phylogenetic tree definition

phylogenetic tree definition refers to a diagrammatic representation that illustrates the evolutionary
relationships among various biological species or other entities based upon similarities and differences
in their physical or genetic characteristics. This concept is fundamental in the field of evolutionary
biology as it helps scientists understand the lineage and common ancestry of organisms. Phylogenetic
trees, also known as evolutionary trees, are constructed using data from morphology, genetics, and
molecular sequencing. These trees provide a visual summary of the evolutionary history and can
reveal patterns of descent and divergence over time. Understanding the phylogenetic tree definition
allows researchers to classify organisms more accurately and to trace the pathways through which
species have evolved. This article delves into the definition, types, construction methods, and

applications of phylogenetic trees. The following sections will explore these topics in detail.
¢ Understanding the Phylogenetic Tree Definition
¢ Types of Phylogenetic Trees
¢ Construction Methods of Phylogenetic Trees

» Applications of Phylogenetic Trees in Science

¢ Challenges and Limitations of Phylogenetic Analysis

Understanding the Phylogenetic Tree Definition

The phylogenetic tree definition encompasses more than just a simple diagram; it represents a

hypothesis about the evolutionary history of a group of organisms. Each branch point, or node, on the



tree denotes a common ancestor from which descendant species diverged. The tree’s structure
illustrates the relationships based on shared characteristics inherited from these ancestors. This
evolutionary framework is essential for studying biodiversity, genetic inheritance, and species

adaptation.

Key Components of a Phylogenetic Tree

A phylogenetic tree consists of several essential components that help in interpreting evolutionary

relationships:

Nodes: Represent common ancestors where species diverge.

Branches: Indicate evolutionary pathways connecting species.

Leaves or Tips: Denote the current species or taxa being compared.

Root: The base of the tree representing the most recent common ancestor of all entities in the

tree.

Terminology Related to Phylogenetic Trees

Understanding the terminology linked with the phylogenetic tree definition is crucial for proper
interpretation. Terms such as clade, monophyletic group, sister taxa, and polytomy describe specific
relationships and patterns within the tree. A clade refers to a group of organisms that includes an
ancestor and all its descendants, reflecting true evolutionary kinship. Sister taxa are groups sharing an
immediate common ancestor, while polytomy indicates an unresolved evolutionary relationship at a

node.



Types of Phylogenetic Trees

Phylogenetic trees can be categorized based on their structure and the information they convey.

Different types of trees serve various purposes in evolutionary studies and biological classification.

Rooted vs. Unrooted Trees

Rooted trees display a single ancestral lineage from which all other branches diverge, providing
directionality and a timeline for evolutionary events. In contrast, unrooted trees illustrate relationships

without assuming a common ancestor’s position, focusing on the relatedness without temporal context.

Cladograms, Phylograms, and Chronograms

Several specialized phylogenetic tree types include:

¢ Cladograms: Show only the branching order or topology without indicating evolutionary distance

or time.
* Phylograms: Incorporate branch lengths proportional to evolutionary change or genetic distance.

e Chronograms: Feature branch lengths scaled to represent time since divergence, often calibrated

with fossil records or molecular clocks.

Construction Methods of Phylogenetic Trees

Constructing a phylogenetic tree involves collecting data, selecting an appropriate method, and
interpreting results to reflect evolutionary relationships accurately. The methods vary in complexity and

application depending on available data and research goals.



Data Sources for Tree Construction

Phylogenetic trees are built using data derived from:

* Morphological Characteristics: Physical traits such as bone structure, organ systems, and

developmental patterns.

* Molecular Data: DNA, RNA, or protein sequences that provide detailed genetic information.

¢ Behavioral Traits: Sometimes used when morphological and molecular data are insufficient.

Common Analytical Methods

Several computational and statistical techniques are employed to infer phylogenetic trees:

1. Distance-Based Methods: Calculate genetic distance between taxa and cluster them, exemplified

by the Neighbor-Joining method.

2. Maximum Parsimony: Searches for the tree with the least evolutionary changes, favoring

simplicity.

3. Maximum Likelihood: Uses statistical models to find the tree that best explains the observed

data.

4. Bayesian Inference: Applies probability models and prior information to estimate tree topology

and branch lengths.



Applications of Phylogenetic Trees in Science

Understanding the phylogenetic tree definition extends to its broad applications across different
scientific disciplines. These trees are indispensable tools in evolutionary biology, ecology, medicine,

and conservation.

Tracing Evolutionary Histories

Phylogenetic trees allow researchers to reconstruct the evolutionary pathways of species, revealing
how traits have evolved and diversified over time. This insight supports the classification of organisms

into taxonomic groups that reflect their true evolutionary relationships.

Identifying Species and Tracking Pathogens

In microbiology and epidemiology, phylogenetic trees help identify new species and track the evolution
and spread of pathogens. This application is crucial in managing infectious diseases and

understanding mechanisms of resistance.

Conservation Biology

Phylogenetic analyses assist in prioritizing conservation efforts by identifying evolutionary distinct
species and understanding biodiversity patterns. Protecting such species helps maintain the

evolutionary heritage and ecological balance.

