Chapter 25: Introduction

•
Systematics reveals the evolutionary relationships between organisms.

•
Taxonomy, a subdivision of systematics, is the theory and practice of classifying organisms.

•
Information about evolutionary relationships can be of great value, as in the conquest of the disease schistosomiasis.

•
Schistosomiasis is a blood infection caused by a parasitic flatworm, Schistosoma, which inhabits a freshwater snail during part of its life cycle . 

•
Larval Schistosoma can leave their snail hosts and infect humans.

•
Until 1970, only one species of snail was thought to be a carrier of the flatworm.

•
But then investigators found that three related species of snail are carriers of the parasite. The others have a certain genetic trait that allows them to resist infection.

•
Knowledge of these evolutionary relationships allows scientists to determine quickly which snails are potentially dangerous and to direct control efforts only toward those.

Phylogenetic Trees

•
A phylogeny is a hypothesis proposed by a systematist that describes the history of descent of a group of organisms from their common ancestor.

•
A phylogenetic tree represents the speciation events of a lineage of animals from a common ancestor to the animals’ present form. (See Figure 25.1.)

•
A phylogenetic tree may represent all life, certain lineages, or a small group of organisms.

•
Systematists reconstruct phylogenetic trees by analyzing evolutionary changes in the traits of organisms.

Homologous traits are inherited from a common ancestor

•
Systematists expect traits inherited from an ancestor in the distant past to be shared by a large number of species.

•
Traits that first appeared in a more recent ancestor should be shared by fewer species.

•
These shared traits, inherited from a common ancestor, are called ancestral traits.

•
Any features (DNA sequences, behavior, or anatomical features) shared by two or more species that descended from a common ancestor are said to be homologous.

•
A trait that differs from its ancestral form is called a derived trait.

•
To identify how traits have changed during evolution, systematists must infer the state of the trait in some ancestor and then determine how it has been modified in the descendants.

•
Two processes make it difficult to identify how traits have changed during evolution:

•
Independently evolved features subjected to similar selective pressures may become superficially similar, a process known as convergent evolution. (See Figure 25.2.)

•
A character may revert from a derived state back to an ancestral state (evolutionary reversal).

•
These processes generate homoplastic traits—that is, traits that are similar for some reason other than inheritance from a common ancestor.

•
A particular trait may be ancestral or derived, depending on the group of interest.

•
In a phylogeny of rodents, for example, continuously growing incisors are an ancestral trait because all rodents have them.

•
In a phylogeny of mammals, continuously growing incisors are a derived trait unique to the rodents.

Identifying ancestral traits is sometimes difficult

•
Distinguishing derived traits from ancestral traits may be difficult because traits often become very dissimilar.

•
The plant leaf provides an example of a trait that has diverged to form many different structures. (See Figure 25.3.)

•
An outgroup is a lineage that is closely related to an ingroup (the lineage of interest) but has branched off from the ingroup below its base on the evolutionary tree.

•
One way to distinguish ancestral traits from derived traits is to assume that an ancestral trait should be found not only among species of the ingroup, but also in outgroups.

Steps in Reconstructing Phylogenies

•
There are several steps to creating a phylogeny:

•
The first step is selecting a group of organisms to classify (the ingroup).

•
The second step is to choose characters that will be used in the analysis and to identify the possible forms (traits) of the character.

•
The third step is to determine the ancestral and derived traits.

•
Finally, the systematist must distinguish homologous from homoplastic traits.

•
Systematists use many characters to reconstruct phylogenies, including physiological, behavioral, molecular, and structural characters of both living and fossil organisms.

•
The more traits that are measured, the more inferred phylogenies should converge on one another and on the actual evolutionary pattern.

Morphological and developmental traits are used in reconstructing phylogenies

•
An important source of information for systematists is morphology, which describes the sizes and shapes of body parts.

•
Because living organisms have been studied for centuries, a wealth of morphological data is available.

•
Early developmental stages of many organisms reveal similarities to other organisms, but these similarities may be lost by the time of adulthood.

•
The notochord of larval sea squirts is an example of a developmental characteristic that suggests a closer relation of sea squirts to vertebrates than examination of the adult animals alone would suggest. (See Figure 25.4.)

