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Abstract

Background

With the development of second-generation sequencing technology, more and more DNA
sequence variations have been detected. Exon sequencing is the first choice for sequencing
many cancer genes, and it can be better used to identify disease status by detecting gene
variants. PCR sequence is an effective method to capture that sequence of an exon in the
process of sequencing. Exon sequencing sequence contains PCR primer sequence, the
correct position of the sequence can be determined by PCR primer sequence, which can be
found in SNP, Indel mutation point by comparing the sequence of PCR primer sequence.

Results

In this paper, a matching algorithm based on the PCR primer sequence is proposed, which
can effectively sequence the position of PCR primer sequence and find out the key position
sequence. Then the sequencing sequence is sorted and the number of the same sequence
is counted to reduce the matching times. Then, the sequenced sequence was matched with
PCR primer sequence, so that the DNA position could be accurately matched and the varia-
tion in the sequenced sequence could be found more quickly.

Conclusions

Compared with the traditional sequence matching method, PCR primer sequence matching
method can match many sequences and find more variation. It also showed a high recall
rate in the recall rate.

Introduction

With the gradual maturation of the second-generation sequencing technologies [1], higher
and higher sequencing throughputs and cheaper and cheaper sequencing [2], sequencing tech-
nologies are increasingly used in the diagnosis of disease genetics [3]. Many disease-related
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SNPs [4] have been studied more and more by sequencing techniques. In clinical medicine,
the diagnosis of certain diseases and the search of target sites for the action of certain drugs
involve only part of the genetic locus [5]. Although whole genome re-sequencing can also
achieve these functions [6], Genome re-sequencing will detect those unrelated gene sequences
together, which will result in a lot of financial and time waste, but also increase the difficulty of
post-processing sequencing data. Under the premise that related reference genes correspond-
ing to some traits of a species are known, some samples do not require genome-wide sequenc-
ing when performing sequence analysis on certain specific fragments in the gene. Only by
sequencing the target region of specific interest in the sample gene will it be possible to know
whether the sample has the potential to express the gene at the gene level. This alternative to
genome-wide re-sequencing, which only targets the segments, not only greatly reduces
sequencing costs, but also reduces subsequent data processing efforts.

Targeted sequencing [7] is a technique for sequencing common exons [8] in specific
regions of genes in DNA sequences. This sequencing method is based on the susceptibility
genes and can be used to determine whether a certain disease Disease), the region of the rele-
vant gene is detected to detect whether there is a malignant mutation, and if so, the disease is
determined.

Due to the short sequence length measured by the sequencer, in order to be able to
completely sequenced the DNA sequences in the class, the DNA genome was randomly inter-
rupted by ultrasonic waves into small fragments, and the fragments were added to both ends
of the small fragments by PCR By technique [9], these small fragments are sequenced by the
sequencer. However, this sequencing requires a certain depth of sequencing in order to meet
the corresponding coverage. The deeper the DNA sequence, the more complete the DNA
sequence and the higher the sequencing cost. Finally, DNA sequences are assembled through
enough small fragments [10]. The primary task of sequencing data is to align the sequences
and align the corresponding fragments to the DNA sequence. However, there are a large num-
ber of repeat fragments in the DNA sequence. It is estimated that the repeat length of more
than 1.5% of the human genome sequence is 1000 bp The above [11], the current second-gen-
eration sequencing sequencing data length of 150pb. Traditional SNP and indel methods are
based on a combination of tools such as BWA [12] + SAMTOOLS [13] + BCFTOOLS [14],
BWA + PICARD + GATK [15], BWA + SAMTOOLS + Freebayes [16] The VCF file is gener-
ated at the mutation point. In this study, we did not consider filtering normal human SNP and
Indel [17]. In the follow-up research, we will give full consideration to this work.

Results
DNA targeted sequencing data description

Targeted sequencing is a method of sequencing specific exons of a gene, which has the advan-
tages of being targeted, reducing costs, and different sequencing targets for different cancer-
targeted sequencing. For example, in the study of breast cancer high-throughput sequencing
data, a total of 703 exons of 20 genes were sequenced at a depth of 1000.