Challenges and Limitations of Phylogenetic Analysis

Despite their utility, phylogenetic trees face several challenges and limitations that affect the accuracy

and interpretation of evolutionary relationships.



Data Quality and Availability

Incomplete or biased data can lead to inaccurate tree construction. Fossil records may be sparse, and

genetic data might be unavailable for certain species, limiting the scope of analysis.

Homoplasy and Convergent Evolution

Similar traits arising independently in unrelated lineages, known as homoplasy, can mislead
phylogenetic inference by suggesting false relationships. Convergent evolution complicates the

identification of true common ancestry.

Computational Complexity

The vast number of possible tree topologies increases exponentially with the number of taxa, making it
computationally intensive to find the most accurate tree. Advanced algorithms and software are

essential but still have limitations.

Frequently Asked Questions

What is the definition of a phylogenetic tree?

A phylogenetic tree is a branching diagram that represents the evolutionary relationships among

various biological species or entities based on their physical or genetic characteristics.

How does a phylogenetic tree illustrate evolutionary relationships?

A phylogenetic tree illustrates evolutionary relationships by showing how species or groups share
common ancestors, with branches indicating divergence points where species evolved from common

lineages.



What are the main components of a phylogenetic tree?

The main components of a phylogenetic tree include nodes (representing common ancestors),

branches (indicating evolutionary paths), and tips or leaves (representing current species or taxa).

Why is a phylogenetic tree important in biology?

A phylogenetic tree is important because it helps scientists understand the evolutionary history of
organisms, track the development of traits, and classify species based on evolutionary relatedness

rather than just physical similarities.

What types of data are used to construct a phylogenetic tree?

Phylogenetic trees are constructed using data such as DNA or RNA sequences, protein sequences,

morphological characteristics, and sometimes behavioral traits.

What is the difference between a cladogram and a phylogenetic tree?

A cladogram shows relationships based on shared derived characteristics without indicating
evolutionary time or genetic distance, whereas a phylogenetic tree often includes branch lengths

representing evolutionary time or genetic change.

Can phylogenetic trees be used to study viruses and bacteria?

Yes, phylogenetic trees are widely used to study the evolutionary relationships among viruses and

bacteria, helping to track outbreaks, understand mutation patterns, and develop treatments.

How does a phylogenetic tree help in understanding species
divergence?

A phylogenetic tree helps in understanding species divergence by visually representing when and how
species split from common ancestors, allowing scientists to infer the timing and sequence of

evolutionary events.



Additional Resources

1. Phylogenetic Trees: Concepts and Applications

This book offers a comprehensive introduction to the theory and application of phylogenetic trees in
evolutionary biology. It covers methods for constructing trees, interpreting evolutionary relationships,
and understanding the genetic basis of biodiversity. The text is accessible to beginners and also

provides insights for advanced researchers.

2. Understanding Phylogenetics: A Guide to Tree Construction

Focusing on the methodologies behind phylogenetic tree building, this guide walks readers through
various algorithms and statistical models. It explains distance-based, parsimony, and likelihood
methods with practical examples. The book is ideal for students and professionals seeking a hands-on

approach to phylogenetic analysis.

3. Evolutionary Trees and Molecular Data

This title explores how molecular data, such as DNA and protein sequences, are used to infer
evolutionary relationships. It discusses the integration of molecular evidence with traditional
morphological data to produce robust phylogenetic trees. Readers will find detailed case studies

illustrating the impact of molecular phylogenetics on evolutionary biology.

4. Phylogenetic Systematics: Principles and Practice

A foundational text in the field, this book explains the principles of phylogenetic systematics and the
philosophy behind tree-based classification. It emphasizes the importance of monophyly and cladistics
in defining evolutionary relationships. The work is well-suited for graduate students and researchers

interested in systematics.

5. Computational Methods for Phylogenetic Analysis
This book delves into the computational tools and software used for phylogenetic tree inference. It
covers algorithms, data formats, and performance considerations in modern phylogenetics. Readers

learn how to apply computational techniques to large datasets for accurate tree reconstruction.

6. Interpreting Phylogenetic Trees: A Practical Approach



Designed to help readers make sense of complex phylogenetic trees, this book discusses tree
topology, branch lengths, and confidence measures. It offers strategies for evaluating tree reliability
and understanding evolutionary scenarios. The practical focus makes it useful for both teaching and

research.

7. Molecular Evolution and Phylogenetics

This text integrates the study of molecular evolution with phylogenetic tree construction, emphasizing
the mechanisms driving genetic change. It includes discussions on substitution models, molecular
clocks, and evolutionary rate variation. The book is a valuable resource for students interested in

molecular evolution and phylogenetics.

8. Phylogenetics: Theory and Practice of Phylogenetic Systematics

Covering both theoretical foundations and practical applications, this book presents a balanced view of
phylogenetic systematics. It addresses data collection, tree inference, and the interpretation of
evolutionary history. The comprehensive coverage makes it suitable for advanced courses and

research reference.

