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Appendix 1.

The size of the polypeptide search space.

The number of possible sequences using » amino acids is given by 20x20%20 ... n times. For the subset of n=110 residues of
cytochrome c this indicates

(20) 0=1.3 x 10'8 an

candidate amino acid sequences.

Now, the proportion of each amino acid used by proteins varies significantly. Yockey' showed that to a good approximation the
number of synonymous codons allows a good estimate for the frequency each amino acid is used by proteins, except for arginine
(Table 1) . Then the probability, p, of finding an amino acid at a specific position, j, is affected by an existing genetic code and to a
first approximation,

p,=1p, (12)

where r, represents the number of codons  (between 1 and 6) coding for amino acid j and p, = 1/61, the codon probability, as
explained in Table 1.

Polypeptides composed mostly of amino acids of low occurrence

Table 1. Calculated and experimental amino acid frequencies, are very unlikely to exist. The odds of obtaining a polypeptide
p, (King & Jukes analyzed 5492 amino acid residues from | =110 residues long based on only residues represented by 1 codon
53 vertebrates). © (such as trp and met, with chances of ca. 1/61) compared to one

Reside | Probability, Calculated King & | Goel et based on only residues represented by 6 codons (such as leu and

Pi Value Jukes al. ser, with odds of 6/61) , is:
leu p 6/61 = 0.0984 0.076 0.0809 110
i (0.0164)110 —25x% 10" 13
ser D, 6/61=0.0984 | 0.081 | 0.0750 (0.0984)
arg P, 6/61 = 0.0984 ® | 0.042 0.0419 For n greater than 110 residues this proportion drops rapidly.?

1 /61 = 0.0656 0.074 0.0845 Treating the genetic code as given, it appears that the search space
aa P, - : . givenby (11), in the absence of intelligent guidance, is exaggerated
val ) 4/61 = 0.0656 0.068 0.0688 since many worthless, but highly improbable, candidates would not
pro D, 4/61 = 0.0656 0.050 0.0494 be tested'b}‘/ chance. One can define tW(.) collections of sequences,

one consisting of those polypeptides which as a collection possess
thr P, 4/61 = 0.0656 0.062 0.0634 negligible chance of being generated compared to the second, higher
gly P, 4/61 =0.0656 | 0.074 0.0748 probability set.
. 61 — 0.0492 p We avail ourselves of some mathematics developed by Shannon
tied Py 3/61 = 0.049 0.038 0.0458 for telecommunication purposes and applied by Yockey to the
term P 0=0© 0 0 analysis of gene and protein sequences.?
tyr P, 2/61 = 0.0328 0.033 0.0345 The entropy, H, for each residue position of a protein can be
calculated by:
his S 2/61 =0.0328 0.029 0.0222 %
gln Py 2/61=0.0328 | 0.037 0.0413 H==% i Pilog2pi (14)
asn Py 2/61 =0.0328 0.044 0.0535 which gives H = 4.139 “bits’ using p; from (12) .
lys Py 2/61 = 0.0328 0.072 0.0605 The number of different polypeptides using n amino acids,
asp P, 2/61 = 0.0328 0.059 0.0555 neglegting the set of those belonging to the very low probability
class, is given by
glu P, 2/61 =0.0328 0.058 0.0538
a" (15)
cys Py 2/61 =0.0328 0.033 0.0230

" 2761 = 0.0328 0,040 0.0402 where a=2, if we choose to work with base 2 logarithms, which
phe Py _ : : is mathematically convenient. This reduces the potential search
trp D, 1/61 = 0.0164 0.013 0.0153 space suggested by (11) to
Met P, 1/61 = 0.0164 0.018 0.0155 2 @139x110) =1 15 x 10! (16)

(a) Table from." 3 codons are used for the terminator, leaving 64 - 3 = candidate polypeptides of length 110 amino acids. Were the
61 codons to - L. . - . .
distri . . probability of obtaining any amino acid identical, meaning 1/20 for
istribute among the other amino acids. 7. K ;
(b) In nature arginine (arg) is coded almost exclusively by 2 (AGA and every position, then equations (14) and (15) would predict the
AGG) of the 6 codons available. same number of candidate sequences, (20) 110, as foundin (11).
(c) 3 codons are used in the Universal Genetic Code.
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The set of functional cytochrome c sequences.