DNA target sequencing data The original data needs to be cleaned before it can be pro-
cessed further. The structure of the library under test and the index & R formula of the sample
file are shown in Fig 1:

Fig 1 shows sequencing data in two directions of the sequencing data, there are two files R1.
fq and R2.fq, respectively, in the exon region is relatively short, the two sequences will have
overlapping sub-division. Index & R fine structure (Note: PE1.0 to PE2.0 direction, from 5 ’to
3’ end, the black sequence for the index sequence, Index structure for the 5-8 base +19 base
fragment, the sample is single End index, in the index were named index & R close to PE2.0.
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Fig 1. DNA target sequencing original data structure.

https://doi.org/10.1371/journal.pone.0236709.g001

Which PE1.0, PE2.0 for a fixed length, you can directly clean the raw data, the raw data after
cleaning only Target DNA and index data.

PCR primer sequence introduced

As can be seen from Fig 1, the PCR primer sequences are located at both the beginning and
the end of the sequencing sequence (the beginning and the end of the two-terminal sequenc-
ing). The length between the two primer sequences is less than 200, and the length of the exon
region is generally designed to be less than 200 This value ensures that both sides of the
sequencing overlap in the design.

The flow of the method in this article is as follows:

Stepl: Data cleaning part (index cleaning and public sequence cleaning) to ensure sequencing
are the target sequence;

Step2: Studying PCR primer sequences to find the optimal eigenvalue sequence and establish-
ing quad tree data index structure;

Step3: Using the local optimal contrast algorithm sequence comparison with the target
sequence to find the optimal sequence;

According to the optimal sequence structure, we calculated the SNP and InDel information
of each locus.

Public sequence cleaning

The public sequence is used to capture the DNA sequence. If the DNA sequence has not been
successfully captured, the public sequence will be considered as the DNA sequence. If the cap-
ture is successful, no common sequence will appear in the original sequence. Public sequence
captures DNA sequence shown in Fig 2:

As can be seen from Fig 2A, the DNA sequence has been successfully captured, and the
sequence of Target DNA do not include the Public sequence, with a length of 150 bp. In Fig
2B, DNA sequences are

captured and tagged with a common sequence. If the sequence contains a common
sequence, this sequence does not capture the target sequence. When double-end sequencing of
the data is possible, two common sequence cross-trapping occurs, It is possible that a segment
contains the target sequence and the other segment contains a common sequence, as shown in
Fig 2C. Public sequence cleaning is to obtain a better sequencing sequence to improve the effi-
ciency of alignment. For the above situation to be cleared, the principle of liquidation is as
follows:
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Fig 2. DNA sequence capture.
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1. If the sequences on both ends contain a common sequence, then both ends of the sequenc-
ing data should be cleared;

2. If one end sequence contains a common sequence and the other end contains a target
sequence, both ends of the sequencing data are still to be cleared;

The cleaning algorithm is as follows:
Algorithm 1
Input: Input the fastg file:R1,R2
Output: Readl,Read2 without the public data sequence
ReadRl = readFastqg("***R1.fq")
ReadR2 = readFastqg("***R2.fq")
PubClean<-function (ReadR1l, ReadR2) {
Pubseqg =“public data sequence”
revseq = as.character (reverseComplement (DNAString (pubseq)))
tl = grep (pubseq, sread (ReadR1l))
t2 = grep (revseq, sread (ReadR2) )
sta = sort(c(setdiff (tl,t2),t2))
FLA =! sread(ReadRl) %$in% sread(readtl0) [sta]
readl = sread (ReadR1l) [FLA]
read?2 = sread (ReadR2) [FLA]
return (Readl,Read?2) }

Index cleaning

Index data sequence in another reverse sequencing file for bidirectional sequencing, all
cleanup at the beginning of the index sequence is taken into account, as well as the mismatch.

DNA target sequencing, the sequencing company sequencing samples based on different
sequences, when the target sequence is ideal, the linker sequence will not affect the target
sequence; if the target sequence is relatively short, the other sequence may be sequenced to the
index, so Resulting in sequence S2 sequence data in the 3 ’end coincide with index end
sequence. As shown in Fig 3:

