCT TCCGGGAAACCAAAGT TTTTGGGT TCCGGGGE
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCCAGCGATCCGTCGACGT TCCTTTTATG-A~CTC~GGCGGGCAGCT TCCGGGAAACCAAAGC T TTTGGGT TCCGGGGE
GCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCGACCAGCGATCCGTCGATCTTCATTCAAAT TGACTC~GACGGGCAGCT TCCGGGAAACCAAAGT TTTTGGGT TCCGGGGG

A==T=-GGTTGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCT-C~-~CTTAAT T TGACTCAACACGGGAAACCT TACCAGGCCCAGACACCG-AAG--A
A-GTATGGTIGCAMAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCT TAAT T TGACTCAACACGGGAAATCTCACCAGGCCCGGACACCGGAAG-GA
AAGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGTACCACCAGGAGTGGAGCTTGCGGCT TAAT T TGAC TCAACACGGGAAACCTCACCAGGT CAGGACACTGATAG-GA
AAGTATGGTTGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGT GGAGCTTGCGGCT TAAT T TGACTCAACACGGGAAATCTCACCAGGCCCGGACACCGAAAG-GA
AAGTATGGT TGCAAAGCTGAAACT TARAGGAAT TGACGGAAGGGCACTACAAGGAGT GGAGCCTGCGGCTTAAT TTGACTCAACACGGGAAACCTCACCAGGT CCGGACACCGGAAG-GA
AAGTATGGTTGCAAAGCTGAAACT TAAAGGAAT TGACGGARGGGCACCACCAGGAGT GGAGCCTGCGGCTTAAT TTGACTCAACACGGGARAACT TACCAGGT-CGAACATAA-GTGTGT
A-GTATGGTTGCAAAGCTGAARCTTAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCT TAAT TTGACTCARCACGGGARATCTCACCAGGCCCGGACACCGGAAG-GA
AAGTATGGTTGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGT GGAGCCTGCGGCTTAAT T TGAC TCAACACGGGAAACCTCACCAGGCCCAGACACCGGAAG-GA
CAGTATGGTTGCAAAGCTGAARCTTAAAGGAAT TGACGGAAGGGCACCACCAGGAGT GGAGCCTGCGGCT TAAT TTGACTCARCACGGGAAACCTNACCAGGCCCAGACACYGGAAG-GA
AAGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT TTGACTCAACACGGGAAACCTCACCAGGCCCGGACACCGGAAG=GA
AAGTATGGTTGCAAAGCTGAAACTTAAAGGAAT TGACGGARGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT T TGACTCARCACGGGARAACT TACCAGGT CCGARCATAA-ATGAGT
AAGTATGGTTGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT T TGACTCAACACGGGARACCTCACCAGGCCCGGACACCGGAAG~GA
AAGTATGGTTGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGT GGAGCCTGCGGCT TAAT T TGACTCAACACGGGARACCTCACCAGGCCCGGACACCGGAAG-GA
ARGTATGGTTGCAAAGT TGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTCCGGCT TAAT TTGAC TCARCACGGGARACCTCACCAGGCCCGGACACTGGARG=GA
CAGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCT TAAT TCGACTCAACACGGGARAACT CACCAGGCCCGGACACTGGAAG-GA
AAGTATGGTTGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGC~GCT TAAT TTGACTCAACACGGGAAACCTCACCAGGCCCAGACACCGGAAGGA
AAGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGC T TAAT TTGAC TCARCACGGGAAACCT CACCAGGCCCGGACAT TGGAAG-GA
MAGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGC T TAAT TTGACTCARCACGGGAAACCTCACCAGGCCCGGACACCGGAAG-GA
AAGTATGGTTGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCT TAAT T TGACTCAACACGGGAAACCTCACCAGGCCCGGACACCGGAAG-GA
AAGTATGGT TGCAAAGCTTAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGC T TGCGGCT TAAT TTGAC TCAACACGGGGAAAC T TACCAGGT CCGAACATAA-ATGAGT
AAGTATGGTTGCAAAGCTGAAACT TAARAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCTTGCGGCT TAAT T TGACTCAACACGGGAAATCTCACCAGGCCCGGACACCGAAAG-GA
AAGTATGGTTGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT TTGACTCAACACGGGAAACT

AAGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGC T TGCGGC T TAAT TTGACTCARCACGGGAAAT C TCACCAGGCCCGGACACCGAAAG=GA