9. Advanced Topics in Phylogenetic Tree Reconstruction

Targeted at experienced researchers, this book examines cutting-edge methods and challenges in
phylogenetic reconstruction. Topics include handling incomplete data, hybridization, and horizontal
gene transfer. It provides insights into ongoing developments and future directions in phylogenetic

analysis.
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flourishing area of intereaction between mathematics, statistics, computer science and biology.The
main role of phylogenetic techniques lies in evolutionary biology, where it is used to infer historical
relationships between species. However, the methods are also relevant to a diverse range of fields
including epidemiology, ecology, medicine, as well as linguistics and cognitive psychologyThis
graduate-level book, based on the authors lectures at The University of Canterbury, New Zealand,
focuses on the mathematical aspects of phylogenetics. It brings together the central results of the
field (providing proofs of the main theorem), outlines their biological significance,and indicateshow
algorithms may be derived. The presentation is self-contained and relies on discrete mathematics
with some probability theory. A set of exercises and at least one specialist topic ends each
chapter.This book is intended for biologists interested in the mathematical theory behind
phylogenetic methods, and for mathematicians, statisticians, and computer scientists eager to learn
about this emerging area of discrete mathematics.'Phylogenetics' in the 24th volume in the Oxford
Lecture Series in Mathematics and its Applications. This series contains short books suitable for
graduate students and researchers who want a well-written account of mathematics that is
fundamental to current to research. The series emphasises futuredirections of research and focuses
on genuine applications of mathematics to finance, engineering and the physical and biological
sciences.

phylogenetic tree definition: Essentials of Discrete Mathematics David J. Hunter,
2021-03-01 Written for the one-term course, Essentials of Discrete Mathematics, Fourth Edition is
designed to serve computer science and mathematics majors, as well as students from a wide range
of other disciplines. The mathematical material is organized around five types of thinking: logical,
relational, recursive, quantitative, and analytical. The final chapter, “Thinking Through Applications”
looks at different ways that discrete math thinking can be applied. Applications are included
throughout the text and are sourced from a variety of disciplines, including biology, economics,
music, and more.

phylogenetic tree definition: Encyclopedia of Astrobiology Muriel Gargaud, William M. Irvine,
Ricardo Amils, Philippe Claeys, Henderson James Cleaves, Maryvonne Gerin, Daniel Rouan, Tilman
Spohn, Stéphane Tirard, Michel Viso, 2023-07-27 Now in its third edition the Encyclopedia of
Astrobiology serves as the key to a common understanding in the extremely interdisciplinary
community of astrobiologists. Each new or experienced researcher and graduate student in adjacent
fields of astrobiology will appreciate this reference work in the quest to understand the big picture.
The carefully selected group of active researchers contributing to this work are aiming to give a
comprehensive international perspective on and to accelerate the interdisciplinary advance of
astrobiology. The interdisciplinary field of astrobiology constitutes a joint arena where provocative
discoveries are coalescing concerning, e.g. the prevalence of exoplanets, the diversity and hardiness
of life, and its chances for emergence. Biologists, astrophysicists, (bio)-chemists, geoscientists and
space scientists share this exciting mission of revealing the origin and commonality of life in the
Universe. With its overview articles and its definitions the Encyclopedia of Astrobiology not only
provides a common language and understanding for the members of the different disciplines but
also serves for educating a new generation of young astrobiologists who are no longer separated by
the jargon of individual scientific disciplines. This new edition offers ~170 new entries. More than
half of the existing entries were updated, expanded or supplemented with figures supporting the
understanding of the text. Especially in the fields of astrochemistry and terrestrial extremophiles but
also in exoplanets and space sciences in general there is a huge body of new results that have been
taken into account in this new edition. Because the entries in the Encyclopedia are in alphabetical
order without regard for scientific field, this edition includes a section “Astrobiology by Discipline”
which lists the entries by scientific field and subfield. This should be particularly helpful to those
enquiring about astrobiology, as it illustrates the broad and detailed nature of the field.

phylogenetic tree definition: Clusters, Orders, and Trees: Methods and Applications Fuad
Aleskerov, Boris Goldengorin, Panos M. Pardalos, 2014-06-11 The volume is dedicated to Boris
Mirkin on the occasion of his 70th birthday. In addition to his startling PhD results in abstract




automata theory, Mirkin’s ground breaking contributions in various fields of decision making and
data analysis have marked the fourth quarter of the 20th century and beyond. Mirkin has done
pioneering work in group choice, clustering, data mining and knowledge discovery aimed at finding
and describing non-trivial or hidden structures—first of all, clusters, orderings and hierarchies—in
multivariate and/or network data. This volume contains a collection of papers reflecting recent
developments rooted in Mirkin’s fundamental contribution to the state-of-the-art in group choice,
ordering, clustering, data mining and knowledge discovery. Researchers, students and software
engineers will benefit from new knowledge discovery techniques and application directions.

