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Current theories in origins of life studies 
The RNA world 
 
The RNA world scenario claims that RNA was the key biopolymer in the first life 
because RNA can serve both as a catalyst as well as repository of genetic 
information.  
 
Indirect evidence for the RNA world: 
 
•  Cech & Altman won the 1989 Nobel prize for the independent discovery of the 
group of catalytic RNA molecules known as ribozymes, which were subsequently 
shown to catalyse a significant number of reactions. 
 
•  Steitz, who won the 2009 Nobel prize in chemistry, along with Moore who 

determined the structure of the ribosome, showing that it is a ribozyme. 

T. R. Cech (1986) PNAS, 83:4360-4363. 
T. A. Steitz et al. (2000) Science, 289:905. 
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Current theories in origins of life studies 
 
Unanswered questions: 
•  How did self replicating molecules get going? 
•  How, and at what point, did chiral selection occur? 
•  Was there a pre-RNA world? 

 
 Peptide nucleic acid (PNA) is an artificial 

nucleic acid. PNA's backbone is composed of 
repeating N-(2-aminoethyl)-glycine units linked 
by peptide bonds. The various purine and 
pyrimidine bases are linked to the backbone by 
methylene carbonyl bonds. 
 
It has been hypothesized that the earliest life on 
Earth may have used PNA as a genetic material 
due to its extreme robustness, simpler 
fo rmat ion and poss ib le spon taneous 
polymerization at 100°C 
 

P. E. Nielson et al. (1991) Science, 254:1497-500. 
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Current theories in origins of life studies 
Primordial soup 
 
First proposed by Haldane in 1929. UV radiation provided energy to convert 
methane, ammonia and water into the first organic molecules. These molecules 
were concentrated in a “hot organic soup”. 
Miller and Urey (1959) produced amino acids by releasing an electrical discharge 
through a mixture of water/methane/ammonia/hydrogen.  
Recent evidence supporting the primordial soup came from Sutherland who 
synthesised activated pyrimidine nucleotides in the “soup” conditions. 
 
Problems: 
•  Absence of geochemical evidence. 
•  Ionizing UV radiation inherently destroys as much as is creates. 
•  The “soup” is usually conceived to be in thermodynamic equilibrium; there is 

no free energy to allow further reaction. 
Haldane, J. B. S. et al. (1929) Rationalist Annual 3: 3-10 

Sutherland J. D. et al. (2009) Nature 459: 239-42 
Stanley, M. L. and Urey, H. C. (1959). Science 130: 245. 
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Current theories in origins of life studies 
Alkaline Vents 
 
A type of alkaline vent was discovered in 2000 by Kelley. These alkaline vents 
form from reaction of seawater with minerals like olivine as a result of 
serpentinisation. Moderately high temperatures (~473K), alkaline (pH 9-11), and 
rich in hydrogen. 
 
 
 
 

 

Lost City Alkaline hydrothermal vent 
found off the Mid-Atlantic Ridge  

Kelley, D. S. et al. (2001) Nature. 412: 145-9 
Russell, M. J. et al. (1994) J. Mol. Evol. 39: 231-43 

 
•  Olivine is a magnesium iron silicate, and is one of 

the most abundant minerals on Earth.  
 
•  Serpentinisation is the geochemical process in 

which olivine is hydroxylated to serpentine. The 
hydroxylated rocks expand and fracture, allowing 
entry of more seawater, perpetuating the reaction. 
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Hypercycles 
Some of the most original theoretical modelling of the origin and evolution of life 
came from Eigen and Schuster in 1977; in their three part paper titled “The 
hypercycle: A principal of natural self-organization”. 
 

Eigen, M. and Schuster, P. (1977) Naturwissenschaften 11: 541-565 
 

Self replicative macromolecules, such as RNA and DNA in a suitable 
environment, exhibit a behaviour which we may call “Darwinian” and which can be 
formally represented by the concept of the “quasi species”*. 

