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Abstract 

There are various approaches to evaluate probabilities of mutations, the result of which heavily depends on what 

kind of mathematical model is used for analysis. To make the obtained result more robust and reliable, multiple 

statistical analyses from different points of view are used in this paper to find the probability that the mutations of 

Omicron variant have emerged naturally. To be concrete, the following four approaches are taken: a Poisson test 

applied to the count of nonsynonymous spike mutations in the Omicron variant compared with those in the 

conventional variants; a binomial test applied to the counts of nonsynonymous mutations in the spike protein and 

synonymous mutations in the whole sequence; a binomial test applied to the count of nonsynonymous and 

synonymous spike mutations based on the spectrum of point mutations observed in the variants of concern; 

spectrum comparison of 12 kinds of point mutations in the Omicron variant and the other variants. The results of 

these analyses all show that the mutation pattern of the Omicron variant is extremely unlikely to emerge naturally 

in humans, suggesting artificial mutagenesis could have been introduced into an early strain of SARS-CoV-2, 

possibly cultured in transgenic mice or transgenic mouse cell lines under a genetically heterogeneous environment. 

 

Introduction 

Among various variants of SARS-CoV-2, the Omicron VOC (variant of concern), which includes 30 or more 

mutations in the spike protein alone [1], is notably different from the other VOC strains, which have around 10 

spike mutations. Phylogenetic analysis shows that the Omicron variant did not emerge from the other precedent 

VOCs [2].  

 

There are four hypotheses to explain the emergence of the Omicron variant, including three major hypotheses 

mentioned on the onset of the outbreak [3,4]. The first hypothesis presupposes that it slowly evolved in an unknown 

human population. Though selective pressure under vaccinated population can promote mutations, early cases of 

the Omicron variant were reported in South Africa, where the vaccination rate was low, which makes this scenario 

unlikely. 

 

The second hypothesis postulates that it evolved in a non-human host before spilling over back to human 
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population with a new set of massive mutations. Indeed, Wei et al. insist that the Omicron variant has evolved in 

mice [5], which is followed by Zhang et al. [6]. It is known, however, that the original strain of SARS-CoV-2 do 

not infect mice [7]. Therefore, it is unlikely that an early strain of SARS-CoV-2 infected from human to mice and 

back from mice to human under a natural environment. It is also known that white-tailed deer were infected with 

Alpha, Delta, and Omicron variants, which can be a natural reservoir of SARS-CoV-2 [8]. However, deer do not 

inhabit in Southern Africa. It should also be noted that a strain adapted to an animal with a long incubation period 

could not infect human better than the variants evolved in human-human transmission from the early stage of its 

emergence. 

 

The third hypothesis is based on the idea that the Omicron variant arose in an immunocompromised patient, 

chronically infected with a SARS-CoV-2 early strain, which evolved into a distant variant through immune escape. 

In fact, a SARS-CoV-2 variant with 10 nonsynonymous mutations in the spike protein was found in an 

immunocompromised patient [9]. However, this quantity of mutations is much smaller than that in the Omicron 

variant. 

 

Besides the above three major hypotheses, some, including the authors, argue that the Omicron variant was a 

product of non-natural process, which may include artificial genetic modification in a laboratory [10]. The main 

basis of this argument is that all the point mutations in the spike of the Omicron variant are nonsynonymous 

mutations except for one, which is extremely unnatural from a statistical point of view. Strong bias toward 

nonsynonymous mutation is observed in the spikes of other VOCs in general. Arakawa suggests the possibility of 

site-directed mutagenesis in the spike protein of other VOCs as well as the Omicron variant [11]. 

