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Chapter: 1 Plant Systematics 
 

Plant systematics is the branch of botany that is concerned with the naming, identification, 

evolution, and classification (arrangement into groups with common characteristics) of plants. In 

a strict sense, plant taxonomy is the science of naming and classifying plants. 

 

Some Definitions: 

Nomenclature – The naming of groups of organisms and the rules governing application 

of the names. 

Identification – The referring of individual organisms or specimens to a previously 

classified and named group. 

Taxonomy – The study of the principles and methods of classification. 

Systematics – All of the above in the context of evolutionary history. 

 

 Early History of Classification: 

Theophrastus (372-287 B.C.) – Enquiry into Plants – described and classified ca 500 

species of plants into herbs, undershrubs, shrubs, and trees 

Pliny the Elder (23-79 A.D.) – Historia Naturalis – a compendium of ancient scientific 

and medical knowledge including classifications of plants and animals 

Dioscorides (ca 40-90 A.D.) – De Materia Medica – compilation of known medical 

knowledge 

The Age of Herbals (1400-1700) – Several herbalists published richly illustrated books 

known as herbals, which dealt largely with the identification, collection, and preparation 

of medicinal plants. 

By the beginning of the 18
th

 century, it was common to name plants using a polynomial, 

which included a single word name (= generic name) for the plant followed by a lengthy 

list of descriptive terms. 

 

Carolus Linnaeus (1707-1778) – brought classification of plants and animals into the 

modern age- 

Systema Naturae (1735) – introduced a sexual system of classification for the 

plant kingdom 

Species Plantarum (1753) – formalized the combination of a generic name with 

a trivial name (the specific epithet) to form a binomial; used as the starting point 

for scientific names under the International Code of Botanical Nomenclature. 

 

The ultimate goal of nomenclature is to provide a consistent and stable method of naming 

organisms, thus allowing for ease of communication. 

 

  



How plants are named: 

 Common names- 

 Common names may commemorate a person, describe a physical quality, indicate a use, 

indicate origin, location or season, be the same as scientific names. 

 Common names are not universal. 

 A single species of plant may have many common names or no common name at all. 

 The same common name may apply to more than one species of plant. 

 

Scientific names- 

 In general, each kind of organism is a species, and similar species form a genus. 

 The name of a species is a Latin or Latinized binomial composed of a generic name 

followed by a specific epithet; it is always underlined or italicized. 

 Generic names are nouns and are always capitalized; they may be commemorative, 

describe physical qualities, be of aboriginal or classical origin, indicate use, indicate 

location. 

 Specific epithets are usually adjectives and are written in lower case (a commemorative 

name may be capitalized if one desires to do so); they may be commemorative, describe 

physical qualities, indicate use, and indicate origin, location or season. 

 A complete scientific name also includes the name(s) of author(s) who described it and, if 

there has been a change in the name, other author(s) who have in some way changed the 

name. 

 

What is a species? 

Biological species concept: 

A population or group of populations whose members have the potential to interbreed and 

produce viable, fertile offspring, but who cannot produce viable, fertile offspring  with members 

of other species. 

 

Limits to the biological species concept: 

 Does not address organisms that reproduce asexually 

 Some things that are very different from one another can interbreed successfully 

 Some things that are very similar to one another cannot interbreed successfully 

 

Morphological species concept 

Species are defined by measurable anatomical criteria 

 

Ecological species concept 

Ecological roles (niches) define species 

 

  



Evolutionary species concept 

Evolutionary lineages form the basis of species identification 

 

Taxonomic Hierarchy –  

Plant species are grouped into categories with related organisms using a phylogenetic system, 

which ideally reflects evolutionary history. 

 

 The term taxon (pl., taxa) is used generally for any unit of classification. 

 In accord with the International Code of Botanical Nomenclature: 

 Related species form a genus 

 Related genera form a family 

 Related families form an order 

 Related orders form a class 

 Related classes form a division 

 Related divisions form a kingdom 

 

The International Code of Botanical Nomenclature (ICBN) sets standard grammatical 

endings from Division (= Phylum) down to subtribe.  There are eight exceptions to the family 

level “– aceae” ending that may be used if desired: 

 

 Gramineae = Poaceae (Grasses) 

 Cruciferae = Brassicaceae (Mustards) 

 Leguminosae = Fabaceae (Beans, etc.) 