TTGAC-GATTGAGAGCTCTTTCTTGAT TCGGTGGGTGETGGTGCATGGCCGT TCT TAGT TGGTGG-GCGAT TTGTCTGGT TAAT TCCGATARCGAACGAGACTC
TTGACAGAT TAACAGCTCTTTCTTGAT TCGGTGGGTGGTGGTGCATGGCCGTTCT TAGT TGGTGGAGCGAT T TGTCTGGT TAATTCCGATAACGAACGAGACTC
TTGACAGATTGATAGCTCTTTCTTGAT TCAGTGGGTGGTGGTGCATGGCCGTTCT TAGT TGGTGGAGCGAT TTGTCTGGTTAATTCCGATAACGAACGAGACTC
TTGACAGATTAATAGCTCTTTCTTGAT TCGGTGGGTGGTGGTGCATGGCCGTTCT TAGT TGGTGGAGCGAT TTGTCTGGT TAATTCCGATAACGAACGAGACTC
TTGACAGATTGAGAGCTCTTTCTTGATTCGGTGGGTGGTGGTGCATGGLCGTTCT TAGT TGGTGGAGCGAT TTGTCTGGT TARTTCCGATARCGAACGAGACTC
AAGACAGATTGATAGCTCTTTCTCGAATCTATGGGTGGTGGTGCATGGCCGTTCTTAGT TCGTGGAGTGAT TTGTCTGGTTAATTCCGATARCGAACGAGACTC
TTGACAGATTAACAGCTCTTTCTTGAT TCGGTGGGTGGTGGTGCATGGCCGT TCT TAGT TGGTGGAGCGAT TTGTCTGGT TAATTCCGATAACGAACGAGACTC
TTGACAGATTGAGAGCTCTTTCTTGAT TCGGTGGGTGGTGGTGCATGGCCGT TCT TAGT TGGTGGAGCGAT TTGTCTGGT TAATTCCGATAACGAACGAGACTC
TTGACAGATTGACAGCTCTTTCTTGAT TCGGTGGGT GGTGGTGCATGGCCGT TCT TAGT TGGTGGAGYGATTTGTCTGGTTAATTCCGATAACGAACGAGACTC
TTGACAGATTGATAGCTCTTTCTTGAT TCGGTGGGTGGTGGTGCATGGCCG T TCT TAGT TGGTGGAGCGAT T TGTCTGGTTAAT TCCGATAACGAACGAGACTC
AAGACAGATTGATAGCTCTTTCTCGAATCTATGEGTGGTGGTGCATGGCCGTTGT TAGT TCGTGGAGTGAT TTGTCTGGTTAATTCCGATAACGAACGAGACTC
TTGACAGATCGATAGCTCTTTCTTGATTCAGTGGGTAGTGGTGCATGGCCGT TCT TAGT TGGTGGACTGAT TTGTCTGGT TTATTCCGATAACGAACGAGACTC
TTGACAGATTGACAGCTCTTTCT TGAT TCGGTGGGTGGTGGTGCATGGCCGT TCT TAGT TGGTGGAGCGAT T TGTCTGGT TAAT TCCGATAACGAACGAGACTC
TTGACAGATTGAGAGCTCTTTCT TGAT TCAGTGGGTGGTGGTGCATGGCCGTTCT TAGT TGGTGGAGCGAT TTGTCTGGT TAATTCCGATAACGAACGAGACTC
TTGACGGATTAACAGCTCT TTCTCGAT TCGGTGEGTGGTGGTGCATGGCCGCTCT TAGT TGGTGGAGCGAT TTGTCAGGT TAAT TCCGATAACGAACGAGACTC
TTGACAGATTGAGAGCTCTTTCT TGATTCGGTGGGTGGTGGTGCATGGCCGT TCTTAGT TGGTGGAGCGAT TTGTCTGGT TAAT TCCGATAACGAACGAGACTC
TTGACAGATTGATAGCTCTTTCT TGATTCAGTGGGTAGTGGTGCATGGCCGTTCTTAGT TGGTGGAACGATTTGTCTGGT TAATTCCGATAACGAACGAGACTC
TTGACAGAT TGAGAGCTCTTTCT TGATTCGGTGGGTGGTGGTGCATGGCCGT TCTTAGT TGGTGGAGCGATTTGTCTGGTTAAT TCCGATAACGAACGAGACTC
TTGACAGAT TGAGAGCTCTTTCT TGAT TCGGTGGGTGGTGGTGCATGGCCGT TCTTAGT TGGTGGAGCGAT TTGTCTGGTTART TCCGATAACGAACGAGACTC
AAGACAGATTAATAGCTCTTTCTCGAATCTATGGGTGGTGGTGCATGGCCGTTCT TAGT TCGTGGAGTGATTTGTCTGGTTAAT TCCGATARCGAACGAGACTC
TTGACAGATTAATAGCTCTTTCT TGAT TCGGTGGGTGGTGGTGCATEGCCGT TCT TAGT TGGTGGAGCGAT TTGTCTGGT TAAT TCCGATAACGAACGAGACTC
TTGACAGATTGAGAGCTCTTTCTTGAT TCGGTGGGTGGTGGTGCATGGCCGTTCTTAGT TGGTGGACTGATTTGTCTGGTTART TCCGATAACGAACGAGACTC
TTGACAGATTAATAGCTCTTTCTTGAT TCGGTGGGTGGTGGTGCATGGCCGT TCT TAGT TGGTGGAGCGATTTGTCTGGT TAAT TCCGATAACGAACGAGACTC




Figure 16 C.

