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Abstract

Many methods have been developed for Single Nucleotide Polymorphism (SNP) detection, but these
methods are based on BWA or Bowtie matching software, because of the existence of this high false
positive software, resulting in the test results Incorrect. The sequencing target region covered the entire
coding region, exon-intron junction region (20-50 bp) and partial intron region of BRCA1/2 genes, 328
exon, 101.3k regions (http://pan.baidu.com/s/1kVNlWQb). A SNP detection algorithm based on breast
cancer target DNA sequencing data is proposed, which has more advantages than Bcftools and IGV,
which are the most commonly tools.
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Introduction
Detecting genetic variation in the human genome is a crucial
reason for understanding the phenotypic variation, including
susceptibility to cancer and infectious diseases. Single
Nucleotide Polymorphisms (SNPs) are one of the most
common types of genetic variation in humans. SNPs influence
protein compilation [1], transcriptional regulation [2],
alternative splicing [3] and non-coding RNA regulation [4]. In
general, SNPs of about 3.6 to 4.4 M SNPs are found in one
human genome, and SNPs of high frequencies (>95%) are
higher in SNPs in dbSNP. Are generally not the major mutation
sites of disease? With the emergence of second-generation
sequencing technology, sequencing costs and the emergence of
high-performance computer, makes the whole gene sequence
to find SNP possible.

At present, SNP methods for NGS data discovery are MAQ
[5], SOAPsnp [6,7], SNVmix2 [8] and Bcftools [9], GATK
[10], MAQ and SOAPsnp are short sequence alignment tools
that uses the mass fraction deduced sequence and the
alignment of alignments, and the MAQ makes full use of the
pairing information to estimate the probability of each
alignment read error, and also uses the Bayesian statistical
model to evaluate the final Genotype error probability, and The
mixed binomial model is used to discover the SNP for
SNVmix2, giving the confidence score for each SNP that is
invoked. While Bcftools and GATK use Samtools as the basis
for estimating SNPs using Bayesian likelihood estimates. The
above methods are derived by establishing a probability model,
are BWA or Bowtie and other software to match the sequence,
the sequencing sequence alignment to the human genome
location hg19, and then on the Sam file related operations. First
of all, BWA or Bowtie comparison is currently relatively good

comparison of the software, but there are many problems [11],
such as: false positive, false negative, reverse sequence cannot
match the problem; 16G memory can run more problems.
There are a number of SNP points that cannot be found by
manipulating the Sam file after the software. It is possible to
design a fast and accurate SNP algorithm for breast cancer
targeted sequencing data, which is based on exon sequencing
data of 20 genes, with small amount of data and high
reproducibility between the data for breast cancer targeting
DNA sequencing data. Based on the characteristics of breast
cancer targeting DNA sequencing data, this paper proposes a
SNP detection algorithm based on position index. The location
accuracy of SNP point is higher than BWA based software.

Material and Methods

Breast cancer targeted DNA sequencing data
The most common sequencing strategies for breast cancer, The
sequencing of the genesare BRCA1/2 [12], RAD51C [13],
BAD50 [14], MLH1 [15], BARD1 [16], ATM [17], STK11 [18],
PTEN [19], TP53 [20], PALB2 [21], CDH1 [22], BRIP1 [23],
CHEK2 [24], TLR4 [25], MAP3K1 [26], FGFR2 [27], TOX3
[28], LSP1 [29], and CCND1 [30] are used for DNA
sequencing. The sequencing target region covers the entire
coding region, exon-intron junction region (20-50 bp) and
partial intron region of BRCA1/2 genes, with 328 exon and
101.3k regions.

The sequencing data of the target DNA sequence were Fastq
type, double-ended sequencing, mainly concentrated in the
exon region of the gene, the sequencing sequence was
relatively short, there was overlapping phenomenon for the
double-ended sequencing sequence data; for most of the
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sequences from a point. The sequencing sequence has a large
number of repeat sequences; there is a large number of non-
DNA sequences in the sequencing sequence, but not the
common sequence and the linker sequences of the sequences
are successfully captured; a large number of index sequences
exist in the sequencing sequences and 5' and 3' end is not high
quality bp.

