
Quantitative vs. qualitative methods across 
sciences: 

mutual reinforcement, (un)happy co-existence, 
or source of schisms?



Freiburg Institute for Advanced Studies

Life in the marine realm – counting microbes…and 
what else?

Prof. Dr. Wolfgang Hess

University of Freiburg

Genetics and Experimental Bioinformatics

pdf-download: https://www.frias.uni-freiburg.de/de/veranstaltungen/lunch-lectures/lunch-lecture-hess

https://www.frias.uni-freiburg.de/de/veranstaltungen/lunch-lectures/lunch-lecture-hess


At a time when in most sciences (including the humanities and social 
sciences) quantitative methods have come to play a central role, it should 
be explored which role qualitative methods (still) play in different 
disciplines, in terms of research questions, trends and schools of 
research, the publication of research results and, not least, in the training 
of Master and PhD students. 

Questions to be addressed include the following:

What is it that qualitative methods can do that quantitative methods 
cannot, and vice versa?

What does qualitative and quantitative mean concerning the 
methodologies of different academic disciplines in the first place?

………………

Quantitative vs. qualitative methods across sciences: 
mutual reinforcement, (un)happy co-existence, or 
source of schisms?



Lotka–Volterra equations to 

model predator-prey relations

Quantitative approaches have always played a role in 
the life sciences 

Volterra, V. (1926). "Variazioni e fluttuazioni del 

numero d'individui in specie animali conviventi". Mem. 

Acad. Lincei Roma. 2: 31–113.

Figure author: Curtis Newton

https://commons.wikimedia.org/wiki/File:LotkaVolterra_en.svg

https://en.wikipedia.org/wiki/Accademia_dei_Lincei


2,700 scientists 

80+ nations 

540 expeditions 

US$ 650 million 

2,600+ scientific 

publications 

6,000+ potential new 

species 

30 million distribution 

records and counting 

http://www.coml.org

Today, we are „counting“ all forms of life... and not only that



http://www.coml.org/investigating/identifying/traditional_identification_methods.html

In order to „count“ we must know „who is who“



http://www.coml.org/investigating/identifying/molecular_techniques.html

The identification of organisms by 

DNA analysis is a rationale and 

accurate way to find out  „who is who“



My thesis is, quantitative methods have been there all the time 
but they now percolate life sciences like never before.

A major driving force for that has been the broad introduction 
of DNA sequencing techniques.

In the following, I will use Prochlorococcus as an example to 
illustrate this development over the last years. 
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„Prochlorococcus marinus“ 

Qualitative analyses are important, and 

remain so.

Example: Identification and description of a 

new organism – here of Prochlorococcus

when most people thought of the oceans as 

not having much microscopic life at all.



1/17/2018

station A

Prochlorococcus in the real world: The Red Sea
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Gulf of Aqaba 29° N  34° E, Red Sea
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Cell counts of Prochlorococcus in the 

Northern Red Sea
smallest (0.5 - 0.7 µm) and most abundant photosynthetic organism in the 

ocean; 0-200 m (>2000-0.5 µE)

Cell number

Steglich C., Post A.F., Hess W.R. (2003) Analysis of natural populations of Prochlorococcus spp. in the northern Red Sea using phycoerythrin gene 

sequences. Environ. Microbiol. 5, 681-690.

Holtzendorff J., Marie D., Post A.F., Partensky F., Rivlin A., Hess W.R. (2002): Synchronized expression of ftsZ in natural Prochlorococcus

populations of the Red Sea. Environ. Microbiol. 4, 644-653.

Pfreundt U., Miller D., Adusumilli L., Stambler N., Berman-Frank I., Hess W. R. (2014) Depth dependent metatranscriptomes of the marine pico-

/nanoplanktonic communities in the Gulf of Aqaba/Eilat during seasonal deep mixing. Marine Genomics18, 93–95.

Estimated 

Total: 1025 

cells on 

Earth
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So, we can count the cells  and estimate 
population sizes. 

But why are they so abundant? What is it that 
makes Prochlorococcus so ‚successful‘? 

So, we thought we sequence its genome and will 
learn that.



DNA

RNA

protein

Functions

Counting genes:

Only 1,884 genes, that is a small number, 

right?

This makes ~10% of the human protein-

coding gene count.

But Prochlorococcus is also unicellular 

and much smaller, tiny actually.

Prochlorococcus
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Prochlorococcus: the structure and function of collective diversity
(Biller et al., (2015) Nature Reviews Microbiology 13, 13-27)

Dimensions: What does „small“ mean for a unicellular microorganism?