LIBELLULA CGGGGGCATTCGTATTGCGA-GTTAGAGGTGAAATTCTTGGATCGTCGCAAGACGAACCGATGCGAAAGCATTTGCCAAGAACGT TTTCAT TAATCAAGAACGAAAGT TAGAGGT TCGAR 'ﬁ
ASCALAPHA TGGGGGCA-TGGTGARATTCT TGGATCGGTGAAATTCTTGGATCGTCGCAAGACGAACATCAGCGARAGCATT TGCCARAGGTGTTTTCATCAATCAAGAACGAAAGT TAGAGGTTCGAA N
CAENOCHOLAX TGGGGGCATTCGTACTACGACGCTAGAGGTGAAAT TCTTGGACCGTCGTAAGACGAACTGAAGCGAMAGCGT T TGTCAAAAACGT TTTCATTGATCAAGAACGAAAGT TAGAGGT TCGAA
CRAWFORDIA TGGGGGCATTCGTACTACGACGCTAGAGGTGAAAT TCTTGGACCGTCGTAAGACGAACTGAAGCGAAAGCGT T TGTCAAAAACGT TTTCATTGATCAAGAACGAAAGT TAGAGGT TCGAA
CTENOCEPH TGGGGGCATTCGTATTIGCGACGT TAGAGGTGAAAT TCTTGGATCGTCGCAAGACGGACAGAAGCGAAAGCATTTGCCAAATGTGT TTTCATCAATCAAGAACGAAAGT TAGAGGT TCGAA
DROSOPHILA TGGGGGCATTAGTATTACGACGCGAGAGGTGARAT TCTTGGACCGTCGTAAGACTAACT TAAGCGAAAGCATTTGCCAAAGATGTTTTCATTAATCAAGAACCGAAAGT TAGAGGT TCGAA
GALLERIA TGGGGGCATTCGTATTGCGACGT TAGAGGTGAAAT TCTTGGATCGTCGCAAGACGAACAT CAGCGAAAGCAT T TGCCAAAGGTGTTTTCATCAATCAAGAACGAAAGT TAGAGGT TCGAA
HEMEROBIUS TGGGGGCATTCGTATTGCGACGT TAGAGGTGAAATTCTTGGATCGTCGCAAGACGGACAGAAGCGAAAGCATTTGCCAARAAATGTTTTGAT TGATCAAGAACGAAAGT TAGAGGTTCGAA
HYDROPSYCHE TGGGGGCATTCGTAT TGCGACGT TAGAGGTGAAATTCTTGGATCGTCGCAAGACGGACTAAAGCGAAAGCATTTGCCAAAGGTGTTTTCAT TAATCAAGAACGAAAGT TAGAGGT TCGAA
MONQBIA TGGGGGCATTCGTATTGCGACGT TAGAGGTGAAATTCT TGGATCGTCGCAAGACGGACAGAAGCGAAAGCATTTGCCAAAAATGTTTTCAT TAATCAAGAACGAAAGT TAGAGGT TCGAA
MYTHICOMYIA TGGGGGCATTAGTATTACGACGC~AGAGGTGAAAT TCTTGGACCGTCGTAAGACTAACT TAAGCGAAAGCATT TGCCAAAGATGTTTTCAT TAATCAAGAACGAAAGT TAGAGGTTCGAA
ONCOMETOPIA CGGGGGCATTCGTAT TGCGACGT TAGAGGTGAAATTCT TGGATCGTCGCAAGACGTACCTAAGCGAAAGCAT T TGCCAAGTATGTCCTCGT TAATCAAGAACGAAAGT TAGAGGTTCGAA
OPHION TGGGGGCATTCGTAT TGCGACGT TAGAGGTGAAAT TCTTGGATCGTCGCAAGACGGACAGAAGCGAAAGCAT TTGCCAAAAATGTTTTCAT TAATCAAGAACGAAAGT TAGAGGT TCGAA
PANORPA TGGGGGCATTCGTAT TGCGACGT TAGAGGTGAAAT TCTTGGATCGTCGCAAGACGGACAGAAGCGAAAGCATTTGCCAAATGTGT TTTCATCAATCAAGAACGARAGT TAGAGGT TCGAA
PYGNOPSYCHE TGGGGGCATTCGTAT TGCGACGT TAGAGGTGARATTCT TGGATCGTCGCAAGACGGAC TAAAGCGAAAGCAT T TGCCAAAGGTGTTTTCAT TAATCAAGAACGAAAGT TAGAGGT TCGAA
RHIPIPHORUS TGGGGGCATTCGTATTGCGACGT TAGAGGTGARAT TCTTGGACCGTCGCAAGACGGAGAGTAGCGARAGCAT T TGCCAAAAACGCT TTCAT TGATCAAGAACGAAAGT TAGAGGTTCGAA
SALDULA CGGGGGCATTCGTAT TGCGACGT TAGAGGTGAAATTGT TGGACCGTCGCAAGACGTACTAAAGCGAAAGCAT TTGCCAAGAATGTCTTAAT TGATCAAGAACGAAAGT TAGAGGT TCGAA
TENEBRIO TGGGGGCATTCGTATTGCGACGT TAGAGGTGAAAT TCTTGGATCGTCGCAAGACGGACAAAAGCGARAGCAT TTGCCAAAAACGCTTTCAT TGATCAAGARCGAAAGT TAGAGGTTCGAA
TETRAOPES TGGGGGCATTCGTAT TGCGACGT TAGAGGTGAAAT TCTTGGATAGT CGCAAGCAAGACAGRAGCGAAAGCAT T TGCCAARAACGCTTTCATTGATCAAGAACGAAAGT TAGAGGT TCGAA
TIPULA TGGGGGCATTAGTAT TACGGCGCGAGAGGTGAAAT TCGTGGACCGTCGTAAGACTAACATAAGCGAAAGCAT TTGCCAAAGATGTTTTCAT TAATCAAGAACGAAAGT TAGAGGT TCGAA
TRIOZOCERA TGGGGGCATTCGTACTACGACGCTAGAGGTGAAAT TCTTGGACCGTCGTAAGACGAACTGAAGCGAAAGCGT TTGTCAAAAACGTTTTCAT TGATCAAGAACGAAAGT TAGAGGT TCGAA
WARRAMABA CGGGGGCATTCGTATTGCGACGTTAGAGGTGAAAT TCTTGGATCGTCGCAAGACGAAGCGAAGCGAACAAGT TTGCCAAGAATGT TCTCGT TGATCAAGAACGRAAGT TAGAGGT TCGAA
XENOCS TGGGGGCATTCGTACTACGAGGCTAGAGGTGAAAT TGT TGGACCGTCGTAAGACGAACTGAAGCGARAGCGTTTGTCAAAAACGT T TTCAT TGATCAAGAACGAAAGT TAGAGGT TCGAA
