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Abstract

Some of the defining characteristics of life include its ability to replicate and reproduce itself and its
genome whilst maintaining a capacity for evolution. Life, as we know it, requires genetic information and
no fewer than 382 genes. Thus, the origins of life can be estimated by determining duplication rates
beginning with the first gene. Conversely, an approximate date for the origin of the first gene can be
estimated based on the time frame in which life appeared on Earth and then evolved. Data from genomics
and molecular biology indicate that all modern organisms originated from an ensemble of prokaryotic
genes dating back to the first appearance of life on Earth over 4.2 billion years ago (bya), which means
life was present on Earth from almost the beginning. There are two main models for the origins of
eukaryotes on Earth, “genetic merger” which postulates that eukaryotes evolved between 3 bya to 2 bya
following the merger of two species of prokaryote, and “deep roots” which posits that eukaryotes and
prokaryotes appeared on Earth at the same time. However, neither model can explain how or when the
first genes evolved. To arrive at an estimate for the time frame in which the first gene was fashioned,
genetic analysis based on the genetic merger and deep roots models and at different ages for the
establishment of life on Earth, were carried out. The correspondence between total gene numbers of
various organisms and time of their putative origin over the course of evolutionary history was analysed.
Be it the merger or deep roots model, and within the experimental uncertainties in the relevant data, four
separate analyses indicates that the origins of the first gene extends backwards in time by an estimated 10
to 14 billion years (10.5<14.5 bya) and thus during a time frame which overlaps and is consistent with
estimated ages offered in support of the Big Bang model of the origin of this universe. This does not
mean that life began 10-14 billion years ago, but rather that the first gene was fashioned billions of years
before the creation of Earth.
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Introduction

When life first appeared on Earth is unknown. Likewise, the birth date for the creation of
the first gene is as yet undetermined. Although definitive fossil evidence is lacking, there
are tantalizing clues which suggest life may have been present on Earth, fractionating and
synthesizing carbon as early as 3.8 to 4.28 billion years ago (Manning et al. 2006; Mojzsis
et al. 1996; Nemchin et al. 2008; O'Neil et al. 2008). Specifically, microprobe analyses of
the carbon isotope composition of metasediments in Western Australia formed 4.2 billion
years ago (bya) has revealed very high concentrations of carbon 12, or "light carbon"
which is typically associated with microbial life (Nemchin et al. 2008). The discovery of
banded iron formations in northern Quebec, Canada, consisting of alternating magnetite
and quartz dated to 4.28 bya, may also be associated with biological activity (O'Neil et al.
2008). In addition, carbon-isotope analysis of a phosphate mineral, apatite, in quartz-
pyroxene rocks on Akilia, West Greenland and dated to 3.8 bya, was found to contain tiny
grains of calcium and high levels of organic carbon; which is suggestive of photosynthesis,
oxygen secretion, and thus biological activity (Manning et al. 2006; Mojzsis et al. 1996).
The high carbon contents of the protolith shale from S. W. Greenland, and the ratio of
carbon isotopes in graphite from metamorphosed sediments dating to 3.8 bya is also
suggestive of photosynthesizing activity (Rosing, 1999, Rosing and Frei, 2004).

Genetic data based on molecular clocks is consistent with these discoveries. According to
analysis performed by Feng et al., (1997) and Hedges (2001) single celled prokaryotes
were sharing the planet 4 billion years ago. Based on an analysis of the eukaryotic
genome, Hedges (2001) reports “we found an early time of divergence (approximately 4
billion years ago, Ga) for archaebacteria and the archaebacterial genes in eukaryotes."
Hedges (2009) concludes, "life on Earth arose... 4400 to 4200 million years ago, and
achieved a prokaryote level of complexity. An initial split, 4200 led to Superkingdoms
Eubacteria and Archeabacteria.”

There is thus a confluence of evidence suggesting that life was present on this planet
during a period known as the "Late Heavy Bombardment" (Schoenberg et al. 2002) when
Earth was pummeled with massive extra-terrestrial debris causing the surface to melt and
form new rocky layers. Under these conditions, all evidence of life prior to 4.2 bya ago
would have been obliterated. Likewise, any fossilized remains would have continued to be
pulverized until after the end of the bombardment period, which may explain why the first
definitive evidence for microbial life does not appear until 3.5 bya (Furnes et al. 2004).
Since Earth is believed to have been formed 4.6 billion years ago, the genomic and
biological evidence indicates life was present on Earth nearly from the very beginning of



this planet's formation. Presumably, these life forms were single celled organisms capable
of biological activity as demonstrated by the biological fingerprints left in this planet's
oldest rocks dated to 4.2 bya (Nemchin et al. 2008; O'Neil et al. 2008).

