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 SNP(single nucleotide polymorphism) is a DNA 
sequence variation occurring when a single 
nucleotide — A, T, C or G — in the genome (or other 
shared sequence) differs between members of a 
biological species or paired chromosomes in a human. 
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 The difference between the SNP and the mutation

Background

SNP    ——the variant frequency  > = 1%

Mutation ——the variant frequency    <   1%

 There are many SNPs in the human genome

Every 1000 basic groups appear a SNP
3x𝟏𝟏𝟏𝟏𝟔𝟔 SNPs  in human genome



The International HapMap Project
HapMap ( Haplotype Map )

Background

http://hapmap.ncbi.nlm.nih.gov/index.html.en
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SNPs haplotypes and tag SNPs 



Background

1000 Genomes 

The Phase 1 publication, an Integrated map of genetic 
variation from 1092 human genomes.



Database

Uniprot

http://www.uniprot.org/



Database

dbSNP

http://www.ncbi.nlm.nih.gov/projects/SNP/



Database

SwissVar

http://swissvar.expasy.org/



Database

SwissVar
SwissVar is a portal to search variants in Swiss-Prot entries 
of the UniProt Knowledgebase (UniProtKB), and gives 
direct access to the Swiss-Prot Variant pages.



Database

SwissVar

http://swissvar.expasy.org/
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Protein name / Gene name

variant type or 
structure/function features



 Download previous knowledgebase 

Data

 Get the file name “humsavar.txt”
字段 字段说明 字节

Main gene name 主要基因的名字 1-10 [10]
Swiss-Prot AC Swiss-Prot登录号（Accession Number） 11-21 [11]

FTId Swiss-Prot特征标识符 22-33 [12]

AAchange 格式为：p.突变前+位置+突变后 34-48 [15]

Type of variant 变异的类型属于Polymorphism、
Disease或Unclassified

49-62 [14]

dbSNP dbSNP的rs号 63-74 [12]
Disease name 涉及的疾病的名称（有些只是sample） 75-End [...]



Methods and Results

Download SNPs data 

Use Shell/Perl to
extract key information

Use R to draw heatmap

Use SIFT to predict SNPs 
disease association 

Input data, use 
Libsvm to train data 

and predict   

Analysis flow



 Statistics and analysis data

Methods and Results

• Linux shell script commonly used commands 

 mkdir Create a directory
 cd Enter the directory
 lftp/get download the files
 ls View the files in the current directory
 tar Compression and decompression command
 cat View the files
 less/more Selectively view
 rm Delete files or directories



 Statistics and analysis data

Methods and Results

• Linux shell script commonly used commands 

 pwd Display the current directory path
 cp Copy the file
 mv Move or change the file and directory name
 grep Search a specific string in the files
 cut Interception of a column
 perl Write a perl program at the command line
 awk Write an awk program at the command line
 man View command Manual



