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Abstract: Mutation is the driving force for protein evolution, however, it is still unlikely to use a very simple way to 

generalize the mutation patterns. In this study, we used the amino-acid pair predictability to classify the human RET 

protein with its 130 single missense variants, and then to determine which amino-acid pair was more sensitive to 

mutations. The results showed that (i) the unpredictable amino-acid pairs are more sensitive to mutations, (ii) most 

mutations target the original amino-acid pairs whose actual frequency is larger than their predicted one, (iii) most 

mutations form the substituting amino-acid pairs whose actual frequency is smaller than their predicted one, and (iv) 

mutations generally narrow the difference between actual and predicted frequencies of affected amino-acid pairs, 

which are consistent with our previous studies, providing a very simple way to generalize mutations patterns and the 

underlined mechanism driving mutations, and highlighting that the main cause for protein mutation is highly likely 

to be the force to narrow the difference between predicted and actual frequencies of amino-acid pairs.  
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1. Introduction 

Mutation is the driving force behind many 

processes linked to human diseases, including cancer 

[1-3], aging [4-6], and the evolution of drug 

resistance [7]. Great efforts have been made to 

illustrate the underlined mechanisms for these 

mutations [8-14], however, it is still unlikely to use a 

very simple way to generalize the mutation patterns 

because the underlined mechanisms seem to be 

different case by case. In more plain words, we 

literally cannot use a single sentence to answer the 

question of why mutations occur.  

This argument is important because the 

process for humans to understand the nature follows 

the circle from the simple to the complex, and then 

from the complex to the simple that is abstracted 

from the complex. We must stop somewhere, and for 

science to be possible we must stop where we have 

found simplicity [15], which could be applicable to 

the mechanism of mutation. Over the last decade, 

computational mutation approach has been developed 

according to random mechanism, which include three 

methods to compute the chance of mutation: amino-

acid pair predictability, amino-acid distribution 

probability and amino-acid mutating probability (for 

the details, see the review articles [16-18] and the 

monograph [19]). 

We have used the amino-acid pair 

predictability to analyze mutations from various 

human proteins including, adrenoleukodystrophy 

protein [20], androgen receptor [21], Bruton’s 

tyrosine kinase [22], coagulation factor IX [23], 

collagens [24-26], copper-transporting ATPase 2 [27], 

-galactosidase A [28], -glucocerebrosidase [29], 

haemoglobins [30, 31], low-density lipoprotein 

receptor [32], menin [33], ornithine transcarbamylase 

[34], p53 protein [35], phenylalanine hydroxylase 

protein [36], protein C [37], von Hippel-Lindau 

disease tumour suppressor [38]. The results using this 

approach showed that the mutations were 

characterized by four features: (i) the vast majority of 

mutations occurred at unpredictable amino-acid pairs, 

(ii) most mutations targeted the original amino-acid 

pairs that had actual frequency larger than predicted 

one, (iii) most mutations generated one or both 

substituting amino-acid pairs that were absent in 

normal protein, and (iv) most mutations narrowed the 

difference between actual and predicted frequencies 

in amino-acid pairs. These features highlight that 

mutations generally lead their variants to be 

constructed more randomly and stably. Anyway, 

more studies are needed to get a more sold 

conclusion.  

The RET proto-oncogene encodes the RET 
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receptor tyrosine kinase, which has essential roles in 

cell survival, differentiation and proliferation [39, 40]. 

Both germline and somatic mutations of the RET 

proto-oncogene can induce neuroendocrine tumour, 

such as medullary thyroid carcinoma [41-45], 

multiple endocrine neoplasia type 2 [46, 47], breast 

cancers [48], Hirschsprung's disease [49] and so on. 

Efforts have been made to manufacture small-

molecule tyrosine kinase inhibitors that can target 

multiple kinases at nanomolar concentrations, which 

have shown efficacy against a variety of 

malignancies [50-52]. To date, 137 natural variants 

have been found in the RET protein documented in 

the UniProt Knowledgebase (UniProtKB) [53], 

which provide another opportunity to analyze the 

mutation pattern using computational mutation 

approach. 

 

2. Material and Methods  

The amino-acid sequence of human RET 

protein (accession number P07949) with its 130 

single missense variants is obtained from UniProtKB 

[53]. 