When the first gene was formed in unknown. Likewise, when eukaryotes first took up
residence on Earth is a matter of great speculation and debate. However, the origins of
eukaryotes can help unravel the mystery for the origins of the first gene.

There are two major views on the origins of Earthly eukaryotes. The genetic “merger
models” as embraced by Hedges (2004, 2009) and others, posits that different species of
bacteria (e.g. archeabacterium and a eubacterium) joined together thereby creating
compartmentalization within the cell, and thus a nucleus around 2.7 bya, and then later, a
mitochondrium around 2 bya to 2.4 bya (Joseph 2010a). By contrast, the “deep roots”
models hold that eukaryotes appeared at the same time prokaryotes began to diverge
(Hartman, & Fedorov, 2002; Kurland, Collins, & Penny, 2007; Poole, & Penny, 2007). If
the deep roots model is correct, this would mean that eukaryotes and prokaryotes were
present, on Earth, between 4.4 bya to 3.8 bya. In support of this later possibility is the
controversial evidence suggestive of microfossils resembling yeast cells and fungi
discovered in 3.8 billion year old quartz (Pflug 1978).

Woese (2004) has proposed that life began with proto cells and the initial proto cells may
have lived together and repeatedly swapped and shared genes via horizontal gene transfer.
"Eventually this collection of eclectic and changeable cells coalesced into the three basic
domains known today" (Woese, 2004). According to this proposal, bacteria, archaea and
eukaryotes may have been established at around the same time and differentiated from a
diverse collection of proto-cellular ancestors. However, if proto-cells possessed genes, and
were essentially life-like and capable of biological activity 4.2 to 4.4 bya, then where did
they obtain their genes, and how did their genes acquire the ability to replicate?

Be it "deep roots" or "merger models", neither can supply an answer as to the origins of the
first genes or the origins of life. Certainly, life, as we know it, is not possible without a
genome and a minimal number of diverse, life sustaining genes. For example, the
prokaryote, Mycoplasma genitalium, has the fewest genes of all living organisms, 485
genes vs 552 genes for Nanoarchaeum equitans (which has fewer base pairs, i.e. 490,885).
Mycoplasma has also been shown to remain viable even after 100 of its genes were
removed (Fraser et al., 1995; Glass et al., 2006). Thus, it requires at least 382 genes for a
single cell to live and this suggests that the first life forms must have also first acquired a
genome of this size. However, it takes at least 485 genes to survive and replicate. It is this



range in minimal gene numbers (382 to 485 genes) which provides us with a key to
unlocking the origins of the genetic basis of life and the birth date of the first gene.

Certainly it is not plausible that 382 to 485 genes and a minimum of 490,885 base pairs
were established ex-nihilo and simultaneously on Earth or any other environment and from
which life immediately sprang. Therefore it can be assumed the first genes must have
begun to evolve prior to the establishment of life, and it was only over the course of
evolutionary development and subsequent gene and whole genome duplication that a
minimal gene set necessary for life was established.

As discussed below, genes and the genome have been repeatedly duplicated over the
course of evolution. Therefore, a determination of the rate of gene duplication which led to
the establishment of life on Earth, can lead us backwards in time to an approximate date
when the first genes were generated. As detailed in this article, and as based on a series of
statistical analyses of the "deep roots" or "merger models", and of various dates for the
origin of Earthly life (4.4 to 3.5 bya), we estimate that life has a genetic ancestry of
approximately 10 billion years.

2. Genome Duplication

Some of the defining characteristics of life include its ability to replicate and reproduce
itself and its genome whilst maintaining a capacity for evolution. Life, as we know it,
requires genetic information and at a minimum nearly five hundred diverse genes in order
to replicate and at least 382 genes just to survive.

It is widely accepted that the eukaryotic genome has increased in size over the course of
evolution; a function of gene and whole genome duplication (WGD) as well as horizontal
gene transfer (HGT). Likewise, it can be predicted that after the first genes were
established, they must have acquired the ability to replicate, thereby increasing in number
and becoming more variable until finally a core set of at least 382 genes were established,
as this is the minimal number necessary for maintaining single cellular life (Fraser et al.,
1995; Glass et al., 2006). These and other core genes, beginning with the first gene, were
duplicated and continued to increase in number after prokaryotes and eukaryotes evolved.
Duplication rates, therefore, can provide us with an approximate date for the creation of
the first gene.