* Hypercycles shown to be unstable without spatial compartmentalisation (i.e. “cells”).  
  Maynard-Smith, J. (1979) Nature 280: 445-446 
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Hypercycles 

•  The quasi-species itself represents the stationary distribution of 
macromolecular sequences maintained by chemical reactions effecting error-
prone replication, and by transport processes. 

 
•  The quasi-species model demonstrates how macromolecular information 

originates through non-equilibrium auto-catalytic reactions and thus forms a 
bridge between reaction kinetics and molecular evolution. 

 
•  Experimental data* obtained from test-tube evolution of polynucleotides and 

from studies of natural virus populations support the quasi-species model. 

*Spiegelman, S. Q. (1971) Rev. Biol. 4: 213 
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Hypercycles 

•  Non-equilibrium processes are of central importance in both producing life and 
sustaining it. 

 
•  Life is not just about replication; it is also a coupling of chemical reactions. 
 
•  Life needs a continuous and replenishing source of chemical energy.  
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Modelling elements of the RNA-world 

Analyzing a microscopic kinetic model for the emergence of long chains of RNA 
from monomeric β-D-ribonucleotide precursors in prebiotic circumstances. 
 
The models incorporate the possibility of:  
 
(i)  direct chain growth  

(ii)  template assisted synthesis  

(iii)  ribozymal catalysis 
 
 
 
 
 
J. A. D. Wattis and P. V. Coveney. The origin of the RNA world: a kinetic model. Journal of Physical 
Chemistry B, 103:4231–4250, 1999. 

Figure 4: Chemical structure of a) Threose nucleic acid; b) peptide nucleic acid, where B is a

nucleotide base.

2.3 The origin of the RNA world

The work of Eigen and Schuster was taken in new directions in theoretical work done by Wattis

and Coveney [37]. Their research concentrated on constructing and analyzing a microscopic kinetic

model for the emergence of long chains of RNA from monomeric β-D-ribonucleotide precursors in

prebiotic circumstances. Wattis and Coveney’s theory starts out from similar but more general

chemical assumptions to those of Eigen and Schuster, namely, that catalytic replication can lead

to a large population of long chains. The models incorporate the possibility of (i) direct chain

growth (ii) template assisted synthesis and (iii) catalysis by RNA replicase ribozyme, all with

varying degrees of efficiency. However, all chemical processes are “open”; they do not assume the

existence of closed hypercycles which sustain a population of long chains, rather it is the feasibility

of the initial emergence of a self-sustaining set of RNA chains from monomeric nucleotides that

is of concern. Their work confronted directly the non-linear features of the problem which were

previously largely overlooked by Eigen and Schuster. Detailed microscopic kinetic models lead to

kinetic equations which are generalisations of the Becker-Döring system for the step-wise growth

of clusters or polymer chains; they lie within a general theoretical framework which Coveney and

Wattis have successfully applied to a wide range of complex chemical problems [38].

The most detailed model Coveney and Wattis considered contains Becker-Döring aggregation

terms, together with a general Smoluchowski fragmentation term to model the competing hydrolysis

of RNA polymers. This last process is a key one that enables all chemical ingredients to be recycled

and leads to the massive amplification of some self-replicating sequences over all others.

The main reactions that such growing chains undergo are the basic Becker-D’́oring rate processes

controlling chain growth:

Cγ
r +Ni

slow−−��−− Cγ+Ni
r+1 . (2)

Here, the four nucleotide bases are denoted by Ni (with i =1, 2, 3 or 4) and oligomeric ribonucleotide

sequences by C where r signifies the number of bases in the sequence and γ denotes the particular

order in which they occur. Template-based chain synthesis (a form of catalysis mediated by Watson-

Crick base pairing of ribonucleotides on complementary chains)

Cγ
r +Ni + Cθ

s

fast−−��−− Cγ+Ni
r+1 + Cθ

s , (3)
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hydrolysis, whereby a long chain is split into two shorter chains. Chemically this corresponds to
the reaction

