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1 Introduction

Methods which derive pairwise distances directly from completely sequenced genomes are
a potentially important and efficient tool within the growing field of phylogenomics.

We have shown in two previous studies (Henz et all 2003; [Auch et all 2006) that the
Genome BLAST Distance Phylogeny (GBDP) approach leads to reliable phylogenetic es-
timates if applied to prokaryotic as well as plastid and mitochondrial genomes. Basically,
GBDP first invokes tools such as BLAST dAhﬁleﬂﬁ_aﬂ |]_99ﬂ) to identify high-scoring
segment pairs (HSPs) between all pairs of genomes; afterwards, pairwise distances are
estimated based on different formulae. To identify the most valuable distance formulae,
|Auch et all (2006) compared quite a few modifications of GBDP (in combination with
different tree reconstruction methods) with respect to topological accuracy as measured
by c-scores. Additionally, § values (IHdland_&La,]_] |2m12) were computed to directly esti-
mate distance quality. This approach may be particularly useful since it does not require
to specify a reference taxonomy in advance. It was demonstrated that both evaluation
methods usually coincide. Thus, a framework was established to evaluate suitability of
distance methods for phylogenetic inference in general.

2 Methods

Here, we examine

1. a new GBDP distance formula, based on a combination of two previously existing
ones

2. use of BLAT instead of BLASTN and TBLASTX HSP search

3. an alternative measure for the agreement of a distance matrix with a predefined ref-
erence topology

4. alternative topology-independent measures of distance quality per se.

All examinations were based on an enlarged dataset compared to that used by [Auch et all
(M), additionally containing interesting key taxa (see Figl).

The new distance formula can be described as follows. Defining I as the sum of the
number of identical characters over all HSPs between genomes X and Y, we obtain a
similarity formula:
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using the following two denominators:

g1 = X[+ Y] (2)
g2 7= 2 - min(| X[, [Y]) (3)

To derive a dissimilarity function, subtraction from 1 or logarithmic conversion can

be used, as described in |Auch et all (2004).

In addition to the c-score (II:L@.uz_e.Lal] |20_OH), we here measured agreement with the
reference topology (the NCBI taxonomy tree) by converting it into a matrix of patristic
distances and computing the Spearman correlation between it and the distance matrix

put to test using CADM (Legendrd 2001)).
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Fig. 1. Plastid NeighborNet phylogeny, using the new distance formula and g,



3 Conclusions

The GBDP distance variant introduced here seems to be quite valuable, most likely since
it combines information from both within-HSP sequence similarity and total HSP length
compared to total genome length (see Table 2).

Compared to BLAST, BLAT M) is much faster, but identifies only a subset
of HSPs (at least under default values). Thus, BLAT cannot be applied if genomes are
too distantly related, as in mitochondria sampled from major eukaryotic groups, and does
not result as well as BLAST/TBLASTX (see Table Bl). However, we observed a general
trade-off between speed of HSP search and phylogenetic accuracy.

Within topology-independent distance quality measures, additivity as formulated by
De Soete (De_Soetd[1986) as well as rescaled Q values (Guindon and Gascuel 2002) turned
out to be most in accordance with c-scores (see Table 1). However, a simple modification of
9 (which we called €) gives even better results, particularly because it is linearly related
to c-score (not shown) and, hence, displays both high parametric and non-parametric
correlation coefficients (see Table 1). Albeit being a less precise measure than the c-score,
agreement with a reference topology can also be measured with the simple non-parametric
correlation approach as implemented in CADM which does not require to compute trees
from distance matrices.