There have been repeated episodes of WGD during the early evolution of eukaryotes and
which date back to the emergence of the first eukaryotic cells or their ancestors (Makarova
et al., 2005). The eukaryote genome appears to have been duplicated every 100 million



years (Lynch et al., 2001; Lynch and Conery 2000), though in fact the frequency is as yet
unknown. Whole genome duplications have occurred in almost all lineages, including
yeast (Wong et al., 2002; Vision et al., 2000; Kellis et al., 2004), fish (Van de Peer et al.,
2003; Jaillon et al., 2004; Taylor et al., 2001), frogs (Tymowska et al., 1977; Jeffreys et al.,
1980) and plants (Blanc and Wolfe 2004). The relatively large and complex vertebrate
genome appears to have been duplicated at least twice (McLysaght et al., 2002; Dehal and
Boore 2005), suggesting a duplication rate of once every 250 million years.

Single gene and whole genome duplication played a central role in the primary radiation of
chordates (Dehal and Boore 2005) during the Cambrian explosion of metazoan life 540
million years ago. There followed two additional duplications during chordate evolution,
thereby forming many of the gene families of vertebrates (McLysaght et al., 2002). Thus it
appears that two distinct genome duplication events occurred early in vertebrate evolution
and after vertebrates began to colonize the surface of Earth (Dehal and Boore 2005), which
again suggests a duplication rate every 250 million years.

However, duplication is often followed by accelerated sequence evolution as well as
rearrangement of a gene, and even gene deletion; evolutionary modes that obliterate
detectable connections to the original prokaryotic, proto-cell or viral gene source.

3. Genomic Duplication, Evolution, Divergence and the First Gene

The dozens of duplicative events over the course of evolutionary history (Lynch and
Conery 2000; Lynch et al., 2001) has likely triggered the transition and divergence
between numerous species, ranging from yeast and fungi (Liti and Louis, 2005) to
chordates and non-chordates (Dehal and Boore 2005; McLysaght et al., 2002). Likewise, it
can be assumed that duplicative events led to the divergence of archae and bacteria which
is assumed to have taken place, on Earth, over 4 billion years ago, and previous duplicative
events led to the divergence of prokaryotes from proto-cells.

It is also reasonable to assume that gene numbers and the genome must have doubled in
size after the establishment of the first gene. These duplicative events continued until a
minimal gene set necessary for life was established.

4. Genomic Data Indicates Genes Were Formed Prior to Creation of Earth

Genetic clocks indicate that life was present on Earth by 4.4 to 4.2 bya and included at
least two super kingdoms of prokaryotes (Hedges 2001, 2009). These findings are
supported by biological residue associated with life (Nemchin et al. 2008; O'Neil et al.



2008). If the first gene was established at the same time Earth was created, 4.6 bya, this
would mean that the first gene (and the first genome) had to acquire the ability to replicate
itself and to undergo at least 9 to 10 duplicative events, coupled with deletions and
mutations, within a span of 200 million years to achieve a minimal gene set of 382 genes,
by 4.4 bya. However, duplicative events in prokaryotes appear to occur over a span of
billions of years, whereas whole genome duplicative events occur in the eukaryote genome
perhaps once every 100 million (Lynch et al., 2001; Lynch and Conery 2000) to 250
million years (McLysaght et al., 2002; Dehal and Boore 2005).

Using the most liberal of estimates (based on eukaryotes and not the more slowly evolving
prokaryotes), these 10 duplicative events, beginning with the first gene, would have
required from 1 billion to 2.5 billion years, before a minimal gene set of 382 genes could
have been established. Since there is evidence of life on this planet, dated from 4.4 to 3.8
bya, and if we accept the latter date and the most liberal genomic duplication rates, this
means that the genes necessary for life must have begun to evolve prior to the creation of
this planet; at least 4.8 to 5.3 bya. Unless we wish to believe a minimal gene set of 382
life-sustaining genes were created ex-nihilo, or that the first gene underwent an accelerated
rate of duplication only to dramatically slow down after life was established, then the only
other alternative is the first gene was established prior to the creation of Earth.