As being done in our previous studies [20-

38], the amino-acid pair predictability was used to 

classify the amino-acid pairs in RET protein as 

predictable and unpredictable in following way. For 

example, the RET protein had 77 alanines (A) and 75 

arginines (R) of its 1114 amino acids: according to 

the permutation, the amino-acid pair AR should 

appear 5 times (77/1114  75/1113  1113 = 5.184); 

indeed there were five ARs in it, so the pair AR is 

predictable. For another example, there are 35 

glutamines (Q) in the protein: the amino-acid pair 

AQ should appear twice (77/1114  35/1113  1113 

= 2.419) according to the permutation; actually the 

pair AQ appeared five times and belonged to 

unpredictable. In this way, all amino-acid pairs in 

RET protein were classified as predictable or 

unpredictable. 

When a mutation occurred in RET protein, it 

was easily determined that the affected amino-acid 

pairs belonged to predictable or unpredictable. With a 

large number of documented mutations in database, 

the mutation patterns could be figured out in regard 

whether mutations occurred in either predictable 

amino-acid pairs or unpredictable ones statistically 

differently. 

The Chi-square test was used to compare the 

number of amino-acid pairs, and the Mann-Whitney 

U-test was used to compare the difference between 

predicted and actual frequencies. 

 

3. Results and Discussions 

The human RET protein is actually 

composed of 1114 amino acids, which can construct 

1113 adjacent amino-acid pairs, and our computation 

is strictly related to these 1113 adjacent amino-acid 

pairs. As there are only 400 types of amino-acid pairs 

resulting from 20 kinds of amino acids, so there must 

be some types of amino-acid pairs appeared several 

times. Consequently, the 400 types of amino-acid 

pairs and 1113 pairs in human RET protein are 

classified as predictable or unpredictable. Of 335 

types of amino-acid pairs found in the protein, 94 

types are predictable and 241 types are unpredictable. 

Of 1113 amino-acid pairs, 246 and 867 are 

predictable and unpredictable. Thus, the mutations 

were categorized into predictable type/pair and 

unpredictable type/pair listed in Table 1.  

As Table 1 clearly demonstrates that 

mutations are highly likely to occur in unpredictable 

types as well as pairs, one might readily ask why. To 

answer this, we might at first look at what effect 

these mutations brought about. For this purpose, we 

would like to compare the difference between 

predicted frequency (PF) and actual frequency (AF) 

of amino-acid pairs, where the mutations occurred. 

For instance, the mutation at position 251 substituted 

glutamic Acid (E) for lysine (K), which resulted in 

two amino-acid pairs “RE” and “EE” mutating to 

“RK” and “KE”, because the amino acids were “R” 

and “E” at positions 250 and 252. The predicted 

frequency and actual one were 5 and 7 for “RE”, 5 

and 10 for “EE”, 3 and 4 for “RK”, and 3 and 2 for 

“KE” before and after mutation. Thus the difference 

between predicted and actual frequencies was 7 for 

the pairs before mutation, i.e. (5  7) + (5  10), and 

0 to the pairs after mutation, i.e., (3  4) + (3  2). 

By this way, Figure 1 demonstrated the effect of all 

mutations on both original and substituting amino-

acid pairs.  

Figure 1 suggests what the mutations did is 

to narrow the difference between predicted and actual 

frequencies. This figure actually answers the question 

why mutations are highly likely to occur at 

unpredictable types as well as pairs, because it is only 

the unpredictable type/pair having the difference 

between predicted and actual frequencies. In other 

words, the mutations specifically target the 

unpredictable types/pairs in order to narrow the 

difference between their predicted and actual 

frequencies. 

To furthermore verify this rationale, it is 

necessary to more closely look at the original amino-

acid pairs targeted by mutations and the substituting 

amino-acid pairs formed after mutations in Table 2, 

which can be read as follows. The first column 

classified the amino-acid pairs as original and 

substituting. The second and third columns showed 

the types of these two amino-acid pairs affected by  
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Table 1. Mutation occurrence in predictable and unpredictable types/pairs of human RET protein 

RET protein Type Pair Mutations Ratio 

 number % number % number % mutations/types mutations/pairs 

Predictable 93 27.84 239 21.47 8 6.15 8/93 = 0.09 8/239 = 0.03 

Unpredictable 241 72.16 874 78.53 122 93.85 122/241 = 0.51 122/874 = 0.14 

Total 334 100 1113 100 130 100 130/334 = 0.39 130/1113 = 0.12 

 

Table 2. Classification of original and substituting amino-acid pairs before and after mutation in human RET protein 