Genome-based reconstruction of the metabolism of Prochlorococcus marinus SS120
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1,751,080 bp

Prochlorococcus

Surprise:

Additional genome 

sequences showed that 

different isolates had a quite 

divergent gene complement

Hess W.R. (2004) Curr. Opin. Biotechnol. 15, 191-198



How many new genes can we find?

Baumdicker F., Hess W.R., Pfaffelhuber P. (2010): The diversity of a distributed genome in bacterial populations. Ann. Appl. Probability (2010) 20, 1567–1606

The number of genes available to Prochlorococcus as a 

whole is vast, not so different from the human genome.



Are these microbes genetically really so different from each 

other? 

What would we learn if we sequenced many more than 3 or 4 

isolates? 

Or, why not sequence all cells that are out 

there? 

Craig Venter was one of the first people asking this question



Where to go? Bermuda



Metagenomics: Direct extraction of DNA from 

the environment & sequencing

filtration

cell lysis with detergents,

inactivation of DNases,

removal of proteins, RNA and 

debris,

precipitation of DNA with ethanol

Next Generation

DNA sequencing

How to?

cell concentration



Science. 2004 Apr 2;304(5667):66-74



1.045 billion nucleotides

Environmental Metagenomics

- from 900 L Sea water <3 µm:

1.2 million new genes

1,800 different species 

148 unknown species

Estimation: ~48,000 species were in a single sample of 

seawater

 Biodiversity much higher than expected

Underwater reefs close to BermudaScience. 2004 Apr 2;304(5667):66-74

What did they find in 2004? 

Prochlorococcus
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This has led to a new concept: 

Relationships between the 

core-, Pan-, and metagenome

„bacterium 1“

„bacterium 2“

„bacterium x“

core genes

Illustration: Medini et al., Nature Reviews Microbiology 6, 419–430 (2008)



These discoveries had a tremendous impact.

What is a ‚species‘ in view of these findings?



These discoveries had a tremendous impact.
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10 years later:

The Prochlorococcus federation
(Biller et al., (2015) Nature Reviews Microbiology 13, 13-27)



Metagenomic analyses tell us for a certain biotope, 

environment, potentially a whole ecosystem:

• „who is there“ (qualitative)

• how many are there (quantitative)

• what could they possibly be doing, based on genomic 

reconstruction (qualitative)

• what could be the consequences for the respective environment 

(what ever it is..... ocean, biofilms, human gut, dental plaques.... 

(qualitative and quantitative)

.....but such analyses don‘t tell us whether this is 

actually happening, answering „what are they doing“



DNA

RNA

protein

Functions

Therefore, metatranscriptomics was developed, in which, 

after conversion to cDNA, the RNA is sequenced – telling 

us about the specific activity of specific microbes and 

quantifying this activity



X

X
X

X

Metatranscriptomics tells us about the activity of certain types of 

organisms – which can differ substantially from their sheer 

number

In this example (from the Red Sea), Cyanobacteria (X) are much more 

active than expected due to their abundance. Euryarchaeota (X) much less.



Metatranscriptomics has become a popular tool, too.

2008



Life scientists are used to apply qualitative and 

quantitative approaches alike, but the “big data” 

based techniques have been becoming crucial 

analytical tools 



New DFG-funded program in Freiburg to meet the 
challenge

GRK 2344 started in Fall 2017



• Life scientists use qualitative and quantitative approaches alike.

• Sequencing-based techniques are ‘big data’ and provide quantitative and qualitative information.

• Microbial populations are huge (exp. Prochlorococcus)

• Metagenomics and metatranscriptomics approaches are productive for characterizing large 

microbiomes (e.g., the surface or deep ocean), as well as smaller ‘ecosystems’, e.g., the human 

microbiome.

• Sequencing-based metagenomics and metatranscriptomics approaches lead to ‘extra big data’ 

• These tendencies need to be considered in our curricula, bioinformatics skills are crucial for life 

scientists in the 21st century

• Understanding the human microbiome is helpful for our health (exp. caries).

• More than 10,000 microbial species have been identified as living in human bodies thus far. Many 

of these cannot be cultivated! 

• Microbial cells outnumber human cells in a human body 10:1! Yet, microbes account for only 1-3% 

of human body weight. 

• The human microbiome contributes ~8 million different protein-coding genes.

• The microbiome contributes 99.7% of the genetic material that encodes protein in our bodies.

SUMMARY



THANKS: HESS lab, all collaborators and funders.  



Next lecture on January 25th, 2018

Data collection and data analysis in the 

Social Sciences

Diana Panke (University of Freiburg)

All lectures are available as a video podcast at

www.frias.uni-freiburg.de/en/media-library

http://www.frias.uni-freiburg.de/en/media-library

