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ABSTRACT

In a possible scenario for the origin of life there was a time in which informational genetic polymers played
primary roles. Transfer-RNA molecules may be considered possible “fossils” of that primitive era (billions
years ago). In order to test the hypothesis that the nucleotide sequences of the primitive informational polymers
might not be chosen randomly, we propose a comparison of computer-generated random sequences with tRNAs
nucleotide sequences present in anaerobic Archaea. Random sequence data were obtained from the algorithm by
Press and Teukolsky. Relative Lempel-Ziv complexity and Entropy of nucleotide sequences and of computer-
generated random data represented as random walks were evaluated. Manhattan and Euclidean “fractal” dimen-
sions (DM, DE) were also evaluated. Nonlinear parameters obtained from the Archaea are lower than the values
of randomly generated sequences (p<0.01, p<0.01). DM and DE confirm the results (p<0.01, p<0.01). The
observed deviation from pure randomness should be arisen from some constraints like the secondary structure
of this biologic macromolecule and/or from a “frozen” stochastic transition when informational polymers origi-
nated. The nonlinear evaluation of nucletoide sequences expressed as random walk, here presented, provides an

efficient assessment of the primary structure of nucleic acid sequences.
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INTRODUCTION

A possible scenario for the origin of life needs
an informational genetic polymer and an efficient
prebiotic synthetic routeto the component monomers.
Nothing is known about the way(s) from which life
born, and plausible pathways of prebiotic evolution
remain obscure, however, in that context, t-RNA is
considered the oldest known informational genetic
polymertd,

Billionsyearsago, according to the exon theory
of genes? small RNAs translated into peptides of
15-20 amino acids. minigenes of pre-tRNAs codi-
fying RNA hairpin structures. The dimerization of

two equal RNA hairpin structures may have lead
to the formation of the cruciform structure of the
tRNA molecule: tRNA reflectsthe primordial genes
of that era. Anaerobic prokaryotic cells lived dur-
ing the earliest time (3.5 billion years ago): these
microorgani sms may retain ancestral signatures®4.
In order to test the hypothesis that the nucleotide
sequences of the primitiveinformational polymers
might not be chosen randomly, we performed a
comparison of computer-generated random se-
guences with tRNAs nucl eotide sequences present
in anaerobic Archaea. Our method provides an ef-
ficient assessment of the primary structure of
nucleic acid sequences.
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MATERIALSAND METHODS

Based on the graphical approaches by Hamori
& Ruskin® and Mizrahi & Ninid®, we have per-
formed nonlinear analysis of the nucleotide se-
guences of nonintronictRNAsand of computer-gen-
erated random data described as random walks”™ by
means of softwares developed by usinVisual Basic
language. Briefly, orbit walks of nucleotide sequence
data were obtained by letting the orbit walk a unit
step in one of four directions (down, left, right, and
up), depending upon the next base (A,C,G, T) inthe
sequence, and the distances from the origin calcu-
lated.

Samples

Thirty tRNAs (tRNA-gly, tRNA-val, tRNA-glu,
tRNA-ala, t-RNA-arg) obtained from 6 anaerobic
Archaea (Methanocaldococcus jannaschii,
Methanoregula boonei, Archaeoglobus fulgidus,
Haloarcula marismortui, Hyperthermus butylicus,
Pyrococcus furiosus) were evaluated. Nucleotide
sequencedataof archaeal tRNA geneswere obtained
from the Institute for Genomic Research (TIGR)®
and the GenBank library®.

Random sequences (white noise) were obtained
from the algorithm by Press and Teukol sky*® and
their orbit walks were obtained generating an uni-
formly and randomly distributed data points over
the unit interval (0to 1). The sequence was divided
in equa intervalsto whichA,C,GT letters were at-
tributed, orbit walks and distances data were ob-
tained as above. Twenty-five random sequences
(Ienght, n = 80) were eval uated.

Nonlinear analysis
RelativeL Z complexity, LZ

Relative LZ complexity is a measure of the al-
gorithmic complexity of atime series. According
to the Kaspar and Schuster a gorithm, each data point
is converted to a single binary digit according to
whether the value is less than, or greater than, the
median value of aset of data points.

White noise (a pure random signal, common in
physical systems, that exhibits equal power across
all the component frequencies of thesignal), hasan
LZ valuethat iscloseto 1.0. Pink noise (flicker noise

or 1/f noise), exhibits decreasing power asfrequency
increases, and is associated with a relatively low
LZ value; it iscommon in biological systems (e.g.
heart rate). A sine function with 10% superimposed
Gaussianwhitenoiseyieldsan LZ vauethat isclose
to zero.

Entropy, K

The entropy index chosen here is a measure of
the disorder in a data set and was calculated as the
sum of the positive Lyapunov exponents*2.

Randomness is indicated by numerically high
values of entropy. Ordered serieslikethe sinefunc-
tion exhibit valuesthat are closeto O.