The SNP detection method mentioned in this article, you must clear this part of the
sequence, or Part index data will generate more SNP points. To determine if Part Index data
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Fig 3. Bidirectional sequence in the index part of the sequence.
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needs to be cleaned, compare the length of the Targe DNA to less than 150, and if it is less than
150, clean the excess Part Index.
Cleaning algorithm is as follows:
Algorithm 2
Input: Readl,Read?2
Output: R1,R2 sequence data without the index sequence
Cleanindex<-function Clean (Readl,Read2) {
#Clean index in Read2 consider the mismatch situation
for(i in l:length (Read2)) {
pos = matchPattern (index, substr (Read2[i],1,nchar (index)+2) ,max.
mismatch = 3)
if (length(width (pos))! = 0) {
Read2[i] = substr(Read2 [i],end(pos)+l,nchar (as.character (Read2
[i1)))
}
}
# Clean index part
for(i in l:1length(Readl)) {
If (nchar (TargetDNA)<150) {
Readl[i] = substr(Read[i],1,nchar (TargetNDA))
}

}
Return (R1,R2) }

Sequencing data processing. For sequencing, the amount of data is large, there are tens
of millions of data, but there is a large number of repetitive sequences in these data. In the per-
fect case, the number of non-repetitive data in sequencing is equivalent to the number of target
sequences. Due to system parameter settings, environmental factors, and sequencer errors, a
large number of sequencing errors exist in the sequencing sequence. Therefore, in order to
effectively compare sequences and reduce the number of repetitive sequences, we deal with the
original data in the following way:

Stepl: The original data R1, R2 data splicing to ensure that the same target sequencing Pair
spliced together at both ends of the sequence;

Step2: Statistics mosaic sequence frequency appears; as shown:

Read from the Fig 4 above Readl, Read2 sequences directly connected together, due to the
length of the target sequence exists Read2 and Readl, after the length of the sequence is differ-
ent. Under normal circumstances, most of the target sequences are less than 200 in length,
Opverlap exists at the first end of the pair of target sequences, and two Overlap sequences exist
in the spliced sequence. The length of the sequence after splicing varies. After statistics of the
spliced sequence frequency, most sequences may have several bp differences, which is caused
by the error of the sequencer.

Sequencing sequence processing algorithm is as follows:

PLOS ONE | https://doi.org/10.1371/journal.pone.0236709  August 13, 2020 5/19


https://doi.org/10.1371/journal.pone.0236709.g003
https://doi.org/10.1371/journal.pone.0236709

PLOS ONE

Exon sequencing mutation detection algorithm

Read? Readl
ACGLGLGTCGTCGAGC | GAGLCIGAGT [ACGCGCGICGICGAGLGAGLCIGAGT
[ACGCGCGICGICGAGE | GAGCLTGAGT | [ACGCGLGICGICGAGLGAGCCTGAGT |
ACTCTCGTAGCCTACG | TACGATCICGT ACTCTCGTAGLLTACGTACGATCICGT. (ACGGTETCETCGAGCGAGTCTGAGT TN,
[CACTCTEGTAGECTACG | TACGATCTCGT | [ACTCTCGTAGCCTACGTACGATCICET ) -
LacicrceraeoecerA | cerApATeior ACTCTCGTAGGECCTACCTAGATCTGL [ACTCTCGTAGECTACGTACGATCICGT | N
[ACGCGCGTCGLCGGAA | GGAATTCCGA | [ ACGTGTGTCGICGGAAGGARTTCTGA |

_ACTCTCGTAGGCCCTACCTAGATCTGE [ N;
[ACTCTCGTAGCGATCG | ATCGAATCGC | yching, [~ ACTCTCGTAGCGATCGATCGAATCGL Jstotiniy

[CACTCTCGTAGCTCATG | CATGACTACC |/ —arTeTeaTAGCTCATGCATGACTATT |V
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i [ CTACTAGTCCTACGACGGACGATCATG | N
ACTCTCGTAGCTACAC | ACACGTTCAG ACTCTCGTAGCTACACACACGTTCAGC

ATACTAGCCTACTA | ACTAA AT CGATACTAGCCTACTAACTAAGCGATC
[CACTCTCGTAGCTCTACG | TACGAGATCT | [CACTCTCGTAGCTCTACGTACGAGATLT |
CTACTAGTLCTACGACG | GACGATCATG TACTAGTCCTACGA ACGATCAT

Fig 4. Sequencing sequence processing.

