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Abstract 

The evolution of drug-resistance is a common occurrence in the practice of general medicine. This process is an example 

of retrograde evolution, also called devolution. In some cases, the devolution of drug resistance can be reversed as 

demonstrated by the Lenski Long-Term Evolution Experiment. The occurrence of drug-resistant bacteria variants does 
not require the existence of the drug selection pressures but the way physicians use these drugs can and does increase 

the frequency of the drug-resistant variants in the population of bacteria colonizing patients. This paper is intended to 

help the clinician in the use of these selection pressures and minimize the selection of these drug- resistant variants. 57 

Keywords: drug-resistance; retrograde evolutionary; drug-resistance 

Introduction 

Devolution, or retrograde evolution is discussed by Vitas and DuBose in 
reference [1]. In that paper, they “discuss the role of Darwinian selection in 

evolution and pose the hypothesis that Darwinian selection acts  

predominantly as a retrograde driving force of evolution. In this context we 

understand the term retrograde evolution as a degeneration of living systems 

from higher complexity towards living systems with lower complexity.” If 
one looks at the Wikipedia article on “Devolution”, we get the following 

explanation of the process: “Devolution, de-evolution, or backward 

evolution (not to be confused with dysgenics) is the notion that species can 

revert to supposedly more primitive forms over time. The concept relates to 

the idea that evolution has a purpose (teleology) and is progressive 
(orthogenesis), for example that feet might be better than hooves or lungs 

than gills. However, evolutionary biology makes no such assumptions, and 

natural selection shapes adaptations with no foreknowledge of any kind. It is 

possible for small changes (such as in the frequency of a single gene) to be 

reversed by chance or selection, but this is no different from the normal 
course of evolution and as such de-evolution is not compatible with a proper 

understanding of evolution due to natural selection.” [2] 72 

An Example of Devolution: The Lenski Long-Term Evolution Experiment 

(LTEE) [3] is an example of devolution or retrograde evolution. This is 

because the energy-limited environment that the Lenski team subjects his 
populations to causes his populations to evolve to a state where they use the 

minimum amount of energy to survive and replicate. The populations are 

losing the ability to produce a cell wall because the production of the cell 

wall puts an energy burden on those members of the population and the cell 

wall in this environment is not needed for survival and replication. This 
process is driven by the first and second laws of thermodynamics. The first 

law, conservation of energy, applies because population growth is limited by 

the energy (glucose) supplied. The second law applies to the descent with 

modification where replications give the possibility of random (adaptive) 

mutations occurring. This is an entropy-producing process. The mathematics  
of this entropy-producing process is described in reference [4]. 84 

The biological competition that these E. Coli bacteria are doing is causing a 

loss of cell wall production 

in the more fit members of the populations in this experimental environment. 

It is known that the bacterial cells in the LTEE are increasing in size. [5] At 
the same time, the bacteria are becoming more osmotically fragile. [6] The 

genes that form cell walls in the bacteria are losing their function to be more 

re-productively fit in this environment. 90 

The Founder Bacteria in the LTEE have Drug-resistant Variants in 

their Populations: The founder bacteria in the LTEE had drug-resistant 
variants in that population even though this population had never been 

subjected to antibiotic selection pressure. [7] These drug-resistant variants  

appear in the founder’s population by neutral evolution. The founder 

populations were not stressed by starvation. This allows variants with 

reduced fitness to survive with the drug-sensitive variants (that have greater 
relative fitness with respect to the drug-resistant variant) and not be selected 

out by biological competition. It is only when these founders are placed in 

the starvation selection condition environment that these drug-resistant 

variants are selected out and replaced by drug-sensitive variants. This is a 

case where the retrograde evolutionary process can be reversed and the drug-
resistant variants can progressively evolve into drug-sensitive variants. At 

the same time as drug resistance is being selected out in these populations, 

the members of the population are losing their cell walls to minimize the 

energy burden imposed by the starvation selection condition. 103 

Retrograde Evolution vs Progressive Evolution: The LTEE is 
demonstrating retrograde evolution with the loss of the bacterial cell wall,  

while at the same time, demonstrating progressive evolution with the 

evolution of drug-sensitive variants. Can these bacteria that have performed 
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a retrograde evolutionary process be “progressively” evolved to their 
previous state where they have a cell wall? It is known that the Lenski team 

keeps a history of this evolutionary process by freezing mixed population 

samples every 500 generations (75 days). [8] What would be the selection 

pressure to do this progressive evolutionary process? The obvious answer 

would be osmotic stress. Do any of his stored populations that have mutated 
portions of the genome that codes for cell wall production have those 

mutated portions mutate back to fully functional cell wall producing genes? 