 

Among these four hypotheses, the third hypothesis is the most popular [1,3], though the count of mutations 

observed in the immunocompromised patients so far is far fewer than that observed in the Omicron variant 

[9,12,13]. A common metric called dN/dS (Ka/Ks) that compares N (nonsynonymous) mutations to S 

(synonymous) mutations is often used to evaluate selective pressure [14,15]. The neutral theory of molecular 

evolution states that changes are given by random genetic drift, most of which do not alter the fitness of an 

organism [16]. Wei et al. argue that dN/dS as high as 6.64, which is observed in the spike protein of the Omicron 

variant, is extremely unlikely to emerge in an immunocompromised patient [5]. Mutation of virus can have a 

dN/dS value much higher than unity only when the virus spreads among multiple species [17]. Indeed, even the 

HIV-1 regulatory gene tat, which is known for its high selective pressure, has around 1.5 dN/dS ratio in the human 

population [18]. In SARS-CoV and SARS-CoV-2, dN/dS is usually smaller than 1 [19]. 

 

In this paper we test whether natural emergence of the Omicron variant is plausible from four perspectives. First, 

we apply a Poisson test to the count of N mutations in the Omicron spike compared with those in the spikes of 

other VOCs. Second, we apply a binomial test to the count of N mutations in the spike protein and S mutations in 

the whole sequence in the Omicron variant. Third we apply a binomial test to the count of N and S spike mutations 

in the Omicron variant based the spectrum of point mutations observed in the VOCs. Lastly, we compare spectra 
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of 12 kinds of point mutations in the Omicron variant and the other VOCs. 

 

Methods 

Mutations from the prototype of Wuhan strain to those of the prototypes of Alpha, Beta, Gamma, Delta, Lambda, 

MuGH, and Omicron VOCs were counted following Arakawa [11]. Independent mutations observed in all the 

prototypes of VOCs were also counted. 

 

In the first analysis, a Poisson test was applied to the count of mutations in the prototype of the Omicron variant 

based on the distribution of mutations in the prototype of the conventional VOCs and the known 

immunocompromised patients.  

 

In the second analysis, a binomial test was applied to the count of N mutations in the spike protein and S mutations 

in the whole sequence included in the proto-Omicron based on the distribution of mutations observed in the 

prototypes of other VOCs.  

 

In the third analysis, a binomial test was applied to the number of N and S spike mutations in the Omicron variant 

[10]. Let 𝑐𝑖 be the counts of codon i in the sequence in focus and 𝑝𝑖𝑗 be the probability of point mutation from 

codon i to codon j. The expected ratio of S mutations 𝑃𝑠 and that of N mutations 𝑃𝑛 are obtained by 

 

𝑃𝑠 = 𝐷𝑠 / (𝐷𝑎 − 𝐷𝑡) ,  (1) 

𝑃𝑛 = 1 − 𝑃𝑠 ,   (2) 

𝐷𝑎 = ∑ ∑ 𝑐𝑖𝑝𝑖𝑗𝑗 ∈ 𝑀𝑖

64
𝑖=1 ,  (3) 

𝐷𝑠 = ∑ ∑ 𝑐𝑖𝜎𝑖𝑗𝑗 ∈ 𝑀𝑖

64
𝑖=1 𝑝𝑖𝑗,  (4) 

𝐷𝑡 = ∑ ∑ 𝑐𝑖𝜏𝑗𝑗 ∈ 𝑀𝑖

64
𝑖=1 𝑝𝑖𝑗,  (5) 

 

where 𝜎𝑖𝑗 = 1 if the mutation from codon i to codon j is synonymous, else 𝜎𝑖𝑗 = 0. In the same way 𝜏𝑗 = 1 if codon 

j is a stop codon, else 𝜏𝑗 = 0. 𝑀𝑖 is a set of codons that can be reached with a single point mutation from codon i. 

The parameter 𝑐𝑖 was obtained from the Omicron spike sequence and 𝑝𝑖𝑗 was obtained based on the spectrum of 

independent mutations from one of the four nucleotide to one of the other three nucleotides observed in the 

prototype VOCs.  

 

In the fourth analysis, spectra of 12 kinds of point mutations in the Omicron variant and the other VOCs were 

obtained. The obtained mutation spectra were compared with that of SARS-CoV-2 mutations in humans [20]. 

 

Results 

The counts of S and N mutation in the spike protein sequence and the remaining sequence of the proto variants are 
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shown in Figure 1. As Figure 1 shows, the Omicron variant has by far the most spike mutations, including 29 N 

mutations and only one S mutation. Though mutations in the spike of other VOCs are also biased toward N 

mutations, the count is around 10 or fewer. This tendency also holds in the reported cases of spike mutations in 

the immunocompromised patients [9,12,13]. 