https://doi.org/10.1371/journal.pone.0236709.9004

Algorithm 3
Input: R1, R2
Output: newtable include the R2&R2 and the frequency of sequence
newtable<-function (R1,R2) {
tabletlt2 = as.data.frame (table (pastel(as.character (R2),
as.character (reverseComplement (R1)))))
tabletlt2$Varl = as.character (tabletlt2$Varl)
t12f = order (-tabletlt2$Freq)
tabletlt2$Freq = tabletlt2$Freq[tl2f]
SVarl = tabletlt2$Varl[tl2f]
times = tabletlt2$Freg> = @
newtable = data.frame (Varl = as.character (tabletlt2$Varl [times]),
Freq = tabletlt2S$Freq[times], stringsAsFactors = FALSE)
Return (newtable) }

The above code times = tablet1t2 $ Freq> = ® means that for the frequency of occurrence
is @, when @ = 1, for all sequences to be counted, properly adjusted @, to obtain the sequence
to meet the relevant frequency, saving a lot of comparison time. The new table data frame is
for the frequency greater than or equal to @ of the sequence.

Method

Feature sequence extraction method

In the PCR primer sequence [18], there is a unique DNA sequence, the primer sequence is at
both ends of the target sequence, and the distance between the two ends of the DNA sequence
is unique. If the sequencing exon is relatively small, the sequencing of the double-ended
sequencing data samples by PCR primer sequences allows for direct discovery of SNPs and
InDels by matching successful sequences to targets. In order to improve the efficiency of com-
parison, primer sequences in this article are different in length, and the characterizes are
extracted from the primer sequences, and the number of sequences can be reduced by extract-
ing the characteristic sequences.

Characteristic sequence: the characteristic sequence between two sequences r and s (note
FS (r, s)), take the same character in r, s instead of the eigenvalue.

For example, if the primer sequence R = "ACGTGC" and S = "ACGCGC" then FS (r, s) =
{4: TC}, then the DNA sequence to find the one that belongs to that primer only needs to take
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the fourth character of the primer sequence, If the fourth character is T, the sequencing data
belongs to R; if the fourth position is C, the sequencing data belongs to S.

Generally, two sequences, if there are multiple locations, need to find many different loca-
tions can be. When multiple primer sequences are searched, eigenvalues of multiple primer
sequences need to be extracted.

The extraction process is as follows:

Primer sequence R = {r1,15,13,. . .,t,,}, ; and 7; find the smallest FS(r;r;), re-merge the same
location information FS(r;r;), the final location information extracted location.

For example, R = {"ACGGGTG", "ACAGCTG", "ACCGATG", "ACCTAGG"}. There are
four primer sequences in R, and in principle, {A, C, G, T} One position can distinguish these
four primer sequences, FS(r;,7,) = {3:G-A, 5:T-C}, FS(r3,r4) = {4:G-T,6:T-G}, Indicating that
the same location does not exist in different characters, in this case at least two location infor-
mation for standard real, so a combination of location information, CoPo = {{3,4},{3,6},{4,5},
{5,6}}, Through these four combinations respectively CoPo = {{GG, AG,CG,CT},{GT,AT,CT,
CGL{GG,GC,GA,TA}, {GT,CT,AT,AG}}, Any one of the above four combination positions
can represent the feature position.

Feature sequence extraction algorithm is as follows:

Algorithm 4
Input: R<-PCR sequence data
Output: PCR feature location information
Position<-function position (R) {
length<-read (R)
For (1 =1 in 1: (length-1)){
For(j in (i+1): length) {
FS((i-1)*(length-1)+j-1) = FS(r;, ry)
}
}
Sort (FS)
Select FS In front of sever- al items:r;€FS,
Position<-Select most position in FS, # if Position< = Int
(logy (Iength))
Do While (Position< = min(char(r;))) {
If (N = ® kePosition) {
Position = PositionUselect new position in FS,

lelse(

Break

}

}

Return (Position) }

Location-based PCR sequence comparison algorithm

The foregoing method for determining the location eigenvalue can effectively reduce the num-
ber of matching times and quickly and accurately find the location of the eigenvalue so as to
make a comparison between the target sequences. The PCR sequence comparison model is
shown in Fig 5 below:
The location-based PCR algorithm is as follows:
Algorithm 5
Input: Position,PCR, newtable
Output:Sequence with the Pcr
Com<-function (PCR,newtable,position) {
length<-length (Position)
mathseq =“"
mathpcr =%“"
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Fig 5. PCR sequence alignment model.
https://doi.org/10.1371/journal.pone.0236709.g005

