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Novel metabolic networks, signal cascades, bone 
joints, wings, sonar, brains, immune systems, nervous 

systems, and so on, are coded for by collections of genes.1  
According to evolutionary theory, millions of new and very 
different genes had to arise, starting from simpler genomes.  
New genetic material might become available by duplication 
of genes2 or imported.3–6  Sometimes natural selection is 
assumed to be involved, in other models it would not play 
a major role.7

Would something useful occasionally be produced?  
This depends on how many mutational attempts would be 
necessary.  In our analysis we shall take into account a key 
fact which has been neglected in the evolutionary literature: 
small genomes carrying expressed genes not immediately 
needed will be subject to natural selection.  Many different 
duplicate genes could be generated over time but serve little 
evolutionary purpose if each lineage is weeded out before 
enough mutations could accumulate to permit novel genes 
to be produced.

Candidate organisms

Gene sequence comparisons8,9 suggest that little gene 
transfer from bacteria or archaea to multicellular eukaryotes 
has occurred.  Bacteria and archaea strains may benefit from 
genes provided from other single-celled organisms, via 
several processes collectively called Lateral or Horizontal 
Gene Transfer (LGT or HGT).  The mechanisms are clearly 
designed.10–13  Evolutionary phylogenetic assumptions are 
the major reason for invoking HGT, but the true extent 

of this activity, based on various statistical indices,14 is 
controversial.

There are several reasons why new genes have the 
best chance of arising among single-celled prokaryotes as 
opposed to more complex organisms:

 ● Huge populations permit more gene alternatives to be 
generated.

 ● Generation times are short.
 ● Non-sexual, fission reproduction does not dilute inher-

ited change.
 ● They have supposedly existed for about 4 billion 

years.15

Two competing factors determine the chances of 
producing a novel gene: (a) genome streamlining, and (b) 
the number of mutational alternatives produced.  

We will examine the net outcome of these two effects 
over many generations.

Proportion of a population carrying superfluous 
genes

The proportion over time of a fixed sized population 
of bacteria or archaea (i.e. with fission type reproduction) 
having an advantageous feature providing a selectivity 
coefficient, s, can be calculated16 using equation (1):
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where f is the fraction of a population which possesses a 
particular property; s is the selectivity coefficient favour-
ing propagation of the property; t is time, and refers here 
to number of generations; x0 = f at t = 0, and refers here to 
organisms shedding unneeded duplicate genes.

Genome expansion vs compression

The specific details of the selectively useful feature in 
equation (1) are irrelevant.  As long as the biological feature 
is passed on according to fission-type reproduction and it 
offers on average a selective advantage, the mathematical 
description describes correctly what will happen to the 
population over time.  In our analysis the selectivity coef-
ficient, s, refers to the loss of unnecessary genetic material, 
whether having originated via LGT or chromosomal gene 
duplication during replication.  Genes can also be lost when 
DNA polymerase skips a region of DNA during genome 
replication, producing a truncated daughter chromosome.  
We shall neglect this major contribution to genome stream-
lining.  

Natural selection will disfavour lineages with larger 
genomes ceteris paribus: (i) there is a significant metabolic 
cost, and (ii) the generation times will be longer.

Metabolic costs for most individual genes of the eukary-
otic microbe Saccharomyces cerevisiae, and an estimated 
total amount of energy per second generated, were calcu-
lated recently.17  In Part 218 we show that for prokaryotes, 
s for an unnecessary gene is about the reciprocal of the 
number of chromosomal genes.  

The effect of longer chromosome replication time is 
also examined in Part 2.18  Both factors favour genome 
truncation, suggesting we should use a value of s, favouring 
strains lacking a superfluous duplicated gene, of between 
10–4 and 10–3.  The smaller the genome, the stronger the 
streamlining effect.

Probability distribution of mutations

For typical bacteria, each nucleotide (nt) replicated has 
a failure rate of about 10–10.19  To favour the evolutionary 
model we shall use a mutational rate of 10–9/nt.  The average 
number of mutations on the extra gene can be calculated 
over many generations using the binomial distribution8 
(discussed more fully in Part 2):

where p = probability of a success per trial (the mutation 
rate); q = 1–p; n = number of trials (adding a new nucle-
otide during DNA 
replication); m = 
number of suc-
cesses after n trials 
(mutations).
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Figure 1.  Number of prokaryotes with m mutations generated over time when selectively 
neutral.  Initial population size=1031, proportion with duplicate gene, x0=0.5, s=0.42  Y 
axis: Number of prokaryotes with m mutations: A: m=4; B: m=7; C: m=10; D: m =20. 
X axis: Generations.
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Figure 2.  Population proportion lacking a 
duplicate gene as a function of generations 
and selectivity factor favouring genome 
truncation.  Initial population size=1031, 
proportion lacking duplicate gene, x0=0.5. 
Selectivity factors, s, favouring genome 
truncation: A: s=0.001;43   B: s= 0.0005;44   
C: s=0.0001.23  Y axis: Proportion of a 
population.  X axis: Generations.
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Population size

Let us assume that in 4 billion 
years there would be on average 
1031 prokaryotes/generation20,21 
and estimate the maximum 
number of mutants eventually 
produced per duplicate gene.