 

It is known that the counts of relatively rare phenomena have a Poisson distribution. When the expected number 

of incidents is 10 in the Poisson process, the probability of observing 29 or more incidents is 7.6×10-7, which is 

extremely small. 

 

 

Figure 1. Counts of S and N mutations in the spike protein and the other regions of each VOC. 

 

The counts of N mutations in the spike protein and S mutations in the whole sequence in the prototypes of VOCs 

are shown in Figure 2. The average ratio of the former to the latter is 0.58:0.42 in the VOCs except for the Omicron. 

When the sum of N mutations in spike and S mutations in the whole sequence is 36, the probability that 29 or more 

N mutations appear in spike under a binomial distribution given by 0.58:0.42 ratio is 1.4×10-2, which is usually 

considered to be statistically significant. 

 

The spectrum of independent mutations from one of the four nucleotide to one of the other three nucleotides 

observed in the prototype VOCs is shown in Figure 3. From the spectrum, the mutations can be categorized into 

three groups based on the frequency: {C→U}, {G→A, A→G, U→C, G→U, C→A}, {G→C, C→G, A→C, U→G, 

A→U, U→A}. The average of the mutation count in each group is 61, 14.6, and 5.0 respectively. Based on this 

average frequency in each group, 𝑃𝑠 and 𝑃𝑛 are calculated to be 0.263 and 0.737, as shown in supplemental Table 

s1.  
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Figure 2. Counts of N mutations in the spike protein and S mutations in the whole sequence included in the 

prototypes of VOCs. 

 

 

Figure 3. Counts of 12 kinds of nucleotide substitution in the prototypes of VOCs. 

 

First, we assume the survival rates of N and S mutations are the same. Then, the probability 𝑝 that the count of N 

mutations is M or larger when the count of all mutations is L is given by 

 

 𝑝 =  ∑ (𝐿
𝑘

) × 𝑃𝑛
𝑘 × 𝑃𝑠

𝐿−𝑘,𝐿
𝑘=𝑀   (6) 

 

When N mutation is r times more likely to survive than S mutation, the probability q that the count of N mutations 

is M or larger under the selective pressure is given by 

 

𝑞 =  ∑ (𝐿
𝑘

) × 𝑄𝑛
𝑘 × 𝑄𝑠

𝐿−𝑘𝐿
𝑘=𝑀 ,  (7) 

𝑄𝑛 =  𝑟𝑃𝑛 / (𝑟𝑃𝑛 + 𝑃𝑠),   (8) 

𝑄𝑠  =  𝑃𝑠 / (𝑟𝑃𝑛 + 𝑃𝑠).  (9) 
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Table 1 shows the probability that the bias toward N mutation in each variant can emerge under the selective 

pressures r = 1.0, r = 1.5, and r = 2.0. As the result shows, the probability that the bias in the Omicron variant 

emerges is smaller than the conventional significance level of 0.05 even when r is as large as 2.0.  

 

In Figure 3, the counts of mutations in the Omicron variant and the other VOCs are merged. The counts of 

mutations in the Omicron variant and the other VOCs are separately shown in Figure 4. Similar results given by 

Wei et al. [5] are reproduced. The mutation spectrum of the Omicron variant is different from that of mutations in 

humans [20] with statistical significance (𝑝  = 0.014 given by G-test), while that of the other VOCs is not 

significantly different (𝑝 = 0.23 given by G-test).  

 

Table 1. Probability that the bias toward N mutation in each variant can emerge under various selective pressures. 

 

 

 

Figure 4. Separate counts of point mutations in the Omicron variant and the other VOCs. Human SARS-CoV-2 

mutation data from [20].  