Amino-acid pairs Before Mutation After Mutation 

 pair I pair II number % total % number % total % 

Original AF = PF AF = PF 8 6.15 6.15 14 10.77 10.77 

 AF > PF AF > PF 53 40.77 93.85 24 18.46 89.23 

 AF > PF AF = PF 21 16.15  16 12.31  

 AF > PF AF < PF 32 24.62  38 29.23  

 AF < PF AF = PF 15 11.54  14 10.77  

 AF < PF AF < PF 1 0.77  24 18.46  

Substituting AF = PF AF = PF 8 6.15 6.15 11 8.46 8.46 

 AF > PF AF > PF 13 10.00 93.85 38 29.23 91.54 

 AF > PF AF = PF 17 13.08  43 33.08  

 AF > PF AF < PF 43 33.08  26 20.00  

 AF < PF AF = PF 23 17.69  10 7.69  

 AF < PF AF < PF 26 20.00  2 1.54  

AF: actual frequency; PF: predicted frequency. There is a remarkably statistical difference before and after mutation, 

as well as between original and substituting pairs (P ≤ 0.001, the Chi-square test). 
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Figure1. Distribution of difference between predicted 

and actual frequencies in original and substituting 

amino-acid pairs before and after mutation in human 

RET protein. 

PF, predicted frequency; AF, actual frequency. 

 

mutation in relation of their predicted and actual 

frequencies, for example, the third and seventh rows 

indicated that the actual frequencies were equal to the 

predicated ones in both pairs I and II. The fourth and 

fifth columns indicated how many mutations 

occurred in amino-acid pairs I and II: for instance, 8 

of 130 mutations (6.15%) occurred at the original 

amino-acid pairs whose actual frequencies was equal 

to their predicted ones. The sixth column indicated 

the percentage of mutations occurring at predictable 

and unpredictable amino-acid pairs. The data before 

mutation were listed in columns 4-6 while the 

corresponding values after mutation in columns 7-9. 

Table 2 evidently demonstrates that 

mutations mainly target the original amino-acid pairs 

whose actual frequency is larger than their predicted 

one whereas they mainly form the substituting 

amino-acid pairs whose actual frequency is smaller 

than their predicted one. Thus, mutations play their 

role to narrow the difference between actual and 

predicted frequencies by means of reducing the actual 

frequency in original amino-acid pairs and increasing 

the actual frequency in substituting pairs.  

Figure 2 displays the statistical results from 

Figure 1, which points out the changes of amino-acid 

pairs in the difference between predicted and actual 

frequencies before and after mutation. Before 

mutation, the median of difference between predicted 

and actual frequencies is –2 in original amino-acid 

pairs, which demonstrates that the mutations targeted 
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the amino-acid pairs that appeared more than their 

predicted frequency. Meanwhile, the corresponding 

value is 1 in substituting amino-acid pairs, which 

suggests that the mutations generated the amino-acid 

pairs that appeared less than their predicted frequency. 

Interestingly, the features of amino-acid pairs 

revealed opposite changes after mutation. Remark 

statistical difference was found between the 

corresponding groups (P < 0.001). 
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Figure2. Statistical comparison of difference between 

actual and predicted frequencies of original and 

substituting amino-acid pairs before and after 

mutation in human RET protein. The data are 

presented by median with an interquatile interval. 

There is statistically significant difference between 

corresponding groups before and after mutation (p < 

0.001, the Mann-Whitney U-test). 

Both internal and external factors can 

influence protein evolution [54, 55]. This study has 

addressed three issues: (i) at which amino-acid pairs 

mutations are more likely to occur, (ii) why 

mutations target these amino-acid pairs, and (iii) by 

which means mutations form the substituting pairs. 

The current results obtained from RET protein are 

completely consistent with our previous ones [20-38], 

demonstrating that (i) the unpredictable amino-acid 

pairs are more sensitive to mutations, (ii) most 

mutations target the original amino-acid pairs whose 

actual frequency is larger than their predicted one, (iii) 

most mutations form the substituting amino-acid 

pairs whose actual frequency is smaller than their 

predicted one, and (iv) mutations generally narrow 

the difference between actual and predicted 

frequencies of affected amino-acid pairs. Therefore, 

we can use a very simple way to generalize mutations 

patterns and the underlined mechanism driving 

mutations, that is, the main cause for protein 

mutation is highly likely the force to narrow the 

difference between predicted and actual frequencies 

of amino-acid pairs. Indeed, mutations eliminate old 

unpredictable amino-acid pairs while produce new 

unpredictable amino-acid pairs, and the later become 

a force driving further mutation, which guarantees 

continuous protein evolution. 
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