Calculations.  Mutations on 
the duplicate gene would rarely 
occur.  Each of about 1,000 nt 
positions has a chance of 10–9 of 
mutating per generation.  Then 
a single random nt mutation 
on a duplicate would require 
about one million generations, 
assuming the size of the du-
plicate being 1 kb (the average 
size of a prokaryotic gene).  For 
each generation since a dupli-
cate gene arose, the number of 
members which still carry the 
duplicate was calculated using 
the population size and equation 
(1), taking the negative selectiv-
ity into account.  This value was 
multiplied by the probabilities 
of accumulating 0, 1, 2, 3 … 
mutations up to that number 
of generations, calculated with 
equation (2), to give the number 
of organisms with a certain 
number of mutations during 
that generation (see also eq. (3) 
in Part 218).

All calculations and curves 
were performed using Microsoft 
Excel.  Most of the spreadsheets 
are available online.22

Methods and results

To establish an upper limit 
which favours the evolutionary 
viewpoint, we assumed half the 
world’s prokaryote population21 
would initially have a dupli-
cated gene of any kind (0.5 × 
1031 members).  The maximum 
number of mutational differ-
ences from the original gene 
which would be generated be-
fore natural selection eliminates 
such lineages was calculated.

If duplicate genes were se-
lectively neutral, many mutants 
would indeed result (figure 1).  
Over time the duplicate gene 
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Figure 3.  Prokaryotes with m mutations, selectivity factor favouring truncation s = 0.001.  Initial 
population size=1031, proportion with duplicate gene, x0=0.5.43  Y axis: Prokaryotes with m 
mutations: A: m=1; B: m=4; C: m=7; D: m=10.

Figure 4.  Prokaryotes with m mutations, selectivity factor favouring truncation s = 0.0001. 
Initial population size=1031, proportion with duplicate gene, x0=0.5.23  Y axis: Prokaryotes with m 
mutations: A: m=1; B: m=4; C: m=7; D: m=10.  X axis: Generations. 
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would increasingly differ from the original sequence.  Within 
two million generations a considerable number of prokaryo-
tes having up to 20 mutations would exist (figure 1D).  
However, the number of mutations which could actually 
be generated from a duplicate gene is counteracted by the 
genome streamlining effect, as we shall demonstrate.

The single duplicate gene case

Natural selection would rapidly eliminate most 
individuals carrying duplicate genes before even a single 
mutation would occur.  We assumed 0.5 × 1031 members 
(i.e. half the population) would initially have a duplicate 
to see if these daunting odds could be overcome.  Based 
on figure 2A, for s=0.001 virtually none would have this 
gene after about six thousand generations and for s=0.0001 
within about sixty thousand generations (figure 2C).  Figure 
3D shows (for s=0.001) that not even 2 members out of the 
1031 prokaryotes would manage to accumulate m=10 or more 
mutations in any generation before those strains have been 
eliminated by natural selection.23

Relaxing the penalty to a less realistic s=0.0001 (figures 
4 and 5) shows that not even one member in any generation 
would accumulate 15 or more mutations.

Positive selection considered

We showed above that the proportion of organisms pos-
sessing highly mutated duplicate genes in any generation 
is miniscule.  A few generations after the gene duplication 
event no mutations would have occurred on the duplicate 
yet.  Natural selection steadily decreases the number of 
members carrying a duplicate gene, including the later 
ones which eventually do accumulate some mutations.  
Most highly mutated variants quickly go extinct.  Only if 
a particular combination of mutations confers an immedi-

ate and dramatic selective advantage might such a variant 
occasionally escape rapid extinction.  Although less than 
one individual having fifteen or more mutations is expected 
for any given generation (x0=0.5 and s=0.0001, figure 5), 
we need to take all the generations into account before this 
collection of prokaryotes has gone extinct.

The logic behind these new calculations is explained 
more fully in Part 2.18  In brief, all mutant lineages are added 
up by integration of the mutant number over generations.  
Of the 0.5 × 1031 organisms initially having a duplicate 
gene (x0=0.5 and s=0.001), less than ten individuals having 
eleven mutations, and none with twelve mutations or more 
would be produced (table 1, figure 6).  Clearly, if less than 
half the world’s prokaryote population (x0=0.5) was initially 
endowed with a duplicate gene free to mutate, fewer (if 
any) individuals with eleven or more mutations would be 
generated before all were removed by natural selection 
(figure 7, table 2).