5. The First Gene: Time Frame for Genetic & Cellular Evolution

Since genetics and biochemical analysis indicates life was present on this planet in the
period between 4.4 bya to 3.8 bya, it can be deduced that these life forms consisted of
single celled microbes. However, based on genomics, single celled microbes did not
evolve into multi-cellular microbes until nearly 2 billion years had passed.

Evidence based on molecular clocks indicates that multi-cellular eukaryotes with 2 cell
types were present by 2.3 bya (Hedges et al. 2004). This data is supported by a genomic
analysis of mitochondria, which indicates they took up residence as a distinct entity within
eukaryotic cells between 2.3 to 1.8 bya (Hedges et al. 2004; Mentel and Martin 2008);
genetic evolutionary transitions which have been directly attributed to alterations in the
biosphere and increases in oxygen (Joseph 2000, 2010b). Thus, if genetic-based life
appeared on Earth 4.4, 4.2, or 3.8 bya then we can deduce that between 1.5 to 2 billion
years passed before the evolution of multicellularity. Further genetic analysis indicates it
took another 800 million years to expand from 2 cell types to 10 cell types (Hedges et al.
2004); changes also associated with a changing environment and horizontal gene exchange



(Joseph 2010ab). The eukaryotic genome also increased in size and complexity.

If this data is accepted, then we can also arrive at certain conclusions about the origin of
the first gene. We have already determined that it would take 9 to 10 duplicative events to
evolve from a single gene to a minimal gene set which can maintain life. Using the most
liberal of estimates (based on genomic duplications in the faster evolving eurkaryotes),
these duplicative events would have required at least 1 billion to 2.5 billion years in order
to reach a minimal gene set of 382 genes to 485 genes.

Assuming it takes at least 1.5 billion to 2 billion years (by) to evolve from a single celled
microbe to a multi-cell of 2 cell types in response to a changing environment, then it is
reasonable to assume it may take at least 1.5 by to evolve from the simplicity of a single
celled prokaryote to the first super kingdoms, archea and bacteria. Likewise, it can be
estimated that it would take at least 1.5 by to evolve from proto-cell to prokaryote.
However, might it take even longer in an unchanging environment? In fact, based on
genomics, it can be concluded that 1.5 billion years is an overly conservative estimate as it
is based on evolutionary transitions in eukaryotes which "evolves faster than prokaryotes,
with those eukaryotes derived from eubacteria evolving faster than those derived from
archaebacteria" (Hedges et al. 2001).

Nevertheless, if we accept that the first super kingdoms, archea and bacteria were
established by 4 bya, this would mean that the first prokaryotes must have evolved at least
1.5 by earlier, i.e. 5.5 bya and were preceded by the first proto-cells 7 bya, which were
preceded by the establishment of the first gene. This first gene then acquired the ability to
replicate and underwent at least 9 to 10 duplicative events over 1 by to 2.5 by in order to
create the minimal gene set necessary to sustain the life of a proto-cell. This provides a
genetic birth date of 8 by to 9.5 billion years using the most conservative of estimates.
However, if we considered the evolution of viruses as a necessary step in the evolution of
life, then another 1.5 by could be added to the total, which yields a birth date ranging from
9.5 to 11 bya.

6. Viruses, RNA-Worlds & Replication

Gene and genome duplication requires the ability to replicate, which is made possible by
the interactions of DNA and RNA. A number of scientists, beginning with Joseph (2000)
have argued that viruses may have inserted DNA and/or RNA into the genomes of the first
cells thereby providing the ability to replicate. In this model, first proposed by Joseph
(2000) viruses may have served as mobile RNA-worlds (Joseph 2000, 2009, 2010a).



However, even if viruses inserted the necessary replication machinery into the first genes
or genomes, it would have still required 9 to 10 duplicative events and from 1 billion to 2.5
billion years to achieve a minimal gene set to maintain life.

The question then becomes: Where did viruses obtain their genes?

One possibility is that viral RNA evolved prior to DNA leading to genes then proto-cells,
or that genes evolved first, leading to viruses (mobile RNA Worlds), then proto-cells, then
prokaryotes then archae and bacteria and then eukaryotes. If correct, this would push the
ancestry of the first gene and genetic-life even further back in time, i.e. from 9.5 to 11 bya
using the most conservative of estimates.

