
1 
 

The transcription factors and its implications in adaptive evolution 1 

Víctor A. Zapata Trejo1, * 2 

1Department of Marine Biology, Autonomous University of Yucatan, Campus of Biological and Agricultural 3 

Sciences, highway Merida-Xmatkuil Km. 15.5, Merida 97000, Mexico. 4 

*Correspondence: A16018093@alumnos.uady.mx 5 

Telephone number: +52 999 207 3228 6 

ORCID: 0000-0002-8930-4195 7 

Abstract The random to explain the emergence of variations in sequence of the alleles is the current scientific 8 

paradigm of evolutionary biology. Here is argued that external stimuli responsible of manifestation of an instinct 9 

together with transcription factors (TFs) involved are the main cause of emergence of such variations. Advances in 10 

epigenomics show that this molecular function plays an important role in the regulation of gene expression of all cells, 11 

both prokaryotes and eukaryotes, and indicates which specific genes should be transcribed and which should be 12 

translated. Under this context, the present work pretends evaluate the current evidence on the increase in mutation rate 13 

caused by transcription-associated mutational pressure in primordial germ cells due to presence of TFs also present in 14 

somatic cells involved in an instinct. In conclusion is established that adaptive evolution can understood as biological 15 

superposition of 4 functional states. This work that is added to the evolutionary theoretical framework contributes 16 

with an alternative causal understanding of adaptive evolution. 17 
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New data, theoretical findings and approaches on niche construction, developmental plasticity and organism-25 

environment feedback, suggest that is needed an alternative causal understanding of adaptive evolution1-5. 26 

Evolutionary biology currently accepts that DNA sequences transmitted in eukaryotic gametes are not affected by the 27 

experiences of individuals, as well as that variations in sequence of the alleles arise at random and not in response to 28 

any need of the organisms6. 29 

This paper evaluates the implications of transcription factors (TFs) in mutation rate of somatic cells and primordial 30 

germ cells and complement the hypothesis, as far as I am aware, initially proposed by Bernard7 with premises that 31 

explains how gene expression in somatic cells caused by an instinct increase mutation rate of same genes in primordial 32 

germ cells before and during the gametogenesis8. Here is established that random does not exist and instead is offered 33 

a causal explanation based in the superposition of 4 functional states. 34 

Transcription-associated mutational pressure 35 

If we knew the number of molecules of the mRNAs that integrate the transcriptome of a certain cell type in any 36 

moment and the number of nucleotides of the genes that to the mRNAs correspond, would be possible calculate the 37 

stochastic minimum (1) for possible mutations considering the following: the probability of that a gene after finished 38 

the transcription has undergone at least 1 mutation during the interaction will always be 1 2⁄ . 39 

equation (1) 40 

stochastic minimum = (1 𝑠⁄ )(𝑡)(1 2⁄ ) 41 

Where 𝑠 is the number of nucleotides of a gene and 𝑡 the number of molecules of mRNAs that to the gene correspond. 42 

The equation describes molecular behavior caused by transcription-associated mutational pressure and is offered as 43 

formal theoretical definition. 44 

4 functional states for adaptive evolution 45 

Keeping the above in mind, is argued that emergence of a point mutation in sequence of an allele is result of an increase 46 

in mutation rate due mainly by transcription-associated mutational pressure in genetic networks in demand9, 10. To 47 

understand how this molecular behavior affect adaptive evolution is necessary draw upon to the well-known principle 48 

of superposition: a state whose function can understood as sum of the independent functions of each state that 49 
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composes it. To this principle, for a biological system, is needed add that superposition is a reconfigurable event of 50 

dynamic and robust11 nature (2), that is, a likely event of dynamic configuration in space. 51 

equation (2) 52 

𝑓(𝑎 + 𝑏 … ± 𝑛) = 𝑓(𝑎) + 𝑓(𝑏) … ± 𝑛 53 

Where 𝑎 y 𝑏 are states and ±𝑛 represents the dynamic of states that can added or retired of the function. Thus, adaptive 54 

evolution can understand as biological superposition of 4 functional states (3), each one composed by a superposition 55 

of complex networks (4). The first is stochastic minimum, whose number is in function of gene expression (stochastic 56 

state). The following states can guide by the questions: what are mechanisms involved in mutagenesis? what 57 