Using s=0.0001 predicts considerably more individuals 
with m mutations, but none with 18 or more mutations 
(table 3, figure 8).  Although some members with 16 or 17 
mutations could have arisen from the original duplicate, in 
the absence of an immediate positive selection these soon 
die out.  That is why the proportion of highly mutated 
duplicate genes during every generation is miniscule.  These 
are not likely to survive for thousands of generations, each 
generation facing a negative selection, waiting for addition 
mutations, one of which may turn out to be advantageous.  
The highly mutated individuals actually alive at any point 
always represent an insignificant proportion of the total 
population, and face daunting probabilities of ever fixing.

The multiple duplicate gene case

If several duplicate genes are present on a genome, 
more random mutations could occur on one or more of 
them.  Perhaps this would improve the chances of creat-
ing a new gene by chance mutations.  But countering this 
effect is the overall increased negative selectivity for such 
individuals.

An illustrative example is given in table 5, based on 
fifteen mutations and one vs five duplicates.  Using s=0.0001 
per gene implies an overall s=0.0005 for that organisms, 
ceteris paribus, when five duplicates are present.  We find 
that five times more prokaryotes with m=15 are generated 
if only a single gene was initially duplicated (figure 9C vs 
figure 9D).  Attrition by natural selection of strains having 
five duplicates is more significant than the five times greater 
number of mutational possibilities (figure 9A vs figure 9B).  
Thus, taking natural selection into account demonstrates 
that starting off with larger numbers of duplicate genes in 
prokaryotes does not improve the odds of producing new 
genes via random mutations!

The prokaryotes having five duplicates would also 
compete against subsequent lineages having only one to 
four duplicates due to gene losses during chromosome 
replication.  Therefore, attrition of the multiple duplicate 
variants would occur even more rapidly than if only two 
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Figure 5.  Number of prokaryotes having m=15 mutations. 
Selectivity factor favouring genome truncation, s=0.0001, initial 
population size=1031, proportion initially lacking duplicate gene, 
x0=0.5.23
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possibilities existed (e.g. a model which compares zero vs 
five extra genes).  

The key issue is that the penalty for carrying extra genes, 
causing rapid elimination by natural selection, outweighs 
the extra mutational opportunities provided.  Furthermore, 
the chances of interference with existing biochemical 
processes and of producing sub-optimal stoichiometric 
proportions of proteins would increase with numbers and 
kinds of duplicate genes.

Small vs large populations

We evaluate next a scenario whereby a large number 
of isolated smaller populations are present.  A useful 
mutation would then be more likely to fix than within 
huge populations.  Calculations were performed using 1011 

members, about a dense litre full of bacteria.  For s=0.0001 
no descendent from a single gene duplicate would attain 
eight or more mutations (figure 10B), and using s=0.001 
none would accumulate six or more mutations (figure 
10C).

Multiple attempts to generate new genes

We can estimate how many different variants of 
a duplicate gene could be generated over four billion 
years.  We saw above that if half the world’s population of 
prokaryotes had a duplicate gene initially, no descendents 
with 18 or more amino acid modifications would be 
produced, assuming a generous attrition selectivity of only 
s=0.0001.  However, after these mutated lineages die out, 
additional evolutionary attempts could occur.  Let us call 

n mutations: 8 9 10 11 12 13 14 15 16
Maximum surviving mutants in any generation: 1.4E+6 1.3E+3 1.2E+0 1.2E-3 1.1E-6 1.1E-9 1.1E-12 1.0E-15 9.8E-19

Generation with maximum surviving mutants: 7 995 8 992 9 990 10 989 11 988 12 987 13 986 14 985 15 984
Total different mutants per MTS (a): 9.9E+9 9.9E+6 9.9E+3 9.9E+0 9.9E-3 9.9E-6 9.9E-9 9.8E-12 9.8E-15

Plateau for new mutants, generations (b), (c): 18000 20000 23000 24000 26000 28000 30000 32000 35000
Maximum mutants ever produced (d): 5.7E+19 5.1E+16 4.5E+13 4.3E+10 3.9E+7 3.7E+4 3.4E+1 0.032 2.9E-5

(a)  MTS: “Mutational Time Slice”, see main text.
(b)  Approximate geneneration where virtually no new mutants form with a specific number of mutations.  By visual inspection of Fig. 6.
(c)  Due to round-off errors, calculations were carried out to only 36,700 generations.
(d)  Based on 26,000 generation per year, 4 billion years evolutionary time, the resulting number of MTS available, and the number of total different mutants per MTS.

Table 1.  Summary of results based on an initial population size of 1031 prokaryotes; x0=0.5 (initially half possess a duplicate gene free 
to mutate).  Selectivity factor favouring removal of a duplicate gene, s=0.001.  See Fig. 6.45
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the interval between duplicate appearance and extinction 
a ‘mutational time slice’ (MTS).  We need to estimate an 
upper bound to how many MTSs could be produced during 
four billion years.