LIBELLULA GGCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCCAGCGATCCGCCGAAGT TCCTCCGA--TGACTCGGCGGGCAGCTT~CC-GG-AACC- A~ mmm e m = =
ASCALAPHA GGCGATTAGATACCCGCCTAGT TCTAACCGTAARTNATGTCATCTAGCGATCCGCCGACGT TACTACAA==TGGCTCGGCGEGCAGCT T-CCGGGAAACCAAAGAT T TTGGTCTCCGGGG
CAENOCHOLAX GGCGATCAGATACCGCCCTAGT TCTAACCATARACGATGCCGACCAGCGATCCGYCGATGTTCATTYAAAT TGACTCGACGGGCAGCT T-CCGGGAAACCARAGT TTTTGGGT TCCGGGG
CRAWFQRDIA GGCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCGACCAGCGATCCGTCGATGTTCATTTAAAT TGACTCGACGGGCAGCT T~CCGGGAAACCAAAGT T TTTGGGT TCCGGGG
CTENOCEPH GGCGATCAGATACCGCCCTAGTTCTAACCATAAACGATGCCAGC TAGCGATCCGCCGRAGT TCCTCCGA=-=TGACTCGGCGGGTAGC T T~ CCGGGAAACCARAGCTTTTGGGT TCCGGGG
DROSOPHILA GGCGATCAGATACCGCCCTAGT TCTAACCATARACGATGCCAGCTAGCAAT TGGGTGTAGCTACT TTTA--TGGCTCTCTCAGTCGCT T-CCGGGAAACCARAGC T TTTGGGCTCCGEGE
GALLERIA GGCGATTAGATACCGCCCTAGT TCTAACCGTARATNATGTCATCTAGCGATCCGCCGACGT TACTACAA~~TGGCTCGGCGGGCAGCT T-CCGGGAAACCARAGAT TTTGGTCTCCGGGG
HEMEROBIUS GGCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCGATCCGCCGARAGT TCCTCCGA-~TGACTCGGCGGGCAGL T T~CCGGGARACCAAAGCGT TTGGGTTCCGGGE
HYDROPSYCHE GGCGATTAGATACCGCTGTAGT ICTAACCATARATGATGCCAGCTAGCGATCCGCCGAAGT TCCTTCGAT TNNNNNNGGTGGGCAGC TC-CCGGGARACCARAGC T TTCGGGCTCCGGGE
MONQBIA GGCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCGATCCGCCGAAGT TCCTCCGA-~TGACTCGGCGGECAGC T T~CCGGGAAACCAAAGCTTTTGGGTTCCGGGE
MYTHICOMYIA GGCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCAAT TGGGTGTAGCTACTTTTA=~TGGCT I TCTCAGTCGCTTCCCGGGARMACCARAAGC T TTTGGGCTCCGGGG
ONCOMETOPIA GGCGATCAGATACCGCCCTAGT TCTAACCATARACGATGCCAGCCAGCGATCCGCCGAAGT TCCTCCGA~~TGACTCGGCGGGCAGC T T~CCGGGAAACCARAGC TTTTGGGT TCCEGGE
OPHION GGCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCGAT CCGCCGAAGT TCCTCCGA-~TGACTCGECGGGCAGC T T~CCGGGAAACCAAAGC TTTTGGGT TCCGGGE
PANOCRPA GGCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCGATCCGCCAAAGT TCCTCCGA~~TGACT TGGCGGGCAGC T T ~CCGGGAMACCAARGCTTTTGGGT TCCGGGG
PYGNOPSYCHE GGCGATTAGATACCGCTGTAGT TCTAACCATAAATGATGCCAGCCAGCGATCCGCCGARGTTTCTTAATTTTAACCCGGTGGGCAGC TC~CCGGGAAACCAAAGC TTTCGGGCTCCGGGE
RHIPIPHORUS GGCGATCAGATACCGCCCTAGTTCTAACCATAARCGATGCCAGCTAGCGATCCGTCGACGTTCCTCATA~~TGACTCGGLGGGCAGC T T~ COGGGAAACCAAAGCTTTTGGET TCCGGGE
SALDULA GGCGATCAGATACCGCCCTAGTTCTAACCATAAACGATGTCAGCCAGCGATCCGCCGACGT TCATTGAA~~TGGCTCGGCGGGCAGCT T~CCCGGAMACGAAAGC T TTCGGGT TCCGGGEE
TENEBRIO GGCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCGATCCGCCGACGT TCCTCOGA~~TGACTCGGCGGGCAGLT T~ CCGGGAMACCARAGC TTTTGGGT TCCGGGE
TETRAOPES GGCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCTAGCGAT CCGCCGACGTTCCTCCGA=~ TGACTCGGCGGGCAGCT T~ CCGGGAMACCAAAGC T TTTGGGT TCCGGGE
TIPULA GGCGATCAGATACCGCCCTAGT TCTAACCATAARCGATGCCAGCTAGCAAT TCGATGGAGCTACTTATA=~TGGCTCTTTCAGTCGC T T TCCGGGAAACCARAGE TTTTGGGCTCCGEGG
TRIOZOCERA GGCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCGACTAGCGATCCGTCGATGT TCAT TTAAAT TGACTCGACGGGCAGC T T~CCGGGAAACCARAGT TTTTGGGT TCCGGGG
WARRAMABA GGCGATCAGATACCGCCCTAGT TCTAACCATAAACGATGCCAGCCAGCGATCCGTCGACGTTCCTTTTA~=TGACT CGGCGGGCAGCT T~ CCGGGAAACCARAGC TTT TGGGTTCCGGGG
XENOS GGCGATCAGATACCGCCCTAGT TCTARCCATAAACGATGCCGACCAGCGATCCGTCGATC T TCAT TCAAATTGACT CGACGGGCAGC T T~CCGGGAAACCARAGT TTTTGEGTTCCGEGEE

