
Taxonomy 

Taxon = group 

nomy ≈ distribution 

 

 

Taxa = groups 

You will learn: 
 Why is taxonomy important 
 Methods for identification of microorganisms 
 Correlation between taxonomy & evolution 

http://link.springer.com/book/10.1007%2F0-387-28021-9 

More info: Bergey’s Manual: 



Why Taxonomy? 

• Classification  - Arrangements in groups 

       (taxa) 

• Nomenclature  - Assigning names to taxa 

• Identification  - Determination of taxon to 

        which an isolate belongs 

            (most practical part of taxonomy) 

 

Making sense of Nature 



Question 1: 
Why did we group them 

in a systematic way? 



Founding father of taxonomy: Carl von Linné (1707 – 1778) 

Born 1707 Stenbrohult, Småland 
1727 Un of Lund (medicine) 
1728 Un of Uppsala (bottany) 
1731 Lapland excursion 
1735 Un of Harderwijk (medical degree) 
1735 Un of Leiden  
          Systema Naturae, 1st Edition 
1738 Sweden – Stockholm 
1741 Professor at Un of Uppsala 
Died 1778  
 



Some important developments 

Linnaeus 
 1735 

Natural 
 classification 

C Darwin 
1859 

Phylogenetic 
classification 

Modern 
 Phylogeny 

C Woese 
 1977 

Plants 
 Animals 

Microorganisms 
Macroorganisms 



Classification 

• Natural  - anatomical characteristics 

• Phenetic  - phenotypic characteristics 

• Genotypic  - genetic characteristics 

• Phylogenetic - evolutionary links 



Polyphasic taxonomy 

• Incorporates information from genetic, 
phenotypic and phylogenetic analysis 

• Used for determining the genus* and species 
of a newly discovered (micro-)organism 

 

 

 
*genus – well defined group of one or more species 

that is clearly separate from other genera 



Classification: Hierarchical arrangement 

Taxonomic ranks 

Microbiologist use binomial system of Linné:  genus & species 



Question 2 

Living in the 1970s.... 
 

Without molecular techniques 

Which techniques would you have used to classify a 
microorganism? 

Which properties of the microorgansms were 
considered then? 



Answer: several examples Classical methods! 

Morphology Physiology Biochemistry 

Ecology 



Outcome of Classical methods 



Methods for identification 

Classical Molecular 
See previous slides 

GC content 

DNA-DNA hybridization 

Genome sequencing 

16R rRNA sequencing 

Genomic fingerprinting 

Amino acid sequencing 



Relative taxonomic resolution 
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Absorption at 260 nm (UV) 

Question 3: Why Tm Poly(AT) < Tm poly(GC)?  



Principle DNA DNA hybridisation 

http://www.youtube.com/watch?v=76eKnmCtCTU 
 

Measure of sequence homology 
common procedure: 
• Bind nonradioactive DNA  to nitrocellulose filter 
• Incubate filter with radioactive single-stranded DNA 
• Measure amount of radioactive DNA attached to filter 

http://www.youtube.com/watch?v=76eKnmCtCTU


Principle of genomic fingerprinting 

Repetitive Nucleotide Sequences Add Specific primers for 



PhD student improves police DNA analysis 
29 April 2011  

The police have begun using an improved 
method of DNA analysis, developed by 
Johannes Hedman, a doctoral student at 
Applied Microbiology. Together with the 
Swedish National Laboratory of Forensic 
Science, SKL, he has created a new enzyme 
combination that makes DNA profiles from 
crime scene samples clearer. This raises the 
chances of linking the perpetrator to the crime 
when there is little genetic material and the 
sample is dirty – which is often the case.  



Whole genome sequencing 

Pace (2009) Microbiol Mol Biol Rev 73:565-576 

Technique becomes: 
 
-Cheaper 
- Easier 
- Scaled down: 

-Lab bench size 



2D & 3D forms 

16S rRNA fluctuates during 
equilibrium as simulated here 

Sequencing 16S rRNA for prokaryotic phylogenetic tree 



Question 4:  how does the RNA form stems and loops? 



16S rRNA & 18S rRNA 

Bacterium Archea Eukaryote 





A favoured phylogenetic tree of the 3 Domains  

Woese 1977 



3 Domains 
 of life 

Microbiologist point 
of view   

Pace (2009) Microbiol Mol Biol Rev 73:565-576 

Question 5: 
What does the 
biologist not like 
in this picture? 



Suggested:   Kingdoms of life 

Biologists point of view 



From prokaryotic 
endosymbionts to eukaryotes 

Lynn Margulis 1970 
endosymbiosis 



Lateral gene transfer 



Taxonomy mindmap 
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Biogeochemical cycles 

& Mineralisation 

 

 

a) Elemental cycles:..................      

 

 

Biomass substitute for oil 

 



Macrobiogeochemistry 

Question 1: Where do you expect 

- The reduced forms to be produced? 

- The oxidized forms to be produced?  



Fig. 27.3 

Influence of 

oxygen on 

degradation 

of organic 

matter. 



Question 2: What is a 

-Photolithoautotroph? Give an example 

- Chemoorganoheterotroph? Give an example 
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Carbon cycle 



Nitrogen cycle 
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Nitrogen reactions more detailed 
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+ 
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Nodules on the roots of Legume plant 

    Rhizobium species live in the nodules 
to fix N2. Dead rhizobia are N-source 
for plant to synthesize amino acids. 

 

           N2 + 3H2 → 2 NH3 
 

     Nitrogenase, ATP, Mo, Fe 

          165 · 106 ton N/yr 

 

      Haber-Bosch process: 

            40 · 106 ton N/yr 
 

      (400-450°C, 200 atm) 



Biological nitrogen fixation 

• Symbiotic        kg N/ha·yr 

Rhizobium           20 – 500 

  clover, sojabeans, pea, luzern 

 

Actinomyceter          40 – 500 

    alder, buckthorn, myrtle, avens 

 

• Non-symbiotic 

Azotobacter, Clostridium              0.2 

Bluegreen algae           10 - 20 

 
Question 4: How come there is more N fixed via symbiotic relationships? 



Sulfur cycle 



Microenvironments 



Fe cycle 



Magnetite: wonderful stuff! 

Magnetospirillum  

Humans  

That’s why you never see this: 



The Mercury cycle 





Role of microorganisms in flow of organic carbon and CO2 

Q 4: Where can we tap organic carbon for replacing oil? 





Biogeochemical cycle mindmap 
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