•
The fossil record provides much morphological data and reveals when lineages diverged, as well as evidence that helps systematists distinguish ancestral traits from derived traits.

•
Sometimes, however, few or no fossils have been found for a group of organisms whose phylogeny we wish to determine.

Molecular traits are also useful in reconstructing phylogenies

•
Like the sizes and shapes of body parts, the molecules of which an organism is composed are heritable characteristics that may diverge among lineages over time.

•
The molecular traits most often used in the construction of phylogenies are the structures of nucleic acids (DNA and RNA) and proteins.

•
Protein primary structure: 

•
Genetic differences between two lineages can be estimated by obtaining homologous proteins from them and determining the number of amino acids that have changed since the lineages diverged from a common ancestor.

•
DNA base sequences: 

•
Eukaryotic chloroplasts, mitochondria, and nuclei contain genomes that have been used in evolutionary studies. (See Figure 25.10.)

•
Relationships between apes and humans were investigated by sequencing a segment of nuclear DNA that includes a hemoglobin pseudogene (a nonfunctional DNA sequence derived early in primate evolution by duplication of a hemoglobin gene). 

•
The analysis indicated that chimpanzees and humans share a more recent common ancestor with each other than they do with gorillas.

Systematists use the parsimony principle when reconstructing phylogenies

•
The simple example of phylogenetic analysis just described does not work in the majority of cases, because traits can change more than once or undergo evolutionary reversal.

•
Systematists use a number of methods to sort out the phylogenetic relationships of organisms.

•
The most widely used method of reconstructing phylogenetic trees is the parsimony principle.

•
The parsimony principle states that one should prefer the simplest hypothesis that is capable of explaining the known facts. Its application to the reconstruction of phylogenies means minimizing the number of evolutionary changes that need to be assumed over all characters in all groups in the tree.

•
Parsimony is used most for phylogenies based on morphological traits.

•
The maximum likelihood method is another method used in constructing phylogenies.

•
Maximum likelihood is used primarily for phylogenies based on molecular data.

•
Determining the most likely phylogeny for a given group can be difficult. For example, there are 34,459,425 possible phylogenetic trees for a lineage of only 11 species.

•
A consensus tree is the outcome of merging multiple likely phylogenetic trees of approximately equal length. In a consensus tree, groups whose relationships differ among the trees form nodes with more than two branches.

Biological Classification and Evolutionary Relationships

•
The system of classification used today was developed by Carolus Linnaeus in 1758.

•
His two-name system is referred to as binomial nomenclature. (See Figure 25.6.)

•
Using this system, scientists throughout the world refer to the same organisms by the same names.

•
A genus is always capitalized, whereas the species is not; both names are italicized.

•
If an organism is referred to numerous times, the genus is abbreviated: for example, D. melanogaster for Drosophila melanogaster.

•
Species and genera are further grouped into higher taxonomic categories. (See Figure 25.6.)

•
The category above genus is family.

•
Family names end in the suffix “-idae” for animals and“-aceae” for plants.

•
Families in turn are grouped into orders, classes, phyla, and kingdoms. 

•
Biological classification systems and names are aids to memory and precise communication, and also are useful for predictions in scientific investigations.

•
For example, the discovery of biochemical precursors of cortisone in yams of a certain genus stimulated a successful search for higher concentrations of the drug in other species of that genus.

Current biological classifications reflect evolutionary relationships

•
The kind of relationship that we wish to express in biological classification systems influences which features are used to classify the organisms.

•
Most taxonomists today believe that biological classification systems should reflect evolutionary relationships and that taxonomic units should be monophyletic. (See Figure 25.7.)

•
A monophyletic group (or clade), contains all the descendants of a particular ancestor and no other organisms.

•
A polyphyletic taxon contains members with more than one recent common ancestor.

•
Taxonomists agree that polyphyletic groups are inappropriate as taxonomic units.

•
A paraphyletic group contains some, but not all, of the descendants of a particular ancestor. 

•
Some systematists believe that classification systems should also reflect degrees of difference among organisms, and that certain paraphyletic groups that have undergone rapid evolutionary change should be retained.