Now, instead of using time until extinction of all copies 
of duplicate genes, we note that the accumulated number 
of mutants generated during an MTS eventually levels off 
(figures 6 and 8).  Let us record the number of generations 
at the point where hardly any additional individuals with 
some number m of mutations are being produced.  During 
that interval some duplicates would have mutated the whole 
preceding time and some novel duplicates would have been 
just been generated.  Let us minimize waste of the limiting 
resource, time.  As soon as this levelling off plateau is 
reached, we assume all these organisms graciously forfeit 
their role in history, freeing up their Lebensraum to permit 
a new MTS to be initiated.  Half the world’s prokaryote 
population will again be instantaneously graced with a 
duplicate of any gene, to initiate a new MTS.

Let us assume all new variants represent a unique muta-
tion, having never been generated in any earlier MTS, so the 
overall sum (over all possible MTSs) defines the maximum 
variability which could ever be produced.  From the number 
of generations ‘used up’ during an MTS, a generation time 
of about twenty minutes, and a total of four billion years 
it is easy to estimate the number of MTS sequences which 
would be available.  From table 1, using s=0.001 predicts 
that about 34 prokaryotes having 14 mutations could be 
generated in all assumed evolutionary history, and none with 
15 or more mutations.  A lower penalty of s=0.0001 predicts 
none would ever be produced with 22 or more mutations 
(table 3, figure 8F).

No prokaryotes ever produced with an estimated 
number of mutations on a duplicate genes ranging between 
15 and 22 is a sobering insight, and this estimate is surely too 
generous.  For example, initiating each MTS with 0.5 × 1031 
members (x0=0.5) is probably too high, especially since this 
means actively expressed genes from the beginning until 
the end of the MTS (otherwise natural selection would 
not be able to identify a useful combination of mutations).  
Sensitivity analysis with alternative x0 values shows (table 
2 and table 4) that a better estimate for number of variants 
ever generated may well be much lower.  

Increasing the number of MTSs

Shorter prokaryote generation times would provide 
more MTSs but would simultaneously increase the rate of 
attrition per time period.  As more fully discussed in Part 
2 and intuitively obvious, shorter generation times leads to 
proportionally greater selective disadvantages of carrying 
superfluous genes.

Discussion

Our analysis presents a very different picture from 
what is commonly taught today.  It is often claimed that 
given ‘enough evolutionary time everything is possible’.  
In a leading standard textbook on cell biology, whose main 
author is U.S. Academy of Science president and Harvard 
professor Bruce Alberts, one reads,

‘… only about one nucleotide pair in a thousand 
is randomly changed every 200,000 years.  Even so, 
in a population of 10,000 individuals, every possible 
nucleotide substitution will have been “tried out” 
on about 50 occasions in the course of a million 
years, which is a short span of time in relation to 
the evolution of species.’24

This claim is absurd.  With four possible nucleotides 
at each DNA position, the fifth part of a single average size 
gene alone offers about 4200 possibilities, which is more than 
10120 alternatives.  In 4 billion years all organisms which 
ever lived could not have ‘tried out’ but an insignificant 
fraction of the alternatives of even one single gene, far less 
in but a million years as claimed.

Table 2.  Sensitivity analysis for x0, proportion of population 
assumed to lack a duplicate gene initially.  Initial population 
size=1031 prokaryotes.  Example based on m=11 mutations. 
Selectivity factor favouring removal of a duplicate gene,  
s=0.001.45

X0:   0.9 0.99 1

Maximum mutants in a generation:   1.3x10-4 1.2x10-5 1.2x10-6

Total different mutants from 0.5x1031 batch: 1 0.1 0.01
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Figure 7.  Maximum number of prokaryotes with m=11 mutations which could have arisen from a single duplicate gene event.  Sensitivity 
analysis of alternative initial proportions lacking a duplicate gene, x0.  A: x0=0.9; B: x0=0.99 C: x0= 0.999.45  Selectivity favouring 
genome truncation, s=0.001; initial population size=1031.  Y axis: Number of distinct mutations generated.  X axis: Generations.
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Without experimental data under natural conditions, we 
cannot know how often a duplicate gene would be generated 
and then fixed in a population.  Current estimates are based 
on phylogenetic trees driven by evolutionary assumptions 
and not real data.  Created genomes may have included 
both identical duplicates and similar genes for robustness 
and protein dosage reasons.  Subsequent gene loss during 
chromosome replication can occur, and under the right 
circumstances be selectively advantageous.  This process 
would be slow, leading to a mixture of strains with various 
numbers of gene copies today.  

We suspect that distinct prokaryote strains for each 
taxon may have been created in relatively small numbers, 
for and in different environments.  Subsequent distribution 
over the earth plus mutations would lead to the distributions 
observed today.