 Guttiferae = Clusiaceae (St. John’s Wort) 

 Umbelliferae = Apiaceae (Carrot, etc.) 

 Labiatae = Lamiaceae (Mints) 

 Compositae = Asteraceae (Sunflowers, etc.) 

 Palmae = Arecaceae (Palms) 

 

Methods of Plant Identification (referring of individual organisms or specimens to a previously 

classified and named group) 

 

Ask an expert 

Do it on your own 

 Compare to photos and drawings in books 

 Compare to previously identified specimens 

 Compare with written descriptions 

 Become an expert 

 Use a taxonomic key 



 

Taxonomic Keys 

Structure of a key 

 Series of paired mutually exclusive statements (couplets) 

 Divides a set of objects into progressively smaller subsets 

 

Using a key 

 Always read both choices 

 Understand the terms – don’t guess 

 Measure carefully – don’t guess 

 Magnify structures when necessary 

 Try to make multiple observations 

 Go both ways if necessary 

 Check answer against a photo, illustration, or herbarium specimen 

 

Taxonomic Literature: 

 

Floras, Manuals, Guides: 

 Floras and manuals usually treat plants of a particular geographic area and include keys 

and descriptions.  Sometimes they include illustrations and distribution maps. 

 Guides are usually fairly simple picture books, but some are more sophisticated and 

include keys, brief descriptions, natural history information, etc. 

 

Monographs and Revisions 

 A monograph is a comprehensive taxonomic treatment of a group that includes an 

exhaustive literature review; original research regarding morphology, cytology, 

chemistry, ecology, phytogeography, and phylogeny; a phylogenetic classification with 

keys, descriptions, illustrations, distribution maps, and complete synonymy. 

 A revision is usually less detailed, but includes keys, descriptions, distribution maps, and 

a classification system.  Should include most or all synonymy. 

 

Herbaria (singular – herbarium) 

 A collection of pressed, dried plant specimens arranged in a specific order for reference 

and (or) study.  A herbarium may contain anywhere from a few hundred specimens to 

several million.  The University of Texas Herbarium contains about 1.1 million 

specimens. 

 The overall goal of herbaria is to collect and preserve plant specimens with adequate 

label notes, and to collect taxonomic literature in the herbarium library. 

 

  



Functions of herbaria include: 

 Provide a standard reference collection for verifying the identification of newly collected 

plants 

 Serve as a reference collection for educational purposes 

 Document the presence of species at particular locations and provide geographical and 

ecological data 

 Serve as a basis for floristic and monographic studies 

 Provide plant material for other kinds of studies (pollen, DNA, chemical, etc.) 

 Serve as a repository for type specimens 

 

Molecular phylogenetics: 
Molecular phylogenetics is the analysis of hereditary molecular differences, mainly in DNA 

sequences, to gain information on an organism's evolutionary relationships. The result of a 

molecular phylogenetic analysis is expressed in a phylogenetic tree. Molecular phylogenetics is 

one aspect of molecular systematics, a broader term that also includes the use of molecular data 

in taxonomy and biogeography. 

 

History of molecular phylogenetics: 

• The theoretical frameworks for molecular systematics were laid in the 1960s in the works 

of Emile Zuckerkandl, Emanuel Margoliash, Linus Pauling, and Walter M. Fitch. 

• Applications of molecular systematics were pioneered by Charles G. Sibley (birds), 

Herbert C. Dessauer (herpetology), and Morris Goodman (primates), followed by Allan C. 

Wilson, Robert K. Selander, andJohn C. Avise (who studied various groups).  

• Work with protein electrophoresis began around 1956. Although the results were not 

quantitative and did not initially improve on morphological classification, they provided 

tantalizing hints that long-held notions of the classifications of birds, for example, needed 

substantial revision.  