7. Statistical Analysis of the Genetics of Evolutionary Change

There are two models of eukaryotic genesis, "genetic merger" and "deep roots." However,
if eukaryotes evolved at the same time as archae and bacteria, between 4.4 and 3.8 bya, or
at a late date, a statistical analysis of both evolutionary models, and a wide range of dates,
still support an extra-terrestrial origin for the genetic basis of life, as does an analysis of
genomic evolution in eukaryotes.

Whilst establishing evolutionary connections between species is relatively easy with gene
sequencing techniques, setting an absolute timescale for evolution is fraught with problems
due to gene duplication and deletion, exon shuffling, and other variables such as the
insertion of viral genes. There there is the problem of horizontal gene transfer, such that
genomes increase in size due to the acquisition of additional genes inserted by prokaryotes
and viruses over billions of years of time. Nevertheless, increases of genome length and
complexity as a function of duplicative events, can be assumed to represent a time
sequence of evolution, assuming gene loss is equal and provided correction is made for
those species that have accumulated larger number of silent (or “non-coding” genes) by
gene duplication. Thus, for the purposes of this analysis, only the length of the coding
DNA was reckoned as a measure of time elapsed in evolution.

Consider, for example, Figure 1, which shows a relation between the length of the coding
genome and the total genome size for a number of cases (Lynch, 2007). We note that for
plants and animals a reduction by a factor 10-100 is common.
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Figure 2. Estimates of genome sizes (Ussery and Hallin, 2004).

In Figure 2 we see that the average genome length increases from archeae to plants and
animals with the exception of protocists that include fungi, where in some instances the
total genome length exceeds that in humans. Even within the animal kingdom, the
cockroach and the lungfish are seen to have total genome lengths that exceeds that of
humans — gene doublings and non-coding DNA accounting for their extended lengths.

A more reliable measure of the evolution in complexity and increases in the number of
genes could be given by the total number of genes coding for proteins. Table 1 gives
available data for a representative sample of life forms in various kingdoms and genera.

Table 1
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Species Number of genes Time of appearance (bya)

(A) (B)
Mycoplasma genitalis 382 4.2
(primitive archeac)
Guillardia theta 464 4.2
Crypomonad (Primitive
Eukayote)
Rickettsia prowazekii 1111 3.8 3.8
(First bacterium)
Aquifix aeolicus (modern 1749 3.5 35
bacterium)
Saccarintces cerevisiae 6,000 1.8 1.8
(yeast)
Caenorhabditis elegans 19,000 0.54 0.54
(roundworm)
Arabidopsis thaliana 25,000 0.5 0.6
(flowering plant)
Mus musculus (mouse - 25,000 0.1 0.1
mammal)

Although major uncertainties still remain, a timeframe for the evolution life on Earth is
available from the geological record, with different species appearing at different times.

Evidence for life on the Earth has been inferred from data on 12C/ 13 C ratios of

carbonaceous material in ancient rocks. Since biology takes up 2c preferentially, an
excess of this isotope can be taken as an index of biology. As already noted, evidence of a

12C excess is found in sediments dated at 3.8 bya at the end of the Hadean epoch (Mojzsis
et al, 1996) - a time when the Earth was subject to intense bombardment by comets and
other extra-terrestrial debris. Even earlier at 4.2bya there is arguable evidence of life, also

based on a 12C excess (Nemchin et al. 2008; O'Neil et al. 2008). The evidence of a 12¢
excess between 4.2bya and 3.8 bya can be most plausibly interpreted as a residue of
biology that establish itself despite the hostile conditions prevailing on Earth during the
Hadean epoch. In view of the phylogenetic evidence of extensive gene swapping
(reviewed in Joseph 2010b) and as there is no evidence that proto-cells ever existed on
Earth, it is likely that archae and bacteria (and perhaps even single celled eukaryotes) were
present between 4.2 to 3.8 bya, and exchanging genes. And this leads us again to the
question: When did the first genes evolve?

For the purpose of our present argument let us take the most conservative estimates as to
the origin of life at around 3.8 bya. As representative points further up in the evolutionary
progression we take the appearance of multicellular eukaryotes as at 2.3bya, worms at
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Ibya, teleosts at 0.5bya and mammals at 0.1 bya .

For the purposes of this statistical analysis the total numbers of genes in the several species
listed in Table 1 were plotted against time in Fig.3. The line is a regression line

y =0.3141x + 4.447
giving a best fit to the points. Extrapolation to zero on the y axis gives a time of t=14 bya.
Within the uncertainties of the data plotted in Fig.3 we estimate that this intercept could lie
in the range 10.5<14.5 bya.