mechanisms intervene in DNA repair, what are their signaling pathways and what TFs are involved? (cellular state); 58 

how does substitution of amino acids affect the structure and functionality of proteins and how influence in function 59 

of organism? (structural-functional state); how do organisms interact with ecosystem and what are states that define 60 

dynamic and robustness of interaction? (ecological state). 61 

equation (3) 62 

𝑓(𝑠𝑡 ∈ 𝑐 ⊆ 𝑠𝑓 ⊂ 𝑒) = 𝑓(𝑠𝑡) ∈ 𝑓(𝑐) ⊆ 𝑓(𝑠𝑓) ⊂ 𝑓(𝑒) 63 

Where 𝑠𝑡, 𝑐, 𝑠𝑓, and 𝑒 are the states stochastic, cellular, structural-functional and ecological, respectively. 64 

equation (4) 65 

𝑓(𝑟1 + 𝑟2 … + 𝑟𝑛) = 𝑓(𝑟1) + 𝑓(𝑟2) … + 𝑓(𝑟𝑛) 66 

Where 𝑟 is a biological network whose function can understood as sum of the independent functions of each state that 67 

composes it (2). 68 

Robust interactions that respond to external stimuli 69 

The evolutionary theoretical framework explain that basic process of biological evolution is a process at the population 70 

level where adaptive evolution is due to shifting gene frequencies by natural selection, from an abundant pre-existing 71 

variation12. If basic process of biological evolution is a process at the population level, instincts of the population 72 

should be determinant for adaptation of organisms. Therefore, instincts must have a role in evolutionary process. 73 
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However, instincts itself are phenotypes that responds to external stimuli of environment13, 14, and according to theory 74 

of niche construction, this process of dynamic and robust interaction between instincts of a population and its 75 

environment can affect selection that acts on same population and on other species15, 16. 76 

Any function in prokaryotic and eukaryotic cells exerts a genetic demand in genome and there are stimuli that, 77 

depending of cell type, activate transcription of required genetic product. The cell recognizes effectively each stimulus 78 

through TFs whose evolutionary function is closely related to cell diversity17. Therefore, for appear a certain network 79 

(cellular or structural-functional) associated to specific stimuli, is needed that cells locate in genome the operator sites 80 

of DNA sequences that to TFs correspond18. To regulate gene expression, cells use diverse mechanisms that can, for 81 

example, silence transcription or suppress translation of a genetic network even when stimuli associated to TFs are 82 

present19, 20. Some of these mechanisms are DNA methylation and MicroRNAs (miRNAs) that modulate gene 83 

expression at the post-transcriptional level21, 22. To interaction of these mechanisms with genome to control 84 

transcription and translation of a specific genetic network is called epigenomics function23. Therefore, epigenomics 85 

function have an important role in gene expression of specific genetic networks that cells need to perform its functions 86 

in presence of stimuli associated to TFs. All cells of a eukaryotic organism have the same genetic information, but 87 

each cell type that integrates it have a different epigenomics function24. 88 

In eukaryotic organisms there is evidence that show how exposure to a specific stimulus can regulate gene expression 89 

of cells involved25-27. For example, in zebra finch, the perception of singing is sexually dimorphic and implies that 90 

during spermatogenesis, oogenesis, embryogenesis and development the genes involved has sex-biased expression 91 

levels28. In male, miR-2954 gene associated with habituation of song has higher levels of expression than in female 92 

when both sexes are exposed to stimulus of new song although with frequent exposure of same song expression of 93 

miR-2954 is gradually inhibited. Therefore, if a new song is frequently repeated, genes that intervene in positive 94 

control of transcription associated to habituation of song will be susceptible to higher transcription rates29. 95 