Data cleaning
The original data of DNA target sequencing need to be cleaned
up before proceeding to the next step. The structure of the
library to be measured and the index and R of the sample file.

Index and R fine structure (Note: PE1.0 to PE2.0 method, from
5' to 3' end, black sequence index sequence, Index structure for
the 5-8 base +19 base fixed fragment, sample Single-ended
index, in the index were named index and R close to PE2.0, for
example:

ACGTGTTACGTAATCGGGAAGCTGAAG

TATCCAGCCGTAATCGGGAAGCTGAAG

TGCAGTTCGTAATCGGGAAGCTGAAG

PE 1.0 and PE 2.0 are Illumina's PE PCR Primer 1.0 and PE
PCR Primer 2.0 in the following sequence:

PE1.0:
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCT
ACACGACGCTCTTCCGATCT

PE2.0:
CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATT
CCTGCTGAACCGCTCTTCCGATCT

PE1.0, PE2.0 for a fixed length, you can directly clean up the
original data, clean up the original data only Target DNA and
index data.

Index data cleaning
Index data sequence in another reverse-sequence file of
bidirectional sequencing, the index sequence begins with all
clean-up, where mismatch is also considered.

DNA sequencing, the sequencing company based on different
samples sequencing index sequence, when the target sequence
is ideal, the joint sequence will not affect the target sequence;
if the target sequence is relatively short, another segment may
be sequenced to index part of the sequence, so that Resulting in
sequence S2 in the 3' segment sequencing data and index end
sequence coincidence.

In this paper, SNP detection method, you must clear this part of
the sequence, otherwise the Part index data will produce more
SNP points, the reason is that this Part index caused, Described
in R.

For (i in 1: length (sequence)) {pos=match Pattern (index,
substr (sequence, 1, nchar (cha)+2), max. mismatch=3)}

if (length (width (pos))!=0) {sequence=substr (sequence, end
(pos)+1, nchar (as.character (sequence))) }

The algorithm takes into account that the index has the wrong
match problem and set to 3.

Common sequence data cleaning
A common sequence is used to capture a DNA sequence. If the
DNA sequence is not successfully captured, a common
sequence is considered to be a DNA sequence. If the capture is
successful, no common sequence will appear in the original
sequence. Common sequences capture DNA sequence shown
in Figure 1.

Figure 1. DNA sequence capture classifications.

As can be seen from Figure 1A above, the DNA sequence has
been successfully captured and the Target DNA sequence will
not contain a Public sequence of 150 bp in length. In Figure
1B, the DNA sequence is captured by using a common
sequence. If there is a common sequence in the sequence, it
indicates that the sequence is not captured. In the double-ended
sequencing, two common sequence cross-captures, a segment
may contain a target sequence, and another segment may
contain a common sequence, as shown in Figure 1C. Clean up
the common sequence is to obtain better sequencing sequence,
improve the efficiency of alignment. For the above-mentioned
situation should be cleaned up, clean up the following
principles:

1) If both ends of the sequence contain a common sequence,
then both ends of the sequencing data should be cleaned up;

2) If one end of the sequence contains a common sequence, the
other side contains the target sequence, then both ends of the
sequencing data should be cleaned up.
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Results

DNA sequence matching algorithm based on hash
position index
In the DNA sequence, the key is how to achieve fast matching
to the target sequence sequencing, taking into account the short
target sequence, sequencing sequence repeatability is high, a
hash index based DNA sequence matching algorithm, and the
proposed method allows mismatching.

Hash table index
In order to improve the speed of DNA matching index, in order
to be able to access any index entry in the effective time, the
indexed DNA sequence is stored in the hash table. In order to
map the sequence of DNA sequencing quickly to the location
in the hash table, each character of the DNA base is mapped to
an integer and the mapping values of any two characters are
not repeated. The map function Map (x), The four bases in the
DNA {A, C, G, T}, size 4, the Map (x) range from 1 to 4. The
Map (x) is function mapping.