We restrict ourselves now to single protein family, cytochrome c. The entropy, H, of the probability distribution of the synonymous
residues at any site 1 is given by

lesz'jlogzp'j (17)
where
. bi
P s, (18)

The summation in (18) includes only the synonymous residues, based on available sequence data, at position / on the polypeptide.
p, was defined in (12) . The effective number of synonymous residues at each site / is calculated as:

H — NI
21 chf

where H, is defined in (17) . Finally, multiplying these values for all 110 sites provides the number of known functional cytochrome
¢ variants:

10

Functional sequences || N (19)
=1

It is possible additional sequences will be discovered, may have gone extinct, or would be functional but have not been produced
by mutations. This potential was estimated using a prescription developed by Borstnik and Hofacker." 20 amino acid physical
properties were used, from which 3 orthogonal eigenvectors were sufficient to describe the data adequately. This differs from an
earlier approach'** which was based on Grantham’s® prescription.

The estimated functional sequences reported® are

2.316 x 10* (20)

Appendix 2.

Alternative calculations of probability to obtain a funtional cytochrome c protein

The amino acids presumed to be tolerated at each position on the protein is used, along with the probability of generating the
acceptable amino acid (based on synonymous codons from the universal genetic code) . Then it is straightforward to calculate the odds
of finding an acceptable residue for each position. This is provided in the column labelled 'p, at the bottom of Table 2. Multiplying
the individual probabilities leads to an overall probability of

2.71 x 104 (2)

of obtaining a minimally functional cytochrome ¢ protein.

This simplification could be justified by that fact that generally the proportion of a particular amino acid in proteins does parallel
fairly well the number of codons assigned to it, see Table 1. Yockey‘s more rigorous mathematics, which removes from consideration
polypeptide sequences of very low probability, leads to an estimated of 2.0 x 10*, see (1) .

A simpler alternative ignores the number of synonymous codons used by the universal genetic code and considers only the number
of acceptable amino acids at each protein site. This leads to an estimate (last column, bottom of Table 2) of

6.88 x 10+ (3)

As a back-of-the-envelop estimate this later approach is useful as a rough orientation. It has relevance for abiogenesis scenarios
when: only the 20 amino acids are present; in relative proportions reflecting usage in proteins; in the absence of interfering reactants,
including water; only L form amino acids are present; no chemical side-reactions occurs (such as intramolecular rings, condensation
of side chain carboxylic acids, oxidation reactions, etc.) .

Appendix 3

Trials available to chance.

How many opportunities might chance have to stumble on a functional cytochrome ¢ sequence? We permit all random mutational
processes able to generate a new sequence on a suitable portion of DNA not needed for other purposes. Let us assume some generous
settings from an evolutionary perspective to avoid argument:
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Table 2. Effective number of amino acids for iso-1-cytochrome ¢ ®. Explanation of the data from Yockey " based on data from
Hampsey, Das & Sherman " derived from 92 eukaryotic cytochromes c. >

Site Ala | Arg | Asn |Asp | Cys | Gln | Glu | Gly | His | Ile | Leu | Lys | Met | Phe | Pro | Ser | Tyr | Trp | Thr | Val
Nr® pi:(*‘> 4/61 | 6/61 | 2/61 | 2/61 | 2/61| 2/61 | 2/61 | 4/61 | 2/61 | 3/61 | 6/61 | 2/61 | 1/61 | 2/61 | 4/61 | 6/61 | 2/61 | 1/61 | 4/61 | 4/61
23 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
34 1 1 1 1 1 1 1 1
38 1
40 1
17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
35 1 1 1 1 1 1 1 1 1 1 1
Site . e . (a)p, = r/61 where r, is the number of codons (1 to 6) coding for
Nr 2p¢ H@ 21 =N AAs© Prob.® amino acid j i
(b) 1 means residue is known at that position; 1 (in italics) means
23 0.787 3.7563 13.513 15 0.75 residue is predicted to be allowed at that position
36 0.787 3.7563 13.513 15 0.75 (c) X of probabilities, using known and postulated amino acids at that
position
(dH=-2 (p‘J) log, (p‘J) , where p‘i=pj/2 (pj)
34 0.328 2.8464 7.192 8 0.4 (e) Number of amino acids (AAs) assumed to be tolerated at that
) 1 1 ) position of the protein
38 0.066 0 0.05 (f) Probability of getting a tolerated AA by chance
40 0.098 0 1 1 0.05 (g) The calculations® were checked with an Excel spreadsheet. Some

