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Hemoglobin is a protein responsible for the transport of oxygen. The preference 

of hemoglobin coding gene is analyzed by CodonW. The relationship between 

the A3 / (A3 + T3) and G3 / (G3 + C3) and the relationship between GC12 and 

GC3 are all investigated. Finally, the preference of hemoglobin coding gene is 

shown and discussed. The results show that codon use preference of CUG, 

CGU, UAA, ACC, GUG and GGC are greater than 2.5. This information 

facilitates an improved understanding of the structural, functional of 

hemoglobin 
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Introduction 

Proteins are machines that perform a variety of 

important function in the body. Some proteins are 

composed of multiple peptide chains, each of which 

is called a subunit, and the specific spatial 

relationship between subunits is called the 

quaternary structure of the protein. Hemoglobin is a 

protein that makes the blood red and consists of 

four strands, two alpha chains and two beta chains. 

As the main carrier of genetic information, the 

number and order of the four bases of A, T, C and G 

in the DNA molecule contain very important 

information. Analyzing the DNA sequence 

characteristics is benefit to understanding the 

biological function of the sequence and to finding 

the characteristic information related to the specific 

function in the sequence. When the codon usage 

preference is concerned, many scientists studied 

vary gens recently, such as virus [1], Y-linked genes  

 

[2], CYB gene [3] and SRY gene [4], et al. In the 

virus gene area, most influential virus gene are all 

studied by scientist timely, such as Zika [1], 

classical swine fever virus [5], Japanese 

encephalitis virus [6], enterovirus D68 strains [7], 

and so on [8-10]. In fact, codon usage bias has 

would reveal many mechanism in biology [11-13] 

and affect by many factors [14-17]. In this paper, 

the codon usage in hemoglobin coding genes is 

studied via the CodonW, and the PR2-bias plot 

analysis: A3 / (A3 + T3) vs. G3 / (G3 + C3) and the 

neutral evolution analysis: GC12 vs. GC3 are plotted 

and discussed. 

 

Materials and Methods 

This paper considers the most common type of 

hemoglobin, their coding sequences are download 

form the website http://www.ncbi.nlm.nih.gov, and 

http://everant.org/
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the accession numbers are: NP_000549.1 and 

NP_000509.1.  

CodonW [18] is used to calculate the CAI, 

CBI, ENC and so on, the calculated results are 

further processed for getting the relative 

synonymous codon usage (RSCU), the PR2-bias 

plot analysis: A3 / (A3 + T3) vs. G3 / (G3 + C3), 

the neutral evolution analysis: GC12 vs. GC3, et al.  

 

Results and discussion 

Codon system is used to predict the codon usage 

characteristics of hemoglobin, and the overall 

results are shown in Table 1. in the table 1 Codon 

Adaptation Index (CAI) ranges from 0 to 1, the 

greater the value, the stronger the sub-preference of 

the codon and the higher the gene expression level, 

the CAI value of hemoglobin are 0.4 in HBα1 and 

0.36 in HBβ respectively. The effective codon 

number (ENC) reflects the degree of preference for 

the use of the codon, with the range of 20-61, the 

smaller the value, indicating that the stronger codon 

usage preference, the ENC value of hemoglobin are 

29.84 in HBα1 and 34.01 in HBβ respectively. 

Frequency of Optimal Codons (FOP) refers to the 

percentage of the optimal codon used, the FOP 

value of hemoglobin are 0.64 in HBα1 and 0.49 in 

HBβ respectively. Codon Bias Index (CBI) is the 

component that reflects the expression of a superior 

codon in a particular gene, and this index has a 

good correlation with the ENC value generally.

 

Table 1.  Nucleotide composition in the coding sequences of hemoglobin. 