If that is possible, is it possible for all the stored populations or does the 

evolutionary process become impossible after a ertain number of generations  

of devolution? What happens to these genes in these bacteria later in the 
experiment? Have so many mutations accumulated in these genes that they 

serve no biologically functional process? Can these genes be mutated back 

to functional status by Darwinian evolution? 

Would osmotic stress be an adequate selection pressure to accomplish this 

progressive evolutionary process? Can bacteria that are known to be able to 
produce a cell wall but have evolved away from that capability, re-evolve the 

capability of producing a cell wall? This may be an interesting biological 

question but how does it apply to the practice of general medicine? 121  

Discussion 

In the practice of general medicine, clinicians use selection pressures to treat 

diseases in living populations. Not only is the patient living, but so is the 

infectious disease or cancer. The disease-causing agent replicates, some of 

its members get mutations (they don't replicate perfectly) and are subject to 
their environment with its associated selection conditions. The LTEE shows 

that under the right conditions, the retrograde evolution of drug-resistance 

caused by neutral evolution can be reversed by the starvation selection 

condition and drug-sensitive variants can be progressively evolved by that 

selection condition. The difficulty for the clinician is that the process takes  
thousands of generations to happen under starvation conditions. The 

principle demonstrated in the LTEE would require the cessation of the use 

of a given antibiotic for a long period to allow biological competition to 

reduce the frequency of the drug-resistant variant. This may be useful in the 

long term but not during the treatment cycle of a patient. This may become 
a useful area of research. How long does a particular 

drug need to be withdrawn from usage before it becomes useful again? 134 

The progressive evolution of drug-sensitive variants is not of any clinical use 

at this time. The clinician Edward Tatum in his 1958 Nobel Laureate Lecture 

[9]. “In microbiology the roles of mutation and selection in evolution are 
coming to be better understood through the use of bacterial cultures of 

mutant strains. In more immediately practical ways, mutation has proven of 

primary importance in the improvement of yields of important antibiotics – 

such as in the classic example of penicillin, the yield of which has gone up 

from around 40 units per ml of culture shortly after its discovery by Fleming 
to approximately 4,000, as the result of a long series of successive 

experimentally produced mutational steps. On the other side of the coin, the 

mutational origin of antibiotic-resistant micro-organisms is of definite 

medical significance. The therapeutic use of massive doses of antibiotics to 

reduce the numbers of bacteria which by mutation could develop resistance, 
is a direct consequence of the application of genetic concepts. Similarly, so 

is the increasing use of combined antibiotic therapy, resistance to both of 

which would require the simultaneous mutation of two independent 

characters.” What Tatum is suggesting here is the use of the multiplication 

rule of probabilities in an evolutionary process to inhibit the selection of 
drug-resistant variants. Uses of dosages above the minimum inhibitory 

concentration of a drug and the use of two or more drugs that target different 

genetic loci mean that multiple mutations are required for adaptation to the 

selection pressures. The mathematics that describes this situation have been 

computed using two different probability methods and are shown in 
references [10, 11].  

This mathematics shows that it takes exponentially larger populations for 

each evolutionary mutational step in the evolutionary trajectory. This 

principle is well demonstrated by the successful use of three-drug 

combination therapy for the treatment of HIV. 156 Unfortunately, combating 
drug resistance is not that simple, just by the use of combination therapy. 

Other factors come into play. Using more drugs at a higher concentration 
potentially gives higher toxicity to the patient, so that must be considered  

when choosing combination therapy. The patient's immune status must be 

considered when formulating a treatment plan. A patient with an impaired 

=immune system or other medications such as steroids or other immune 

suppressive drugs may need a greater combination of drugs. The age of the 
patient can be a factor in choosing medications because patient age can affect 

the person's ability to metabolize a drug. The resistance pattern of bacteria to 

a particular drug or drugs in a region will affect the choice of combinations . 

165 

Conclusion 

The physician who practices general medicine which includes the treatment 

of infectious diseases requires a basic understanding of how drug resistance 

evolves. The clinician need not have the understanding to do thermodynamic 

and probability calculations but the clinician needs to have a basic 
understanding of how this mathematical process works. Here is a simple 

analogy of how the process of biological evolution works, with or without 

the aid of natural selection: 171 Consider if for your family to survive your 

family needs to win two lotteries. The probability of winning one lottery is 1 
in a million, and the probability of winning the other lottery is 1 in a million. 