���   � = 1   � = ′�′2   � = ′�′3   � = ′�′4   � = ′�′ (1)
To determine the mapping function Map (x) for each character
in the base table, we need to calculate the hash value for each
DNA sequence, i.e. the corresponding storage location. If
x='AA', then Map (x)=1; If x='TT', then Map (x)=16.

Target sequence position index
In the sequence range, it is the key method to find out the
position of the sequence from the sequencing sequence, and
allow the existence of mismatch (less than 3 mismatches in this
paper). If it is more than 3, the quality of sequencing sequence
is not very high, the entire sequence can be lost. If you
compare all the sequences, you can set the mismatch to 1; all
sequences can be retained, so the computer running time may
be longer. If we consider the presence of InDel in the sequence,
we can see that the high frequency sequence is not
participating in the comparison after the sequence comparison.
If there exists such sequence, it shows the existence of InDel.

The target sequence is set up according to the length of the
actual target sequence. The objective sequence is short, and
two bases are chosen as the index position to construct the
table. If the target sequence is indexed, Target sequence is too
long, for example: chr1 as the target sequence, then the
establishment of four bases or eight bases as the index position
to build the table. The method is as follows: Scan the target
sequence to find out the location of all the AA, there is a list in
the hash table position, the position relationship is a variable
length array; sweep to TT all positions, there is a hash table 16
list position.

Sequencing sequence position
After indexing the position sequence of the target sequence,
scan the sequencing sequence, and use the index relation of the
hash table to map the sequence to the position relation.
According to the position relation, there are P1 → P2 → ...→
Pk (k is the target sequence length half), allowing there are
three mismatches between P1 → P2 → ..., → Pk. If present,
the position is output, and if not, the next sequence is selected.

If the sequencing sequence has a positional relationship, the
positional relationship Pos (i) is as shown in Equation 2,

Pos (1)=Pos (i)-(i-1) × 2 → (2)

For example, if ACTC is searched, AC={4, 9}, TC={3, 6}, AC
and TC location index can be related. ACTC location is 4 in
the target index.

SNP discovery algorithms for targeted DNA
sequencing
Since sequencing of the exon of a specific gene by targeted
sequencing has a shorter sequencing sequence and a deeper
depth of sequencing (the test depth is 1000), the range of
sequencing sequences is shown in the Table 1.

Table 1. Target DNA sequencing target region.

NO chr Start End Width

1 chr2 215593342 215593770 429

2 chr2 215595089 215595279 191

3 chr2 215609736 215609926 191

….

327 chr22 29126380 29126542 163

328 chr22 29130300 29130749 450

In the table above, width contains the exon and part of the
intron, width is the sequencer sequencing width, Illumina
sequencing sequence length of 150, because it is double-ended
sequencing, when the width of the exon is very short,
Sequencing will produce overlap phenomenon. In this paper,
SNP discovery algorithm is designed according to the
characteristics of the targeted sequencing sequences. Most of
the exons are only about 100 bp in length. When double-ended
sequencing, S1 is generally sequenced from the start position
and sequenced several times. 1000), S2 from the end position
of sequencing, S1, S2 position the average number of
sequencing of 1000, this will inevitably lead to a large number
of repetitive sequences. SNP algorithm is based on a large
number of repetitive sequences in the sequencing process, the
frequency of repeated sequences for statistics.

Here are the specific algorithm steps:

1. Clean up the S2 sequence of the index sequence index,
different sample index is different, all the sample index to
clean up, due to 5' sequencing error, some index is the
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beginning of the beginning of N, the index of the first letter
when N treatment;

2. Clean up some of the index in the S1 sequence, the target
width less than 150 bp, first clean up the S2 end of the index
sequence, and then through the S2 sequence information to
find the S1 end, the end of the end of several bp and index to
match, matching successful to clean up;

3. Clear the scope of the target is not captured data, S1, S2
common sequence search, if found to the public sequence, the
data on both ends should be cleaned up;

4. The two-side data for statistical correlation frequency and
sorted by frequency in descending order;

5. Select the relevant frequency of the data to compare, in
theory, the sequences appear less frequent sequences are less,
due sequencing data quality, there will be some errors in the
sequence.