Cγ+θ
r+s→Cγ

r + Cθ
s . (4)

This has the form of a general fragmentation process as modelled by the Smoluchowski equations,
a mechanism which increases the number of chains but reduces the average chain length, and
enzymatic replication (replicase ribozymal activity), where a third chain aids the growth of a chain
which is already in close contact with another chain acting as a template:

Cγ
r +Ni + Cγ∗+θ∗

r+k + Cξ
s�Cγ+Ni

r+1 + Cγ∗+θ∗
r+k + Cξ

s . (5)

Here the combination of γ with Ni is a subsequence of the chain γ + θ, while Cθ
s plays the part of a

replicase ribozyme. Needless to say, some of these replicases will have much higher efficiency than
(most) of the others.

Wattis and Coveney demonstrated that it is possible to realise the selection of certain self-
replicating RNA polymer chains in a reasonable amount of time starting from plausible assumptions
about the chemistry and initial conditions that could have prevailed within a putative prebiotic soup
comprised of β-D-ribonucleotide monomers.

2.4 Modelling of elements of the RNA-world

All the models developed by Coveney and Wattis are based on deterministic non-linear dynamics,
being derived from macroscopic laws of mass-action. For situations that may frequently pertain
at the cellular level, it is by no means clear that this “law” is always valid. With small numbers
of molecules involved, more inherently probabilistic models have an important role to play. Thus,
Hanel et al. [39] consider the kinetics of stochastic minimally nonlinear models, of the form ẋi =�

j Ai,jxj + Ji + νi, where the connectivity matrix A has the form of an Erdos-Renyi network.
Whilst choosing A to be a random matrix, they impose the constraint x > 0, which makes the
system nonlinear, hence the Lyapunov exponents may be positive, negative or zero. If all exponents
are negative, the system converges to a steady-state or equilibrium solution; if the largest exponent is
strictly positive then the system is chaotic and exhibits strong instabilities, sensitive dependence on
initial conditions and other ‘random’ behaviour not conducive to the persistence of living systems.
However, if the largest exponent is zero, then the system is at criticality, where a greater range of
states can be explored, nonlinear effects are dominant, aiding the control of behaviour; this state is
of great interest in the modelling of living systems, wherein the types of behaviour exhibited include
oscillations. The average degree of the network, �k� = L/N , where L is the number of links, and N
is the number of nodes. There is a considerable range of �k� where the largest eigenvalue is close to
zero, indicating applicability to living systems.

Lehman [40] proposes that even in the early RNA world self-replication occurred via RNA
strands breaking into shorter strands which replicated the daughter strands recombining to form
multiple copies of the original RNA molecule. The reasons for this are many: recombination is
an energy-neutral process, so would have been common in prebiotic conditions; an RNA replicase
ribozyme would have to be long, typically in excess of 100 nucleotides. This is too long to replicate
accurately via catalysis, whereas shorter RNA strands could easily replicate. One consequence of
this hypothesis is a lengthening of RNA in the population over time – entirely consistent with the
development from simple prebiotic life to more advanced function.
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Modelling elements of the RNA-world 

With small numbers of molecules involved, more inherently probabilistic models 
have an important role to play: 
 

•  Hanel et al. consider the kinetics of stochastic minimally nonlinear models. 
 
 
•  Lehman proposes that self-replication occurred via RNA strands breaking into 

shorter strands which replicated the daughter strands, recombining to form 
multiple copies of the original RNA molecule. 

 
 
 
 
R. Hanel, M. Pochacker & N. S. Thurner. Living on the edge of chaos: minimally nonlinear models of 
genetic regulatory dynamics. Phil Trans Roy Soc A, 368: 5583–5596, 2010. 
 
N. Lehman. A recombination-based model for the origin and early evolution of genetic information. 
Chemistry & Biodiversity, 5:1707–1717, 2008 
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Compartmentalisation 

•  Experimental scenarios leading to self-
reproducing vesicles have been 
successfully developed by Luisi’s group. 