For (j inl: length) {
mathseq = paste0 (mathseq, substr (newtable$Varl,Position[j],Posi-
tion[j])
mathpcr =

pastel (mathpcr, substr (Pcr, Position[j],Position[]j]))
math = mathpcr $in% mathseq

Comseq = data.fram(newtable$Varl[math], newtable$Freg[math])
Return (Comseq) }

In Comseq, all sequences that match the Pcr signature sequence are combined, and there

may be a single point variation in these signature sequences, where a single point mutation is
included in the sequence.

Local optimal solution algorithm

Let the length of the sequence S, T be m and n, respectively, using the score matrix D of data
structure (m + 1) * (n + 1), the value of each element in the matrix represents the sequence 0:
S:1<m) the best alignment of a suffix with a suffix of sequence 0: T: j (0<j<n).

Except for the prefix score in the local alignment, the initial score matrix is as follows:
dy;=0 (0<j<n)
1
d,=0 (0<i<m) M
Since 0: s: i and 0: t: j always have an empty suffix score of 0, all elements in matrix D are
greater than or equal to zero. Thus, the scoring matrix of any element is calculated as follows:
di—lg‘—l +p(s;, t;)
d_,.+p(s,—
d,, = max y TP ) (2)
dij oy + (= 1)

i t
In which, p(s,, tj) = 0 t]
S.

A threshold of 0 means that the 0 element distribution area of the matrix corresponds to a
dissimilar sequencing, while the positive number area is a locally similar area. Finally, find the
maximum value in the matrix, which is the optimal local alignment score, and the
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corresponding point is the unmatched point of the local alignment of the sequence. Then, the
previous optimal path is reversely deduced until the local ratio The starting point.

Since the sequence determined by PCR has a great similarity with the target sequence in
principle, if the similarity is not high, the sequence is deleted directly. Therefore, when com-
paring, only a few items need to be compared, and others need not be aligned. The calculation
formula of any element in the scoring matrix is as follows:

di—l,j—l +P(Si, tj) ‘i _J| <e

di—l,j +p(5j7_) |i_j‘ <e

dij—1+p(_’l}‘) |i_j| <e
0 |i—jl>e

€ is an integer, when € = 0, said S is completely T sequencing, € = 1 indicates that there is a
position deviation. In this paper € = | m-n | +1 said
The local optimum contrast process is as follows:

Stepl: Based on the initialized matrix D, pass the dy j = 0 of the first row of the score matrix
and initialize the first column of the matrix d;, = 0.

Step2: Each element in D is calculated, and each element in the score matrix D is sequentially
calculated starting from d11 according to the formula (3) and the score function formula
(1) until dn+1,m+1.

Step3: Find the optimal path to determine the maximum dij position. Reverse the forward,
find the optimal path.

Step4: According to the optimal path, the optimal local alignment of bar sequences is obtained.

Example 2: Local alignment of sequences S = “CGTGAGCTG” and T =
“CGTCGAGCTGA” by local alignment method, n = 11, m = 9, then € = 3 The results are
shown in Fig 6 below.

In the above figure, the optimal path isd;; 10-> djo9-> dog-> dg 7-> dy 6-> dg 5-> d5 5->
dg4-> d33-> dyp-> dy 1-> dg. The result is shown in Fig 6. Find the optimal local alignment
from the above path, as shown in Fig 7.

According to the above scoring matrix, the optimal path is derived in the backward direc-
tion. The Algorithm 6 is as follows:

Algorithm 6
Input: S, T
Output: Locally optimal S, T
Com<-function (S, T) {
lengths<-nchar (S) +1
lengtht<-nchar (T) +1
D = matrix (0, nrow = lengtht, ncol = lengtht, byrow = T)
(i in 2:1lengtht) {
For(j in 2:lengths) {
If(li-j|< = lengtht-lengths+1) {

If(S[i] = =T[Jj]1){ D[i,J] = D[i-1,3-1]+1}
Else {
D[i,]J] = max(D[i-1,3],D[i,]J-1])-1}

