PLANT BIOLOGY

14. systematics and phylogeny
a. Classification, Taxonomy,  Phylogeny and Systematics
· Classification meets the human penchant for order and communication. It involves naming and grouping similar entities together.
Classifications may be artificial or based on phylogeny.
· Taxonomy is the branch of biology concerned with naming, identification and classification of the diverse forms of life.
· Phylogeny is the evolutionary history of the organism.
· Systematics is the study of the classification of living things, with special emphasis on their evolutionary/phylogenetic relationships. Systematics is also known as the study of biological diversity/biodiversity. 

b. SCIENTIFIC VERSUS COLLOQUIAL NAMES
· People from time immemorial have had names for the organisms that   they encounter in everyday life.
· Often each culture has a different name for the same species.  For example sycamore tree and plane tree, tulip tree and yellow poplar.

· This can be confusing.  To reduce the confusion an international standard system of naming has been created.

· For example, the Sycamore/plane tree is Platanus occidentalis and the Tulip/yellow poplar is Liriodendron tulipifera.

· Scientific nomenclature is meant to be universal and conform  to fixed rules. It is not a trivial matter. 

· If proper naming and classification is used it can tell us a lot about the classification and phylogeny of the plant.
c. Taxonomy and Hierarchical Classification
Modern taxonomy and the binomial system is usually considered to begin with Linnaeus (1707 – 1778).  

At that time naturalists describing the realm of natural entities such as plant, animals and rocks would do so with a series of Latin words or short phrase.  

These words gave a “polynomial”  to the entity being described.  This polynomial system had been in place for almost 200 years and is often attributed to Caspar Bauhin (1560 1624)  when Linnaeus added a one word “epithet” to margin of his notebooks next to each polynomial.  He did this in his famous treatise “Species Plantarum”.  

This led to a realization and acceptance of the simpler binomial that ua used to this day.  Nevertheless each new plant species described to day still must have a Latin description or “diagnosis”. 

d. A Polynomial Example
· The common Catnip had the Latin polynomial Nepeta floribus interrupte spicatus pedunculatis.
· This means the Nepeta with flowers in an interrupted pedunculate spike.  

· Linnaeus wrote “cataria” by the side of the polynomial referring to the attraction that cats have to this plant.  The name soon came to be known as Nepeta cataria.  This became the binomial.  This is still the name used today for catnip.

· Nepeta is the genus and cataria the specific epithet.
e. WHAT IS A TAXON?

· A Taxon is any taxonomic unit or group of any rank.
· Taxon is the singular form of the word and taxa is the plural.

· For example, Kingdom, Genus and Species are all taxa.

f. Dichotomous Key to the Major Vascular Plant Groups
· Plant without true flowers or seeds; reproduction by 1-celled spores; always  herbaceous. A. Pteridodophyta.

Plant with true flowers bearing stamens or carpels or mostly both, and seeds containing a multicelled embryo (Spermatophyta).
· Trees or shrubs with needlelike or scalelike leaves; flowers mostly unisexual, lacking perianth; ovules naked, not enclosed in ovary. B. Gymnospermae.
         Trees, herbs or shrubs with leaves of diverse form, needlelike, scalelike or flat; 
flowers bisexual or unisexual, perianth usually present; ovules 
completely 
enclosed in ovary (Angiospermae)

· Leaves usually parallel-veined, mostly alternate and entire; parts of flowers usually in threes, not in fives, embryo with single cotyledon. C. Monocotyledoneae: 

· Leaves net-veined, usually pinnately or palmately so; parts of flowers mostlyin fours or fives; embryo with 2 cotyledons in most 
cases. D.  Dicotyledoneae: 

g. Number of known living plant species
248,000
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h. Biodiversity = Biological Diversity
· Biodiversity is the number and variety of living things.
· Biodiversity provides functional and structural redundancy in systems.
· Biodiversity is the biological information base.
· Biodiversity is disequilibrating.
Biodiversity = Biological Diversity: An Overview I
What is Biodiversity?.
· Species Diversity.
· Genetic diversity.
· Ecosystem diversity.
· Meaning & Measurement.
Biodiversity: An Overview II
Biodiversity: Changes in Time & Space