Alpha Beta Gamma Delta Lambda MuGH Omicron

Spike N-S 7-0 7-0 12-0 8-0 6-1 9-0 29-1

q  (r  = 1.0) 0.12 0.12 0.026 0.087 0.41 0.064 0.0012

q  (r  = 1.5) 0.22 0.22 0.077 0.18 0.60 0.15 0.014

q  (r  = 2.0) 0.32 0.32 0.14 0.27 0.71 0.23 0.047
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Figure 5 shows the mutation spectra of the spike and the non-spike regions of the Omicron variant and the other 

VOCs. The mutation spectra of the spike region in the Omicron variant and the other VOCs are both different from 

that of humans [20] with statistical significance (𝑝 = 0.042 and  𝑝 = 0.0034 given by G-test respectively), while 

those of the non-spike region in the Omicron variant and the other VOCs are not significantly different from that 

of humans (𝑝 = 0.12 and 𝑝 = 0.43 given by G-test respectively). 

 

 

Figure 5. Separate counts of point mutations in the spike and the non-spike regions of the Omicron variant and 

the other VOCs.  

 

Discussion 

All the results given by the four analyses in this paper suggest that it is extremely unlikely that the Omicron variant 

evolved in a human population including immunocompromised patients. One may say that one of the billions of 

mutated viruses can bear extreme number of mutations even if the probability is low. The observed mutated viruses, 

however, are the viruses that have won the competition among them, the variation of which is quite limited. 

 

Mouse origin of the Omicron variant is a plausible scenario considering the mutation spectrum, which is different 

from that in humans and similar to that in mice [5]. In terms of genetic algorithms, a larger portion of mutations 

in the survived sequences influence and improve the evaluation score (analogous to nonsynonymous mutation) 

when the sequence is far from the optimal solution, for there remain many mutations that increase the value of 
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evaluation function (analogous to reproducibility and infectivity). Since cross-species infection greatly changes 

the evaluation function, there is more room for improvement, while immune response within the same species do 

not change the evaluation function as much. This is the reason why dN/dS is relatively small in a single population.  

 

Figure 6 shows possible scenarios on the emergence of the Omicron variant. One possible scenario is that 

transgenic mice that have human ACE2 receptors were infected with the Wuhan strain, where the virus with 

accumulated mutations was infected back to a human. As explained in the introduction, the original Wuhan strain 

does not infect wild mice. 

 

Another possible scenario is that the Wuhan strain was mutated naturally or artificially to enable infection to mice, 

followed by accumulation of mutations in mice. It is known the spike mutation N501Y enables infection to mice, 

which is widely used for experimental purposes in laboratories [21]. Though some of the VOCs including the 

Omicron share this mutation and can infect mice [22], the precedent VOCs include many mutations that the 

Omicron variant does not have. Therefore, it is not highly likely that the other VOCs infected mice and evolved 

into the Omicron variant. It is also noteworthy that the spike protein of the Omicron variant binds strongly to both 

human and mouse ACE2 receptors [5,6]. To realize that kind of evolution, the mice could have a heterogenetic 

feature with human and mouse ACE2 receptors both expressed, or natural mice and transgenic mice were kept 

together, where viruses that can efficiently infect both of them evolved. 

 

 

Figure 6. Possible scenarios of mutation and infection. 

 

A more likely scenario is that artificial mutations were introduced in the spike of the Omicron variant, which were 

cultured in transgenic mice or transgenic mouse cell lines. This hypothesis explains not only the peculiar mutation 

spectrum but also the outstanding number of N mutations in the spike protein. Indeed, the mutation spectrum of 

the Omicron spike is different from that of humans. It is reported that most of the mutations in the spike protein of 

the Omicron are known to affect infectivity through previous variants or past experiments [23], which means that 
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virologists can have motivations to introduce the mutations included in the Omicron variant artificially for research 

purposes, such as development of pan-variant vaccine. It should also be noted that the main part of spike protein 

can be clipped without dissecting the remaining sequence by the restriction enzyme BsaI [24]. This makes it 

convenient to exchange the spike sequence, where mutations are concentrated in the Omicron variant.  

