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In the course of the research project, we have achieved most of the tasks set out in the work 
plan, in one area (strand separation problem of RNA) we have not achieved any results, while 
in all other areas we have achieved the research tasks set out; in some areas we have even 
extended the scope of the studies. During the duration of the project, 17 peer-reviewed 
publications were published on the research topic, mostly in Q1 and D1 journals. We have 
contributed 32 conference presentations and posters. We put great emphasis on the presentation 
of our results to the public, and our results were published in several high readership media 
(telex.hu, 24.hu, valaszonline.hu, etc.). 

Below, in chronological order, we briefly present our published results. We wrote a review on 
dynamical modelling of the RNA world as an invited contribution to the special issue "The 
RNA World and the Origin of Life" of the journal Life [1]. We developed a model for the 
evolutionary origin of mitochondria. We presented dynamical models to directly simulate the 
origin of mitochondria in an eco-evolutionary context. Our results show that regulated 
cultivation of prey bacteria and delayed digestion can facilitate the establishment of a stable 
endosymbiosis when prey-rich and prey-poor periods alternate [2,3]. We have shown that, 
using the laboratory as a simple environment, populations are able to move towards the same 
phenotypic adaptive peak, but the genetic paths they take to get there are complex and 
unpredictable. Even in populations with high levels of genetic variation, the predictability of 
evolution depends on the biological level analysed [4]. 
 
We published an editorial overview of systems ecology and evolution [5] and a review article 
on mathematical models of early evolution, with particular emphasis on the ability to maintain 
ecological and evolutionary stability and diversity [6]. We used the Stochastic Corrector Model 
(SCM) as a model framework to analyse the amount of maintainable information (genetic 
diversity) in early evolution, the maximum maintainable gene number in protocells, and 
possible evolutionary pathways to the complexity of group selection in compartmentalised 
replicator systems in the RNA world era. We have also investigated the effect of fusion 
(horizontal gene transfer) on maintainable diversity, and the effect of different metabolic 
topologies and explicit handling of waste [7]. We have made progress with the Metabolically 
Coupled Replicator System (MCRS) model by introducing explicit replicators and extending 
the it with biologically plausible complementary strand replication and physicochemical 
details. Preliminary studies show that the resulting models remain stable in an ecological and 
evolutionary sense and can maintain moderate genetic diversity [8]. We have written a detailed 
review on the possible evolutionary pathways of infrabiological systems [9]. We demonstrated 
the important effect of catalytic promiscuity on the ability to maintain diversity in a 
physicochemically realistic version of the Metabolically Coupled Replicator System (MCRS) 
[10]. We proposed a possible detailed evolutionary pathway from unlinked genes to 
chromosomes in the context of the Stochastic Corrector Model (SCM) [11]. 



 
We wrote a review article on the possible essential role of mineral surfaces in prebiotic 
evolution and early living systems [12] and a review article on the information integration 
capacity of ribocell-like systems [13]. We have analysed the robustness of the genetic code to 
mutation. The results suggest that the genetic code performs better under non-extremophilic 
conditions [14]. We investigated the emergence of the genetic code and human language (the 
codes of life) as possible major evolutionary transitions. The results suggest that the emergence 
of the codes of life are not major evolutionary transitions, but are required for major 
evolutionary transitions to occur [15]. We showed that the genetic code works best with 
mesophilic codon usage, strengthening the view that LUCA or its ancestors preferred lower 
temperature environments [16]. Finally, in collaboration with a French group we have created 
and analysed an infrabiological construct of considerable prebiotic relevance consisting of the 
autocatalytic formose reaction enclosed in growing water-in-oil droplets. The compartments 
can be divided by shearing forces thus a population of reproducing vesicles was shown to arise 
with some degree of competition and inheritance [17]. 
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