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Abstract
Group selection is a matter of acute controversy among evolutionary biologists. The most well-publicized debate in this regard 
is that between Edward O. Wilson and Richard Dawkins. As is widely known, Edward O. Wilson is very excited about the 
idea of social selection and eusociality; by contrast Richard Dawkins favors the idea of gene selection. As is often the case, 
the truth is somewhere in the middle. Evolution is most likely a multilevel procedure, where selection forces act on genes, 
individuals, and groups. Here, I would like to emphasize that group selection may be a possible cause of increased genetic 
variation on DNA repair genes, subsequently this driving to high cancer incidence. Additionally, if group selection is indeed 
happening in humans, maybe this is the reason that few adaptive loci have been discovered in human genome, even though 
thousands of sequenced genomes exist today.
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Group selection is a matter of acute controversy among 
evolutionary biologists. The most well-publicized debate in 
this regard is that between Edward O. Wilson and Richard 
Dawkins. As is widely known, Edward O. Wilson is very 
excited about the idea of social selection and eusociality; by 
contrast Richard Dawkins favors the idea of gene selection. 
As is often the case, the truth is somewhere in the middle. 
Evolution is most likely a multilevel procedure, where selec-
tion forces act on genes, individuals, and groups (Pievani 
2014). Here, I would like to emphasize that group selection 
may be a possible cause of increased genetic variation on 
DNA repair genes, subsequently this driving to high cancer 
incidence. Additionally, if group selection is indeed happen-
ing in humans, maybe this is the reason that few adaptive 
loci have been discovered in human genome, even though 
thousands of sequenced genomes exist today.

Anthropological and archeological studies have uncov-
ered a lot of evidence that during Paleolithic and early 
Neolithic eras humans used to live in small groups of indi-
viduals. Such small groups can be evolutionarily anticipated 
to behave as though they were single individuals (Pievani 

2014). Highly adaptive groups survived, while the others 
have gone extinct. This procedure was happening for thou-
sands of years as humans experienced very difficult environ-
mental conditions such as extreme cold and lack of food. I 
propose that this is a possible reason for elucidation of very 
few adaptive genetic loci in the human genome today (cf. 
Grossman et al. 2013). In my mind, current evolutionary 
genetics methods that use mainly linkage disequilibrium and 
genetic polymorphisms frequencies are inadequate to detect 
the previous action of group selection in humans. Groups 
that have survived transmitted to their descendants a “pack-
age” of phenotypic traits, leaving little evidence for previous 
selective contributions. Additionally, as I will explain below, 
those evolutionarily successful groups of individuals were 
probably very prone to mutagenesis.

In a recent article of Thomas et al. (2016), an attrac-
tive explanation is proposed as to why cancer incidence 
is much higher in specific human organs, when compared 
with other organs. Their theoretical approach proposes that 
natural selection has shaped increased protection against 
cancer for small, essential, and unpaired organs compared 
with larger, less essential, and often paired organs. They 
give substantial examples to support this hypothesis, e.g., 
the fact that heart and brain cancers are very rare, because 
these organs are of viable importance for survival, in 
contrast with cancers in other organs like the colon and 
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breasts. Despite this, I believe that there is an equally sat-
isfactory evolutionary explanation for the high incidence 
of these cancers. Τhis explanation is based on the fact that 
our ancestors had experienced group selection at the past, 
due to long exposure to extreme environmental conditions, 
and probably this was a cause for adaption of “cancerous” 
genetic variability in DNA repair genes. Cancer may be a 
“side-effect” of evolution.

The main point of this theory is that mutations that dis-
turb the normal function of DNA repair genes can give the 
opportunity to a population to increase its mutation (genetic) 
load, this subsequently increasing the available phenotypic 
variability. This can often make the difference between 
survival and extinction of a species. When environment 
suddenly changes, and when climatic conditions become 
extreme, then group selection becomes potentiated. Groups 
with higher mutation load, the ones that happened to have 
more mutations on DNA repair genes, have better chance 
to adapt in the new environment (Fig. 1). The problem is 
that when environment returns to “normal,” selection cannot 
discard these mutations (on DNA repair genes) out of the 
population. Improved environmental conditions or techno-
logical advances can increase life expectancy. The result is 
an increased rate of cancers (Fig. 1) that are closely related 
with mutations on DNA repair genes (Li and Martin 2016; 
Kleibl and Kristensen 2016). Most of these cancers present 

at old and reproductively inactive ages, when selection is too 
weak to be effective.

Breast cancer and colorectal cancer are among the most 
frequent cancers today, especially in developed and develop-
ing countries. Additionally, these two cancer types are the 
most known to be closely related with DNA repair genes 
mutations or genetic polymorphisms. This is an indication 
that human genome has accumulated a lot of “cancerous” 
genetic variation on DNA repair genes. Unfortunately, this 
“cancerous” genetic variation is being expressed today due 
to the increase of human life expectancy. Recent findings 
give evidence that mutations that helped humans to survive 
at extreme cold and at extreme high altitude also appear to 
contribute to increased cancer incidence today (Voskarides 
2018).

Group selection is a well-documented phenomenon in 
single-celled organisms. “Mutator” strains are bacterial 
populations with increased capability of introducing new 
mutations. Such strains appear suddenly at bacterial cul-
tures, when these cultures grow under stressful conditions, 
e.g., lack of food (Cox et al. 1972). Bacterial cultures are 
grown from multiple colonies. Each colony is a “group of 
individuals.” Colonies with adaptive characteristics survive 
and gradually displace the others. Mutator strains were also 
discovered in yeast cultures growing under stressful con-
ditions (Bui et al. 2015). The most interesting point here 

Fig. 1  Group selection that our species may have experienced under 
extreme environmental conditions. Human sub-populations with 
increased genetic variability in DNA repair genes (DRGs) had a 

better chance to survive. We are the progenies of these populations 
(Population C). Unfortunately, due to longevity, genetic variation that 
contributed to our survival it is presently a cause of high cancer rate
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is that these mutator strains have mutations in mismatch 
DNA repair genes, the same genes that, when mutated, 
cause or predispose for colon cancer in humans (e.g., the 
Msh2 gene). No experimental molecular studies have been 
performed so far for the existence of “mutators” in multi-
cellular organisms.

Concluding, I would like to emphasize that evolutionary 
theories, such as that for group selection, help us to reexam-
ine the phenomenon of cancer and probably other diseases 
under a new conceptual framework. This concept could rede-
fine our therapeutic strategies. We must not forget that the 
evolutionary theory of micro-environment of cancer cells 
ultimately determined the strategy of anti-cancer combina-
tional therapies (Gillies et al. 2012; Enriquez-Navas et al. 
2015). Group selection is an idea that needs revisiting and 
experimental examination.
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