In the present work, Relative Lempel-Ziv and
Entropy indexes were evaluated over the distances
of the obtained random walks, making use of Chaos
DataAnayzer Pro v. 2.0 software®l,

“Fractal” dimensions of nucleotide sequences

To measure the scale properties of tRNAs and
of random sequence data, the total Manhattan path
lenght divided by thelogarithm of the Manhattan dis-
tance of the endpoint fromtheorigin (called “fractal”
M anhattan dimension)

DM = log[n(A)+n(G)+n(T)+n(C)]/log[| n(G)-n(C) [+|
n(T)-n(A) [l

and the corresponding Euclidean “fractal” di-
mension:

DE = log[n(A)+n(G)+n(T)+n(C)]/log[ SQR| n(G)-n(C) [+
SQR[N(T)-n(A)[]

were cal culated from the sequences, as proposed

by Gates.

STATISTICALTESTS

Non parametric Mann-Whitney test was used to
ascertain the difference between the groups

RESULTS

Orbit walks of archaeal tRNA showed adiffer-
ent behaviour than the ones of computer-generated
random sequences, the former appearing “less dis-
persed” that the latter (Figure 1). This different
behaviour of the orbit walks between the two groups
were quantitatively assessed by nonlinear analysis,
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Figure 1 : Graphical representations of of computer-generated random data (top) and tRNAs, (bottom) as random
walks. The sequence begins at the origin in the lower right corner of the graph. Transfer-RNAs random walks
appears less “dispersed” than computer-generated random sequences.

TABLE 1: Transfer-RNAs nucletotide sequences of anaerobic Archaea vs. computer-generated random data (mean
values [SD]). Nonlinear indexes evaluated over the random walks, random data, n=25, (white noise), archaeal

LZ 0.84[0.05]

047 [0.04] **p<0.01

K 0.51[0.05]

0.35 [0.04] ** < 0.01

Lempel-Ziv (LZ) and Entropy (K) of the distances calculated over the random walks of archeal tRNAs present significant lower
values compared to the ones of random sequence data. Transfer-RNAs sequences are more ordered than random data.

TABLE 2 : Transfer-RNAs nucletotide sequences of anaerobic Archaea vs. computer-generated random data (mean
values = SD). Fractal dimensions, random data, n=25, (white noise) archaeal tRNA, n=30

DM 3.7[0.3]

2.72 [0.02]

*+ <001

DE 4.5[0.4]

29[0.4]

** < 0.01

Manhattan (DM) and Euclidean (DE) fractal dimensions of the distances calculated over the random walks of archeal tRNAs
present significant lower values compared to the ones of random sequence data. Transfer-RNAs sequences are more ordered

than random data.

where Lempel-Ziv and Entropy indexes appeared
statistically lower in the archaeal tRNA compared
to therandom data (p<0.01, p<0.01, TABLE 1). Like-
wise, “Fractal” Dimensions resulted lower than ran-
dom data (p<0.01, p<0.01, TABLE 2).

DISCUSSION

We have introduced the nonlinear analysis of
sequences described asrandom walks, amethod that
appears capable of highlighting primary structural
features of the nucleic acids. We have applied it to
the study of tRNASs carrying older-considered amino
acidd™ presentsin genomes of ancient microorgan-
ism (anaerobic Archaea, e.g., Pyrococcusf.l¥, here
tested). Wefound that thisancient informationa poly-
mer presents significant lower values of Lempel-

Ziv and Entropy indexes, measure of algorithmic
complexity and disorders, respectively, than the ones
of random data (white noise). Interestingly, Manhat-
tan and Euclidean “fractal” dimensions, also, re-
sulted lower than the ones of random data (white
noise), confirming the results obtained by the non-
linear analysis of the distances calculated over the
random walks. Both the results reveal asignificant
shift of the tRNA nucleotide sequences from pure
randomness, i.e.: a more ordered structure, than a
“pure” random sequence.

The observed deviation from pure randomness
may be arisen from some constraints like the sec-
ondary structure of this biologic macromolecule, or
from thefrozen stochastic transition fromwhich life
had itsorigin. Wemay recall, Gayle and Freeland*®!
that showed that the 20 amino acids present in the
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Last Universal Common Ancestor, cell that lived
perhaps 3 or 4 billion years ago, were not chosen
randomly and O.Weiss et al.[*" that evidenced asig-
nificant small reduction of the Shannon entropy (-
1%) in protein sequences compared to random
polypeptides. Together with our results, these data
indicate that evolution earlier chose nonrandom “al-
phabets”.

CONCLUSION

We have introduced the nonlinear anaysis of
nucleic acid sequences described as random walks
that appears to provide an efficient assessment of
the primary structure of nucleic acid sequences. Ap-
plying them to the study of “ancient” tRNAs, a fun-
damental molecule for the study of the origin and
evolution of life, their nucleotide sequence showed
asignificant shift from randomness, resultsthat may
be of relevance in evolutionary studies
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