Title Accession T3s C3s A3s G3s CAI CBI Fop Nc GC3s GC 

HBα1 NP_000549.1 0.11 0.61 0.02 0.47 0.4 0.38 0.64 29.84 0.89 0.65 

HBβ NP_000509.1 0.35 0.36 0.07 0.45 0.36 0.13 0.49 34.01 0.65 0.56 

 

The parity rule states that if there is no mutation in 

the two complementary strands of DNA or the bias 

on the selection effect, the base content should have 

A = T and G = C. This method was used to analyze 

the PR2 bias occurring at the third place of the 

codon. The center of the graph follows the PR2 

principle, A = T and G = C, that is the vertical and 

horizontal coordinates are 0.5. The vector from this 

center represents the degree and direction of the 

PR2 bias. The parity preference is mainly used to 

analyze the relationship between pyrimidine and 

purine at 3rd base of a codon. The content of 

pyrimidine (C + T) at the third position of the 

hemoglobin codon gene is greater than the purine 

content (A + G) (Figure 1).  
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Figure 1. PR2-bias plot analysis 

In neutrality plotting, GC12 is as the ordinate, and 

GC3 is as the abscissa, each point in the figure 

represents the independent gene. Hemoglobin 

codon gene neutrality plotting result is shown in the 
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Figure 2, the result shows that the distribution of 

GC12 is 56.73% and 55.83% in HBα1 and HBβ 

respectively, GC3 is 81.41% and 59.51% in HBα1 

and HBβ respectively, GC 12 distribution was 

significantly smaller. These values are distributed 

diagonally in the vicinity, and for these regions, 

base mutations may be a major factor influencing 

codon preference (Figure 2). 
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Figure 2. Neutrality plot of GC12 vs. GC3 

The relative synonymous codon usage is an 

estimate of the preference for the usage of 

synonymous codons, defined as the ratio of the 

observed value of the number of synonymous 

codons used to the expected number of occurrences 

of the codon. If the codon usage is not preferred, 

the RSCU value is 1; if a codon is used frequently, 

the RSCU value is greater than 1; if a codon usage 

frequency is low, the RSCU value is less than 1. 

The RSCU value intuitively reflects the preference 

for codon usage in hemoglobin (Figure 3). The 

results show that codon usage preference of CUG, 

CGU, UAA, ACC, GUG and GGC are greater than 

2.5. Because it is simple to calculate and intuitively 

reflects the preference of codon usage, it is usually 

used as a measurement of the codon usage 

preference analysis. 
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Figure 3. RSCU of the hemoglobin coding gene 

Codons as a link between nucleic acids and proteins, 

it can be used to characterize the evolutionary 

relationships within the genome or between 

genomes [19, 20]. For example, the same genes of 

different kinds of creatures or the different genes of 

the same creature have different characteristics of 

codon usage [21]. The closer the genetic 

relationship is, the closer the codon preference is, 

the closer the genetic relationship is, and the less 

difference in codon preference [22]. One kind of a 

gene of different species or the same species may 

have different characteristics in codon usage [23]. 

However, the frequencies of the different codons 

that encode the amino acids for the same species 

may different [24]. Different codon usage could 

results differences frequency in amino acids encode 

even in the same amino acid, resulting in quite 

different differences between different species 

genes codon usage.  
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Conclusion 

Codons are the basic units of life information 

transmission. In a certain species or genotype the 

phenomenon of unequal use of synonymous codons 

is common, where the synonymous codons that are 

preferentially used are called optimal codons. There 

are significant differences in codon usage 

preferences in different organisms, meanwhile, 

codon usage preference not only plays an important 

regulatory role map at the level of gene expression, 

but also helps to improve the accuracy and 

efficiency of translation. In this paper, the 

preference of hemoglobin coding gene is analyzed, 

such as the relationship between the A3 / (A3 + T3) 

and G3 / (G3 + C3), the relationship between GC12 

and GC3 are all studied and the preference of 

hemoglobin coding gene is also discussed. The 

results show that codon usage preference of CUG is 

4.833, which is the largest, codon usage preference 

CGU is 3.412, codon usage preference UAA is 3, 

and so on. All these information are important for 

studying the structural, functional of hemoglobin. 
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