 

As Table 1 shows, bias toward N mutation is commonly observed in the spike of all VOCs. Though each bias is 

not statistically significant, co-occurrence of them can have a low probability with a statistical significance, as 

suggested by Arakawa [11]. Indeed, the mutation spectrum of the spike in the VOCs other than the Omicron variant 

is also different from that of humans. Further study is needed to analyze other VOCs in detail. 

 

Definitive footprint of genetic modification cannot be found after the emergence of No See’m technology [25]. 

Therefore, statistical analysis has become crucial to detect the origin of viruses. It is true that statistical bias alone 

cannot be a definitive proof of laboratory leak. Direct proofs of laboratory origin are needed to reach a dispositive 

conclusion. The problem is lack of transparency in the current culture of life science. The Wuhan Institute of 

Virology (WIV) took its virus database offline in September 2019 and has never shared the data since. It also has 

never accepted full inspection of its facilities by a third party. 

 

One of the possible reasons why immunocompromised patient origin hypothesis is popular is that it can obscure 

the origin. It is almost impossible to identify the patient that became the source of the virus. Therefore, it is 

unscientific to support this theory from the outset. Laboratory origin and animal origin theories can be tested 

through thorough investigations to detect the source of infection. Only after the pursuit of direct proof fails should 

a theory with little chance of finding direct proof be taken seriously. 

 

In the world of life science, a global system for inspection and oversight of related facilities, like the IAEA 

(International Atomic Energy Agency) for atomic engineering, is missing, which makes it easier for life scientists 

to conceal accidents. A typical example is the Sverdlovsk anthrax leak in 1979 [26], which took 15 years to be 

accepted officially as a lab-leak event. Also, it took about 30 years to reach a consensus among virologists that the 

1977 Russian influenza H1N1 originated from a frozen virus in a laboratory [27], which is still little known outside 

the virology field. Compulsory investigations into related laboratories should be justified to see whether they are 

the source of the pathogen or not when the likelihood of natural emergence is below a certain threshold like 5% or 

1%, which holds true in the case of the Omicron variant. 

 

To prevent the next pandemic, the origins of the virus and its variants need to be unraveled [28], which is attainable 

only through transparent, objective, and data-driven investigations [29]. Indeed, a laboratory origin of the Omicron 

variant means that the worldwide surge of infection and the loss and damage thereof could have been avoided had 

thorough investigations of related laboratories taken place soon after the spread of the original strain of SARS-

CoV-2, which could have been possible had the virologists been honest enough. As the documents revealed by the 
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Freedom of Information Act shows [30], laboratory origin of SARS-CoV-2 was suspected by the authors of the 

paper that insists natural origin of SARS-CoV-2 definitively [31].  

 

Risky experiments are still going on at this moment. A recent study reports that a chimera virus with the Omicron 

spike spliced into the backbone of the original Wuhan strain regains lethality lost by the Omicron variant [32]. 

Should this synthetic virus be leaked from a laboratory, it could again claim millions of lives. Inspection and 

oversight of all the laboratories conducting gain of function research are needed for the safety of mankind. 

 

Summary 

This paper analyzes whether natural emergence of the Omicron variant is plausible from four perspectives. First, 

a Poisson test is applied to the count of mutations in the Omicron variant compared with those in the other VOCs. 

The probability that the count of N mutations in the Omicron spike emerges naturally is 7.6×10-7, which is 

extremely unlikely. Second, a binomial test is applied to the count of N mutations in the spike protein and S 

mutations in the whole sequence of the Omicron variant. The probability that the mutation pattern in the Omicron 

emerges naturally is 1.4×10-2, which is also unlikely. Third, a binomial test is applied to the count of N and S 

spike mutations in the Omicron variant based the spectrum of point mutations observed in the VOCs. Probability 

of the emergence of bias in the Omicron variant is 0.0012/0.014/0.047 when the survival ratio of N mutations is 

1.0/1.5/2.0 times higher than that of S mutations. Lastly, spectra of 12 kinds of point mutations are compared 

between the Omicron variant and the SARS-CoV-2 mutations in humans, which are different with statistical 

significance (𝑝 = 0.014 by G-test). 

