
1 
 

 

Testing the basic tenet of the molecular clock and neutral theory by using 1 

ancient proteomes 2 

 3 

Tiantian Liu and Shi Huang* 4 

 5 

 6 

Center for Medical Genetics and Hunan Key Laboratory of Medical Genetics, School 7 

of Life Sciences, Xiangya Medical School, Central South University, 110 Xiangya 8 

Road, Changsha, Hunan 410078, China 9 

 10 

*Corresponding author: huangshi@sklmg.edu.cn 11 

 12 

Key words: molecular clock, neutral theory, MGD theory, evolution, ancient proteins 13 

  14 

.CC-BY-NC-ND 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted November 3, 2019. ; https://doi.org/10.1101/821736doi: bioRxiv preprint 

https://doi.org/10.1101/821736
http://creativecommons.org/licenses/by-nc-nd/4.0/


2 
 

 

Abstract 15 

 Early research on orthologous protein sequence comparisons by Margoliash in 16 

1963 discovered the astonishing phenomenon of genetic equidistance, which has 17 

inspired the ad hoc interpretation known as the molecular clock. Kimura then 18 

developed the neutral theory and claimed the molecular clock as its best evidence. 19 

However, subsequent studies over the years have largely invalidated the universal 20 

molecular clock. Yet, a watered down version of the molecular clock and the neutral 21 

theory still reigns as the default model for phylogenetic inferences. The seemingly 22 

obvious tenet of the molecular clock on evolutionary time scales remains to be 23 

established by using ancient sequences: the longer the time of evolutionary 24 

divergence, the larger the genetic distance. We here analyzed the recently published 25 

Early Pleistocene enamel proteome from Dmanisi and found that ancient proteins 26 

were not closer to an outgroup than their orthologs from the extant sister species were. 27 

Together with a previous study, the combined results showed that most ancient 28 

proteins were in fact more distant to the outgroup. The results are unexpected from 29 

the molecular clock but fully predicted by the notion that genetic distances or 30 

diversities are largely at optimum saturation levels as described by the maximum 31 

genetic diversity (MGD) theory.  32 
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Introduction: 34 

Since the early 1960s, protein and later DNA sequence comparisons have 35 

become widely used in building evolutionary trees [1-4]. Margoliash in 1963 36 

discovered an astonishing finding, genetic equidistance where sister species are 37 

about equidistant to a simpler outgroup, and made an ad hoc interpretation of it by 38 

assuming a molecular clock [2, 5]. The molecular clock hypothesis assumes a 39 

constant and similar evolutionary rate among different species [1, 2, 5]. Thus, gene 40 

non-identity between species is thought to be largely a function of time. The molecular 41 

clock has been widely used in phylogenetic inferences and produced many 42 

controversial conclusions contradictory to phylogenies built by other independent 43 

methods, including the human relationship with the great apes and the origin of 44 

modern humans in Africa rather than Asia.[6-8]. 45 

The constant and similar mutation rate (i.e., molecular clock) interpretation of the 46 

equidistance result has not been verified by any independent observation and has on 47 

the contrary been contradicted by a large number of facts [9-15]. Nonetheless, 48 

researchers have treated the molecular clock as a genuine reality and have in turn 49 

proposed a number of theories to explain it [16-21]. The ‘Neutral Theory’ has found 50 

wide acceptance [19-21], even though it is widely acknowledged to be an incomplete 51 

explanation for the clock [13, 22], and an incomplete explanatory theory of nature in 52 

general [23-26]. The observed rate is measured in years but the Neutral theory 53 

predicts a constant rate per generation. Also, the theory predicts that the clock will be 54 
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a Poisson process, with equal mean and variance of mutation rate. Experimental data 55 

have shown that the variance is typically larger than the mean.  56 

Ohta’s “nearly neutral theory” explained to some extent the generation time issue 57 

by observing that large populations have faster generation times and faster mutation 58 

rates but remains unable to account for the great variance issue [27]. With the neutral 59 

and nearly neutral theory, molecular evolution has been treated as the same as 60 

population genetics or microevolution. However, the field still lacks a complete theory 61 

as Ohta and Gillespie had acknowledged [28]. The field has unfortunately yet to pay 62 

attention to the equidistance result, which has been considered by some as “one of 63 

the most astonishing findings of modern science”[29, 30]. 64 

While it is widely acknowledged that there is no universal molecular clock (vastly 65 