For you to win both lotteries, that probability is 1 in a million times 1 in a 

million equals 1 in a trillion, a very low probability indeed. But let's say, you 

win one of those lotteries. And because of this, you are a very wealthy man 

and you can raise a very large family. And all your descendants start buying 
tickets to the second lottery. As soon as you have enough descendants, there 

will be a high probability that one of your descendants will win that second 

lottery for your family. 179 The probability of an adaptive mutation 

occurring on some variant in a population depends on the number of 

replications that variant does and the mutation rate, nothing else. There are 
lots of factors that affect that variant from doing the necessary number of 

replications for the next adaptive mutation. 

Competition is one of those factors. It is also possible that a single adaptive 

mutation does not exist for the given selection conditions. But it all comes  

down to the fact that the number of replications and the mutation rate 
determine that probability. Adaptive evolutionary events don't add, they are 

linked by the multiplication rule as are your chances of winning two lotteries . 

187 Biological evolution, whether it is progressive evolution or retrograde 

evolution needs to be understood by the clinician when treating an infectious  

disease (or any other disease involving a replicating population). 
Understanding the physics and mathematical behavior of a problem gives a 

way of finding a solution to that problem. 

 References: 

1. Marko Vitas, Andrej DuBose, (2023). Is Darwinian selection a 
retrograde driving force of evolution? Biosystems, Volume 233, 

105031, ISSN 0303-2647, 195    

2. Devolution (biology). (2023, October 31). In Wikipedia. 

3. Lenski, R. E. (2024). The E. coli long-term experimental 

evolution project site. 
4. Kleinman, Alan, (2023). The Mathematics of Entropy 

Production of Random Mutations and DNA Evolution, preprint 

available on ResearchGate, December, 203 

5. Gallet, R., Violle, C., Fromin, N., Enquist, B. J., & Lenormand, 

T. (2017). The evolution of bacterial cell size: The internal 
diffusion-constraint hypothesis. The ISME Journal, 11(7), 1559- 

2061568.  

6. Philippe N, Pelosi L, Lenski RE, Schneider D. (2009). Evolution 

of penicillin-binding protein 2 concentration and cell shape 

during a long-term experiment with Escherichia coli. J Bacteriol. 
209 Feb;191(3):909-921.  

7. Lamrabet, O., Martin, M., Lenski, R.E., Schneider, D., Changes 

in Intrinsic Antibiotic Susceptibility during a Long-Term 

Evolution Experiment with Escherichia coli. (2019). American 

Society for Microbiology. VI-10. IP - 2. 10.1128/mbio.00189-
19. 



International Journal of Clinical Reports and Studies                                                                                                                                                                         Page 3 of 11 

8. Lenski, R. E. (2024). Overview of the E. coli long-term 
evolution experiment 

9. Tatum, E., (1958). A Case History in Biological Research, Nobel 

Lecture, December 11,  

10. Kleinman, Alan (2016). The Mathematics of Random Mutation 

and Natural Selection for Multiple Simultaneous Selection 
Pressures and the Evolution of Antimicrobial Drug Resistance. 

Statistics in Medicine, Volume 35, Issue 29,  

11. Kleinman, Alan (2023). The Kishony Mega-Plate Experiment, a 
Markov Process, Clinical 22 Investigation (2023) Volume 13, 

Issue 2, DOI: 10.37532/2041-6792.2023.13(2).369-381, 

process-16208.html 228 229 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



International Journal of Clinical Reports and Studies                                                                                                                                                                         Page 4 of 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 

you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, 
and indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 

permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver 
(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless 
otherwise stated in a credit line to the data. 

 

Ready to submit your research? Choose ClinicSearch and benefit from:  
 

➢ fast, convenient online submission 
➢ rigorous peer review by experienced research in your field  
➢ rapid publication on acceptance  
➢ authors retain copyrights 
➢ unique DOI for all articles 
➢ immediate, unrestricted online access 

 

At ClinicSearch, research is always in progress. 
 

Learn more https://clinicsearchonline.org/journals/international-journal-of-clinical-

reports-and-studies  

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://clinicsearchonline.org/journals/international-journal-of-clinical-reports-and-studies
https://clinicsearchonline.org/journals/international-journal-of-clinical-reports-and-studies