6. The use of hash indexing DNA sequence matching
algorithm, select the range of the target range and meet the
frequency of the data to compare, S2 in the data inversion,
allowing mismatch is less than 3. If the data in S1 or S2 are not
aligned with the target range, reverse the comparison again.
The results of the comparison mainly record the position and
frequency of the subsequence in the target sequence.

7. The range of the target sequence comparison of the
sequence, starting from the location and range of the target
range of one by one comparison, the statistical sequence
number of bp and the target sequence cannot be compared to
the number of times.

8. For the ratio of bp cannot be compared with the total number
of times, the ratio is greater than 0.05, the output sequence
SNP point sequence of chromosomes, position, target sequence
in the original bp, bp after mutation, single bp mutation ratio.

Through the above steps can be achieved from the original
sequence and the target sequence related operations, the direct
output SNP sites.

Data analysis
Existing SNP methods are based on the BWA and Bowtie
software such as the Sam file, use Samtools on the Sam file
sort, sorted file Bam file, the use of Samtools in the mpileup
command to generate bcf file. Then use bcftools for SNP
analysis. Bcftools is included with Samtools software, generate
a bcf file there are a large number of SNP points to be selective
filtering. IGV is a sequencing sequence of visualization
software, through the BWA sequencing sequence comparison
to generate Sam files, Sam software Sam file generated by Sam
Bam file, IGV software through the Bam file visualization can
be seen with the hg19 bp A comparison was made of SNPs.
The experiment used in this article is targeted double-ended
sequencing of breast cancer data (http://pan.baidu.com/s/
1kVNlWQb), 15 samples were used for correlation analysis.

The following table is the location index method, Bcftools,
IGV under the artificial search results (Table 2).

Table 2. The algorithm is compared with other methods.

Sample Location index Bcftools IGV

Sample 1 65 38 35

Sample 2 78 55 49

Sample 3 52 41 38

Sample 4 45 40 30

Sample 5 79 45 39

Sample 6 64 55 50

Sample 7 51 42 38

Sample 8 54 46 43

Sample 9 46 40 37

Sample 10 58 44 41

Sample 11 68 54 46

Sample 12 64 52 47

Sample 13 52 45 40

Sample 14 59 51 47

Sample 15 43 37 32

As can be seen from the table above, the proposed method can
find more SNP points, and bcftools and IGV can find SNP
points less, through the analysis of bcftools and IGV analysis
process for the following reasons:

1. If there is a large number of inversion sequences in the
original sequence, this will result in the reverse sequence
cannot be Alignment to the corresponding gene location,
subsequent mutation detection is difficult to be identified.

2. False-negative problems, there are many similar sequences
in the DNA sequence, may lead to relative sequencing data to
other locations, such as: breast cancer targeting sequencing
gene CHEK2 exon, located in chr22: 29085073- 29085244
target Sequence, whereas sequencing sequences were located
in chr16: 32369488-32369560. This will lead to a large number
of data loss, causing false negative problems occurred in this
experiment exon position in chr2, chr3, chr5, chr9, chr10,
chr11, chr13, chr16, chr17, chr19, chr22 and BWA generated
to Sam file, The chr1, chr4, chr6, chr15, chr18, and chrX can
all be compared to the corresponding sequences, and these are
not the original sequence, resulting in a large number of false
positives or false negative phenomena exist, will lose a lot SNP
points.

Conclusion
Through the traditional detection method, there are a large
number of sequences cannot be compared to the DNA
sequence, through the proposed positional index based on the
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SNP algorithm can directly compare the original sequencing
sequence to the target sequence and Found more SNP points,
which greatly improved the discovery of key SNP points for
the relevant diagnosis to provide more data support.
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