different species diverged for very long time do not have similar mutation rates), the 66 

seemingly obvious tenet of the molecular clock notion and the neutral theory, i.e., the 67 

longer the evolutionary divergence, the larger the genetic distance or sequence 68 

divergence, remains widely popular in phylogenetic inferences and has yet to be 69 

formally tested or established for species divergence over evolutionary time scales. A 70 

most direct, simple, and strait forward test of the molecular clock would be to use 71 

ancient proteins or DNAs from fossil species. Ancient fossil species are expected to 72 

show less sequence divergence from an outgroup than its extant sister species 73 

(Figure 1). Recent advances in protein sequencing methodology have made such test 74 

feasible. We here analyzed the recently published Early Pleistocene enamel 75 

proteome from Dmanisi [31] and found that ancient proteins are not closer to an 76 
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outgroup than their orthologs from their extant sister species are. The results are 77 

unexpected from the molecular clock but are fully expected from a recently developed 78 

alternative framework.   79 

 80 

Materials and Methods: 81 

 Proteome sequences from Dmanisi were from the supplementary materials of the 82 

article by Cappellini [31]. Identification of closest extent proteins and comparisons 83 

with outgroups were performed using BLASTP against the protein database in 84 

Genbank. Extent proteins with the highest identity to the ancient samples were 85 

considered the closest extent proteins. Both the ancient and the extent orthologs were 86 

then aligned with the outgroup protein to determine which was closer to the outgroup.  87 

 88 

Results: 89 

The recently published Early Pleistocene enamel proteome from Dmanisi had a 90 

total of 10 proteins from 6 different fossil samples [31]. The ancient species 91 

represented include one Equidae, one Rhinocerotidae, and four Bovidae. Some 92 

species such as Bovidae were represented by more than one sample and some 93 

proteins were sequenced from more than one sample. However, different peptide 94 

fragments were sequenced from different samples. Thus, each of the total 22 protein 95 

sequences was unique and different from others. 96 

Using the ancient sequences, we searched the Genbank to identify the orthologs 97 

from the closest extant sister species. We then compared both the ancient and the 98 
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extant proteins to an outgroup. We first tested human as the outgroup to determine 99 

which shared more identity with human. The peptide fragments of each protein were 100 

each individually examined for identities between the outgroup and the sister species 101 

consisting of the ancient species and it closest extant species. Gaps were not counted 102 

and the same length and region of alignment were maintained for the ancient and its 103 

extant sister species. The results from all peptide fragments of a protein were then 104 

combined to obtain the total number of identical residues and the total alignment 105 

length (Table 1, and Supplementary Table 1). For a total of 22 proteins, five among 106 

them were too short to be informative in terms of revealing any differences between 107 

the two sisters. Of the remaining 17 proteins, fifteen showed lower number of identical 108 

residues between the ancient samples and the outgroup relative to between the 109 

extant proteins and the outgroup while two showed the opposite, indicating that the 110 

ancient proteins were significantly more distant to the outgroup human than the extant 111 

proteins were (P<0.01, Chi squared test).  112 

To verify the above results, we next tested a different outgroup Sus scorfa. Of the 113 

24 proteins, four showed no difference between the sisters and hence were non 114 

informative due to probably the short length covered; 15 showed lower number of 115 

identical residues between the ancient samples and the outgroup relative to between 116 

the extant proteins and the outgroup and 3 showed the opposite (Table 2), indicating 117 

that the ancient proteins were significantly more distant to the outgroup Sus scorfa 118 

than the extant proteins were (P<0.01, Chi squared test).  119 
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The ancient sequences analyzed above had all isoleucines converted into 120 

leucines, as standard tandem mass spectrometry (MS/MS) cannot differentiate 121 

between these two isobaric amino acids. Leucines are about 2 fold more frequent 122 

than isoleucines in mammalian proteins. Thus, some leucines in the above analyzed 123 

ancient samples may in fact be isoleucines and would cause artificial non-identities 124 

with the outgroup. We next focused only on peptides that showed non-identities 125 

between the ancient samples and the sister taxon in amino acid positions not 126 

involving leucine/isoleucines. Three of five informative proteins showed lower identity 127 

between the ancient and the outgroup human relative to that between its extant sister 128 

taxon and human while two showed the opposite. With Sus scorfa as the outgroup, 129 

two of four informative proteins showed lower identity between the ancient and the 130 