In theory, operator sites in genes that respond to presence of their TFs are conserved in genetic information of all cells 96 

that make up a eukaryotic organism. So, in primordial germ cells is likely that TFs also present in somatic cells act in 97 

operator sites to which they are associated. Recently, has been proposed that type of regulator mechanism of gene 98 

expression of an instinct can affect likelihood of trait plasticity evolving30. Here is added to the above that external 99 

stimuli responsible of manifestation of an instinct can influence in transcription rate of somatic cells implicated, and 100 
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by means of TFs, too in primordial germ cells. Consequently, external stimuli can increase mutation rate in genome, 101 

molecular evolution rate and affect likelihood of trait plasticity evolving. 102 

Transcription-associated mutational pressure and GC-rich content 103 

Not long ago was suggested that gene of platelet phosphofructokinase in songbirds has enriched its guanine and 104 

cytosine content due mainly by transcription-associated mutational pressure and it is important because the platelet 105 

phosphofructokinase is a tissue enzyme that should not be transcribed during gametogenesis and yet it does partially 106 

in one or several steps of this process31. The compartmentalized of guanine and cytosine is one of defining 107 

characteristics to the eukaryotic genome32. This quality is associated with positive control of transcription. For 108 

example, empirical evidence in studies on pre-implantation in both human and mouse indicated that expression levels 109 

increased for those genes that were in regions with GC-rich content while than those that were in regions with GC-110 

poor content decreased expression levels33. The GC-rich regions are also associated with negative control of 111 

transcription. For example, in exons of some homologous copies of MET1 gene family of hexaploid genome of wheat 112 

has been suggested that presence of GC-rich regions was caused by point mutations that induced pseudogenization 113 

and DNA methylation34. 114 

From the above is concluded that exons located in GC-rich regions present evidence of evolutionary changes in 115 

sequences associated with control both positive and negative of transcription. If is considered the epigenomics 116 

function, is also concluded that transcription-associated point mutations had to occur in primordial germ cells35, and 117 

if in they transcription-associated mutational pressure responds to an increase in genetic demand as in somatic cells36, 118 

could deducted that currently exons located in areas with GC-rich content were under transcription-associated 119 

mutational pressure37, just what has been proposed for platelet phosphofructokinase in songbirds. 120 

In silico genomic evidence already has confirmed the relation between expression levels, transcription-associated 121 

mutational pressure and increase observed in mutation rate in yeast as well as the relation between increase observed 122 

in mutation rate in germline cells and expression levels in humans38. Therefore, scientific solidity of hypothesis 123 

initially proposed by Bernard7 and complemented in this paper is demonstrated. 124 

Biological superposition as a principle to understand adaptive evolution 125 
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The relation between transcription-associated mutational pressure and TFs is really superposition of two functional 126 

states: the stochastic and cellular, respectively. The other two superpositions correspond to the instinct inside of 127 

structural-functional state and to the niche construction inside of ecological state. This approach explains robustness 128 

of an adaptive system with their environment where perturbance caused by point mutations is restricted by 129 

superposition of complex networks inside ecological state and such mutations are optimal only if cause the upgrade 130 

in flow of energy and information39. This is where Dawkins’s concepts on The Extended Phenotype40 and The Selfish 131 

Gene41 take on special importance. 132 

The restriction by superposition of complex networks is also reason of why neutral mutations define the evolution of 133 

genome, contrary to what happens at the organism level, where adaptive changes are strictly optimal and not neutral. 134 

A neutral mutation can change composition of genome but not affect superposition of networks. As result, evolution 135 

rate of genome is higher than observed at the organism level42. 136 

Three axioms to address the origin of life 137 

In a biological sense: the entropy, number of probable configurations in space for a certain state, decreases as 138 

complexity of networks increase. Likewise, the superposition decreases as robustness of networks increase. One of 139 

questions that forces us to consider this way of see natural world is: how does information behave in universe and 140 

what are laws that govern its activity? What is possible add to theory about flow of information is that increases when, 141 

in a determinate space, superposition of complex networks does it, and that information to be decode, encode and 142 

recode in function of the stimuli perceived by organism must travel in packages constituted of elementary information 143 

that would correspond to a universal information language. 144 

Conclusion 145 

The superposition demonstrated among transcription-associated mutational pressure (stochastic state), TFs (cellular 146 

state), instinct (structural-functional state) and the niche construction (ecological state) indicates that gene expression 147 

of somatic cells caused by an instinct due to external stimuli can increase transcription-associated mutational pressure 148 

in spermatogonias and oogonias by presence of TFs that act in operator sites of same genetic networks that is involved 149 

in instinct. Consequently, this system of non-direct interaction between primordial germ cells and environment 150 
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mediated by TFs have repercussions in developmental plasticity, adaptive evolution, molecular evolution rate and 151 

represent a contribution to the evolutionary theoretical framework. 152 
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