typographical errors appear in Dr Yockey‘s book. For example, for
N'qpp residue position #17: the reported was 15.908, the correct value
17 0.885 3.9163 15.098 17 0.85 is 15.098; residue position #80: reported was 6.420, correct is 6.240.
In private correspondence, Yockey confirmed that in the text several
residues were accidently left out, but had been taken into account for

35 0.541 3.2559 9.553 1 0.55 the final calculations. To complete his table 9.1, transfer the following
residues from his Table 6.2: 5, 43, 60, 67, 73, 75, 82, 91, 102, 103 and 105.
] Our careful calculations, using an Excel spreadsheet, confirm almost
Prob.: | 2.71x10-* | 310.1508 bits Prob.: [ 6.88x10-% exactly the reported value of H =310 bits (our value is slightly higher) .
2
5x10" generations (21)

based on 1 generation per 10 minutes on average for 1 billion years. For comparison, ‘In ideal growth conditions, the bacterial cell
cycle is repeated every 30 minutes”.” Our proposed value is surely about a factor of 10 too generous on average.

4x10* liters living space (22)

based on an assumed primitive ocean of volume 20,000 x 20,000 x 1 km. The current oceans are believed to contain about 1.4x102°
liters of water:®

Since the ancient earth framework assumes water accumulated from comets and water vapour from volcano eruptions over billions
of years, the putative aqueous living space would actually have been on the order of only 1/10™ the volume we are using.

One evolutionist would like to enlighten us’ that such a primitive ocean would have contained 1 x 10?* liters of water, conveniently
stocked full of just the right 20 amino acids. Which is more probable, his claim or (22) ? Post French Revolution the circumference
of the earth was measured at 40,000 km. 1 thousandth of a km became the definition of a metre and a cube of 1/10" of meter full of
water became the definition of a kilogramm. A liter is a cube having length 1/10™ of meter.

If the earth were a perfect sphere the measured circumference would indicate a radius of about 6,366.2 km. Using the accepted
radius* of 6,378.15 km and assuming a perfect sphere provides an estimate of the earth’s total volume:

(4/3) nr’= (4/3) © (6378.15x10* decm) 3 =1 x 10?* liters. For the evolutionist’s statement* to be true the whole earth would have
to consist of water, clearly absurd.

As an alternative calculation to see whether (22) is reasonable let us assume there were no continents and the ocean had an average
of 1 km depth. The outer radius r, is 6378.15 km and the inner radius r, is (6378.15 - 1) km This would provided a volume of water:

(4/3) mr* - (4/3) mr,* = 1.2 x 10™ litres.
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This confirms that (22) has been deliberately exaggeraged to favour the evolutionary scenario.

1x10" members per liter (23)

based on 10% of the levels available for concentrated E. coli under optimal laboratory conditions.”® We assume sufficient nutrients
are available in nature during the billion years and that this high concentration was maintained from water surface to a depth of 1 km.
On average over a billion years this is probably at least 100 times too generous.
Note that the maximum number of organisms thus estimated agrees almost precisely with other work performed independently.!

1 novel mutation per cytochrome C protein per 1000 generations (24)

Estimates of error rates during DNA duplication vary. Yockey'? suggested between 107 and 107" per nucleotide. Other literature
indicate between 107 and 10710341516 Using the fastest mutation rate proposed in the literature above indicates about 3.3 x 10~ base
pair changes per generation, based on:

(330 bases per cytochrome ¢ gene) (107 mutations per base per generation) .

Let us by generous and use a mutation rate of 1 per 1000 generations, which is about 30 times greater than the fastest estimate
proposed to avoid argument. Furthermore we will neglect the effect such random mutations would have on the rest of the genome.

These assumptions offer a generous maximum number of attempts possible:
(5x108)  x (4x10%) x (1x10") x (1x107%) =2x10% (25)

mutational opportunities.
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