outgroup relative to that between its extant sister taxon and the outgroup while two 131 

showed the opposite (Table 3). As the number of informative proteins were limited, 132 

the results were inconclusive with regard to ancient proteins being more distant to the 133 

outgroup but did show such a trend. At least, there was no indication that the ancient 134 

proteins were closer to the outgroup, as predicted by the molecular clock. Together 135 

with a previous study of ours that showed four informative ancient proteins to be all 136 

more distant to the outgroup [10], the combined studies showed that 7 or 6 ancient 137 

proteins were more distant to the outgroup while 2 were closer. Overall, these results 138 

were not expected by the molecular clock hypothesis.  139 

 140 

Discussion 141 
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Our results here showed that ancient proteins were not closer to an outgroup 142 

than their orthologs from the closest extant species of the ancient taxon, confirming a 143 

previous study of ours using ancient proteins [10]. These results remained even when 144 

uncertain amino acid positions due to technical limitations such as 145 

leucines/isoleucines were excluded from the analyses. The ancient proteins used 146 

here were from ~2 million years ago and those from the previous study included a 147 

dinosaur protein from 68 million years ago. The timeframe concerned is thus long 148 

enough for ancient proteins to have lower number of substitutions than their orthologs 149 

from their extant sister taxons. And yet 7 or 6 ancient proteins were more distant to 150 

the outgroup while only 2 were closer. The results therefore were unexpected if the 151 

basic tenet of the molecular clock and neutral theory is true that non-identities in 152 

sequences is largely a function of time. That most of the ancient proteins were more 153 

distant to the outgroup was even more unexpected from the molecular clock and 154 

neutral theory. What then may explain the seemingly unexpected observations here?  155 

 In recent years, a more complete molecular evolutionary theory, the maximum 156 

genetic distance or diversity (MGD) hypothesis, has been making steady progress in 157 

solving both evolutionary and contemporary biomedical problems [6, 8, 25, 32-41]. 158 

That reality is largely at maximum genetic diversity or distance no longer changing 159 

with time is a priori expected and supported by numerous facts [12, 25, 42, 43]. 160 

Genetic distance can increase with time up to a point when maximum saturation is 161 

reached. At such maximum/optimum saturation, genetic distance would no longer be 162 

related to time but are determined by physiological selection and environmental 163 
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selection. The MGD theory has solved the two major puzzles of genetic diversity, the 164 

genetic equidistance phenomenon and the much narrower range of genetic diversity 165 

relative to the large variation in population size [25, 26]. The primary determinant of 166 

genetic diversity (or more precisely MGD) is species physiology with complex 167 

physiology being compatible only with lower levels of random genetic 168 

noises/diversities [25, 44]. The genetic equidistance result of Margoliash in 1963 is in 169 

fact the first and best evidence for maximum distances rather than linear unsaturated 170 

distances as mis-interpreted by the molecular clock and in turn the neutral theory [2, 6, 171 

11, 23, 25, 43]. Two contrasting patterns of the equidistance result have now been 172 

recognized, the maximum and the linear [6, 23]. The neutral theory explains only the 173 

linear pattern, which however represents only a minority of any genome today. The 174 

link between traits/diseases and the amount of SNPs shows an optimum/maximum 175 

(Pareto optimum) genetic diversity level maintained by selection, thereby providing 176 

direct experimental disproof for the neutral assumption for common SNPs [32-38]. 177 

More direct functional data invalidating the neutral assumption have also been found 178 

[45]. 179 

The results here are fully predicted by the MGD theory (Figure 1). If the observed 180 

genetic distance or non-identities of today and of the relatively recent past such as 2 181 

million years ago as in the case of the Dmanisi samples here were at maximum 182 

saturation, it would not be determined by time but by physiology and environmental 183 

adaptations. As the ancient taxon and its closest present day sister species would be 184 

very close in physiology, their genomes would be highly similar if not identical in those 185 
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parts involved in physiology. However, their genomes would be different in the parts 186 

involved in adaptation to environments since environmental conditions from ~2 million 187 

years ago are expected to be different from today. As the outgroup species are from 188 

the present day time, they are expected to share some adaptive variants with all 189 

present day species as a common adaptive strategy to today’s environment. Hence, 190 

the sister species of the ancient taxon would be expected to be closer to the outgroup 191 

than the ancient is. The degree of this closeness would be related to the similarities 192 