· Changes over time.
· Changes over space.
· Gains and losses.
· Causes of gain.
· Causes of loss.
Biodiversity: An Overview III
Maintaining biological diversity; practical and moral imperative

· In situ conservation.
· Ex situ conservation.
Biodiversity: An Overview IV
Why conserve biological diversity?.
· Biological diversity as a resource.
· Food.
· Pharmaceuticals.
· Maintaining ecosystem function.
· The precautionary principle, e.g., is there system redundancy?.
· Biodiversity is disequilibrating.
· Information content in the Biosphere.
· Non-resource values of biodiversity.
· Ethics.
· Aesthetics.
i. Carl Woese proposed three domains of organisms 
· The scientific community was shocked in the late 1970s by the discovery of an entirely new group of organisms -- the Archaea. 

· Dr. Carl Woese and his colleagues at the University of Illinois were studying relationships among the Monera / Prokaryota using ribosomal DNA sequences, and found that there were two distinct groups. 

· Those "bacteria" that lived at high temperatures or produced methane clustered together as a group well away from the usual bacteria and the eukaryotes. 

· Because of this vast difference in genetic makeup, Woese proposed that life be divided into three Domains: Eukaryota, Eubacteria, and Archaebacteria.  The prokaryote Domains were later renamed Bacteria and Archaea.
j. Some Major Distinguishing Features of the Three Domains of Life
	Characteristic
	Bacteria
	Archaea
	Eukarya

	Cell Type
	Prokaryotic
	Prokaryotic
	Eukaryotic

	Nuclear envelope
	Absent
	Absent
	Present

	Number of Chromosomes
	1
	1
	More than 1

	Chromosome configuration
	Circular
	Circular
	Linear

	Organelles 

(mitochondria and plastids)
	Absent
	Absent
	Present

(in all but a few)

	Cytoskeleton
	Absent
	Absent
	Present

	Chlorophyll-based photosynthesis

Cell wall
	Yes, not all

peptoglycan
	No

Pseudopepto-glycan or only protein
	Yes, not all

Various or none


K. METHODS OF CLASSIFICATION
· Traditional methods based on comparative morphology, anatomy, physiology and function.
· Cladistic method is based on phylogeny.
Cladistics: A taxonomic approach that classifies
organisms according to the order in time at which branches arise along a phylogenetic tree, without considering the degree of morphological divergence.
· Phenetic method based on dissimilarity and distance. Molecular Systematics is such a method.
· An approach of taxonomy which uses measurements of phenotypes without consideration of homology, analogy or phylogeny.  

· It produces “artificial” classifications.  Computer classification and numerical taxonomy is usually a phenetics approach.  

· Recently DNA sequence data and other molecular data is used as input into these classifications.  

· Phenetics is concerned with degree of divergence, i.e., difference whereas cladistics is concerned with evolutionary sequences.  

· Phenetic and cladistic results are not always the same.

l. Homology and Analogy & Comparative Anatomy and Morphology
These are useful concepts in taxonomy and phylogeny

· Homologous Structure share the same common ancestry and may or may not have the same function.. E.g, the wing of a bird or the flipper of a seal are homologous as they have the same origin;  Leaves and petals are  homologous and usually have a different function.

· Analogous Structures have a common function; may or may not be have the same developmental or evolutionary origin.  E.g., a wing of a bird and a bat; wing of a bird and an insect; moss leaf and maple leaf. 

· Convergent evolution.  When structures look superficially alike, serve the same function and yet have a different origin they can be said to have converged to solve a similar problem and function.  E.g., the spine of a cactus is a modified leaf but the spine of a hawthorn is a modified stem.  Both serve to ward away herbivores but have different origins.

m. Summary
· Organisms are named with a binomial and grouped into taxonomic categories arranged in a hierarchy.
· Organisms are classified phylogenetically using homologous, rather than analogous, features.
· A comparison of the molecular composition of organisms can be used to predict their evolutionary relationships.
· Organisms are classified into two prokaryotic domains and one eukaryotic domain, which consists of four kingdoms.
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