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Introduction

Snake venoms are complex protein-based mixtures, essential for the survival of the
venomous species. Liquid chromatography-mass spectrometry (LC-MS) is a popu-
lar analytical technique that has been widely used in identifying the composition of
these mixtures. Recent studies utilizing this technique have shown a strong connec-
tion between the venom proteomic pro�les of Bothrops snakes and its phylogenetic
classi�cation. However, two of them [1, 2] did not apply quantitative metrics to
assess the similarities among evolutionary trees obtained from the data. �e other
one [3] relied on the identi�cation of peptides by de novo sequencing to avoid the
overrepresentation of some species in protein databases. But this method intro-
duces false positive candidate peptides, which can negatively a�ect the trees topol-
ogy and/or branch lengths. To overcome this, a possibly suitable strategy is to use
raw LC-MS data, without peptide identi�cation.

Goals

I�e main goal of this work is to develop a novel method to infer phyloproteomic
trees from raw LC-MS data, without peptide identi�cation, based on a multireso-
lution approach [4].

IA more speci�c objective is to apply this methodology to study the evolutionary
relations between seven species of Bothrops snakes, utilizing proteomic data from
its venoms, with the belief that it will lead to be�er results on the congruence of
the inferred phyloproteomic trees compared to a reference phylogenetic one.

Methods

RAW
files

mzXML
files

Venom sample Mass spectrometer

Ion maps

Partitioned and reduced ion maps

NEXUS
files

mtDNA
data

Phyloproteomic treesPhylogenetic tree

MrBayes

CADM test

msconvert (TPP)

SuperHirn

Figure 1: Main �ow of the developed pipeline.
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Figure 2: General idea of the optimization procedure used to maximize the CADM test score.

Results
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Figure 3: Phylogenetic tree inferred from mtDNA data. �is tree is used as reference in all CADM tests performed.
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Figure 4: Phyloproteomic trees constructed from raw LC-MS data. �e tree in Figure 4a was inferred using a naive
method, and the other, shown in Figure 4b, using an optimization procedure based on the idea described in Figure 2.

As can be seen in Figure 4, the tree generated with the partitioning method per-
formed way be�er than the other in the CADM test. �is result was determined
by the value of Kendall’s coe�cient of concordance W , but is also noticeable by
looking at their topologies. Moreover, the posterior probabilities of the branches
are su�ciently high to ensure that it is a trustworthy result.

Final considerations

IWe developed a method for phyloproteomic analysis of raw data obtained from
mass spectrometry experiments, without relying on peptide identi�cation tech-
niques, that showed coherent results.

I�is work also reinforced that the venom proteomes of the seven Bothrops snakes
studied are indeed correlated to their phylogeny. But, as well as stated in a previ-
ous work [3], the B. neuwiedi classi�cation obtained diverges from the reference
tree.

Future work

I�e exploration of the optimization problem search space could be done utilizing
some heuristic, such as genetic algorithms or simulated annealing.

I�e method developed in this project could also be applied in other types of snake
venom data, for instance, the structure of N-glycans of Bothrops venoms studied
in a previous work [2].
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