between the ancient environments and today’s.  193 

Using ancient protein or DNA sequences can be very effective in testing 194 

evolutionary theories. Our results here show that the basic tenet of the molecular 195 

clock and neutral theory does not hold for evolutionary time scales when maximum 196 

mutation saturation has been reached. This conclusion is expected to be further 197 

confirmed when more ancient sequences become available in the future.   198 

 199 
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 304 

 305 

 306 

Table 1. Identities between human as the outgroup and the ancient or present 307 

day species 308 

Sample Protein Length 
Identities to Homo sapiens 

Ancient Present Difference 

16857 COL1A2 613 546 554 -8 

16639 AMELX 89 70 77 -7 

16635 ENAM 249 184 189 -5 

16635 AMELX 173 146 150 -4 

16857 COL3A1 507 385 389 -4 

16632 AMELX 139 117 120 -3 

16632 MMP20 130 109 112 -3 

16635 AMBN 118 102 104 -2 

16635 AMTN 19 14 16 -2 

16638 AMELX 50 41 43 -2 

16635 MMP20 57 48 49 -1 

16638 AMBN 139 119 120 -1 

16639 AMBN 115 103 104 -1 

16641 AMBN 92 82 83 -1 

16641 AMELX 59 54 55 -1 

16632 ALB 27 20 20 0 

16632 ENAM 182 147 147 0 

16638 MMP20 44 42 42 0 

16639 ENAM 123 98 98 0 

16641 ENAM 67 57 57 0 

16635 ALB 106 77 76 1 

16638 ENAM 126 106 105 1 

 309 

  310 
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Table 2. Identities between Sus scrofa as the outgroup and ancient or present 311 

day species 312 

Sample Protein Length 
Identities to Sus scorfa 

Ancient Present Difference 

16857 COL1A2 621 588 596 -8 

16639 AMELX 87 74 79 -5 

16632 AMELX 136 97 101 -4 

16635 AMELX 172 140 144 -4 

16635 AMBN 121 107 109 -2 

16638 AMBN 139 124 126 -2 

16638 ENAM 127 111 113 -2 

16857 COL3A1 367 307 309 -2 

16632 MMP20 126 113 114 -1 

16635 AMTN 25 13 14 -1 

16639 AMBN 118 108 109 -1 

16639 ENAM 122 103 104 -1 

16641 ENAM 75 66 67 -1 

16641 AMBN 99 91 92 -1 

16641 AMELX 58 54 55 -1 

16632 ALB 26 18 18 0 

16632 ENAM 183 143 143 0 

16638 AMELX 49 44 44 0 

16638 MMP20 44 42 42 0 

16635 ALB 110 78 77 1 

16635 ENAM 248 196 195 1 

16635 MMP20 44 37 34 3 

 313 

Table 3. Identities between the outgroup and ancient or present day species. 314 

Amino acids differing between the ancient and its extant sister taxon are in bold. 315 

 316 

 317 

Ancient Present Difference Ancient Present Difference

16635 ALB VFDELKPLVDEPVNLVKEN 19 13 11 2 15 13 2

16635 AMBN
ANQLNAPGRLGLMSSEEM
PGGRGGPMAY

28 23 24 -1 24 25 -1

16635 ENAM

KQQSKTDPAPETQKPDQP
QPEESPPKQHLKQPAATKH
EEEARLPPAFPSFGNGLFP
YHQP

70 35 37 -2 41 41 0

16635 MMP20
GPRKTFPGKXXMPHAPPHN
PS

21 18 19 -1 18 16 2

16638 ENAM
FFGYFGYHGFGGRPPYYSE
EMFEDFEKPKEE

31 30 29 1 28 29 -1

Sample
Identities to Sus scorfaIdentities to human

LengthPeptideProtein

.CC-BY-NC-ND 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted November 3, 2019. ; https://doi.org/10.1101/821736doi: bioRxiv preprint 

https://doi.org/10.1101/821736
http://creativecommons.org/licenses/by-nc-nd/4.0/


15 
 

 318 

Figure Legends: 319 

Figure 1. Schemes for testing the molecular clock hypothesis by using ancient 320 

proteins. Extant species are represented by numbers 1, 2, and 3. Ancient fossil 321 

species is represented by the number 4 with 2 representing the closest extant sister 322 

species of 4 and 1 representing the outgroup.  323 
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