}
}

score = 0

Do while (maxi> = 2&&maxji> = 2){
Write (S[maxi])
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= max (D[maxi-1,maxj],D[maxi,maxj-1],D[maxi-1,maxj-1])
If(maxd = D[maxi-1,maxj]) maxi = maxi-1
If (maxd = D[maxi,maxj-1] maxj = maxj-1

If (maxd = D[maxi-1,maxj-1]) {
maxi = maxi-1,maxj = maxj-1
= score+l}
}return (score)
The above algorithm obtains the optimal path, and after determining the optimal path,
returns the score. The score must satisfy the requirement and can be considered as the local
optimum of S and T.

sScore

k = min(lengtht, lengths) — score

(4)

K denotes the number of unmatched points between S and T. When K = 0, it indicates that
S and T are complete subset relations. Generally, k is considered as 2, k is too large, and there
is no local maximum between S and T. excellent. The smaller k indicates the local optimum,

and the minimum is 0.

47 C+ G’+ T+

41 C+ G+ T+'

C|G A G (L T G

O

-1 G«r A4 G«\\ C+ T+’ CN

B

Fig 7. Optimal local alignment of S and T.

A

-3

https://doi.org/10.1371/journal.pone.0236709.g007
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SNP, Indel discovery algorithm

Based on the local optimal alignment algorithm, the local optimal method was used to find the
sequence SNP, Indel. Firstly, the eigenvalues are extracted from the PCR sequence to find the
feature location information, and the location data is used to search the sequencing data for
the sequencing data in a specific area. After determining the sequencing data for a particular
region, compare the DNA sequences for that particular region, and find the SNP, Indel infor-
mation in that region. The process is shown in Fig 8 below:

Through the PCR sequence to find SNP, Indel method, the reference sequence alignment
to achieve, when the reference sequence length is a certain value, there is overlap between the
sequencing data at both ends, if the two ends of the sequencing data were performed with ref-
erence to the sequence For local comparisons, Indel is present if the score is different from the
length of the single-end sequencing data. Indel is not present if the two are the same length,
allowing for the presence of an SNP. In front of the sequence to find SNP, InDel information,
because by PCR to solve the sequence is spliced through R1, R2, so to spliced the sequence
split into R1, R2, and then through R1, R2 and the target sequence Local comparison. Calculate
the number of A, C, G, T and N for each position of Target and calculate the SNP and InDel
information finally. The analysis model is shown in Fig 9 below:

By using P;;,P;,,P;5 andP;y, if the position of i in the reference sequence is A, the ratios at i
position are:

P(A,) = Py x100%
pil +1)1'2<i»1)1'3<i>1)i4‘FPYE
P(C) = Pi £100%
pil+pi2+pi3+pi4+pi5 (5)
P(G,) = Ps £100%
pil +pi2 +Pi3 +p1-1 +p15
P(T) Pu 100%

T Pu tPatPatPat s

If the value of P (A;) is 100%, there is no SNP at position i, and if P (4;) is less than 90%,
there is a variation. If the Indel phenomenon is represented by K, when k = 0, there is no Indel
When K # 0, the size of K is analyzed. If K is particularly small, it may be SNP or Del phenom-
enon, and the length of the sequence after sequencing becomes longer, indicating that there is
a Del phenomenon, and if there is no change, an SNP phenomenon exists. If K is particularly
likely to be In, there is no match for the sequencing sequence to start the match backward and
backward to find the reference sequence.

Discussion

The experimental environment adopted in this paper is Inter (R) Core (TM) 17-6700, memory
8G, and R language. The comparison targets are BWA + SAMTOOLS + BCFTOOLS (BSB),
BWA + PICARD + GATK (BPG), BWA + SAMTOOLS + Freebayes (BSF). Three main meth-
ods of finding SNPs are compared with those presented in this paper based on PCR methods.
Using Wgsim software [19] in this study, the software is better than other software in terms
of controllability, which can limit the error rate of sequencing, sequencing length, and
sequencing type. Today’s high-throughput sequencing market is dominated by Illumina’s dou-
ble-ended sequencing technology [20], and Wgsim’s mock-sequencing software is well-suited
for double-ended mimic sequencing. Pre-filtration through the sequence of low-quality
sequence of cleaning, cleaning effect as shown in Table 1 below, through the control of low
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Fig 9. Local alignment SNP analysis model.
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quality, clean-up before and after the effect, we can see that after the treatment of the average
mass ratio increased.