LIBELLULA =AAG-ATGGTTGCAAAGCTGAAACTTARAGSAN

ASCALAPHA G—AG':MmrrmmxrmcnmmmmcmmmmmnmnTsacrmmmn:tmmm
CAENCCHOLAX GAAGTATGGTTGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGTACCACCAGGAGTGGAGCTTGCGGCTTAATT TGACT CAACACGGGAAACCTCACCAGGT CAGGACACTGATAGGA
CRAWFORDIA GAAGTATGGT TGCARAGCTGAAACT TARAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCTTGCGGCTTAAT T TGACTCAACACGGGAAATCTCACCAGGCCCGGACACCGAAAGGA
CTENOCEPH GAAGTATGGTTGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACTACAAGGAGTGGAGCCTGCGGCTTAAT T TGACTCAACACGGGARAACCTCACCAGGT CCGGACACCGGAAGGA
DROSOPHILA GAAGTATGGT TGCAAAGCTGAAACTTAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT TTGACTCAACACGGGAAAACTTACCAGGT ~CGAACATAAGTGTGT
GALLERIA G-AGTATGGTTGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGT GGAGCCTGCGGCTTAAT T TGACTCARCACGGGAAATCTCACCAGGCCCGGRCACCGGAAGGA
HEMEROBIUS GAAGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT T TGACTCAACACGGGAAACCTCACCAGGCCCAGRCACCGGAAGGA
HYDROPSYCHE GCAGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT T TGACTCAACACGGGAAACCTNACCAGGCCCAGACACYGGAAGGA
MONOBIA GAAGTATGGT TGCAAAGCTGARACT TAARGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGLGGCTTAATT TGACTCRACACGGGAAACCTCACCAGGCCCGGACACCGGAAGGA
MYTHICOMYIA GAAGTATGGTTGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGEAGCCTGCGGCTTAAT T TGACTCAACACGGGAAAACT TACCAGGTCCGAACATAAATGAGT
ONCOMETOPIA GAAGTATGGT TGCARAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT T TGACTCAACACGGGAAACCTCACCAGGCCCGGACACCGEAAGGA
OPHION GAAGTATGGTTGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT T TGACTCAACACGGGARACCTCACCAGGCCCGGACACCGGAAGGA
PANORPA GARGTATGGT TGCAAAGT TGARACTTARAGGAAT TGACGGAAGGGCACCACCAGGAGT GGAGCCTGCGGC T TAAT TTGACT CAACACGGGARACCTCACCAGGCCCGGACACTGGAAGGA
PYGNOPSYCHE GCAGTATGGTTGCAAAGCTGAAACT TARAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGC TTAAT ICGACTCARCACGGGAAARCTCACCAGGCCCGGACAC TGGAAGEA
RHIPIPHORUS GAAGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGT GGAGCCTGC-GCTTAAT TTGAC TCAACACGGGAAACCTCACCAGGCCCAGACACCGGAAGGA
SALDULA GAAGTATGGT TGCAAAGCTGAAACT TARAGGAAT TGACGGAAGGGCACCACCAGGAGT GGAGCCTGCGGCTTAAT TTGACTCAACACGGGAAACCTCACCAGGCCCGGACATTGGAAGGA
TENEBRIO GAAGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT T TGACTCAACACGGGAAACCTCACCAGGCCCGGACACCGGAAGGA
TETRAOPES GAAGTATGGT TGCAAAGCTGAAACT TARAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT T TGAC TCAACACGGGAAACT TCACCAGGL CCGGACACCGGAAGGA
TIPULA GAAGTATGGTTGCAAAGCTTAARCT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCTTGCGGC T TAAT T TGACTCAACACGGGGAAACTTACCAGGT CCGAACATARATGAGT
TRIOZOCERA . GAAGTATGGT TGCAAAGCTGAAACTTAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCTTGCGECTTAATT TGACTCAACACGGGAAAT CTCACCAGGCCCGGACACCGARAGGA
WARRAMABA GAAGTATGGT TGCAAAGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT TTGACT CAACACGGGAARACCTCACCAGGCCCGGACACCGGAAGGA
XENOS GAAGTATGGT TGCAAAGCTGAAACTTAAAGGAAT TGACGGAAGGGCACCACCAGGAGTGGAGCTTGCGGCT TAATTTGACTCAACACGGGAARTCTCACCAGGCCIGGACACCGARAGGA
LIBELLULA CCTGAGARACGGCTACCACATCCAAGGRAGGCAGTAGGCGLGCARRT TACCCAC TOTCGGLATGEGCAGETAGTGACGRAAAATAACGATACGGGAC TT-~ATCTEAGEICT "'GT.D.-«T“'G
ASCALAPHA CCTGAGAAACGGCTACCACATSCAAGGARAGGCAGCAGGCGCGLAAAT TACCCACT CCCGGCACGGGGAGGTAGTGACGAAAARTAACGATACGGGACTC-~TTACGAGGCCTCGTA
CAENOCHOLAX CCTGAGRARACGGC TACCACATCTAAGGAAGGCAGCAGGCACGTARAT TACCCAATCCCAGCACGGGGAGGTAGTGACGAARAATRACAATCCGGAAC T - ~RARCGAGT D TCFGMU« 16
CRAWFCRDIA CCTGAGAAACGGC TACCACATCCAAGGAAGGCAGCAGGCGCGCARAT TACCTI AT TCCOGGLACGGGGAGGTAGTGACGATARATAACGATCCGGAACTC -~ TAATGAGT TTCCGTPJA'.“:S
CTENGCCEPH CCTGAGAAACGGC TACCACAT CCAAGGAAGGCAGCAGGCGCGCARAT TACCCACTCCCGGCACGGGGAGGTAGT GACGARAAATAACGATACGGGAC TC-~ATCCGAGGCICCGTAATNS
DROSOPHILA CCTGAGAAACGGC TACCACATCTAAGEAAGGCAGCAGGCGLGTARAT TACCCAC TLCCAGT TCGGEGGAGG TAGTGATGARARATAACARTACAGGACTCATATCCGAGGCCCTGTAATTG
GALLERIA CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGTAAAT TACCCAC T CCGGTACGGGGAGGTAGT GACGARARATAACGATACGGGACTC -~ TTACGAGGCCTCGTAATCG
HEMEROBIUS CCTGAGAAACGGCTACCACATCCAAGGARAGGCAGCAGGCGCGCAAMAT TACCCACTCCCGGCACGGGGAGGTAGT GACGARARATARCGATACGGGACTC--ATCCGAGGICCCGTAATCG
HYDROPSYCHE CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCAC TCCCGGCACGGGGAGGTAGTGACGAAAAATAACGATACGGGACTC -=ATCCGAGGCCTCGTAATIG
MONOBIA CCTGAGAAACGGCTACCACATCTARGGAAGGCAGCAGGCGIGCARATTACCCA CTCCCGGCACGGGGAGGTAGTGACGAMMTAACGATACGGGA’.‘TC-——ATCCGAGGCCCTGTAATC G
MYTHICOMYIA CCTGAGAAACGGCTACCACATCTARGGAAGGCAGCAGGCGCGTAAAT TACCCAC TCCCAGCACGGEGAGETAGTGACGRARAATAACAATACAGGAC TCATAT TCGAGGLCCTGTAATTG
ONCOMETOPIA CCTGAGAAACGGC TACCACAT CCAAGGAAGGCAGCAGGLACGCARAT TACCCACTCCCGGCACGGGGAGGTAGTGACARAARATARCGATACGGGACTC~~ATCCGAGGCCCCGTARTCG
OPHION CCTGAGAAACGGC TACCACATCTAAGGAAGGCAGCAGGCGLGCARAT TACCCAL TCCCGGTACGGGGAGGTAGTGACGARRAATARCGATACGGGACTC-~ATCCGAGGLCCCGTAATCG
PANORPA CCTGAGAAACGGC TACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCTCGGCACGAGGAGGTAGTGACGAAAAATAACGATACGGGACTC-~ATCCGAGGCCCCGTAATCG
PYGNOPSYCHE CCTGAGAAACGGC TACCACATCCAAGGAAGGCAGCAGGCGOGCARAT TACCCAC TCCCGGCACGGGGAGETAGT GACGARRAATAACGATACGGGACTC--GTCCGAGGCCTCGTGATCG
RHIPIPHORUS CCTGAGAAACGGE TACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT TACCCAC TCCCGGCACGGGGAGGTAGTGACGAAAAATAACGATACGGGACTC-~ATCCGAGGCCCGGTAATCG
SALDULA CCTGAGAAACGGC TACCACATCCAAGGRAGGCAGCAGGCACGCAAAT TACCCAC TCCCGGTACGEGGAGGTAGT GACARAAAATARCGATACGGGACTC-~ATCCGAGGCCCCGTAATCG
TENEBRIO CCTGAGAAACGGC TACCACATCCARGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCTGGLACGGGGAGGTAGTGACGAAAAATAACGATACGGGAL TC-~ATCCGAGGLCCCGTAATCG
TETRAOPES CCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGLGIGCAAAT TACCCACTCCCGGCACGGGGAGGTAGTGACGARARATAACGATACGGGACTC- ~ATCCGAGGCTCCGTARTCG
TIPULA CCTGAGAAACGGC TACCACATCTAAGGRAAGGCAGCAGGCGCGTAAAT TACCCAAT CCCAGCACGGGGAGGTAGTGACGARARATAACAATACAGGACTCA-ATCCGAGGCCCTGTAATTG
TRIOZOCERA CCTGAGAAACGGCTACCACATCCARGGAAGGCAGCAGGCACGCAAAT TACCCACTCCCAGCACGGGGAGGTAGTGACGATARATAACGATCCGGGACTC~~TTTAGAGT TTCCGTARTCG
WARRAMABA CCTGAGAAACGGC TACCACATCCAAGGAAGGCAGEAGGCGCGCAMAT TACCCAC TCCCGGCACGGGGAGGTAGTGACGAARAATAACGATACGGGACTC-~ATCCGAGGLCCCGTAATCG Lo