Even if we ignore the evidence suggestive of biology in this planet's oldest rocks dated to
4.2bya and the genetic evidence indicating the presence of prokaryotes before 4 bya, and
accept the 3.8 by date for prokaryotes and not eukaryotes (which according to the "merger

model" are assumed to have evolved much later), this still leads to a genetic origin of over
10 bya.

8. Discussion

Genomic analysis, based on increases in genome size and the evolutionary record, indicate
that genes began to evolve and to undergo duplicative events billions of years before the
formation of this planet, at least 10 billion years ago. This does not mean that life began 10
billion years ago, but rather that the first gene was fashioned approximately 6 billion years
before the creation of Earth. The genetic evidence supports extra-terrestrial abiognesis.

Within the range of validity of the assumptions we have made an exponential dependence
of gene number with time which can be inferred over the time range for which data is
available. The slope of the regression line is determined mainly by the points for a
bacterium, metazoan, and a mammal.

Extrapolation of the regression line backwards in time implies that similar rates of genome
and pre-genomic evolution apply prior to the event or events that led to the origin of fully-
fledged bacterial and eukaryotic life. A genetic birthdate of between 10.5 to 14.5 billion
years, supports the likelihood that the evolution of the entire ensemble of organisms or
genes at the base of Woese’s tree of life is derived from sources external to Earth and
which originated at about the time of the formation of this galaxy.

After the first gene was established, this was followed or was accompanied by the
acquisition of the capacity to replicate, until a minimal gene set was established making
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life possible.
9. Correlation of Gene Numbers with Time

We have noted earlier that microbial life may have been present on Earth between 4.2 and
3.8 bya during the Hadean epoch, and such life may well have included archaea, bacteria
as well as eukarya. It can be assumed they must have possessed a genome sufficiently
large to make life possible. At a minimum level the bacterial genome must have consisted
of at least ~382 genes (equal to a stripped down Mycoplasma genitalis), and the first
eukaryotes must have also possessed a genome at least the size of the genome of the
simplest of eukaryotes, i.e. an enslaved algae, Guillardia theta Cryomonad (464 genes).
However, it must be emphasized that these are very conservative estimates, and that the
original gene ensemble that made life possible may have consisted of hundreds of
additional genes, in which case, the ancestry of genetic life would be pushed even further
back in time.

Whether such minimal gene numbers increased between 4.2bya to 3.8bya is unknown, and
whether or not life was even present 4.2bya is a matter of debate. In contrast, it is widely
accepted that life had become well established on Earth by 3.5bya as evidenced by the
discovery of microbial fossils resembling cyanobacteria (Schopf et al, 2002, 2007).
Therefore, for the purposes of the next statistical analysis we shall assume life was
certainly present by 3.5bya, and take this as the possible start date for the onset of the
evolution and diversification of species. However this does not mean to imply that the
common ancestor for all life can be dated to 3.5bya. For this reason we explore earlier
evolutionary steps represented by the columns A, B, C as presenting alternative
possibilities.

A stem group of eukaryotes (protocists) have been confirmed to occur in rocks dated
1.8-1.3bya (Knoll et al, 2006). Based on genetic molecular clocks it has also been
determined that bilateria and the "lower metazons" and the so called "higher" metazoans,
diverged from a common ancestor that lived anywhere from 1.3bya to 830 mya (e.g., Wray
et al., 1996; Peterson et al.., 2004, Nei et al., 2001; Gu 1998). Based on the fossil record
the metazoan explosion of life had its onset around 540 mya. The steps in an evolutionary
ladder that we shall proceed to analyse are set out in Table 1.

We next consider the relation between gene numbers (N) and the time of appearance on the
Earth (t). We consider three cases: (A) for which the initial colonization of Earth by
minimal-sized bacteria and single celled eukaryotes occured at t = -4.2by; and (B) for
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which the initial colonization is by bacteria with an average gene number of ~ 1000 (e.g.
Rickettsia prowazekii) at t = -3.8by. Case (B) corresponds to the root of the “tree” of
terrestrial life starting with simple bacteria/eukarya deposited at the end of the Hadean
impact era, and case (C) including both simple bacteria and eukarya (eg. Encephalitozoon
cuniculi) at the end of the Hadean epoch. The relevant gene numbers for each of these
cases along with linear regression lines are plotted against time in Fig. 3 (A,B,C). Within
the range of validity of our assumptions the fits to the data are excellent and an exponential
dependence of gene number with time can be inferred over the time range for which data is
available. The correlation coefficients calculated to be in the range R2=0.91-0.99 give a
high level of confidence in extrapolating to N ~ 1.