phylogenetic tree definition: Reconstructing Evolution Olivier Gascuel, Mike Steel,
2007-06-28 Evolution is a complex process, acting at multiple scales, from DNA sequences and
proteins to populations of species. Understanding and reconstructing evolution is of major
importance in numerous subfields of biology. For example, phylogenetics and sequence evolution is
central to comparative genomics, attempts to decipher genomes, and molecular epidemiology.
Phylogenetics is also the focal point of large-scale international biodiversity assessment initiatives
such as the 'Tree ofLife' project, which aims to build the evolutionary tree for all extant
species.Since the pioneering work in phylogenetics in the 1960s, models have become increasingly
sophisticated to account for the inherent complexity of evolution. They rely heavily on mathematics
and aim at modelling and analyzing biological phenomena such as horizontal gene transfer,
heterogeneity of mutation, and speciation and extinction processes. This book presents these recent
models, their biological relevance, their mathematical basis, their properties, and the algorithms to
infer them fromdata. A number of subfields from mathematics and computer science are involved:
combinatorics, graph theory, stringology, probabilistic and Markov models, information theory,
statistical inference, Monte Carlo methods, continuous and discrete algorithmics.This book arises
from the Mathematics of Evolution & Phylogenetics meeting at the Mathematical Institute Henri
Poincaré, Paris, in June 2005 and is based on the outstanding state-of-the-art reports presented by
the conference speakers. Ten chapters - based around five themes - provide a detailed overview of
key topics, from the underlying concepts to the latest results, some of which are at the forefront of
current research.

phylogenetic tree definition: Mathematical and Computational Oncology George Bebis, Max
Alekseyev, Heyrim Cho, Jana Gevertz, Maria Rodriguez Martinez, 2020-12-07 This book constitutes
the refereed proceedings of the Second International Symposium on Mathematical and
Computational Oncology, ISMCO 2020, which was supposed to be held in San Diego, CA, USA, in
October 2020, but was instead held virtually due to the COVID-19 pandemic. The 6 full papers and 4
short papers presented together with 1 invited talk were carefully reviewed and selected from 28
submissions. The papers are organized in topical sections named: statistical and machine learning
methods for cancer research; mathematical modeling for cancer research; general cancer
computational biology; and posters.

phylogenetic tree definition: Algorithmic Aspects of Bioinformatics Hans-Joachim
Bockenhauer, Dirk Bongartz, 2007-06-06 Advances in bioinformatics and systems biology require
improved computational methods for analyzing data, while progress in molecular biology is in turn
influencing the development of computer science methods. This book introduces some key problems
in bioinformatics, discusses the models used to formally describe these problems, and analyzes the
algorithmic approaches used to solve them. After introducing the basics of molecular biology and
algorithmics, Part I explains string algorithms and alignments; Part II details the field of physical
mapping and DNA sequencing; and Part III examines the application of algorithmics to the analysis
of biological data. Exciting application examples include predicting the spatial structure of proteins,
and computing haplotypes from genotype data. This book describes topics in detail and presents
formal models in a mathematically precise, yet intuitive manner, with many figures and chapter
summaries, detailed derivations, and examples. It is well suited as an introduction into the field of
bioinformatics, and will benefit students and lecturers in bioinformatics and algorithmics, while also
offering practitioners an update on current research topics.



phylogenetic tree definition: Encyclopedia of Algorithms Ming-Yang Kao, 2008-08-06 One
of Springer’s renowned Major Reference Works, this awesome achievement provides a
comprehensive set of solutions to important algorithmic problems for students and researchers
interested in quickly locating useful information. This first edition of the reference focuses on
high-impact solutions from the most recent decade, while later editions will widen the scope of the
work. All entries have been written by experts, while links to Internet sites that outline their
research work are provided. The entries have all been peer-reviewed. This defining reference is
published both in print and on line.

phylogenetic tree definition: The Princeton Guide to Evolution David A. Baum, Douglas ].
Futuyma, Hopi E. Hoekstra, Richard E. Lenski, Allen J. Moore, Catherine L. Peichel, Dolph Schluter,
Michael C. Whitlock, 2017-03-21 The essential one-volume reference to evolution The Princeton
Guide to Evolution is a comprehensive, concise, and authoritative reference to the major subjects
and key concepts in evolutionary biology, from genes to mass extinctions. Edited by a distinguished
team of evolutionary biologists, with contributions from leading researchers, the guide contains
some 100 clear, accurate, and up-to-date articles on the most important topics in seven major areas:
phylogenetics and the history of life; selection and adaptation; evolutionary processes; genes,
genomes, and phenotypes; speciation and macroevolution; evolution of behavior, society, and
humans; and evolution and modern society. Complete with more than 100 illustrations (including
eight pages in color), glossaries of key terms, suggestions for further reading on each topic, and an
index, this is an essential volume for undergraduate and graduate students, scientists in related
fields, and anyone else with a serious interest in evolution. Explains key topics in some 100 concise
and authoritative articles written by a team of leading evolutionary biologists Contains more than
100 illustrations, including eight pages in color Each article includes an outline, glossary,
bibliography, and cross-references Covers phylogenetics and the history of life; selection and
adaptation; evolutionary processes; genes, genomes, and phenotypes; speciation and
macroevolution; evolution of behavior, society, and humans; and evolution and modern society