Tandem genes

Duplicate copies of genes do exist, and these are very 
often identical or nearly so.25  They may have arisen in the 
very recent past and lack enough time to have diverged.  
There may also be genetic mechanisms designed to ensure 

1E + 15

8E + 14

6E + 14

4E + 14

2E + 14

0E + 0

1E + 11

8E + 10

6E + 10

4E + 10

2E + 10

0E + 0

1E + 7

8E + 6

6E + 6

4E + 6

2E + 6

0E + 0

2.0E + 6

1.5E + 6

1.0E + 6

5.0E + 5

0E + 0

0 100000 200000 300000 400000 0 100000 200000 300000 400000

0 100000 200000 300000 400000 0 100000 200000 300000 400000

A: 10 Mutations

C: 14 Mutations D: 14 Mutations
s=0.0005 5 duplicate genes

B: 12 Mutations

0E + 0
1E - 10
2E - 10
3E - 10
4E - 10
5E - 10
6E - 10
7E - 10
8E - 10

0E + 0
1E - 6
2E - 6
3E - 6
4E - 6
5E - 6
6E - 6
7E - 6
8E - 6
9E - 6

F: 18 Mutations

I: 22 Mutations

G: 20 Mutations

0E + 0 0E + 0
1E - 2
2E - 2
3E - 2
4E - 2
5E - 2
6E - 2
7E - 2
8E - 2
9E - 2

2E + 2

4E + 2

6E + 2

8E + 2

1E + 3

0 100000 200000 300000 400000

E: 16 Mutations

0 100000 200000 300000 400000

0 100000 200000 300000 400000

0 100000 200000 300000 400000
0E + 0
1E - 8

2E - 8
3E - 8
4E - 8
5E - 8

6E - 8
7E - 8
8E - 8

H: 16 Mutations

0 100000 200000 300000

Figure 8.  Maximum number of prokaryotes with m mutations from a single duplicate gene 
event.  Selectivity favouring genome trunction, s=0.0001; initial population size=1031, 
initial proportion lacking a duplicate gene, x0=0.5.  Y axis: Number of prokaryotes 
generated during the MTS having m distinct mutations.  X axis: Generations.46,47
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the sequences remain homogenous, the opposite of what the 
gene duplication followed by divergence model requires.

The need for new genes

Even the simplest metabolic networks require several 
unrelated enzymes.  The individual chemical reactions are 
too slow without such enzymes to be of any value, and until 
all components are in place, properly regulated, a novel 
network can’t work.  A bacterium such as E. coli has about 
1000 different chemical processes going on concurrently.  
Evolutionary theory must assume a very large number of 
unrelated gene families have arisen over time.

There is good evidence that considerable sequence 
distances separate functional proteins.  Axe26 showed that 
although alternative amino acids may be acceptable at in-
dividual positions, total functionality is rapidly lost when 
multiple residues are mutated.  Another study27 confirmed 
this conclusion.  Several studies28 showed that often less 
than one polypeptide chain out of 1050 leads to a functional 
protein.  How realistic is it that a duplicate gene could mu-

tate into something brand new, in light of the calculations 
presented here?

In the Methods and results section, we estimated how 
many mutations on average could build up before natural 
selection would eliminate lineages having a duplicate gene.  
One criterion is the proportion of individuals with highly 
mutated versions of the duplicate gene in any generation 
during a specific MTS world-wide.  Since natural selection 
quickly eliminates lineages with duplicate genes, we as-
sumed half the world’s prokaryote population, 0.5 × 1031 in-
dividuals, were initially endowed with a duplicate to provide 
as many mutational opportunities as possible.  For s=0.001 
about one individual at most with ten mutations would 
ever exist in any generation (figure 3D), and none with 
more mutations.  Throughout millions of different MTSs 
this value would not change significantly.  Basic statistical 
principles ensure that repeating an experiment with the same 
parameters a very large number of times with huge samples 
is going to result in very similar mathematical outcomes.  
For example, define an experiment E = ‘toss a million fair 
coins a billion times and record the number of “heads” vs 

Table 3.  Summary of results based on an initial population size=1031 prokaryotes; x0=0.5 (half initially lack a duplicate gene).  Selectivity 
factor favouring removal of a duplicate gene, s=0.0001.  See Fig. 8.47

n mutations: 10 12 14 15 16 18 19 20 21 22

Maximum surviving mutants in any generation (a),(b): 1.1E+10 1.0E+6 9.2E+1 8.8E-1 8.5E-3 7.8E-7 7.5E-9 7.3E-11 7.0E-13 6.8E-15

Generation nr. with maximum surviving mutants: 99 015 118 813 138 614 148 515 158 416 178 214 188 106 197 984 207 891 217 652