J "...

(%) | K
o I A I | ‘ =
5 — A 2
o 3 P s z
"6 T =2 a o
- p A @ g L=
© 5 S
o w @ w
=5 o
< 5
2 -
2 1 J s
-

0

1% 14 143 12 11 10 & 8 7 6 £ 4 3 2 1 0

Time (by)

4 . !

e
. ! @

: :
e 3 s —8
s 22| |3
o -
E 2 2
I [
Z |
S
> 1
- |

0

15 14 43 12 11 10 9 8 7 6§ $§ 4 3 2 4 0
Time (by)

14



Eukaryotes
Worms, Plants
Mammals

Bacteria

Log10(Number of genes)
[N ]

1
05

0
45 14 13 42 11 40 9 8 7 6 5 4 3 2 1 0
Time (by)

First bacteria, eukaryotes

Figure 3. (A,B,C) Correlation between gene numbers and time of appearance of
Earth.

Extrapolation to log N=0 on the y axis gives a time estimate for the first origin of genes,
and therefore presumably the origin of life. Within the uncertainties of the data plotted in
Fig. 3 we estimate that this intercept could lie in the range 10.4<13.2bya. This data is
remarkably consistent with estimates of genetic and cellular evolution detailed in previous
and following sections. Thus, the overall pattern of results support the possibility that the
first genes may have evolved over 10 bya.

10. Statistical Analysis Based on Gradualism & Evolution of Genome Complexity
Also Demonstrates the First Genes Did Not Originate on Earth

Functional complexity of organisms can be approximately measured by the length of the
nonredundant functional portion of the genome (Adami et al. 2000). The data on the size
of nonredundant functional genome of major phylogenetic lineages was plotted against the
time of their origin (Sharov 2006) (Fig. 4). Mammals (on average) have a genome of ca.

3.2 % 109bp, however only 5% of it is conserved between species (Waterson et al. 2002).
Besides conserved regions, there may be additional functional regulatory regions in the
genome that are species-specific. These regions, which can be identified based on the
absence of transposons, account for 12-20% genome size (Simons et al. 2006). If we take
15% as a rough estimate, then the size of functional and non-redundant genome in
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mammals (on average) is 4.8 X 10® bp. Teleosts originated 0.5 billion years ago (Miller et

al. 2003), and the fish genome size (on average) is 4 x 108 bp with 1/ 3 of it occupied by
gene loci (Aparicio et al. 2002). Worms may have first appeared 1 billion years ago

(Seilacher et al. 1998). The genome size of Caenorhabditis elegans is 9.7 x 107 bp and
75% of its length 1s functional (C.elegans Sequencing Consortium 1998). The smallest

eukaryote genome (2.9 x 10° bp) was found in Encephalitozoon cunicul (Katinka et al.

2001), and the smallest prokaryote genome size (5 x 10° bp) was found in Nanoarchaecum
equitans (Waters et al. 2003) and Mycoplasma genitalium (Fraser et al. 1995). Prokaryotes
and eukaryotes with the smallest genome are parasitic and may have a reduced genome
size due to parasitism. However they were selected them to get the most conservative
estimate for the time elapsed since the genetic origin of life.
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Figure 4. Regression of log genome complexity versus time of origin, modified from
(Sharov 2006).

Using the regression of logarithm of functional complexity versus time (Fig. 4), it can be
shown that genetic complexity increased exponentially with time, growing slowly ca. 7.8
fold per one billion years (Sharov 2006). This pattern of increase in complexity is
consistent with the principle of gradualism. The exponential increase can be explained by
several positive feedback mechanisms, which include gene cooperation, gene duplication,
and creation of new functional niches for emerging genes (Sharov 2006).
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The exponential model of increasing genome complexity can be used to predict the time of
the genetic origin of life. Based on the model of life’s evolution, beginning from a single
coding elements, the data indicates that the genetic basis of life originated at the time point
where log genome complexity was zero. Based on the regression of log genome
complexity versus time, the origin of the genetic basis of life is projected around 10 billion
years ago (Fig. 4). Because two earliest points on the graph are most uncertain, Sharov
(2006) did a sensitivity analysis by varying these points within the limits of uncertainty (+
300 Mya, and + 0.3 log bp). With these variations the date of life origin may vary from 7
to 13 billion years which is still greater than the age of Earth and which is consistent with
the analysis performed in Sections 8, 9 and 10, and the first half of this paper.

