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Abstract. With the application of next-generation sequencing technology, bioinformatics analysis 

method for sequences have developed rapidly. There are many variable quantities and sub-methods to 

evaluate the quality of the base sequence. With comparing and analysis the tools of learning quality 

and content of the base sequence, we do a learning quality and content analysis experiment, and 

analyze the base sequence quality and content  analysis steps including Per base sequence quality, Per 

base sequence content, Per base GC content, Per base N content, et al.  

Introduction 

The base sequence quality and content learning is one of the most important of bioinformatics analysis. 

The base sequence is including DNA-seq, RNA-seq, and is percentage of the four normal DNA bases 

such as A, G, C, T. DNA has four nitrogenous bases: (A) adenine, (T) thymine, (C) cytosine, and (G) 

guanine. RNA contains three of these bases - (A), (C), and (G) but not (T). Uracil (U) is found in its 

place and complements adenine (A) instead in transcription. Transcription is the system that produces 

a complementary RNA sequence from a strand of DNA [1] [2]. Transcription is initiated when RNA 

polymerase connects to the DNA template strand in an area called the promoter region and starts 

stringing together a new complementary RNA strand in the 3' to 5' direction. The resulting new strand 

of mRNA has complementary base pairs to the original DNA template. Therefore if the original DNA 

template strand read ACGT, the RNA strand will attach uracil to adenine so the complementary RNA 

strand will read UGCA.  

For the quality evaluation of the base sequence, we do a learning quality and content analysis 

experiment. The experiment results show the base sequence quality and content with Per base 

sequence quality, Per base sequence content, Per base GC content, Per base N content, et al.  

The Quality Evaluation of the Base Sequence 

There are many sequences quality control tools such as FastQC [2], FastX [3], Sickle [4], and 

RNA-SeQC [5], and some of these tools are including many variable quantities and sub-methods to 

evaluate the quality of the base sequence. We analysis all these tools and summarize four items to 

evaluate the quality of the base sequence such as Per base sequence quality, Per base sequence content, 

Per base GC content, Per base N content. After comparing the FastQC, FastX, Sickle, and RNA-SeQC, 

we select FastQC as a tool for learning quality and content of the base sequence with Per base 

sequence quality, Per base sequence content, Per base GC content, Per base N content, et al. 

Experiment Results 

Per Base Sequence Quality. Quality scores across all bases shows as Fig. 1. The x-axis on the graph 

shows the position in read, and the y-axis on the graph shows the quality scores. The quality scores is 

is Fred [6] [7]. 
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In Fig. 1, the background of the graph divides the y axis into very good quality calls (green), calls of 

reasonable quality (orange), and calls of poor quality (red). The quality of calls on most platforms will 

degrade as the run progresses, so it is common to see base calls falling into the orange area towards the 

end of a read. The blue line represents the mean quality, and its quality is all over 28 and is very good 

quality calls. The experiment result of this quality and content analysis step is entirely normal. 

 

 

Figure 1.  Quality scores across all bases 

 

Per Base Sequence Content. Base sequence content across all bases shows as Fig. 2. The x-axis 

on the graph shows the position in read, and the y-axis on the graph shows the percentage of the four 

normal DNA bases such as A, G, C, T [8].  

 

 

Figure 2.  Content across all bases 

 

Per base sequence content plots out the proportion of each base position in a file for which each of 

the four normal DNA bases has been called. In a random library you would expect that there would be 

little to no difference between the different bases of a sequence run, so the lines in this plot should run 

parallel with each other. The relative amount of each base should reflect the overall amount of these 

bases in your genome, but in any case they should not be hugely imbalanced from each other.  

This module issues a warning if the difference between A and T, or G and C is greater than 10% in 

any position. This module will fail if the difference between A and T, or G and C is greater than 20% 

in any position. The red line, the blue line, the green line, and the black line respectively represent the 
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percentage of T, C, A, G in Fig. 2. The difference between A and T is greater than 50% in 30 position 

in read, and the difference between G and C is also greater than 50% in 35 position in read. The 

experiment result of this quality and content analysis step is very unusual. 

Per Base GC Content. GC content [9] [10] across all bases shows as Fig. 3. The x-axis on the 

graph shows the position in read, and the y-axis on the graph shows the percentage of G and C.  

 

 

Figure 3.  GC content across all bases 

 

In a random library, there would be little to no difference between the different bases of a sequence 

run, so the line in this plot should run horizontally across the graph. The overall GC content should 

reflect the GC content of the underlying genome. If a GC bias which changes in different bases then 

this could indicate an overrepresented sequence which is contaminating library. A bias which is 

consistent across all bases either indicates that the original library was sequence biased, or that there 

was a systematic problem during the sequencing of the library.  

This module issues a warning it the GC content of any base strays more than 5% from the mean GC 

content. This module will fail if the GC content of any base strays more than 10% from the mean GC 

content. The red line represents the percentage of G and C in Fig. 3. There is greater than 50% in all 

position in read. The experiment result of this quality and content analysis step is very unusual. 

Per Base N Content. N content across all bases shows as Fig. 4. The x-axis on the graph shows the 

position in read, and the y-axis on the graph shows N content.  

 

 

Figure 4.  N content across all bases 
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If a sequencer is unable to make a base call with sufficient confidence then it will normally 

substitute an N rather than a conventional base call. This module plots out the percentage of base calls 

at each position for which an N was called. It's not unusual to see a very low proportion of Ns 

appearing in a sequence, especially nearer the end of a sequence. However, if this proportion rises 

above a few percent it suggests that the analysis pipeline was unable to interpret the data well enough 

to make valid base calls.  

This module raises a warning if any position shows an N content more than 5%. This module will 

raise an error if any position shows an N content more than 20%. The red line represents N content in 

Fig. 5, and N content is more than 20% in 46 and 47 position in read. The experiment result of this 

quality controls analysis step is very unusual. 

Conclusion 

There are many variable quantities and sub-methods to evaluate the quality of the base sequence. For 

the quality evaluation of the base sequence, we study FastQC as a selected tool for learning quality and 

content of the base sequence, and do a learning quality and content analysis experiment. The 

experiment results show the base sequence quality and content with Per base sequence quality, Per 

base sequence content, Per base GC content, Per base N content, et al. Some of the experiment result 

of this quality controls analysis step is entirely normal or very unusual.  

With this paper for learning the base sequence quality and content, we can study and analysis base 

sequence better, and learning other bioinformatics analysis method more easy. 
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