phylogenetic tree definition: International Code of Phylogenetic Nomenclature (PhyloCode)
Kevin de Queiroz, Philip Cantino, 2020-04-29 The PhyloCode is a set of principles, rules, and
recommendations governing phylogenetic nomenclature, a system for naming taxa by explicit
reference to phylogeny. In contrast, the current botanical, zoological, and bacteriological codes
define taxa by reference to taxonomic ranks (e.g., family, genus) and types. This code will govern the
names of clades; species names will still be governed by traditional codes. The PhyloCode is
designed so that it can be used concurrently with the rank-based codes. It is not meant to replace
existing names but to provide an alternative system for governing the application of both existing
and newly proposed names. Key Features Provides clear regulations for naming clades Based on
expressly phylogenetic principles Complements existing codes of nomenclature Eliminates the
reliance on taxonomic ranks in favor of phylogenetic relationships Related Titles: Rieppel, O.
Phylogenetic Systematics: Haeckel to Hennig (ISBN 978-1-4987-5488-0) de Queiroz, K., Cantino, P.
D. and Gauthier, ]J. A. Phylonyms: A Companion to the PhyloCode (ISBN 978-1-138-33293-5).

phylogenetic tree definition: Do Species Exist? Werner Kunz, 2013-08-02 A readily
comprehensible guide for biologists, field taxonomists and interested laymen to one of the oldest
problems in biology: the species problem. Written by a geneticist with extensive experience in field
taxonomy, this practical book provides the sound scientific background to the problems arising with
classifying organisms according to species. It covers the main current theories of specification and
gives a number of examples that cannot be explained by any single theory alone.

phylogenetic tree definition: Algorithms on Strings, Trees, and Sequences Dan Gusfield,
1997-05-28 String algorithms are a traditional area of study in computer science. In recent years
their importance has grown dramatically with the huge increase of electronically stored text and of
molecular sequence data (DNA or protein sequences) produced by various genome projects. This
book is a general text on computer algorithms for string processing. In addition to pure computer
science, the book contains extensive discussions on biological problems that are cast as string




problems, and on methods developed to solve them. It emphasises the fundamental ideas and
techniques central to today's applications. New approaches to this complex material simplify
methods that up to now have been for the specialist alone. With over 400 exercises to reinforce the
material and develop additional topics, the book is suitable as a text for graduate or advanced
undergraduate students in computer science, computational biology, or bio-informatics. Its
discussion of current algorithms and techniques also makes it a reference for professionals.

phylogenetic tree definition: Bioinformatics Research and Application Jianer Chen, Jianxin
Wang, Alexander Zelikovsky, 2011-05-10 This volume constitutes the refereed proceedings of the 7th
International Symposium on Bioinformatics Research and Applications, ISBRA 2011, held in
Changsha, China, in May 2011. The 36 revised full papers presented together with 4 invited talks
were carefully reviewed and selected from 92 submissions. Topics presented span all areas of
bioinformatics and computational biology, including the development of experimental or commercial
systems.

phylogenetic tree definition: Invitation to Fixed-Parameter Algorithms Rolf Niedermeier,
2006-02-02 This research-level text is an application-oriented introduction to the growing and highly
topical area of the development and analysis of efficient fixed-parameter algorithms for optimally
solving computationally hard combinatorial problems. The book is divided into three parts: a broad
introduction that provides the general philosophy and motivation; followed by coverage of
algorithmic methods developed over the years in fixed-parameter algorithmics forming the core of
the book; and a discussion of the essentials from parameterized hardness theory with a focus on
WI1]-hardness which parallels NP-hardness, then stating some relations to polynomial-time
approximation algorithms, and finishing up with a list of selected case studies to show the wide
range of applicability of the presented methodology. Aimed at graduate and research
mathematicians, programmers, algorithm designers, and computer scientists, the book introduces
the basic techniques and results and provides a fresh view on this highly innovative field of
algorithmic research.

phylogenetic tree definition: Evolutionary Genetics Glenn-Peter Seetre, Mark Ravinet,
2019-05-13 With recent technological advances, vast quantities of genetic and genomic data are
being generated at an ever-increasing pace. The explosion in access to data has transformed the
field of evolutionary genetics. A thorough understanding of evolutionary principles is essential for
making sense of this, but new skill sets are also needed to handle and analyze big data. This
contemporary textbook covers all the major components of modern evolutionary genetics, carefully
explaining fundamental processes such as mutation, natural selection, genetic drift, and speciation.
It also draws on a rich literature of exciting and inspiring examples to demonstrate the diversity of
evolutionary research, including an emphasis on how evolution and selection has shaped our own
species. Practical experience is essential for developing an understanding of how to use genetic and
genomic data to analyze and interpret results in meaningful ways. In addition to the main text, a
series of online tutorials using the R language serves as an introduction to programming, statistics,
and analysis. Indeed the R environment stands out as an ideal all-purpose source platform to handle
and analyze such data. The book and its online materials take full advantage of the authors' own
experience in working in a post-genomic revolution world, and introduces readers to the plethora of
molecular and analytical methods that have only recently become available. Evolutionary Genetics is
an advanced but accessible textbook aimed principally at students of various levels (from
undergraduate to postgraduate) but also for researchers looking for an updated introduction to
modern evolutionary biology and genetics.