11. Speculation: Did Life Begin Following the Big Bang?

There are a variety of scientific views as to the nature and origin of this universe, the most
popular of which is the "Big Bang" which is estimated to have taken place approximately
10 to 14 billion years ago, with data from the WMAP satellite (based on detailed analysis
of the cosmic microwave background) providing evidence for a date of 13.7 bya. This later
date has been accepted by current consensus. This range of birth dates for this universe is
remarkably consistent with the data obtained from two of the genetic analyses reported in
this paper, 1.e. 10.5<14.5 bya. (Section 7), 10.4<13.2bya. (Section 8).

To speculate: if there was a Big Bang beginning to this universe, then the data reported in
Sections 7 and 8, could be interpreted to mean that the genetic origins of life can also be
traced backwards in time to the "Big Bang". If correct, and if there was a Big Bang, then
this creation event not only created this universe, but the conditions and essential elements
necessary for life in this universe.

Simply put: it could be argued that following Big Bang nucleosynthesis when the universe
had cooled sufficiently to create elemental abundances, that the ensuing nucleogenesis and
nucleosynthesis led to the production of elements essential for life including carbon (due
to triple collisions of helium-4 nuclei) and then the production of molecules such as purine
and pyrimidines and the nucleotides adenine, guanine, cytosine, thymine, and uracil,
thereby providing all the essential elements for the construction of DNA and RNA. All this
could have taken place within several hundred millions years after the presumed Big Bang
creation of this universe.

To speculate further: it could be said that if the Big Bang cosmological model is correct,
then the Big Bang not only created the essential elements necessary for life, but a Universe
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in which that life could dwell--a universe ideally fit for incubating life.
12. CONCLUSIONS

Life appeared on this planet between 4.4 to 3.8 billion years ago, with genetic and
biological indices indicating the presence of life by at least 4.2 bya. These Earthly-life
forms, and most certainly their prokaryotic and/or proto-cellular ancestors, must have
possessed a minimal gene set, which made life possible. This minimal gene set must have
been established following the same genetic processes of duplication, replication, and gene
deletion, as is characteristic of life on this planet.

For example, there is considerable evidence that the entire eukaryotic genome underwent
duplication at the onset of eukaryotic evolution (Makarova et al., 2005). These genes then
continued to undergo repeated episodes of single gene and whole genome duplication such
that the eukaryotic genome increased in size (Kellis et al., 2004; Dietrich et al., 2004;
Dehal and Boore 2005) thereby triggering the transition and divergence between numerous
species, ranging from yeast and fungi (Liti and Louis, 2005) to chordates and non-
chordates (Dehal and Boore 2005; McLysaght et al., 2002). Likewise we can conclude that
WGD and increases in gene numbers led to archae and bacteria diverging from
prokaryotes, which was preceded by prokaryotes diverging from proto-cells.

Increases in the number of genes and the size of the genome, coupled with estimates as to
the length of time that must elapse between whole genome duplications, can provide gross
estimates as to the date of origin of the first genes and then a minimal period of time before
a minimal number of genes necessary for life were established, i.e. at least 9 to 10
duplicative events which would have required at least 1 billion to 2.5 billion years--which
is a very conservative estimate. As based on estimates of whole genome duplicative events
and the transitions from single cell to multi-cellularity, these initial duplicative events,
beginning with the first gene and leading to a minimal gene set and genome, and then the
divergence of prokaryotes from proto-cells, followed by the divergence of prokaryotes to
the superkingdoms of archae and bacteria, must have taken place over nearly 10 billions of
years of time, beginning well before the establishment of life on this planet (4.4 to 3.8 bya)
and thus prior to the creation of Earth.

These assumptions are supported by the genetic analyses reported in this paper, and which
demonstrate that the ancestry of genetic life extends backwards in time over 10 billion
years to a period early in the evolution of this galaxy, i.e. 10.5<14.5 bya. (Section 7),
10.4<13.2bya. (Section 8); data which coincides with the Big Bang model for the origin of
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the universe. This does not mean that life began over 10 billion years ago, but rather that
the first gene was fashioned billions of years before the creation of Earth.
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