 

These results all suggest that the Omicron variant is highly likely to have originated from a non-natural 

environment. Artificial mutation is likely to have been spliced into the spike of SARS-CoV-2, possibly cultured in 

mice or mouse cell lines under a heterogenetic environment where human ACE2 receptors and mouse ACE2 

receptors coexist. 
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Supplemental Table s1. Calculation process of N and S mutation ratio. 1X means that the first nucleotide is 

mutated to nucleotide X. Yellow means synonymous mutation and red means mutation to a stop codon. 𝑃𝑖
𝑛 and 𝑃𝑖

𝑠 

denote the probabilities of N and S mutations given by a single point mutation from codon i respectively. 

(Mutations to stop codons are excluded from N mutations.)  

 

Codon aa c i 1U 1C 1A 1G 2U 2C 2A 2G 3U 3C 3A 3G P i
n

P i
s

c iP i
n

c iP i
s

UUU 59 14.6 5 5 14.6 5 5 14.6 5 5 0.198 0.802 11.67 47.33

UUC 18 14.6 5 5 14.6 5 5 61 14.6 5 0.47 0.53 8.459 9.541

UUA 28 14.6 5 5 14.6 5 5 5 5 14.6 0.396 0.469 11.08 13.13

UUG 20 14.6 5 5 14.6 5 5 14.6 5 14.6 0.35 0.59 7.002 11.8

CUU 36 61 14.6 5 14.6 5 5 14.6 5 5 0.19 0.81 6.823 29.18

CUC 12 61 14.6 5 14.6 5 5 61 14.6 5 0.434 0.566 5.206 6.794

CUA 9 61 14.6 5 14.6 5 5 5 5 14.6 0.659 0.341 5.935 3.065

CUG 3 61 14.6 5 14.6 5 5 14.6 5 14.6 0.683 0.317 2.049 0.951

AUU 44 5 5 14.6 14.6 5 5 14.6 5 5 0.266 0.734 11.69 32.31

AUC 14 5 5 14.6 14.6 5 5 61 14.6 5 0.582 0.418 8.154 5.846

AUA 18 5 5 14.6 14.6 5 5 5 5 14.6 0.136 0.864 2.439 15.56

AUG M 13 5 5 14.6 14.6 5 5 14.6 5 14.6 0 1 0 13

GUU 48 14.6 5 14.6 14.6 5 5 14.6 5 5 0.295 0.705 14.16 33.84

GUC 21 14.6 5 14.6 14.6 5 5 61 14.6 5 0.578 0.422 12.14 8.858

GUA 15 14.6 5 14.6 14.6 5 5 5 5 14.6 0.295 0.705 4.424 10.58

GUG 13 14.6 5 14.6 14.6 5 5 14.6 5 14.6 0.368 0.632 4.781 8.219

UCU 37 14.6 5 5 61 14.6 5 14.6 5 5 0.19 0.81 7.012 29.99

UCC 12 14.6 5 5 61 14.6 5 61 14.6 5 0.434 0.566 5.206 6.794

UCA 26 14.6 5 5 61 14.6 5 5 5 14.6 0.19 0.659 4.928 17.15

UCG 2 14.6 5 5 61 14.6 5 14.6 5 14.6 0.245 0.65 0.491 1.3

CCU 29 61 14.6 5 61 14.6 5 14.6 5 5 0.132 0.868 3.84 25.16

CCC 4 61 14.6 5 61 14.6 5 61 14.6 5 0.333 0.667 1.333 2.667

CCA 25 61 14.6 5 61 14.6 5 5 5 14.6 0.132 0.868 3.31 21.69

CCG 0 61 14.6 5 61 14.6 5 14.6 5 14.6 0.175 0.825 0 0