•  Coveney and Wattis constructed a kinetic 
model which describes the stepwise 
growth and fragmentation of vesicular 
structures. 

•  Szostack has performed experiments on 
the replication of RNA inside vesicles. 

 
 
P. Walde, R. Wick, M. Fresta, A. Mangone, P. L. Luisi. J Am 
Chem Soc, 116: 11649–11654, 1994. 
 
P. V. Coveney and J. A. D. Wattis. J. Chem. Soc.: Faraday 
Transactions, 102: 233–246, 1998. 
 
A. I. Chen, K. Salehi-Ashtiani, J. W. Szostak. J Am Chem 
Soc. 127: 13213-9, 2005. 13 © P.V. Coveney et al. 
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Homochiral crystals 

•  The first experiments illustrating symmetry-breaking in crystallisation were 
those of Kondepudi et al. 

•  With no stirring, approximately equal amounts of left- and right-handed crystals 
are formed. 

•  Noorduin et al. showed that grinding a mixture of chiral crystals eventually 
leads to a homochiral distribution of crystals of amino acids.  

 
 
 
 
 
 
 
D. K. Kondepudi, R. J. Kaufman & N. Singh Science, 250: 975–976, 1990. 
D. K. Kondepudi, K. L. Bullock, J. A. Digits P. D. Yarborough. J Am Chem Soc, 117:401–404, 1995. 
W. L. Noorduin, T. Izumi, A. Millemaggi, M. Leeman, H. Meekes, W. J. P. van Enckevort, R. M. Kellogg, B. 
Kaptein, E. Vlieg & D. G. Blackmon. J Am Chem Soc, 130:1158–1159, 2008. 14 © P.V. Coveney et al. 
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Modeling homochiralisation 

•  Before any experimental evidence was published, Uwaha had 
written down a crude model describing the processes of 
homochiralisation through grinding. 

 
M. Uwaha. A model for complete chiral crystallization. J Phys Soc Jap, 73:2601–2603, 
2004. 
 
•  Wattis describes a sequence of models starting from a detailed 

microscopic model which includes standard crystal growth and 
dissolution. 

 
J. A. D. Wattis. Mathematical models of the homochiralisation of crystals by grinding. 
Origins of Life and Evolution of the Biosphere, 41:133–173. 2011. 
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Homochiral polymerisation 
Sanders’ Model 
 
This toy model has many features in common with Frank’s 1953 paper on 
spontaneous asymmetric synthesis, but is adapted to an early peptide world. 
 
P. G. H. Sandars. A toy model for the generation of homochirality during polymerization. Origins of Life 
and Evolution of Biospheres, 33: 575–587, 2003. 
 
 
 
 
 
 
 
 
Long left-handed chains Ln catalyse the production of left-handed monomers L1 
from S, as well as the production of right-handed monomers, R1. 

Then

c� = −2k0z
2k1z(x1 + y1) + λ1(x2 + y2) + λ0(x1 + y1), (8)

x�
1 = k0z

2 − kux1x2 − kcx
2
1 + λux2 + λ0x1, (9)

x�
2 = k1x2c+ kux1x2 + kcx

2
1 − λ1x2 − λux2, (10)

y�1 = k0z
2 − kuy1y2 − kcy

2
1 + λuy2 + λ0y1, (11)

y�2 = k1y2c+ kuy1y2 + kcy
2
1 − λ1y2 − λuy2, (12)

The size of clusters is not incorporated in this model, since all the variables describe the total mass

of material in each state. Thus surface area/volume ratios are not involved in the analysis. However,

symmetry-breaking to a solution in which x1 �= x2 and x2 �= y2 is still possible in this model. Uwaha

notes that the terms involving λ∗ describe the recycling of material and are vital in the formation

of a fully homochiral state. When the system is in a chirally asymmetric state, the typical sizes of

left- and right- handed crystals may be significantly different; Although, the model is not expected

to be quantitatively accurate, it should still give a good qualitative description of behaviour.