Total different mutants per MTS (d),(f): 9.0E+14 8.8E+10 8.6E+6 8.5E+4 8.4E+2 8.3E-2 8.2E-4 8.1E-6 7.9E-8 7.8E-10

Plateau for new mutants, generations (g),(h): 240000 250000 280000 290000 310000 330000 350000 360000 380000 390000

Maximum mutants ever produced (c),(e),(i): 3.9E+23 3.7E+19 3.2E+15 3.1E+13 2.8E+11 2.6E+7 2.4E+5 2.3E+3 22 0.21

(a)  Average number of nucleotide mutations assumed / generation: 10-9 / nt.  Drake estimated3 for prokaryotes about 10-10 / nt each generation.
(b)  Natural selection favours smaller genomes, ceteris paribus.  Selectivity coefficient, s, to remove unnecessary duplicate genes is about inversely proportional 
to the number of genes present.  Here s=0.0001 was assumed.
(c)  All available putative evolutionary time is about 4 billion years.  Note that from the origin of life and dramatic increase in complexity far less time would have 
been  
available.
(d)  Out of a total prokaryote population of 1031 this is the maximum number of individuals calculated to possess m mutations during an MTS.  Although organ-
isms with m mutations will increase with generations, t (i.e. more mutations would have occurred), at the same time natural selection is decreasing the proportion 
which carry an extra duplicate gene.  This is why a maximum is reached in the absence of positive selection.
(e)  Eqn. (3) in the main text was used, with an Excel spreadsheet.
(f)  MTS: ‘Mutational Time Slice’. Eqn. (3) in the main text was numerically integrated over the number of generations in the MTS.  Average total population size 
assumed: 1031.
(g)  Approximate geneneration at which virtually no new mutants form with a specific number of mutations, by visual inspection.  See Fig. 6 for an example.
(h)  Due to round-off errors, calculations were carried out to only 367,000 generations, which was sufficient, since at this point natural selection would have left 
but a  
negligible number of individuals still carrying the duplicate gene.
(i)  Based on 26,000 generations per year (c. 20 minutes average generation time), 4 billion years evolutionary time and the number of MTSs available (which 
depends on the selectivity coefficient s and number of mutations, m.

Table 4.  Sensitivity analysis for x0, proportion of population 
which lack a duplicate gene initially.  Initial population size=1031 

prokaryotes.  Example based on m=16 mutations.  Selectivity factor 
favouring removal of a duplicate gene, s=0.0001.46

X0: 0.5 0.9 0.99 0.999

Maximum mutants in 
a generation:

8.5x10-3 9.4x10-4 8.6x10-5 8.5x10-6

Different mutants 
from 0.5 × 1031 

originally carrying a 
duplicate gene:

844 93.6 8.5 0.83

Number of  
duplicate 

genes

Distinct Nr. of 
mutants 

generated 
in a Time Slot

Generations 
until 

plateau in more 
distinct mutants

Max. Nr. 
Individuals 

with 
14 mutations in 
any generation

1 85 278 c. 300 000 0.88

5 17 056 c. 70 000 0.88

Table 5.  Comparison of initiating with one vs. five duplicate genes.  
Initial population size=1031 prokaryotes; x0=0.5 (half initially 
lack duplicate gene(s) free to mutate).  Selectivity factor favouring 
removal of a duplicate gene, s=0.0001 / gene.  Comparison 
based on m=15 mutations.
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“tails” obtained’.  Repeating E 
millions of times is unlikely to 
generate any experiments for 
which the proportion deviates 
differently from the statistically 
expected value of 0.5.  The point 
here is that in the absence of 
positive selection, duplicate 
genes with large numbers of mu-
tations will represent but a very 
small portion of the prokaryote 
population.

Repeating the analysis with 
a more generous s=0.0001 shows 
that at most one organism with 
a single gene duplicate having 
15 or more mutations would be 
found in any generation of an 
MTS (figure 5).

A second criterion discussed 
above involved the total number 
of highly mutated individuals 
ever generated during an indi-
vidual MTS.  In our calcula-
tions we shall assume 26,000 
generations per year would 
be possible for prokaryotes, 
to maximize the number of 
MTSs produced.  From table 
1 (s=0.001), the number of 
generations consumed by an 
MTS depends on the number 
of mutations.  In four billion 
years, taking all available MTS 
into account, only 34 individuals 
with 14 mutations would ever be 
produced and 0.03 prokaryotes 
with 15 mutations.  Far fewer 
with yet more mutations on the 
duplicate gene (table 1) would 
be produced.