ACU 44 5 5 14.6 61 14.6 5 14.6 5 5 0.19 0.81 8.339 35.66

ACC 10 5 5 14.6 61 14.6 5 61 14.6 5 0.434 0.566 4.338 5.662

ACA 40 5 5 14.6 61 14.6 5 5 5 14.6 0.19 0.81 7.581 32.42

ACG 3 5 5 14.6 61 14.6 5 14.6 5 14.6 0.245 0.755 0.736 2.264

GCU 42 U 5 14.6 61 14.6 5 14.6 5 5 0.176 0.824 7.412 34.59

GCC 8 U 5 14.6 61 14.6 5 61 14.6 5 0.412 0.588 3.3 4.7

GCA 27 U 5 14.6 61 14.6 5 5 5 14.6 0.176 0.824 4.765 22.24

GCG 2 U 5 14.6 61 14.6 5 14.6 5 14.6 0.23 0.77 0.459 1.541

UAU 40 14.6 5 5 5 5 14.6 14.6 5 5 0.198 0.667 7.913 26.67

UAC 14 14.6 5 5 5 5 14.6 61 14.6 5 0.47 0.379 6.579 5.307

UAA 0

UAG 0

CAU 13 61 14.6 5 5 5 14.6 14.6 5 5 0.112 0.888 1.462 11.54

CAC 4 61 14.6 5 5 5 14.6 61 14.6 5 0.328 0.672 1.313 2.687

CAA 46 61 14.6 5 5 5 14.6 5 5 14.6 0.112 0.418 5.174 19.21

CAG 16 61 14.6 5 5 5 14.6 14.6 5 14.6 0.105 0.458 1.676 7.323

AAU 54 5 5 14.6 5 5 14.6 14.6 5 5 0.198 0.802 10.68 43.32

AAC 34 5 5 14.6 5 5 14.6 61 14.6 5 0.47 0.53 15.98 18.02

AAA 38 5 5 14.6 5 5 14.6 5 5 14.6 0.198 0.734 7.518 27.91

AAG 23 5 5 14.6 5 5 14.6 14.6 5 14.6 0.175 0.765 4.026 17.59

GAU 43 14.6 5 14.6 5 5 14.6 14.6 5 5 0.175 0.825 7.528 35.47

GAC 19 14.6 5 14.6 5 5 14.6 61 14.6 5 0.438 0.562 8.314 10.69

GAA 34 14.6 5 14.6 5 5 14.6 5 5 14.6 0.175 0.65 5.952 22.1

GAG 14 14.6 5 14.6 5 5 14.6 14.6 5 14.6 0.157 0.686 2.198 9.604

UGU 28 14.6 5 5 14.6 5 14.6 14.6 5 5 0.175 0.765 4.902 21.42

UGC 12 14.6 5 5 14.6 5 14.6 61 14.6 5 0.438 0.458 5.251 5.492

UGA 0

UGG W 12 14.6 5 5 14.6 5 14.6 14.6 5 14.6 0 0.686 0 8.232

CGU 9 61 14.6 5 14.6 5 14.6 14.6 5 5 0.176 0.824 1.588 7.412

CGC 1 61 14.6 5 14.6 5 14.6 61 14.6 5 0.412 0.588 0.412 0.588

CGA 0 61 14.6 5 14.6 5 14.6 5 5 14.6 0.281 0.281 0 0

CGG 2 61 14.6 5 14.6 5 14.6 14.6 5 14.6 0.328 0.672 0.655 1.345

AGU 17 5 5 14.6 14.6 5 14.6 14.6 5 5 0.175 0.825 2.976 14.02

AGC 5 5 5 14.6 14.6 5 14.6 61 14.6 5 0.438 0.562 2.188 2.812

AGA 20 5 5 14.6 14.6 5 14.6 5 5 14.6 0.235 0.705 4.7 14.1

AGG 10 5 5 14.6 14.6 5 14.6 14.6 5 14.6 0.211 0.789 2.108 7.892

GGU 47 14.6 5 14.6 14.6 5 14.6 14.6 5 5 0.265 0.735 12.43 34.57

GGC 15 14.6 5 14.6 14.6 5 14.6 61 14.6 5 0.541 0.459 8.114 6.886

GGA 17 14.6 5 14.6 14.6 5 14.6 5 5 14.6 0.265 0.578 4.497 9.834

GGG 3 14.6 5 14.6 14.6 5 14.6 14.6 5 14.6 0.333 0.667 1 2

Total 316.2 887.8

Rate 0.263 0.737
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