XENOS CCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGCGCGCAAAT TACCCACTCCCGGLACGGGGAGGTAGTGACGATARATAACGATCCGGAACTC-~AAATGAGT TTCCGTAATCG ﬁ




LIBELLULA GAATGAGAACACTTTAAATCCTTTAACGAGGATCTATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAAT TCCAGCTCCAATAGCGTATATTAAAGT TGT TGCGGT TATTAGAGTGET ﬁ

ASCALAPHA GAATGAGTACACTTTAAATATTTTAACGAGGAACAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAAT TCCAGCTCCAATAGCGTATACTAAAAT TGT TGCGGTTATTAGAGTGCT 0
CAENOCHOLAX GAATGAGTACAATTTAAAAACTTTAACGAGGAGCAAAT GGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAAT TCCAGCTCCATTAGTATATAT TAAAGT TGT TGCGGT TAT TAGAGTGCT
CRAWFORDIA GAATGAGCACAATTTARATCCTT TAACGAGGAGCAAATGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAAT TCCAGCTCCATTAGCATATAT TAAAGT TGT TGCGGTTAT TAGAGTGCT
CTENOCEPH GAATGAGTACACTTTAAATCCTTTAACGAGGATCTAT TAGAGGGCCAGTCTGGTGCCAGCAGCCGCGGTAAT TCCAGCTCTAATAGCGTATAT TAAAGT TGT TGCGGTTAT TAGAGTGCT
DROSOPHILA GAATGAGTACACTTTAAATCCTTTAACAAGGACCAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAAT TCCAGCTCCAATAGCGTATATTAAAGT IGT TGCGGTTAT TAGAGTGCT
GALLERIA GAATGAGTACACT TTARATATTTTAACGAGGAACAAT TGGAGGGCAAGT CTGGTGCCAGCAGCCGLGGTAAT TCCAGCTCCAATAGCGTATACTAAAATTGT TGCGGTTATTAGAGTGCT
HEMEROBIUS GAATGAGTACACTTTARATCCTTTAACGAGGACCAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATAT TAAAGTTGT TGCGGT TATTAGAGTGCT
HYDROPSYCHE GAATGAGTACACTTTAAATCCTTTAACGAGGATCCAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCRAATAGCGTATAT TAAAGTTGT TGCGGT TATTAGAGTGCT
MONOBIA GAATGAGTACACTTTAAATCCTTTAACGAGGATCCAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAAT TCCAGCTCCAATAGCGTATAT TAAAGT TGT TGCGGTTAT TAGAGTGET
MYTHICOMYIA GAATGAGTACACTTTAAATACT TTAACAAGGACCTAT TGGAGGGCAAGTCTGGTGCCAGCAGC TGCGGTAAT TCCAGC TCCAATAGCGTATAT TAAAGT TGT TGCGGTTAT TAGAGTGET
ONCOMETOPIA GAATGAGAACACCCTAAATCCTTTAACGAGGATCTATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATAT TARAGT TGT TGCAGT TATTAGAGTGCT
OPHION GAATGAGTACACTTTAAATCCTTTAACGAGGATCCAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAAT TCCAGC TCCAATAGCGTATAT TARAGT TGT TGCGGTTATTAGAGTGCT
PANORPA GAATGAGTACACTTTAAATCCTTTAACGAGGATCAAT TGGAGGGCAAGTC TGGTGCCAGCAGCCGCGGTAATTCCAGCTCTAATAGCGTATAT TARAGT TGT TGCGGTTATTAGAGTGET
PYGNOPSYCHE GAATGATTACACTTTAAATCCTTTAACGAGGATCCAT TGGAGGGCAAGTC TGGTGCCAGCAGCCGCGGTAAT TCCAGC TCCAATAGCATATAT TAAAGT TGT TGCGGTTATTAGAGTGECT
RHIPIPHORUS GAATGAGTACACTTTAAATCCTTTAACAAGGATCAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAAT TCCAGC TCCAATAGCGTATAT TARAGT TGTTGCGGTTATTAGAGTGCT
SALDULA GAATGAGTACACTTTAAACCCTTTAACCAGGATCTAT TGGAGGGCAAGTC TGGTGCCAGCAGCCGCGGTAACTCCAGC TCCAATAGCGTATAT TAAAGT TGT TGCGGTTATTAGAGTGET
TENEBRIO GAATGAGTACACTCTAAACCCTTTAACGAGGATCAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAAT TCCAGCTCCAATAGCGTATAT TAAAGT TGT TGCGGTTATTAGAGTGCT
TETRAOPES GAATGAGTACACTCTAAACCCTTTAACGAGGATCAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGC TCCAATAGCGTATATTARAGT TGTTGCGGTTATTAGAGTGCT
TIPULA GAATGAGTACACT TTAAATCCTTTAACAAGGAACAAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGC TCCAATAGCGTATATTARAGT TGTTGCGGTTATTAGAGTGCT
TRIOZOCERA GAATGAGTACAGT TTAGGTCCTTTAACGAGGAACAAGT GGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAAT TCCAGCTCCAT TAGTATATATTAAAGT TGT TGCGGTTATTAGAGTGCT
WARRAMABA GAATGAGAACACT TTAAATCCTTTAACGAGGATCTAT TGGAGGGCAAGTCTAGTGCCAGCAGCCGCGGTAAT TCCAGC TCCAATAGCGTATAT TAAAGT TGT TGCGGT TATTAGAGTGCT
XENOS GAATGAGTACAAT TTAAAAGCGT TAGCAAGTATCAAATGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAT TAGTATATATTARAGT TGT TGCGGTTATTAGAGTGET
LIBELLULA ~CAARAGCAGG-CCGTT-GGTACAGCC-TGAATACTGTGIGCATGGAATAATAGAATAGGMCCTCGGTTCCA-TTTTGT TGGT TTTCAGAA-CTCGAGGTAATGAT TAATAGGGACGG-A
ASCALAPHA ==CAAAGCGGG-~CCAA-AATGCGGCN=-TGAATAT T TCGTGCATGGAATAATAGAATATGATCTCGGT TCTA-TTT TGT TGGT TTTCAGAACTCCGAGGTAATGAT TAATAGGGANAA-C
CAENOCHOLAX ==TAAAGCAGG-~CAAATTTATATGCCTTGAATATCG-CAGCATGGAATAATAGAATATGATCTCGGTACCG-NNNNNNNNNNNNNNNNNNNNNAGA =~ TAATGAT TAATAGAGACGG-A
CRAWFORDIA ~=TAAAGCAGG--CAAATTTATATGCCTTGAATATGATCAGCATGGAATAATAGAATATGATCTCGATACT G- NNNNNNNNNNNNNNNNNNNNNAGA-~TAATGATCAATAGAGACGG-A
CTENOCEPH ==TAAAGCAGG~~CTNN-NNT~C~GCC~TGAATATTGTGTGCATGGAATAATGGAATAGGACCTCGGTTCTA-TTTTGT TGGT TTTCGGAAT TCCGAGGTAATGATTAATAGGGACAA-C
DROSOPHILA ==TAAAGCAGG--CTTC-AAA-T=-GCC-TGAATATTCTGTGCATGGGATARTGAAA TAAGACCTCTGT TCTGCTTTCAT TGGT TTTCAGAT~CAAGAGGTAATGATTAATAGAAGCAGTT
GALLERIA ~~CAAAGCGGG-~CCAA~ARTGCTGCN-TGAATAT T TCGTGCATGGAATAATAGAATATGATCTCGGT TCTA~TTTTGT TGGT TTTCAGAACTCCGAGGTAATGATTAATAGGGATAA-C
HEMEROBIUS ~=TARAGCAGG--CTAA-AATTTIGCC~-TARATAT TGTGTGCATGGAATAATGGAATAGGACCTCGGTTCTA-TTTTGT TGGT TT TCGGAACT CCGAGGTAATGAT TAATACGGACAG-A
HYDROPSYCHE ==CARACGGGG-~CTGA~CTCTCGGCC-TGAATAT TGTGYGCATGGAATARTRGAATAGGACCTCGGT TCAA~TTTTGT TGGCTTTCTGACCCCAGAGGTAATGAT TAATAGGGACAA-C
MONOBIA ==TAAAGCAGG--CTAG-CTT~C~GCC~TGAATACTGTGTGCATGGAA TAATGGAATAGGACCTCGGT TCTA-TTTTGT TGGT T T TCGGAACCCCGAGGTAATGAT TAATAGGGACAG-A
MYTHICOMYIA ~=TAAAGCAGG~~CTAC-AAT~-T~-GCC~TGAATATTTTGTGCATGGAATARTGGAATAAGACCTCTGT TCTACTTTCAT TGGT TTTTAGAT~CAAGAGGTAATGAT TAATAGAAGCAG-T
ONCOMETOPIA CCCARAGCAGGTCCTCT-TAAATCGAC-CTGATAGTG-GTGCATGGAA TAATGGAACAGGACCTTGGT TCTA-TTTTGT TGG~TTTCGGAA- TCCAAGGTAATGATCAATAAGGACAG-G
OPHION =-=TAAAGCAGG-~CTAT~TTT~C~GCC~-TGAATACTGTGTGCATGGAATAATGGAATAGGACCTCGGT TCTA-TTTTGT TGGT T TTCGGAACCCCGAGGTAATGAT TAATAGGGACAG-A
PANORFA ~=TAAAGCAGG--CTAA-TCT-C~-GCC-TGTATAT TGTGTGCATGGAATAATAGAATAGGACCTCGT TTCTA-TTTTGT TGGT TT TCGGAAT TCCGAGGTAATGAT TAATAGGGACAA-C
PYGNOPSYCHE =~CARACGGGG~-CTAA~CTCTCGGCC-TGAATAT TGTACGCATGGAATAATAGAATAGGACCTCGGT TCAG~TTTTGT TGGC T T TCTGATACCAGAGGTAATGAT TAATAGGGACAA-C
RHIPIPHORUS ~=TAAAGCAGG-~-CTAA-AATTTIGCC-TGAATACTGTGTGCATGGAATAATAGAATAGGACCTCGGT TCTA-TTTTGT TGGT T T TCGGAACCCCGAGGTAATGAT TAATAGGAACGG-A
SALDULA ==~TARAGCAGG-~CTGA~ATC~CAGCC-AGAATAGTG~GTGCATGGAATAATAGAACAGGACCTTGGTTCTA~TTCTGT TGGT TT TCGGAA~TCCARGGTAATGATCAATARGGACAG-A
TENEBRIOQ ==TAAAGCAGG-~CTAA~ARCTTCGCC~TGAATACTGTGTGCATGGAATAATGGAATAGGACCTCGGTTCTA-TTTIGT IGGTITTCGGAATT TTGAGGTAATGATTAATAGGAACGG-A
TETRAOPES == TAAAGCAGG--CTAA-AATTTCGCC-TGAATACTGTGTGCATGGAA TAATCGAATAGGACCTCGETICTA-TT T TGT TGET T T TCGGAACCCCGAGETAATGATTAATAGGAACGG-A
TIPULA ==TAAAGCAGG-~CCAT~TIG~T~GCC-TGAATAT TCTCTGCATGGAATAATGGAATAAGACGTCTGTTCTATTTTCATIGGT TTTTRGAT~CAAGACGTAATGAT TAATAGAAGCAG-T
TRIOZOCERA ==TAAAGCAGG~-CAAATTTATATGCCTTGAATATCG-CAGCATGGAATAATAGAATATGAT CTCGGTACCG-NNNNNNNNNNNNNNNNNNNNNAGA -~ TAATGAT TAATAGAGACGG-A
WARRAMABA —=TAAAGCAGG--C-AA-GGC-C-G-C-TGAATACTGTGTGCATGGAATAATGGAATAGGACCTCGGT TCTA-TT TTGT TGGT T T TCGGAA~CCCGAGGTAATGAT TACTA-GGACAG-G
XENOS ==TAAAGCAGG--CAAATTTATATGCCT TGAATATAA-CAGCATGGAATAATAGAATATGATCTCCGATACT G~ NNNNNNNNNNNNNNNNNNNNNAGA=-=-TAATGATCAATAGAGACGE-A
LIBELLULA TTGAC-GATTGAGAGCTCTTTCTTGAT TCGGTGGGTGGTGGTGCATGGCCGT TCTTAGT IGGTGG~GCGATTTGTCTGGT TAAT TCCGATAACGAACGAGACTC