• In the period of 1974–1986, DNA-DNA hybridization was the dominant technique. 

 

Techniques and applications: 

Every living organism contains DNA, RNA, and proteins. In general, closely related organisms 

have a high degree of agreement in the molecular structure of these substances, while the 

molecules of organisms distantly related usually show a pattern of dissimilarity. Conserved 

sequences, such as mitochondrial DNA, are expected to accumulate mutations over time, and 

assuming a constant rate of mutation provides a molecular clock for dating divergence. 

Molecular phylogeny uses such data to build a "relationship tree" that shows the probable 

evolution of various organisms. Not until recent decades, however, has it been possible to isolate 

and identify these molecular structures. 

 

The most common approach is the comparison of homologous sequences for genes using 

sequence alignment techniques to identify similarity. Another application of molecular 



phylogeny is inDNA barcoding, wherein the species of an individual organism is identified using 

small sections of mitochondrial DNA or chloroplast DNA. Another application of the techniques 

that make this possible can be seen in the very limited field of human genetics, such as the ever-

more-popular use of genetic testing to determine a child's paternity, as well as the emergence of a 

new branch of criminal forensics focused on evidence known as genetic fingerprinting. 

 

Theoretical background: 

Early attempts at molecular systematics were also termed as chemotaxonomy and made use of 

proteins, enzymes, carbohydrates, and other molecules that were separated and characterized 

using techniques such as chromatography. These have been replaced in recent times largely by 

DNA sequencing, which produces the exact sequences of nucleotides or bases in either DNA or 

RNA segments extracted using different techniques. In general, these are considered superior for 

evolutionary studies, since the actions of evolution are ultimately reflected in the genetic 

sequences. At present, it is still a long and expensive process to sequence the entire DNA of an 

organism (its genome), and this has been done for only a few species. However, it is quite 

feasible to determine the sequence of a defined area of a particular chromosome. Typical 

molecular systematic analyses require the sequencing of around 1000 base pairs. At any location 

within such a sequence, the bases found in a given position may vary between organisms. The 

particular sequence found in a given organism is referred to as its haplotype. In principle, since 

there are four base types, with 1000 base pairs, we could have 41000 distinct haplotypes. 

However, for organisms within a particular species or in a group of related species, it has been 

found empirically that only a minority of sites show any variation at all and most of the 

variations that are found are correlated, so that the number of distinct haplotypes that are found is 

relatively small. 

 

In a molecular systematic analysis, the haplotypes are determined for a defined area of genetic 

material; a substantial sample of individuals of the target species or other taxon is used, however 

many current studies are based on single individuals. Haplotypes of individuals of closely 

related, but different, taxa are also determined. Finally, haplotypes from a smaller number of 

individuals from a definitely different taxon are determined: These are referred to as an out 

group. The base sequences for the haplotypes are then compared. In the simplest case, the 

difference between two haplotypes is assessed by counting the number of locations where they 

have different bases: This is referred to as the number of substitutions (other kinds of differences 

between haplotypes can also occur, for example the insertion of a section of nucleic acid in one 

haplotype that is not present in another). The difference between organisms is usually re-

expressed as a percentage divergence, by dividing the number of substitutions by the number of 

base pairs analysed: the hope is that this measure will be independent of the location and length 

of the section of DNA that is sequenced. 

 



An older and superseded approach was to determine the divergences between the genotypes of 

individuals by DNA-DNA hybridisation. The advantage claimed for using hybridisation rather 

than gene sequencing was that it was based on the entire genotype, rather than on particular 

sections of DNA. Modern sequence comparison techniques overcome this objection by the use of 

multiple sequences. 

 

Once the divergences between all pairs of samples have been determined, the resulting triangular 

matrix of differences is submitted to some form of statistical cluster analysis, and the 

resultingdendrogram is examined in order to see whether the samples cluster in the way that 

would be expected from current ideas about the taxonomy of the group, or not. Any group of 

haplotypes that are all more similar to one another than any of them is to any other haplotype 

may be said to constitute a clade. Statistical techniques such as bootstrapping and jackknifing 

help in providing reliability estimates for the positions of haplotypes within the evolutionary 

trees. 