phylogenetic tree definition: Phylogenomics Rob DeSalle, Michael Tessler, Jeffrey Rosenfeld,
2020-08-18 Phylogenomics: A Primer, Second Edition is for advanced undergraduate and graduate
biology students studying molecular biology, comparative biology, evolution, genomics, and
biodiversity. This book explains the essential concepts underlying the storage and manipulation of
genomics level data, construction of phylogenetic trees, population genetics, natural selection, the
tree of life, DNA barcoding, and metagenomics. The inclusion of problem-solving exercises in each




chapter provides students with a solid grasp of the important molecular and evolutionary questions
facing modern biologists as well as the tools needed to answer them.

phylogenetic tree definition: Brenner's Encyclopedia of Genetics Stanley Maloy, Kelly
Hughes, 2013-03-03 The explosion of the field of genetics over the last decade, with the new
technologies that have stimulated research, suggests that a new sort of reference work is needed to
keep pace with such a fast-moving and interdisciplinary field. Brenner's Encyclopedia of Genetics,
Second Edition, Seven Volume Set, builds on the foundation of the first edition by addressing many
of the key subfields of genetics that were just in their infancy when the first edition was published.
The currency and accessibility of this foundational content will be unrivalled, making this work
useful for scientists and non-scientists alike.Featuring relatively short entries on genetics topics
written by experts in that topic, Brenner's Encyclopedia of Genetics, Second Edition, Seven Volume
Set provides an effective way to quickly learn about any aspect of genetics, from Abortive
Transduction to Zygotes. Adding to its utility, the work provides short entries that briefly define key
terms, and a guide to additional reading and relevant websites for further study. Many of the entries
include figures to explain difficult concepts. Key terms in related areas such as biochemistry, cell,
and molecular biology are also included, and there are entries that describe historical figures in
genetics, providing insights into their careers and discoveries. This 7-volume set represents a 25%
expansion from the first edition, with over 1600 articles encompassing this burgeoning field
Thoroughly up-to-date, with many new topics and subfields covered that were in their infancy or not
inexistence at the time of the first edition. Timely coverage of emergent areas such as epigenetics,
personalized genomic medicine, pharmacogenetics, and genetic enhancement technologies
Interdisciplinary and global in its outlook, as befits the field of genetics Brief articles, written by
experts in the field, which not only discuss, define, and explain key elements of the field, but also
provide definition of key terms, suggestions for further reading, and biographical sketches of the key
people in the history of genetics

phylogenetic tree definition: Encyclopedia of Evolutionary Biology , 2016-04-14 Encyclopedia
of Evolutionary Biology, Four Volume Set is the definitive go-to reference in the field of evolutionary
biology. It provides a fully comprehensive review of the field in an easy to search structure. Under
the collective leadership of fifteen distinguished section editors, it is comprised of articles written by
leading experts in the field, providing a full review of the current status of each topic. The articles
are up-to-date and fully illustrated with in-text references that allow readers to easily access primary
literature. While all entries are authoritative and valuable to those with advanced understanding of
evolutionary biology, they are also intended to be accessible to both advanced undergraduate and
graduate students. Broad topics include the history of evolutionary biology, population genetics,
quantitative genetics; speciation, life history evolution, evolution of sex and mating systems,
evolutionary biogeography, evolutionary developmental biology, molecular and genome evolution,
coevolution, phylogenetic methods, microbial evolution, diversification of plants and fungi,
diversification of animals, and applied evolution. Presents fully comprehensive content, allowing
easy access to fundamental information and links to primary research Contains concise articles by
leading experts in the field that ensures current coverage of each topic Provides ancillary learning
tools like tables, illustrations, and multimedia features to assist with the comprehension process

phylogenetic tree definition: Elements of dynamic and 2-SAT programming: paths, trees, and
cuts Bentert, Matthias, 2021-11-18 In dieser Arbeit entwickeln wir schnellere exakte Algorithmen
(schneller beziiglich der Worst-Case-Laufzeit) fiir Spezialfalle von Graphproblemen. Diese
Algorithmen beruhen grofStenteils auf dynamischem Programmieren und auf
2-SAT-Programmierung. Dynamisches Programmieren beschreibt den Vorgang, ein Problem rekursiv
in Unterprobleme zu zerteilen, sodass diese Unterprobleme gemeinsame Unterunterprobleme
haben. Wenn diese Unterprobleme optimal gelost wurden, dann kombiniert das dynamische
Programm diese Losungen zu einer optimalen Losung des Ursprungsproblems.
2-SAT-Programmierung bezeichnet den Prozess, ein Problem durch eine Menge von 2-SAT-Formeln
(aussagenlogische Formeln in konjunktiver Normalform, wobei jede Klausel aus maximal zwei