ASCALAPHA TTGACAGATTAACAGCTCTITCTTGAT TCGGTGGGTGGTGGTGCATGGCCGT TCTTAGT TGGTGGAGCGATTTGTCTGGT TAAT TCCGATAACGAACGAGACTS

CAENOCHOLAX TTGACAGATTGATAGCTCTTTCTTGAT TCAGTGGGT GG TGETGCATGGCCGTTCT TAGT TGGTGGAGCGATTIGTCTGGT TAATTCCGATAACGAACGAGACTC

CRAWFORDIA TTGACAGATTAATAGCTCTTTCTIGAT TCGGTGGGTGGTGETGCATGGCCGTTCTTAGT TGGTGGAGCGATTIGTCTGGT TAATTCCGATAACGRACGAGACTS

CTENOCEFH TTGACAGAT TGAGAGCTCTTTCT IGAT TCGGTGGGT GETEETGCATGGCCETTC T TAGT TGGTGGAGCGATTIGTCTGGT TAATTCCGATAACGRACGAGACTS

DROSOPHILA AAGACAGATTGATAGCTCTTTCTCGAATCTATGGGT GGTGGTGCATGGCCGTTCTTAGT TCGTGGAGTGATT IGTCTGGT TAAT TCCGATAACGRACGAGACTC

GALLERIA TTGACAGAT TAACAGCTCTTTCTTGAT TCGGTGGGTGGTGGTGCATGGCCGT TCT TAGT TGGTGGAGCGAT T TGTCTGGT TAATTCCGATAACGAACGAGACTS

HEMEROBIUS TTGACAGATTGAGAGCTCTITCTTGAT TCGGTGGETGGTGGTGCATGGCCGT TCTTAGT IGGTGGAGCGATTTGTCTGGT TAAT TCCGATAACGAACGAGAC TS

HYDROPSYCHE TTGACAGATTGACAGCTCTTTCTTGAT TCGGTGGGTGGTGGTGCATGGCCGTTC T TAGT IGGTGGAGYGAT TTIGTCTGGT TAAT TCCGATAACGAACGAGACTC

MONOBIA TTGACAGATTGATAGCTCTTTCTTGAT TCGGTGGGT GG TGETGCATGGCCGT TCTTAGT TGGTGGAGCGATT TG TCTGGT TAAT TCCGATAACGAACGAGACTC

MYTHICOMYIA ARGACAGATTGATAGCTCTTICTCGAATCTATGGGTGGTGGTGCATGGCCGTTGT TAGT TCGTGGAGTGATTTGTCTGGT TAATTCCGATAACGARCGAGACTC

ONCOMETOPIA TTGACAGATCGATAGCTCT TTCT TGAT TCAGT GGG TAGTGETGOATGGCCGTTCTTAGTTGGTGGACTGATTIGTCTGGT TTATTCCGATAACGAACGAGACTC

OPHION TTGACAGATTGACAGCTCTTTCT TGAT TCGGTGGGTGETGETGCATGGCCGT TCT TAGTTGGTGGAGCGAT TTGTCTGGT TAAT TCCGATAACGAACGAGACTC

PANORPA TTGACAGAT TGAGAGCTCTTTCT TGAT TCAGTGGGTGGTGGTGCATGGCCGT TCTTAGT TGGTGGAGCGAT TTGTCTGGT TAAT TCCGATAACGAACGAGAC TS