 

Limitations of molecular systematics: 

Molecular systematics is an essentially cladistic approach: it assumes that classification must 

correspond to phylogenetic descent, and that all valid taxa must be monophyletic. 

Molecular phylogenies can be affected by myriad problems, including long-branch attraction, 

saturation, and taxon sampling problems: This means that strikingly different results can be 

obtained by applying different models to the same dataset. 

 

Some Important notes: 

 

Phylocode- 

The Linnaean system of nomenclature and the hierarchy of  classification that has been presented 

in this chapter were  created more than 250 years ago, before Charles Darwin and  

Alfred R. Wallace had proposed their evolutionary theory by means of natural selection. 

Linnaean nomenclature is an artificial system based upon the appearance of organisms that often 

does not reflect their evolutionary relationships, or phylogeny. Currently, there is a movement to 

reject this preevolutionary taxonomy and replace it with a new system of nomenclature, called 

PhyloCode, that is truly phylogenetic.  

 

PhyloCode is based upon the work of the twentiethcentury German entomologist Willi Hennig, 

who proposed that only shared derived characteristics should be used to define a group of related 

organisms. He further proposed that each group constructed should be monophyletic, or 

composed of only those organisms that can trace their descent from a  

common ancestor. These natural groupings are known as clades. 

  



The influence of Darwin’s theory of evolution: Natural Selection- 

There are four underlying premises to Darwin’s theory of evolution by natural selection: 

  1.     Variation: Members within a species exhibit individual  

differences, and these differences are heritable.   

2.    Overproduction: Natural populations increase geometrically, producing more 

offspring than will survive.   

  3.    Competition: Individuals compete for limited resources,  

what Darwin called “a struggle for existence.”   

 4.    Survival to reproduce: Only those individuals that are better suited to the 

environment survive and reproduce (survival of the fittest), passing on to a proportion of their 

offspring the advantageous characteristics.     

 

Offspring that inherit the advantageous traits are selected for survival and many will live to 

reproductive age passing on the desirable attributes. Those that do not inherit these traits  

are not likely to survive or reproduce. Gradually, the species evolves, or changes, as more and 

more individuals carry these traits. 

 

In addition to natural selection, humans have long used artificial selection, natural selection as 

practiced by humans, to shape the characteristics of crop plants to suit the needs of humanity. 

The most serious flaw in Darwin’s Theory of Evolution was the mechanism of heredity. Darwin 

had not worked out the source of variation in species, nor did he understand the means by which 

traits are passed down from generation to generation. It would take an Austrian monk, Gregor 

Mendel, working in relative obscurity with pea plants, to come up with the answers to Darwin’s 

questions about inheritance. A well-known example of natural selection is the case of heavy-

metal tolerance in bent grass, Agrostis tenuis. Certain populations of bent grass were found 

growing near the tailings, or soil heaps, excavated from lead mines in Wales despite the fact that 

mine soils had high concentrations of lead and other heavy metals (copper, zinc, and nickel). 

When mine plants were transplanted into uncontaminated pasture soil, all survived but were 

small and slow growing. A nearby population of bent grass from uncontaminated pasture soil 

exhibited no such tolerance when transplanted into mine soil; in fact, most (57 out of 60) of the 

pasture plants died in the lead-contaminated soil. The survival of the three pasture plants in mine 

soil is significant; undoubtedly these three possessed an advantageous trait, the ability to tolerate 

heavy-metal soil.  

 

A trait that promotes the survival and reproductive success of an organism in a particular 

environment is an    adaptation. The mine plants had descended from bent grass plants that 

possessed the adaptation that conferred tolerance to the mine soil; over time (less than 100 years 

in this case) populations of Agrostis tolerant to heavy metal evolved from those few tolerant 

individuals. Although Darwin’s theory of natural selection is the foundation of modern 

evolutionary concepts, biologists today are still learning about the forces that shape evolution. 
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