The sequencing data was sequenced at a depth of 50, 100, 150, and a length of 50, 100, 150.
With the increase of sequencing depth, the accuracy of sequencing has been improved to a cer-
tain extent. When the length of sequencing data is 150, the effect is the best, and the correct
rate can be achieved. Mainly due to the increased sequencing depth, the number of sequencing
in the same section increased, the accuracy rate increased, and if the length of the sequencing
data was increased, the correct rate in the DNA sequence was also continuously improved.

Table 1. Data comparison before and after cleaning data.

Sample Deep Raw_len Raw_reads Clean_reads rate
T1 50 50 100221025 91652127 91.45%
T2 50 100 100354125 91553068 91.23%
T3 50 150 105145621 97417418 92.65%
T4 100 50 232154587 216182351 93.12%
T5 100 100 223651478 209427244 93.64%
Té6 100 150 236548754 217979677 92.15%
T7 150 50 325412548 304488521 93.57%
T8 150 100 326548456 307706610 94.23%
T9 150 150 327845123 309321874 94.35%
T10 200 50 425896544 398000320 93.45%
T11 200 100 468542158 440991879 94.12%
T12 200 150 487459562 462842854 94.95%

https://doi.org/10.1371/journal.pone.0236709.t001
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Table 2. SNP and Indel comparison (depth = 50).

Soft Snp Indel Snp_rate Indel_rate
PCR 3421 1925 97.74% 96.25%
BSB 3054 256 87.26% 12.80%
BPG 3153 1715 90.09% 85.75%
BSF 2985 1636 85.29% 81.80%

https://doi.org/10.1371/journal.pone.0236709.t1002

SVsim tools [21] were used to randomly generate sequences of insertions, deletions, repeats,
inversions, and translocations in the sequence to generate sequencing data, and the selected
sequencing depth was 50, 100, 150. The above several software tests, from the software to see
the actual situation of various software, statistical analysis of SNP and Indel, as shown in Tables
2-4:

In the analysis of Indel for comparison, due to stools in the real independence Indel, the
effect is relatively poor. With the continuous increase of testing depth, the software identifies
SNP. Indel effect is obviously improved. Increasing the depth will increase the number of com-
parisons, and can obviously increase the number of regional sequences and improve the recog-
nition rate.

The above data does not filter the SNP, so find a lot of SNP points, this difference is set by
the tool’s own algorithm, and data differences also lead to the occurrence of this result. As
shown in Figs 10 and 11, there are differences between SNP and Indel in the software. Because
there is a small number of BSF in Indel, this article does not participate in the comparison.

In the process of generating simulated sequencing data, we analyzed the BAM files with the
above four kinds of software to study the recall of the four kinds of software to estimate the
sensitivity of the mutation sites.

TP
Recall = — 6
= TP FN (©)

Three thousand SNP sites were inserted into the sequencing sequence, with 2000 Indel sites
(2-10 bp deletion and 2-10 bp increase). The 25 sets of sequencing data were simulated by
ILLUMINA company. The sequencing fragment length was 150 bp, the standard error of
sequencing was 0, and the sequencing error rate was 0. That is to say, only 300bp insertions
1bp, in this way, four kinds of analysis software (PCR, BSB, BPG, and BSF) can be used to
detect the recall of simulated tumor data with deletion mutation by the single-factor controlled
variable method. The following values are mean values of the test samples. The effect is shown
in Figs 12 and 13.

As can be seen from the figure above, as the depth of sequencing is found to increase in
terms of SNP and Indel, it indicates that there is sufficient sequencing depth in sequencing
data to ensure SNP and Indel correctness. In the sequencing process can have enough
sequencing depth, can have high accuracy.

Table 3. SNP and Indel comparison (depth = 100).

Soft Snp Indel Snp_rate Indel_rate
PCR 3452 1932 98.63% 96.60%
BSB 3235 320 92.43% 16.00%
BPG 3254 1825 92.97% 91.25%
BSF 3021 1734 86.31% 86.70%

https://doi.org/10.1371/journal.pone.0236709.t003
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Table 4. SNP and Indel comparison (depth = 150).