c-score CADM-score
Metrics Pearson Kendall Spearman|Pearson Kendall Spearman
R? -0.420 -0.074  -0.129 | -0.384 -0.022 -0.049
non-additivity; @2 [3]| -0.638 -0.351  -0.526 | -0.710 -0.393  -0.565
R—Q [0] -0.028  0.220 0.295 -0.042  0.158 0.241
R [2] -0.604 -0.212 -0.328 | -0.601 -0.226  -0.356
Q 2] -0.680 -0.399 -0.582 | -0.751 -0.448 -0.649
R [1] -0.631 -0.125 -0.189 | -0.202 0.040 0.039
Q 1] -0.730 -0.315 -0.451 | -0.375 -0.164 -0.246
(R—Q)* [3] -0.132  0.055 0.056 0.005 0.135 0.157
€ Q/R -0.701 -0.507  -0.712 | -0.789 -0.510  -0.720
non-metricity [3] -0.543 -0.302 -0.456 | -0.634 -0.296 -0.432
0; Q/R -0.578 -0.404 -0.601 | -0.746 -0.462 -0.664
R [0] -0.062 0.194 0.263 -0.079 0.138 0.217
Q [0] -0.147 -0.046  -0.079 | -0.170 -0.106  -0.184
non-ultrametricity [3]{ -0.459 -0.241  -0.379 | -0.588 -0.268  -0.390
R—-Q [2] -0.442 -0.132  -0.226 | -0.370 -0.117  -0.201

Table 1. Correlation of Distance Quality Metrics

We define non-ultrametricity and non-additivity as in the minimization formulae of Ma.kamk_cmnd_[‘gge_n_dﬁ
(119_9_9) and [De_Soetd (Il%ﬂ) Non-metricity is analogously defined as the square root of the sum of (d;; —d;x fdjk)2
for all triplets of taxa i, j, and k in which d;; > dix + d;i, divided by the sum of all squared distances (SSD). @
is defined as in IGnindon and Gascuel (2002) as the sum of ¢ (see Fig. Bl for all quartets of taxa; R analogously
sums up r, R — @ sums up r — ¢, and (R — Q)? sums up (7 — ¢)2. § (Holland et all 2002) sums up Q/R if R # 0
and 0 if R = 0; € adds 1 if R = 0. Scaling formulae are [0], division by the total number of quartets; [1], division
by the total number of quartets and the largest distance value in the matrix; [2] division by the square root of
SSD; [3] taking the square root after division by SSD.

With respect to phylogenetic outcome, the analyses corroborate our earlier findings
that GBDP groups Apicomplexa organelle genomes with the ”green lineage” of plastids,
i.e. Euglenozoa. This outcome was not affected by the inclusion of the highly derived ”api-
coplast” genome of Theileria parva (see Fig. B). As emphasized by [Auch et all (2006), this
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c-score (adj. R® = 0.636)[e value (adj. R* = 0.859)|CADM-score (adj. R? = 0.549)
explanatory var. coefficient P(z > |t|) |coefficient P(z > |t|) [|coefficient Pz > |t|)
Intercept 0.4510 <2-107"° | 03390 <2-107"° | 0.3366 <2-107'°
UPGMA -0.0540 0.0002
Plastids 0.1371  <2-107'% | -0.1744 <2-107'% | 0.1794 1.59 107"
BLAT -0.0303 0.0008 eliminated from model eliminated from model
translated 0.0843  <2-107'% | -0.0347 0.0002 eliminated from model
log not significant 0.0273 0.0027 eliminated from model
eq.4 (Auch et. al 2006)| -0.2068 < 2-107*¢ | 0.1003  3.43-107*2 | -0.1506 1.82-107°¢
g2 -0.0214 0.0324 0.0386 0.0002 not significant

Table 2. Regression Analysis (insignificant parameters omitted)

result is in disagreement with the ” Chromalveolata hypothesis” which states that plas-
tids of recent Alveolata and Stramenopiles are derived from the plastids of the common
ancestor of the group.
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Fig. 2. Comparison of phylogenetic reconstruction methods

Strikingly, Helicosporidium, which has been considered as a highly derived, non-
photosynthetic green alga, also clusters with this group. This placement additionally
supports a green algal ancestry both of the plastids of Euglenozoa as well as the ”api-
coplasts”. However, Helicosporidium placement was not consistent between all the trees
computed (not shown).
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Fig. 3. Quartet of taxa and their distances (see [Holland et all (2009) for further details)
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