Chapter 19 Phylogeny and Systematics
19.1 Systematics
1.     Systematics is a field of biology dedicated to understanding the evolutionary history of life on Earth

2. Taxonomy is the branch of biology concerned with identifying, naming, and classifying organisms.


A.
Linnean Systematics


1.
A natural system of classification reflects the evolutionary history of organisms.

2.
Naming and identifying organisms began with the Greeks and Romans.

3.
In the Middle Ages, organisms were described using long Latin descriptions.



4.
John Ray (1627-1705), a British naturalist, argued that each organism should have a set name.

B.
The Binomial System

1.
The number of known organisms expanded greatly in mid‑eighteenth century due to European travel.

2.
Carolus Linnaeus (1707-1778) developed the binomial system to name species. 

3.
The binomial system of nomenclature names organisms using a two-part Latin name.

a.
First part is the genus; closely related species are assigned to the same genus.

b.
Second part is the specific epithet; it usually provides something descriptive about an organism.

c.
A scientific name consists of both genus and specific epithet (e.g., Lilium buibiferum and Lilium canadense).

d.
Both names are italicized or underlined; the first letter of the genus name is capitalized.

e.
The genus can be abbreviated when used with a specific epithet if the full name was given before.

4.
Common names vary with different languages, lump many species under one name or have various names for the same species, and the same name may refer to different organisms in different regions.

5.
The job of naming all species is far from finished.

a.
There are estimated to be between 3 and 30 million species living on earth.

b.
Currently, one million species of animals and a half million plant and microorganismic species have been named.

c.
Some groups, such as birds, are nearly all known; some insect groups are mostly unknown.  

C.
Linnean Classification Categories

1.
Aristotle classified life into 14 groups (e.g., mammals, birds, etc.), and subdivided them by size.

2.
Ray grouped animals and plants according to how he thought they were related.

3.
Linnaeus grouped plants by flower parts; his categories were published in Systema Naturae in 1735

4.
Today, taxonomists use seven categories of classification: species, genus, family, order, class, phylum, and kingdom.

a.
A higher category, the domain, has recently been added to these seven categories.

b.
The higher the category, the more inclusive it is.

c.
Members of a kingdom share general characters; members of a species share quite specific characters.

d.
Since one taxonomic group exists inside another group, these categories are also termed nested.


A character is any structural, chromosomal, or molecular feature that distinguishes one group from another.

e.
Additional levels of classification can be added by adding super‑, sub‑, or infra‑ (e.g., suborder); thus, there are more than 30 categories of classification.

19.2   Phylogenetic Trees
1.
Classification reflects phylogeny; one goal of systematics is to create phylogenetic trees. 

2.
Phylogeny is the evolutionary history of a group of organisms.

3.
A phylogenetic tree indicates common ancestors and lines of descent or lineages.
4.
A primitive character is a trait that is present in a common ancestor and all members of a group.

5.
A derived character is present only in a specific line of descent.

6. Different lineages diverging from a common ancestor have ancestral characteristics—traits shared by the ancestor and the species in its lines of descent.

7. Because classification is hierarchical, it is possible to use classification categories to construct a phylogenetic tree.

8. When we say that two species are related, we mean that they share a common ancestor.

A.
Cladistic Phylogenetic Trees

1.
Cladistic systematics is based on the work of Willi Hennig.

2.
Cladistics analyzes primitive and derived characters and constructs cladograms on the basis of shared derived characters.

3.
A cladogram is a diagram showing relationships among species based on shared, derived characters; a cladogram thus traces the evolutionary history of the group being studied.

4.
Constructing a Cladogram

a.
First step: construct a table of characters of the taxa being compared.

b.
Any character found in the outgroup as well as the ingroup is a shared primitive character. 

c.
Homologies shared by certain lineages are shared derived characters, or synapomorphies.

d.
A clade is an evolutionary branch that includes a common ancestor and all its descendent species.

5.
How to Judge a Cladogram

a. Cladists are guided by the principle of parsimony—the minimum number of assumptions is most logical.

b. The best cladogram is one in which the fewest number of shared derived characters are left unexplained or that minimizes the number of assumed evolutionary changes...
c. This approach is vulnerable if convergent evolution produces what appears to be common ancestry.

d. Statistical phylogenetic is a new branch of systematics that uses statistical tools and not parsimony to help construct phylogenetic trees.



e.
Reliability of cladograms is dependent on the knowledge and skill of a particular investigator gathering data.


6.
How to Judge a Clade



a.
A Monophyletic group is a grouping of species that includes a common ancestor and all the descendents of that ancestor.



b.
A paraphyletic group contains a common ancestor and does not include all the descendents.



c.
A polyphyletic group contains some of the descendants of more than one common ancestor and not all the common ancestors.