Literalen besteht) auszudricken. Dabei miissen erfullende Wahrheitswertbelegungen fiir eine
Teilmenge der 2-SAT-Formeln zu einer Losung des Ursprungsproblems korrespondieren. Wenn eine
2-SAT-Formel erfullbar ist, dann kann eine erfiillende Wahrheitswertbelegung in Linearzeit in der
Lange der Formel berechnet werden. Wenn entsprechende 2-SAT-Formeln also in polynomieller Zeit
in der EingabegrofSe des Ursprungsproblems erstellt werden konnen, dann kann das
Ursprungsproblem in polynomieller Zeit gelost werden. Im folgenden beschreiben wir die
Hauptresultate der Arbeit. Bei dem Diameter-Problem wird die grofSte Distanz zwischen zwei
beliebigen Knoten in einem gegebenen ungerichteten Graphen gesucht. Das Ergebnis (der
Durchmesser des Eingabegraphen) gehort zu den wichtigsten Parametern der Graphanalyse. In
dieser Arbeit erzielen wir sowohl positive als auch negative Ergebnisse fiir Diameter. Wir
konzentrieren uns dabei auf parametrisierte Algorithmen fiir Parameterkombinationen, die in vielen
praktischen Anwendungen klein sind, und auf Parameter, die eine Distanz zur Trivialitat messen. Bei
dem Problem Length-Bounded Cut geht es darum, ob es eine Kantenmenge begrenzter Grofe in
einem Eingabegraphen gibt, sodass das Entfernen dieser Kanten die Distanz zwischen zwei
gegebenen Knoten auf ein gegebenes Minimum erhoht. Wir bestatigen in dieser Arbeit eine
Vermutung aus der wissenschaftlichen Literatur, dass Length-Bounded Cut in polynomieller Zeit in
der EingabegrofSe auf Einheitsintervallgraphen (Intervallgraphen, in denen jedes Intervall die
gleiche Lange hat) gelost werden kann. Der Algorithmus basiert auf dynamischem Programmieren.
k-Disjoint Shortest Paths beschreibt das Problem, knotendisjunkte Pfade zwischen k gegebenen
Knotenpaaren zu suchen, sodass jeder der k Pfade ein kurzester Pfad zwischen den jeweiligen
Endknoten ist. Wir beschreiben ein dynamisches Programm mit einer Laufzeit n~O((k+1)!) fur
dieses Problem, wobei n die Anzahl der Knoten im Eingabegraphen ist. Dies zeigt, dass k-Disjoint
Shortest Paths in polynomieller Zeit fiir jedes konstante k gelost werden kann, was fiir iber 20 Jahre
ein ungelostes Problem der algorithmischen Graphentheorie war. Das Problem Tree Containment
fragt, ob ein gegebener phylogenetischer Baum T in einem gegebenen phylogenetischen Netzwerk N
enthalten ist. Ein phylogenetisches Netzwerk (bzw. ein phylogenetischer Baum) ist ein gerichteter
azyklischer Graph (bzw. ein gerichteter Baum) mit genau einer Quelle, in dem jeder Knoten
hochstens eine ausgehende oder hochstens eine eingehende Kante hat und jedes Blatt eine
Beschriftung tragt. Das Problem stammt aus der Bioinformatik aus dem Bereich der Suche nach dem
Baums des Lebens (der Geschichte der Artenbildung). Wir fithren eine neue Variante des Problems
ein, die wir Soft Tree Containment nennen und die bestimmte Unsicherheitsfaktoren berucksichtigt.
Wir zeigen mit Hilfe von 2-SAT-Programmierung, dass Soft Tree Containment in polynomieller Zeit
gelost werden kann, wenn N ein phylogenetischer Baum ist, in dem jeweils maximal zwei Blatter die
gleiche Beschriftung tragen. Wir erganzen dieses Ergebnis mit dem Beweis, dass Soft Tree
Containment NP-schwer ist, selbst wenn N auf phylogenetische Baume beschrankt ist, in denen
jeweils maximal drei Blatter die gleiche Beschriftung tragen. AbschlielSend betrachten wir das
Problem Reachable Object. Hierbei wird nach einer Sequenz von rationalen Tauschoperationen
zwischen Agentinnen gesucht, sodass eine bestimmte Agentin ein bestimmtes Objekt erhalt. Eine
Tauschoperation ist rational, wenn beide an dem Tausch beteiligten Agentinnen ihr neues Objekt
gegenuber dem jeweiligen alten Objekt bevorzugen. Reachable Object ist eine Verallgemeinerung
des bekannten und viel untersuchten Problems Housing Market. Hierbei sind die Agentinnen in
einem Graphen angeordnet und nur benachbarte Agentinnen konnen Objekte miteinander tauschen.
Wir zeigen, dass Reachable Object NP-schwer ist, selbst wenn jede Agentin maximal drei Objekte
gegeniiber ihrem Startobjekt bevorzugt und dass Reachable Object polynomzeitlosbar ist, wenn jede
Agentin maximal zwei Objekte gegeniiber ihrem Startobjekt bevorzugt. Wir geben aufSerdem einen
Polynomzeitalgorithmus fur den Spezialfall an, in dem der Graph der Agentinnen ein Kreis ist.
Dieser Polynomzeitalgorithmus basiert auf 2-SAT-Programmierung. This thesis presents faster (in
terms of worst-case running times) exact algorithms for special cases of graph problems through
dynamic programming and 2-SAT programming. Dynamic programming describes the procedure of
breaking down a problem recursively into overlapping subproblems, that is, subproblems with
common subsubproblems. Given optimal solutions to these subproblems, the dynamic program then