Soft Snp Indel Snp_rate Indel_rate
PCR 3468 1948 99.09% 97.40%
BSB 3335 354 95.29% 17.70%
BPG 3254 1895 92.97% 94.75%
BSF 3210 1812 91.71% 90.60%

https://doi.org/10.1371/journal.pone.0236709.1004

In order to better express the effect of PCR detection, true positive rate, false positive rate
and accuracy rate were used to evaluate. The equation is as follows:

TP
TPR=—— 7
TP + EN )
FP
FPR=— (8)
FP+ TN
TP + TN
A = 9
CUraY = Tp Y FP+ FN + TN )

The effectiveness of the four algorithms was evaluated by the true positive rate, the false pos-
itive rate and the accuracy rate, and the classification performance under different sequencing
depths was shown in Tables 5-7.

Comparison of the performance of sequencing data in experiment When using PCR, BSB,
BPG and BSF to predict, the accuracy of the original dataset processed by sampling technique
was good. When depth = 150, the accuracy of PCR was 97.76%, BSB was 65.54%, BPG was
93.65% and BSF was 88.53%. The reason of low accuracy of BSB may be that the effect of mail-
ing InDel is not ideal and the accuracy of BSB is low. As that sequence depth increases, the

N BPG

H5B

Fig 10. Four software SNP comparison.

https://doi.org/10.1371/journal.pone.0236709.g010
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Fig 11. Three software Indel comparison.

https://doi.org/10.1371/journal.pone.0236709.9011

PCR algorithm achieve the highest level of accuracy, but it can be seen that the accuracy of the
other three methods is also rising. The increase of sequencing length can improve the effi-
ciency of BWA alignment, and the accuracy of BPG is also increased significantly, which is
also close to PCR method. Similarly, there is a similar situation in the TPR and FPR indicators,
which is not explained here.

In the run time, BSB, BPG, BSF need BWA sequence alignment in the initial run time,
which will take up a lot of time, while PCR directly sequencing and quantitative statistics of the
initial sequence, which takes up less time. The running time of BPG is longer than that of

SNP Recall

100.00%

95.00%
o
&

= 50.00%
8
o

o B5.00%
=
L7

B0.00%

=—8— PCR == B35 - BPG BSF
75.00%
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Fig 12. Four kinds of software SNP recall rate.
https://doi.org/10.1371/journal.pone.0236709.g012
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Table 5. Classification of four algorithms (depth = 50).
Soft TPR FPR Accuracy Time(s)
PCR 95.65% 68.76% 96.84% 57
BSB 65.79% 85.54% 58.54% 159
BPG 87.76% 78.65% 88.43% 224
BSF 79.49% 82.65% 82.76% 187
https://doi.org/10.1371/journal.pone.0236709.t1005
Table 6. Classification of four algorithms (depth = 100).
Soft TPR FPR Accuracy time
PCR 96.12% 62.34% 97.13% 74
BSB 67.79% 83.74% 61.54% 187
BPG 91.23% 76.65% 91.65% 254
BSF 81.58v 80.65% 86.23% 201
https://doi.org/10.1371/journal.pone.0236709.t006
Table 7. Classification of four algorithms (depth = 150).
Soft TPR FPR Accuracy time
PCR 97.25% 54.76% 97.76% 96
BSB 71.24% 80.74% 65.54% 214
BPG 94.76% 74.54% 93.65% 267
BSF 83.87% 78.27% 88.53% 227

https://doi.org/10.1371/journal.pone.0236709.1007

GATK except in BWA. But the effect of GATK is also ideal. As that length of the sequence
increase, the running time of PCR decrease, and as the length of the sequence increases, the
comparison time also increases, so the running time also increase.

Conclusions

With the development of sequencing technology, sequence can be analyzed directly from
exon sequencing, and SNP and InDel in sequence can be obtained quickly, which is the
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fundamental goal of sequencing. In this paper, PCR primers are included in sequencing
sequence, and the comparison between PCR primer sequence and sequencing data can quickly
achieve this goal. In this way, the sequencing data can also be analyzed under the general con-
dition of computer hardware. Compared with other traditional methods, the performance of
the proposed method is much better, and the accuracy and time of the proposed method are
also very high. In the future, we will focus on how to obtain the sequence of mutation quickly
under the condition of specific gene mutation. Especially, SNP, InDel or CNV mutate specific
sequences, and use PCR primers or set specific sequences to find the mutated sequences in the
sequence data.
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