B.
Tracing Phylogeny

1. Fossil Record Data

a. Because fossils can be dated, fossils can establish the age of a species.

b. It can be difficult to associate fossils with currently living groups; e.g., a new view of turtle fossils could place them closer to crocodiles.

c. The fossil record is often incomplete because soft‑bodied organisms do not fossilize well.

d. Most organisms decay and the chances of becoming a fossil are low.

2. Morphological Data

a. Homology is character similarity that stems from having a common ancestor; homology helps indicate when species belong to a related group.

b. Homologous structures are related to each other through common descent but may differ in structure and function (e.g., the forelimbs of a horse and the wings of a bat). 

c. Convergent evolution is acquisition of similar traits in distantly related lines of descent as a result of adaptation to similar environmental conditions; convergent evolution may make it difficult to distinguish homologous from analogous structures.

d. Analogous structures have the same function but are not derived from the same organ in a common ancestor (e.g., the wings of an insect and the wings of a bat).

C.
Behavioral Data



1.
Since many different species may display some common behaviors, this may substantiate the morphological data that some species are related through evolution.

D.
Molecular Data

1.
Speciation occurs when mutations bring about changes in base pair sequences of DNA.

2.
Each distinct lineage accumulates changes in DNA base pair sequences and amino acid sequences in proteins over time.

3.
Advances in analyzing nucleotide and amino acid sequences make abundant data available to researchers.

4.
Protein Comparisons

a.
Earlier studies used immunological reactions to antibodies, made by injecting a rabbit with cells of one species, to determine the relatedness of two species.

b.
Amino acid sequences are now used to determine the differences in proteins between two species.

1) Cytochrome c is a protein found in all aerobic organisms; the amino acid differences in cytochrome c between chickens and humans is 13 but between chickens and ducks is only 3.

c.
Since the number of universal proteins is limited, most new studies use RNA and DNA.

5.
DNA and RNA Comparisons

a.
DNA differences can substantiate data, help trace the course of macroevolution, and fill in the gaps of the fossil record.

e.
Mitochondria DNA (mtDNA) mutates ten times faster than nuclear DNA; mtDNA is often used for closely related species; North American songbirds were found to have diverged well before retreating glaciations 250,000–100,000 years ago.

6.
Molecular Clocks

a.
Nucleic acid changes are not tied to adaptation; the fairly constant changes provide a molecular clock.
b.
Comparison of mtDNA sequences equated a 5.1% nucleic acid difference among songbird species to 2.5 million years. 

c.
The fossil record can then be used to calibrate the clock and confirm the hypothesis drawn from molecular data.
E.
DNA Bar Coding of Life (Science Focus box)



1.
The Consortium for the Barcode of Life (CBOL) believes that any scientist will be able to identify a species using a handheld scanner.



2.
According to this Consortium, there will be a database of DNA sequences, and this scanner would tap into the database and identify an organism.



3.
Paul Hebert and colleagues at the University of Guelph in Canada believe that it is possible to use the base sequence in DNA to develop a bar code for each living thing.



4.
According to Herbert, the gene:




a.
Should contain no more than 650 nucleotides so sequencing is easy and with no mistakes




b.
Should be easy to extract from an organism’s complete genome.




c.
Should have mutated to the degree that each species has its own sequence of bases.



5.
Herbert’s team uses a mitochondrial gene, cytochrome c oxidase subunit I (COI), for a target gene in animals.



6. 
John Kress from the Smithsonian Institute in Washington, D.C. developed a potential method for bar coding plant species.

19.3

The Three-Domain System

1. Recent research suggests one group of prokaryotes is so distantly related it should be in a separate domain. 

2. Sequencing of rRNA suggests all organisms evolved along three distinct lineages: domains Bacteria, Archaea, and Eukarya.
3. Domain Bacteria
a. The bacteria are prokaryotic unicellular organisms that reproduce asexually.

b. Cyanobacteria are large photosynthetic prokaryotes.

c. Most bacteria are heterotrophic.

d. Bacteria are important in ecosystems because they break down organic remains, thereby keeping chemical cycling going.

e. Some bacteria are parasitic and cause disease.

4. Domain Archaea
a. Like bacteria, archaea are prokaryotic unicellular organisms that reproduce asexually.

b. The archaea live in extreme environments: methanogens in anaerobic swamps, halophiles in salt lakes, and thermoacidophiles in hot acidic environments.

c. The archaea cell wall is diverse but not the same as the bacterial cell wall.

5. Domain Eukarya 

a. Eukaryotes are unicellular to multicellular organisms, always with a membrane-bound nucleus.

b. Sexual reproduction is common; various types of life cycles are seen.

c. Protists and fungi are eukaryotes, as are plants and animals (these kingdoms will be studied in detail in later chapters in the text and in this instructor’s manual). 
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