combines them into an optimal solution for the original problem. 2-SAT programming refers to the
procedure of reducing a problem to a set of 2-SAT formulas, that is, boolean formulas in conjunctive
normal form in which each clause contains at most two literals. Computing whether such a formula
is satisfiable (and computing a satisfying truth assignment, if one exists) takes linear time in the
formula length. Hence, when satisfying truth assignments to some 2-SAT formulas correspond to a
solution of the original problem and all formulas can be computed efficiently, that is, in polynomial
time in the input size of the original problem, then the original problem can be solved in polynomial
time. We next describe our main results. Diameter asks for the maximal distance between any two
vertices in a given undirected graph. It is arguably among the most fundamental graph parameters.
We provide both positive and negative parameterized results for distance-from-triviality-type
parameters and parameter combinations that were observed to be small in real-world applications.
In Length-Bounded Cut, we search for a bounded-size set of edges that intersects all paths between
two given vertices of at most some given length. We confirm a conjecture from the literature by
providing a polynomial-time algorithm for proper interval graphs which is based on dynamic
programming. k-Disjoint Shortest Paths is the problem of finding (vertex-)disjoint paths between
given vertex terminals such that each of these paths is a shortest path between the respective
terminals. Its complexity for constant k > 2 has been an open problem for over 20 years. Using
dynamic programming, we show that k-Disjoint Shortest Paths can be solved in polynomial time for
each constant k. The problem Tree Containment asks whether a phylogenetic tree T is contained in a
phylogenetic network N. A phylogenetic network (or tree) is a leaf-labeled single-source directed
acyclic graph (or tree) in which each vertex has in-degree at most one or out-degree at most one.
The problem stems from computational biology in the context of the tree of life (the history of
speciation). We introduce a particular variant that resembles certain types of uncertainty in the
input. We show that if each leaf label occurs at most twice in a phylogenetic tree N, then the
problem can be solved in polynomial time and if labels can occur up to three times, then the problem
becomes NP-hard. Lastly, Reachable Object is the problem of deciding whether there is a sequence
of rational trades of objects among agents such that a given agent can obtain a certain object. A
rational trade is a swap of objects between two agents where both agents profit from the swap, that
is, they receive objects they prefer over the objects they trade away. This problem can be seen as a
natural generalization of the well-known and well-studied Housing Market problem where the agents
are arranged in a graph and only neighboring agents can trade objects. We prove a dichotomy result
that states that the problem is polynomial-time solvable if each agent prefers at most two objects
over its initially held object and it is NP-hard if each agent prefers at most three objects over its
initially held object. We also provide a polynomial-time 2-SAT program for the case where the graph
of agents is a cycle.

phylogenetic tree definition: Examining Evolutionary Trends in Equus and its Close Relatives
from Five Continents Raymond Louis Bernor, Gina Marie Semprebon, Florent Rivals, Leonardo
Santos Avilla, Eric Scott, 2020-03-12 Evolution of the horse has been an often-cited primary example
of evolution, as well as one of the classic and important stories in paleontology for over a century
and a half, due to their rich fossil record across 5 continents: North America, South America,
Europe, Asia and Africa. The recent horse has served a profound role in human ancestry, including
agriculture, commerce, sport, transport, warfare, and in prehistory, for the subsistence of humans.
Many studies have examined the evolution of the Equidae and chronicled the striking changes in
skulls, dentition, limbs, and body size which have long been perceived to be a response to
environmental shifts through time. Most comprehensive studies heretofore have: (1) focused on the
“Great Transformation”- changes that occurred in the early Miocene, (2) involved tracking long-term
diversity or paleoecological trends on a single continent or within a geographical locality, or (3)
concentrated on the 3-toed hipparions. The Plio-Pleistocene evolutionary stage of horse evolution is
punctuated by the great climatic fluctuations of the Quaternary beginning 2.6 Ma which influenced
Equus evolution, biogeographic dispersion and adaptation on a nearly global scale. The evolutionary
biology of Equus evolution across its entire range remains relatively poorly understood and often



highly controversial. Some of this lack of understanding is due to assumptions that have arisen
because of the relatively derived craniodental and postcranial anatomy of Equus and its close
relatives which has seemed to imply that that these forms occupied relatively homogenous and
narrow dietary and locomotor niches - notions that have not been adequately addressed and
rigorously tested. Other challenges have revolved around teasing apart environmentally-driven
adaptation versus phylogenetically defined morphological change. Geochronologic age control of
localities, geographic provinces and continents has improved, but in no way is absolute and can be
reexamined in our proposed volume. Temporal resolution for paleodietary, paleohabitat and
paleoecological interpretations are also challenging for understanding the evolution of Equus. Our
proposed volume attempts to assemble a group of experts who will address multiple dimensions of
Equus’ evolution in time and space.
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