Wattis [54] quotes a sequence of models starting from a detailed microscopic model which in-

cludes standard crystal growth and dissolution. This model is generalised to include the effects of
grinding, which removes larger fragments of crystal, and has three species of crystal growing simul-

taneously, namely amorphous, left-, and right-handed crystals. The left- and right-handed crystals

have no direct interaction (no cross-inhibition), although they compete for achiral monomers and

small crystal nuclei, which take on the handedness of larger crystals on coalescence. The model

is then simplified, to show how the basic processes of grinding, stepwise growth, and competition

for amorphous material cause symmetry-breaking. As well as microscopic models for the size-

distributions of each species, various coarse-graining procedures are used to derive small systems

of ordinary differential equations for the total concentration of crystals, total mass of crystalline

material in each handedness and number of small nuclei of each type.

3.4 Homochiral polymerisation – Sandars’ model

An interesting and novel model of symmetry-breaking in the formation of chiral polymers was

proposed by Sandars in 2003 [55]. This toy model has many features in common with Frank’s 1953

paper on spontaneous asymmetric synthesis [44], but is adapted to an early peptide world. In this

model, an achiral substrate (S) splits into chiral monomers L1, R1 spontaneously and slowly and,

at a faster rate, catalysed by polymers. As originally proposed, the model has a maximum polymer

length (n) and only the longest homochiral chains act as catalysts. The catalytic effect is both

autocatalytic and crosscatalytic as follows: long left-handed chains Ln catalyse the production of

left-handed monomers L1 from S, as well as the production of right-handed monomers, R1.

S → L1, S → R1, slow,

S+Ln → L1+Ln, S+Rn → R1+Rn, autocatalytic, rate ∝ 1+f, sandars-cat (13)

S+Rn → L1+Rn, S+Ln → R1+Ln, cross-catalytic, rate ∝ 1−f, sandars-cat2 (14)

The polymerisation is assumed to be uncatalysed and hence linear; cross-inhibition, the other

mechanism required for symmetry-breaking, is incorporated by allowing a monomer of the opposite
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Homochiral polymerisation 
Plasson’s scheme 
 
Their scheme has monomers of each chirality (L, R) which can be activated 
through an input of energy into the system (to L∗, R∗). 
 
R. Plasson, H. Bersini & A. Commeyras. Recycling Frank: spontaneous emergence of homochirality in 
noncatalytic systems. Proc Natl Acad Sci, 101:16733–16738, 2004. 
 
The processes in Plasson et. al.’s scheme can be summarised by 
 
 
 
 
Gleiser and Walker extended Plasson’s scheme to describe protocells (spatially 
seperated chiral environments). 
 

M. Gleiser and S. I. Walker. Orig. Life Evol. Bios. 39: 479-493, (2009). 
 
 
 

(L,R) which can be activated through an input of energy into the system (to L∗, R∗
). An activated

monomer can combine with an unactivated one to form a dimer (polymerisation, L2, R2, Q2, the

former two being homopolymers, the latter a heteropolymer). In depolymerisation, polymers are

split into their component monomers. All of these processes leave the total number of molecules of

each chirality the same. Hence there is a new process, epimerisation in which the final monomer in

a polymer can change its chirality; this converts homopolymers to heteropolymers and vice versa
and can be viewed as a replacement for autocatalysis in previous models. Processes have different
rates depending on whether they act on homopolymers or heteropolymers.