The calculations using 
s=0.0001 (table 3) show that in 
all evolutionary history twenty 
one prokaryotes could ever be 
generated with 21 mutations, 
and none with 22 or more muta-
tions.  We are assuming here that 
all these mutants, distributed 
across all MTS, differ from each 
other, in favour of evolutionary 
theory.  It is important not to 
overlook, that these few organ-
isms with several mutations on 
the duplicate gene would not 
be present at the same time, but 

Figure 10.  Maximum number of different mutations which could arise from a single duplicate gene 
event.  Initial population size=10,11 proportion lacking a duplicate gene, x0=0.5.  Y axis: Number 
of individuals generated during an MTS having m distinct mutations.  X axis: Generations.48

Figure 9.  Prokaryotes with 15 mutations as a function of number of initial duplicate genes. 
Initial population size=1031, proportion lacking a duplicate gene x0=0.5.  A: 1 duplicate gene 
initially (s=0.0001).  B: 5 duplicate genes initially (s=0.0005).  Y axis: Prokaryotes having m=15 
mutations.  X axis: Generations.
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would be distributed among huge populations throughout 
billions of years.

Once again, the key insight here is that on average a 
prokaryote carrying a duplicate gene faces a negative selec-
tivity for hundreds of thousands of generations between each 
random mutation on that duplicate.  This fact invalidates 
evolutionary computer models29,30 which attempt to show 
that a higher development from simple single-cell organ-
isms is inevitable.  These have all neglected the unavoidable 
attrition especially during the critical initial two to three 
billion years when genomes would have been especially 
small.  All extant life forms share similar features (such as 
DNA replication and gene translation, without which life 
cannot exist) involving hundreds of unrelated proteins.  
Therefore, evolutionary theory must claim that all these 
novel genes arose somehow and fixed across all organisms 
in their populations.

Although 21 judiciously placed gene modifications 
might be enough to produce something useful, the chances 
of twenty two individuals (table 3, using s=0.0001) stum-
bling on such a happy coincidence within a search space of 
1072 alternatives31 via random mutations is essentially zero.  
Many of the mutations produced would be ‘wasted’ in the 
sense of providing chances of discovering a new function.  
Furthermore, any useful mutations generated must over-
compensate for the selective disadvantages of possessing 
a duplicate, discussed in Part 2, just to break even.

A less favourable selectivity factor, s=0.001, which is 
more realistic (discussed in Part 2), worsens the evolutionary 
scenario.  At most 34 individuals with only 14 mutations on 
the duplicate gene would be generated, and these would have 
to cover a search space of 2 × 1049 mutational alternatives32 
to find a new gene function.

Searching for needles in a haystack

A key question is how many random mutations (base 
pair changes, insertions and deletions) would be needed to 
create a new biological function.  What is meant by a new 
protein based function?  Suppose a biochemical step could 
process very similar molecular isomers.  The design of the 
enzyme variants would be very similar but not 100% identi-
cal.  To accommodate the slightly different geometries and 
electronic environment of the transition state, a few amino 
acids must be modified.  Furthermore, the amount of enzyme 
variants present and when they are expressed may have to 
be slightly different.  These are but trivial differences in 
function, predicted a priori by creationists to be present 
on the genomes if needed, and do not present evidence 
for evolutionary origin of truly new and unrelated protein 
functions.  To illustrate, different identification numbers 
painted on two otherwise identical Boeing 747s render them 
non-identical, but clearly these models can be considered for 
all practical purposes the same and qualitatively different 
from the design of helicopters.  The insignificant differences 
between these two airplanes cannot be extrapolated to say 
anything about helicopters.

Different ecological niches can require some proteins 
to remain folded more or less stably, for example in a hot 
temperature environment.  This would require different 
amino acids at some positions.  Optimal design, or built-in 
processes to permit such adjustments over time, is predicted 
by Design theorists and the existence of such variants is not 
evidence for macroevolutionary improvements.

How many mutations must occur to generate a truly 
new protein?  In one study,33 domain functions were clas-
sified according to the FLY + ENZYME scheme.  For both 
enzymes and non-enzymes, 50% or higher sequence identity 
between pairs compared almost always resulted in the same 
or very similar functions.34

In a second study,35 ORFs (open reading frames) func-
tion classifications of yeast and E. coli, based on the MIPS 
and GenProtEC schemes, were compared.  Over 90% of the 
pairs having sequences at least 50% identical provided an 
identical or very similar function, and for 90% and higher 
sequence identity essentially all the pairs were considered 
to have identical or very similar function.

A considerable amount of sequence divergence must 
occur for a new function to arise.  The authors conclude that 
ORFs with 30% sequence identity and a reported e-value of 
0.001 structure match in the PDB database have a two-thirds 
chance of having the same exact function.  They point out 
that random mutations of 70% of a protein’s amino acids 
will rarely generate a stable new protein fold.

In a third study,36 a set of 904 single domain E. coli 
proteins were collected from the NCBI site.37  Their EC 
classification was extracted from the SwissProt database.38  
The authors showed that for 40% or higher sequence identity 
over 60% of those proteins display identical EC classifica-
tions.  Unfortunately they do not report the percent sequence 
identity above which no exceptions for classification identity 
was found.