•
Recent molecular evidence suggests, for example, that birds, turtles, and crocodilians share a more recent ancestor than crocodilians and turtles share with snakes and lizards. (See Figure 25.8a.)

•
Crocodilians have traditionally been grouped with snakes, lizards, and turtles in the class Reptilia, whereas birds were placed in the class Aves.

•
Birds have evolved more rapidly than crocodiles, developing distinctive traits and adaptations such as feathers, whereas crocodilian traits have changed little from those of their ancestors.

•
As a result, crocodilians look like, and are grouped with, the lizards in phylogenies.

•
This means that the traditional class Reptilia is paraphyletic because it does not include all descendants of its common ancestor; birds are excluded. (See Figure 25.8b.)

•
Retaining reptiles as a paraphyletic group emphasizes that birds have evolved unique derived traits since they separated from reptiles, and are thus a distinct grade.

•
The current tendency is to change classifications to eliminate paraphyletic groups; however, some of the familiar taxonomic categories (gymnosperms and reptiles, for example) are paraphyletic.

•
Due to the familiarity and extensive literature based on paraphyletic groups, these categories are likely to remain in use for some time, even after their formal taxonomic designations change.

Phylogenetic Trees Have Many Uses

•
Phylogenetic trees are being used to determine how many times a particular trait may have arisen during evolution, to assess when lineages may have split, and to explain how evolutionary radiations came about.

How many times has a trait evolved?

•
Studies of a genus in the phlox family (Linanthus) illustrate how phylogenetic analyses can help systematists determine how many times a trait has evolved.

•
Most flowering plants reproduce by mating with another individual (outcrossing) and have mechanisms to prevent self-pollination.

•
Some species of plants can reproduce by self-pollination (they are self-compatible).

•
A nuclear ribosomal DNA sequence was used to construct the phylogeny of the Linanthus plants. (See Figure 25.9.)

•
Several lines of evidence suggest that self-incompatibility is the ancestral state in Linanthus.

•
Multiple origins of self-incompatibility are not known in any other flowering plant family.

•
Self-incompatibility systems are complex; a change from self-incompatibility to self-compatibility is accomplished more easily than the reverse change.

•
Although the site of pollen rejection varies widely among other plant groups, in self-incompatible Linanthus species the site of pollen rejection is always the stigma.

•
The phylogeny suggests that self-compatibility has evolved three times. This conclusion is contrary to a classification derived just from comparing flower structures.

When did lineages split?

•
Studies of characiform fishes illustrate how phylogenetic analyses can help systematists determine when lineages split.

•
The approximately 1,400 species of these freshwater fishes, found in both South American and Africa, vary greatly in size, shape, and diet.

•
Closely related species have been found on both sides of the Atlantic Ocean, and since these species live only in fresh water, it is unlikely that they dispersed across the ocean.

•
Genetic differences between the rRNA of the African and South American species are great enough to be consistent with a split caused by the separation of Africa from South America, which is believed to have happened about 90 million years ago. (See Figures 22.16 and 25.10.)

How recently did Lake Victoria’s cichlid fishes radiate?

•
A plausible phylogeny for a lineage of organisms enables biologists to answer a variety of questions about the history of that group.

•
For example, molecular and geological data have been used to reconstruct a phylogeny of Lake Victoria’s cichlid fishes and develop an explanation for their spectacular radiation.

•
Initially, the radiation that produced more than 500 species in one lineage of cichlid fishes was assumed to have occurred over a period of about 750,000 years.

•
Recent geological evidence suggests, however, that the lake dried up completely between 15,600 and 14,700 years ago.

•
Biologists determined that the hundreds of morphologically diverse cichlids could not have evolved in such a short time.

•
A new phylogeny of the cichlids of Lake Victoria and other lakes in the region was developed using 300 mtDNA sequences.

•
This phylogeny suggested that the ancestors of the Lake Victoria cichlids came from the much older lake Kivu.

•
The phylogeny also indicated that some of the cichlid lineages found only in Lake Victoria split at least 100,000 years ago, suggesting that the lake did not completely dry up about 15,000 years ago.