The processes in Plasson et. al.’s scheme can be summarised by

L
a→ L∗, L∗ b→ L, L∗

+ L
p→ L2, L∗

+R
αp→ Q2,

Q2
e→ L2, L2

γe→ Q2, L2
h→ L+ L, Q2

βh→ L+R,
(17)

with similar reactions replacing L by R and vice versa. Although this scheme readily extends to

polymers of arbitrary length, Plasson’s analysis of this is restricted to the case of monomers and

dimers, and yields the interesting result that at low total mass, only a ‘dead’ state exists, where

most matter is in monomeric form and all monomers are activated. There are three other states

which exist at larger masses: at large α the system is unstable, and oscillates between the two

handednesses; at intermediate values of α the symmetric state is stable; at low values of α the

symmetric state is unstable, and there are two stable asymmetric states, and the system approaches

one of these. Thus Plasson et al. succeed in creating a closed system, with no catalysis and no

cross-inhibition of homochiral products. The positive feedback required for homochiralisation is

provided by epimerisation instead of autocatalysis. The overall average effect of epimerisation is to

favour the conversion of material from the minority handedness into the dominant enantiomer.

The analysis of Plasson et al. has been extended to investigate the effects of diffusion in a

spatially-varying form of the model by Gleiser and Walker [62]. Their motivation was to investigate

whether such a model can describe the formation of protocells, that is, cellular membranes which

enclose a region of particular chirality and so form structures which are thermodynamically separate

from their surrounding environment. The studies of Gleiser and Walker consider both homogeneous

initial conditions in which the system is supersaturated everywhere, and systems in which only

localised spatial domains are supersaturated. They find ring-like structures form in which the

interior is homochiral and the wall is racemic, with a high concentration of heterodimers. Whilst

protocells share many features common to living systems (growth, metabolism, reproduction, an

ability to respond to changes in their environment), they are only one component of a living cell.

Gleiser and Walker acknowledge that the kinetics of their system cannot describe metabolism or

reproduction. Nevertheless, their paper confirms that cell-like structures could have preceded self-

replicating genetic molecules, making an important contribution to the wider debate on which came

first.

3.6 Accumulation of nucleotides in hydrothermal pore systems

The RNA world requires high concentrations of small prebiotic molecules, whereas geochemical ex-

trapolations suggest the presence of a dilute prebiotic ocean with concentrations comparable with

modern day values [64]. Braun et al. proposed a potential solution to this discrepancy in concen-

tration using joint experiment and simulation [65, 66]. Combined solutions of the Navier-Stokes

17
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Molecular simulation methods 
To model the structure and interaction of clay/organic systems we also employ 
other simulation methods including: 
 
Molecular Dynamics: MD is a computer simulation technique where the time 
evolution of a set of atoms is followed by integrating their equations of motion. 
 
Monte Carlo: computational algorithms that rely on repeated random sampling 
to compute their results.  
 
Quantum Chemistry: Used to calculate the charge distribution of (small) 
molecules. 
 
Ab Initio MD: Electronic behaviour can be obtained 'from first principles' by 
using Density Functional Theory. 
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Molecular simulation methods 

Notable resources used in our current research: 
 
Ranger, at Texas Advanced Computing Centre (TACC), on the TeraGrid. 
Sun Constellation machine with 62,976 compute cores, 123 TB of total memory and 1.7 PB of raw global disk 
space. 0.43 Petaflops (#17 Top500) 
 
Kraken, at National Institute for Computational Science (NICS), on the TeraGrid. 
XT5 machine with 99,072 cores. A peak performance of 1.03 Petaflops. (#11 Top500) 
 
Jugene (Jülich Blue Gene), at Forschungszentrum Jülich 
IBM Blue Gene machine with 294,912 cores. A peak performance of 1.00 Petaflops (#12 Top500). 
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Simulation of LDH-clay nucleic acid systems 

The layered double hydroxide (LDH) which forms the basis for the mineral models 
employed in this study has unit formula [Mg2Al(OH)6].H2O.Cl. The LDH models are 
replicated from a unit cell with dimensions 16.34Å x 18.82Å x 25.34Å, obtained by 
the refinement of powder X-ray diffraction data on hydrotalcite using Rietveld 
methods. 
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Simulation of LDH-clay DNA systems 