The authors do point out39 that there is often ambiguity 
in how researchers annotate their data.  Enzymes with the 
same cofactors or substrates may often have completely 
different functional classifications, and very similar enzyme 
subunits may occur in different complexes since they are 
parts of different molecular machinery.  Although three E. 
coli DNA polymerases have an identical E.C. classifica-
tion 6.4.1.2 they are sequentially very different and each 
provides unique functions.

In a fourth key study40 Devos and Valencia prepared 
a dataset from the FSSP database41 using all proteins for 
which between 75 and 100% of the length of both sequences 
were aligned.  Members with > 95% sequence identity were 
considered to be exactly the same proteins and not even 
included in their 2338 member dataset.  At 80% and higher 
sequence identity all the EC classifications were completely 
identical.  Note, however, that this 80% figure may well 
need to also include up to 25% of the residues ignored in 
the optimal alignment.

Evolutionary processes would also need to create brand 
new protein folding patterns.  As a rule, a few mutations 
will not simply lead to a new, stable folded pattern.  The 
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same dataset revealed that essentially all pairs studied have 
identical FSSP structural classification with up to 65% non-
identical residues.

The data in these four studies provide valuable insight as 
to the number of amino acid differences needed to convert 
one protein into a totally new one.  They and the comments 
above referring to great sequence differences separating 
functional proteins28 lead us to offer the following claim:

‘If up to 10% of the residues of a protein 
are randomly mutated, over 99.9% of the time a 
new, non-trivially different function will not be 
generated.’  

(Insertion or deletion of a residue is also permitted 
in this claim).  Implied here is a new function which does 
not also require additional genes.

Modifying 10% or more of the amino acids of an aver-
age sized protein (approximately 300 amino acids), or about 
30 residues, via mutations on a single duplicate gene is 
beyond the maximum of 21 which could be generated since 
evolutionists claim life began on earth.  The parameters to 
establish this upper limit of 21 reflected extreme values with 
some semblance of realism to provide maximum variability 
and number of prokaryote mutants.

After extensive genome comparison of gamma proteo-
bacteria, by far the largest grouping of bacteria, researchers 
concluded that ‘Gene duplication has contributed relatively 
little to the contents of these genomes; instead, LGT, over 
time, provides most of the diversity in genomic repertoires.’9  
This is certainly consistent with the finding of the present 
study.  But evolutionary theory requires a vast number of 
new protein-coding genes, with no discernable sequence 
similarities, which must come from somewhere.  Mere 
transfer of an already functional gene from other organisms 
fails to explain its ultimate origin.

Other scenarios

Careful thought was given to other scenarios an evo-
lutionist may propose, and none showed any promise.  It 
makes no sense to argue that much smaller genes, or only 
a portion of one, needs to be modified to generate a new 
function, since the number of potential mutational targets 
shrinks proportionally (1000 nt were generally used in the 
scenarios discussed here).  For example, obtaining just the 
right six mutations in a limited portion of a duplicate gene 
(such as the part coding for an active site of an enzyme) 
means we can no longer assume any of one thousand base 
pairs on the gene are candidates for mutation.

Another line of reasoning consists of step-wise improve-
ments.  Perhaps a small number of mutations would offer 
a selective advantage, that strain would multiply, and then 
another set of mutations may occur precisely on the modified 
new gene.  The fact is, however, that most prokaryote genes 
are singletons, meaning no others of similar sequence are 
present on the same genome.  But in addition, we showed 
above what happens when far less than 1031 candidate 
organisms are the target of random mutations: far fewer 
mutations are able to accumulate before these mutated 

lineages go extinct.  Therefore, arriving in such a bootstrap 
manner at more than 30 strategically placed mutations to 
produce a truly new function by multiple discrete steps is 
unrealistic.

Conclusions

Various evolutionary scenarios were examined by 
varying parameters such as prokaryote population size, 
mutational rate, generation times, proportion of population 
with additional genes, number of duplicate genes and 
selectivity coefficient favouring genome truncation.  
Assuming mutations on a duplicate are harmless would 
permit these to accumulate, but in reality natural selection 
would systematically remove the descendents of duplication 
events, drastically limiting both the total number and variety 
of mutants.  Duplicate genes would be created, accumulate 
at most a very small number of mutations, and then go 
extinct, again and again.  The number of distinct mutational 
variants generated would be far too small to explain the 
origin of novel cellular functions.

All scenarios using prokaryote populations failed to 
generate enough mutation to produce novel genes.  The 
most promising approach assumes huge populations would 
be involved, although subsequently surviving and fixing 
would now become exceedingly unlikely.

Preventing novel gene families from developing denies 
nature the necessary infrastructure to produce complex new 
features.  This finding contradicts what is being claimed 
by evolutionary biologists, which therefore invites other 
explanations as to the source of genetic complexity to be 
considered.
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