PYGNOPSYCHE TTGACGGATTAACAGCTCTTTCTCGAT TCGGTGGGTGGTGETGCATGGCCGCTCTTAGT TGGTGGAGCGATT TGTCAGGT TAAT TCCGATAACGAACGAGACTS

RHIPIPHORUS TTGACAGAT TGAGAGCTC T TTCTTGAT TCGGTGGGTGGTGGTGCATGGCCGTTCT TAGT TGGTGGAGCGATT TG TCTGGT TAAT TCCGATAACGAACGAGACTC

SALDULA TTGACAGATTGATAGCTCTTTCT TGAT TCAGT GGG TAGTGGTGLATGGCCGTTCTTAGT TGGTGGAACGATTTGTCTGGT TAATTCCGATAACGRACGAGACTC

TENEBRIO TTGACAGAT TGAGAGCTCTTTCT TGAT TCGGT GGG TGGTGGTGCATGGCCGT TCTTAGT TGGTGGAGCGAT TTGTCTGGT TAAT TCCGATAACGAACGAGACTS

TETRAQPES TTGACAGATTGAGAGCTCTTTCTTGAT TCGGTGGETGGTGGTGEATGGCCGT TCTTAGT TGGTGGAGCGATTTGTCTGGT TAAT TCCGATAACGAACGAGACTS

TIPULA AAGACAGAT TAATAGCTCTTTCTCGAATCTATGGGTGGTGGTGCATGGCCGTTCT TAGT TCGTGGAGTGAT T TGTCTGGT TAAT TCCGATAACGAACGAGACTS

TRIOCZOCERA TTGACAGAT TAATAGCTCTTTCT IGAT TCGETGGGTGGTGGTGCATGGCCGT TS T TAGT TGGTGGAGCGATTTIGTCTGGT TAAT TCCGATAACGARCGAGACTC

WARRAMABA TTGACAGAT TGAGAGCTCT TTCTTGATTCGGTGGGTGGTGETGCATGGCCGTTC T TAGT TGGTGGACTGAT T IGTCTGGT TAATTCCGATAACGAACGAGACTC

XENOS TIGACAGATTAATAGCTCT T TCT TGAT TCGGTGGGTGGTGGTGCATGGCCGT TCTTAGT TGGT GGAGCGATTTGTCTGGT TAATTCCGATAACGAACGAGACTC

Figure 16, Three alignments of 185 rDNA. The sequence data of Whiting and Wheeler (1994) are used to demonstrate variation in alignment due to
“path” se]ecu_on. In the first alignment (A), matches are favored over gaps when equal cost would result from either. The second (B) favors contiguous
gaps, that is inserts a gap if one already exists. The third alignment (C) favors discontinuous gaps. favoring gaps when gaps do not already exist,
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that alignment ambiguities (positional correspondences which va;}i
among alignments) are a statement of error. This error could be in ‘tﬁ
assumptions of alignment or in the data themselves in that they are
variable” for the question at hand. The logical direction of this thinkil:ﬁ
is to remove or at least downweight nucleotide positions which do not
align consistently.

In their chapter on computer packages which aid evolutionary se-
quences analysis, DeSalle et al. (this volume) discuss two procedures
which lessen the impact of alignment-ambiguous (sensu Gatesy ct al.,
1993) sites: CULL and ELISION. Briefly, if alignment ambiguous sites
are thought to be totally unreliable, they can be removed. This is wha
CULL does. Investigators have reported removing “unalignable™ re-
gions of molecules many times. Unfortunately, in removing all disagree-
ing positions, most of the signal scems to be removed as well. The
properties of such harsh weighting (0 or 1) are discussed more fully by
Gatesy et al. (1993).

A second procedure along the same lines as CULL is ELISION
(Wheeler et al., in press). Like CULL, ELISION distrusts alignment-
ambiguous nucleotide positions, but to a less severe extent. In this
method, the several alignments are combined into a single “grand”
alignment. This is then analyzed phylogenetically. By combining the
alignments, positions which align consistently are given relatively higher
weights than are those which are less stable. ELISION seems to main-
tain much more of the original signal of the alignments than does
CULL. ELISION is in its continuous weighting based on internal
consistence, like Successive Approximations Weighting (SAW), origi-
nated by Farris (1969) as a method for character weighting.

An entirely different approach to multiple solutions to alignment
problems is found in congruence based procedures. One such procedure
(Wheeler, in press), uses the congruence between external data (morphol-
ogy, biogeography) to choose the “*best” among several multiple align-
ments. An alignment would be chosen which maximized some congruence
measure between the sequences at hand and other, preexisting data. On
the other hand, from a purely phylogenetic perspective, one might accept
only those groups implied by all alignments (akin to CULL).
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St 1. The develoy ol extremely powerful computer programs and the ready
availability of microcomp has led several comp | problems with data analy-
sis. These problems occur in the handling of systematic data in general and molecular
systematic data in particular. This paper examines three areas of controversy in molecular
systemalics resulting from increased computer power.. We starl by examining the first step in
DNA sequence analysis, the blisk of | logy via sequence ali Next we
examine several problems in phylogenetic analysis that have arisen in the last few years due
to use of the PAUP (Swofford, 1991), HENNIGS6 ( Farris, 1988), and PHYLIP programs.
These probh include limitati on the number of taxa examined in a given analysis and
the accuracy of the parsimony trees in such analyses. The final subject is an examination of
programs used for ing tree rob We on certain programs (such as
MALIGN (Wheeler and Gladstein, 1993), PAUP (Swofford, 1991), HENNIGS6 ( Farris,
1988), PHYLIP (Felsenstein, 1990}, CLADOS (Nixon, 1993), MacClade (Maddison and

Maddison. 1993}, etc.). but similar comments about other programs could also be made.

Sequence alignment

The establishment of homology of DNA sequence positions has been

recognized as a central problem in modern systematics ( Fitch and Smith,

1983; Feng and Doolittle, 1986; Mindell, 1991). The basic approach used

in sequence alignment is the dynamic programming approach of Needle-

man and Wunsch (1970). Several computer algorithms have been devel-

oped using various criteria to accomplish the alignment (Sankoff et al.,

1973; Feng and Doolittle, 1987; Higgins and Sharp, 1988, 1989; Konings

et al., 1987; Hein, 1989, 1990; Mindell, 1991; Wheeler and Gladstein,
1993). These approaches are highly dependent on the initial parameters
used in the alignment procedure. As Wheeler describes in this volume,

most alignment procedures for sequences are based on the costs assigned

for assuming a base or amino acid change versus the insertion of a gap.

These are referred to as change and gap costs respectively. It has been

demonstrated that these parameters (Fitch and Smith, 1983; Watcrman

et al., 1992; Gatesy et al., 1993) as well as the order in which sequences

are read into a sequence alignment run (Lake, 1991) affect the final

alignment in a substantial manner.