•  Very little movement in DNA within 
1ns of simulation 

 
•  DNA compressed 

–  Number of base pairs 
< DNA in bulk water 

 
•  DNA heavily influenced by 

movement of LDH sheets  
–  Thermal undulations of 

LDH 

Stability within MgAl-LDH at ambient conditions 

Thyveetil, M.-A. Greenwell H.C. and Coveney, P.V.(2008) J. 
Am. Chem. Soc. 14: 4742-4656 

344,959 atoms, 108bp 

1,157,038 atoms, 480bp 
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Properties of nucleic acids within LDH-clay 

22 
Swadling, J. Greenwell H.C. and Coveney, P.V. (2011) Stability of Free and Mineral-
Protected Nucleic Acids: Implications for the RNA World. Preprint. 
 

•  RNA double strands are the most easily compressed. 
•  Intercalated PNA duplex strands have the largest RMSD values indicating that the base-

pairing in this system is significantly disrupted. 
•  Intercalated DNA conserves the most Watson-Crick base pairs. 
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Simulation of LDH-clay nucleic acid systems 

23 

RNA intercalated within an Mg2Al 
LDH 
 
•  300 K, 1 atm. 
•  NPT ensemble 
•  0.5 fs timestep. 
•  300 k atoms, 30 ns. 

Simulation shows:  
 
•  LDH corrugates around RNA 
•  RNA stabilized by LDH 
•  RNA restricted in motion and 

concentrated. 
•  Compartmentalisation of 

biomolecules. 

J. B. Swadling, P. V. Coveney, & H. C. Greenwell. Geochim. Cosmochim. Acta, 
83:360-378, 2012.  © P.V. Coveney et al. 
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Simulation of smectite-clay/RNA systems 

Over timescales of only a few nanoseconds, specific RNA sequences fold to 
characteristic secondary structural motifs, which do not form in the corresponding 
bulk water simulations. 
 
Swadling, J. Greenwell, H.C. and Coveney, P.V. (2010) Clay Minerals Mediate Folding and Regioselective 
Interactions of RNA: A Large-Scale Atomistic Simulation Study. J. Am. Chem. Soc. 132(39), 13750-13764. 
 24 

Single-stranded RNA with an exposed aqueous montmorillonite clay 
surface. 
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Simulation of smectite-clay/RNA systems 

Our simulations show that, in aqueous Ca2+ environments, RNA can tether to the 
clay surface through a nucleotide base leaving the 3’ end of the strand exposed, 
providing a mechanism for the regiospecific adsorption and elongation of RNA 
oligomers on clay surfaces. 

25 

Swadling, J. Greenwell, H.C. and Coveney, P.V. (2010) Clay Minerals Mediate Folding and Regioselective 
Interactions of RNA: A Large-Scale Atomistic Simulation Study. J. Am. Chem. Soc. 132(39), 13750-13764. 

A stem-loop 
secondary 
structural motif of 
RNA formed on 
the clay surface, 
stabilized 
through base 
stacking.  
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Conclusions 
Theory, modeling & simulation provide a powerful set of concepts 
and tools to assist in origins of life research. 
 
•  Theory of complex non-linear chemical kinetic schemes can 

provide explanations for 
-  origin of self-replicating systems, such as RNA 
-  origin of chirality & homochirality in polymers and crystals 

•  Molecular simulation 
-  allows for study in exquisite detail of interactions, catalysis, 

conformations and folding of candidate molecular entities (nucleic 
acids, proteins, clays, etc.) 

-  provides a way of probing extreme conditions without experimental 
problems 

26 © P.V. Coveney et al. 

Electronic Supplementary Material (ESI) for Chemical Society Reviews
This journal is © The Royal Society of Chemistry 2012



 
Acknowledgments 

 
All of the research reported in this talk, and more, is published within a Chemical 

Society Reviews special issue, edited by Professor Piero Ugliengo. 
 
 
 
Funding and Support 

              

27 © P.V. Coveney et al. 

Electronic Supplementary Material (ESI) for Chemical Society Reviews
This journal is © The Royal Society of Chemistry 2012