 Statistics and analysis data

Methods and Results

• Linux Perl script figure out 20*20 amino acids 
substitution table

Ala Arg Asp Asn Cys Gln Glu Gly His Ile Leu Lys Met Phe Pro Ser Thr Trp Tyr Val

Ala 0 1 116 0 0 0 117 251 0 1 4 1 1 0 237 308 1261 0 0 996

Arg 4 0 2 1 700 1160 6 358 1005 38 177 312 30 0 144 213 78 572 0 0

Asp 77 4 0 525 0 2 346 234 143 0 2 0 0 0 0 5 0 0 108 92

Asn 0 0 274 0 0 0 5 0 90 49 0 241 0 1 0 642 98 0 44 0

Cys 0 201 0 0 0 1 0 43 0 0 0 1 0 42 0 136 0 41 174 0

Gln 0 541 2 0 0 0 187 1 334 0 72 124 0 0 104 0 0 3 0 0

Glu 132 2 401 3 0 248 0 310 0 0 4 726 0 0 0 1 2 0 0 85

Gly 229 545 291 1 68 1 245 0 0 0 1 0 0 0 0 570 0 42 0 189

His 0 420 55 68 0 203 1 0 0 0 42 0 0 0 63 1 0 0 241 0

Ile 1 15 0 65 0 0 0 0 0 0 120 11 210 73 0 34 504 0 0 891

Leu 3 114 2 0 0 63 1 0 48 135 0 0 150 431 425 148 3 36 4 440

Lys 2 427 0 254 0 133 358 0 0 16 0 0 37 0 0 0 106 0 0 1

Met 0 31 0 0 0 1 0 0 0 234 132 32 0 0 0 0 316 0 0 444

Phe 0 0 1 2 51 0 0 1 1 47 380 0 0 0 0 149 0 0 62 54

Pro 244 209 0 0 0 99 0 0 102 1 919 0 0 0 0 685 213 0 0 0

Ser 211 221 2 467 204 0 0 347 2 97 318 0 0 247 346 0 298 23 101 1

Thr 744 80 1 121 0 0 5 1 0 492 2 83 584 0 177 307 0 0 0 0

Trp 0 152 0 0 48 4 0 26 0 0 33 0 0 0 1 19 0 0 0 0

Tyr 0 0 38 27 266 1 0 1 204 1 5 0 0 75 0 54 1 0 0 1

Val 562 1 38 0 0 0 60 131 0 1068 392 0 706 83 0 1 0 0 1 0

Before 
substitution

After
substitution



 Statistics and analysis data

Methods and Results

• Linux Perl script figure out 20*20 amino acids 
substitution tables

hash

Key 

value 

in pairs value3

value2 value1



 Statistics and analysis data

Methods and Results

• Linux Perl script figure out 20*20 amino acids 
substitution tables

hash

Key 

value 

in pairs

His--Arg

The number of 
substitution 

Arg Met

His XX

Val XX



 Draw heatmap

Methods and Results

• R draw 20*20 substitution heatmap



 Draw heatmap

Methods and Results

• R draw 20*20 substitution heatmap



 Draw heatmap

Methods and Results

• R introduction



 SIFT prediction

Methods and Results

• Local SIFT prediction

Download the local SIFT 
and set  environment 

variables     

Establish a database 
of searching similar 

sequences

Single 
Substitution file 
of each nsSNP

Single FASTA 
sequence file of 

each nsSNP
input

SIFT predict program
predict

Predict result



 SIFT prediction

Methods and Results

• SIFT predict results

Substitution 
information

Tolerated –
”polymorphism”

Deleterious –
”disease ”

SIFT predict 
score

>=0.05-Tolerated 
<0.05-Deleterious

The median 
information

Number of 
amino acids



 Libsvm prediction

Methods and Results

• SVM introduction

SVM are supervised learning models with associated 
learning algorithms that analyze data and recognize patterns, 
used for classification and regression analysis.



 Libsvm prediction

Methods and Results

• SVM introduction

SVMs can efficiently perform a non-linear classification 
using what is called the kernel trick, implicitly mapping their 
inputs into high-dimensional feature spaces.



 Libsvm prediction

Methods and Results

• Libsvm training and prediction process

According to the specific 
format generate the 

training data set

Check for errors

wrong

right
Data scaling

Select kernel 
function

Cross 
validation

Training 
model

Predict 



How to process biological data?

 Libsvm prediction
• Libsvm training and predicted example

BLOSUM62 matrix scores

GRANTHAM matrix scores



How to process biological data?

 Libsvm prediction
• Libsvm training and predicted example

Scaling



How to process biological data?

 Libsvm prediction
• Libsvm training and predicted example

Scaling X
minimum maximum
feature1：minimum maximum
feature2： minimum maximum

X
-1   1
1  -4   3
2   5   215

Scaling parameter file



How to process biological data?

 Libsvm prediction
• Libsvm training and predicted example-Cross validation result
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