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Background

» SNP(single nucleotide polymorphism) is a DNA
sequence variation occurring when a single

nucleotide — A, T, Cor G — in the genome (or other
shared sequence) differs between members of a
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Background

» The difference between the SNP and the mutation

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

3x10° SNPs in human genome SCBB PKU
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» The International HapMap Project

HapMap ( Haplotype Map )

International HapMap Project

Home | About the Project | Data | Publications | Tutorial

# 37 | English | Frangais | H3558 | Yoruba

The International HapMap Project is a partnership of scientists and funding agencies from Canada, China, Japan, Migeria, the United Kingdom and the
United States to develop a public resource that will help researchers find genes associated with human disease and response to pharmaceuticals. See
"About the International HapMap Project” for more information.

Project Information - MNews _____________________

About the Project
I * 2013-06-14: HapMap data conversion tool

HapMap Publications
There are zeveral inguires for a conwersion tool to conwert HapMap data into the VCF

D LTE format. Pleasze take a look of The Genome Analysis Toolkit (by Broad Institute).

HapMap Mailing List
HapMap Project Participants e 2012-12-06: Downtime for hardware maintenance

From December 16 — 16, Hapmap =site will be taken offline for an internal hardware

Project Data maintenance. Sorry for the inconwvenience. ;B pKU

HapMap Genome Browser release
#25( F’Eases 1,2 & 3 - merged + 2011-06-13: HapMap help desk announcement

http://hapmap.ncbi.nim.nih.gov/index.html.en



Background

»SNPs haplotypes and tag SNPs

SNP SHP
a SNPs
v v v
Chromosome1 AACACGCCA.... TTCGGGGTC.... AGTCGACCG....
Chromosome2 AACACGCCA.... TTCGAGGTC.... AGTCA ACCG....
Chromcsome3 AACATGCCA.... TTCGGGGTC.... AGTCA ACCG....
Chromcsome4 AACACGCCA.... TTCGGGGTC.... AGTCGACCG....

b Haplotypas
Haplotype 1 CTCAAAGTACGGTTCAGGCA
Haplotype 2 TTG;ATTGGGGAAGA@G;TAATA
Haplotype3 CCCGATCTGTGATACTGGTG
Haplotype4 TCGATTCICGCGGTTCAGACA
T ) \d
A T c
¢ Tag SNPs - [~ -
= | L.
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Background

> 1000 Genomes

A Deep Catalog of Human Genetic Variation

2 e = i & v
“, >
Home About Data Analysis Participants Contact Browser Wiki FTP search _ Search

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

»Uniprot

Search Blast Retriewve ID' Mapping
Search in r
| Protein Knowledgebase (UniProtkB) IEI | | [ Search ] [ Advanced Search » l [ Clear l
RELCONE
NEW®S i

The mizzion of UniProt iz to provide the scientific communitys
with a comprehensive, high—qualitv and freelwy accesszible resource

TniProt release 2013 12 — Dec 11, 2013
of protein sequence and functional information.

The aflatoxin biosvnthetic pathway annotated in

. TniProtEKB/ Swizs—Frot
What we provide

http://www.uniprot.org/ SCBB PKU
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Database

»>dbSNP

dbSNP
NCBI Short Genetic Variations

PubMed Nucleotide Protein Genome Structure PopSet Taxonomy OMIM Books SNP
| search for SNP on NCBI Reference Assembly |
Search Entrez | SNP El for | | [ Go ]

ANNOUNCEMENT -
B 1003172013 EELEASE: MCBI dbSMP Build 139

Component Awailability Dates:

Component Date Awailable

dbSHE Web Query October 31, 2013

FTF Data October 31, 2013

Frtrar Trndarins Matahar 3 PN1= i

SCBB PKU
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Database

> SwissVar
SWISSUET

e o O o

HOME | SEARCH | STATISTICS | DOCUMENTATION | USEFUL LINES | CONTACT | PUBLICATIONS

Search for disease - protein - variant associations

| ? [search]

Enter a diseasze (e.g.: cataract), a proteiln or gene name f(e.g.: Plasminogen)

A portal to Swiss-Prot diseases and variants

http://swissvar.expasy.org/ SCBB PKU
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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.

m

18l Browse MeSH Tree Structure

Diseases — (FesH entry)
endocrine system diseases (200) +
congenital, hereditary, and neonatal diseases and abnormalities (12930 +
dizorders of ervirormental ocrigin (07 +

wournds and injuries (5) +

parasitic dizeaszes (0} + SCBB PKU
occupational diseases (3) +

bacterial infections and mycozes (14) + N
suhet ance—ralated disnrders (01 + i




Database

> SwissVar

3D mapping
Accession Entry name Disease Yariants {(wariant
po=ition)
F31947 14335 HIMAN p. Met155T1e
HYERIE 14101 HUMAN I breast cancer I p. GlvE21G1u
p. ser39aleu
P13 1411 _HIMAN p. GludBLlys 10940 (19)
p. bre3oG1y 10V04 (BE)
p. GlnHI =
. Y.
National Library of ExPASy-
Uniprot Medicine - Medical UniProtKB/Swiss-Prot
Subject Headings(MeSH) variant pages PDB

http://swissvar.expasy.org/ SCBB PKU
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Database

Disease

SwissVar ,
Protein name / Gene name

search categories -

variant type or

structure/function features
- SCBB PKU
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» Download previous knowledgebase

> Get the file name “humsavar.txt”

TR

Main gene name
Swiss-Prot AC

FTId
AAchange

Type of variant

dbSNP

Disease name

FEFLR 44 7 1-10 [10]

Swiss-Prot’& x5 (Accession Number) 11-21 [11]
Swiss-ProtRF{IE bR H A7 22-33 [12]
N p RAF+HBE+REG 34-48 [15]
AF 2 J& F-Polymorphism.. 49-62 [14]
Disease&¥Unclassified

dbSNPHJrs 5 63-74 [12]
W R EIR A RR (B H fEsample) 75-End [...]

&



Methods and Results

Analysis flow

/ Download SNPs data/

l -] Use R to draw heatmap =

Input data, use
B Libsvm to train data
and predict

Use Shell/Perl to
extract key information

i

Use SIFT to predict SNPs
disease association

SCBB PKU
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Methods and Results

» Statistics and analysis data

e Linux shell script commonly used commands

v' mkdir Create a directory

v cd Enter the directory

v’ |Iftp/get download the files

vils View the files in the current directory

v tar Compression and decompression command
v’ cat View the files

v’ less/more Selectively view

v rm Delete files or directories

SCBB PKU
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Methods and Results

» Statistics and analysis data

e Linux shell script commonly used commands

v’ pwd Display the current directory path

v cp Copy the file

v mv Move or change the file and directory name
v grep Search a specific string in the files

v cut Interception of a column

v’ perl Write a perl program at the command line
v awk Write an awk program at the command line
v’ man View command Manual

SCBB PKU
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Methods and Results

» Statistics and analysis data

e Linux Perl script figure outAZO*ZO amino acids

it " fter
substitution table substiltution

'Ala Arg Asp Asn Cys GIln Glu Gly His 1Ile Leu Lys Met Phe Pro Ser Thr Trp Tyr Val|

Ma O 1 116 0 0 0 117 251 0 1 4 1 1 0 237 308 1261 0 0 99
Arg 4 0 2 1 700 1160 6 358 1005 38 177 312 30 O 144 213 78 5712 0 0
Asp 77 4 0 525 0 2 346 234 143 0 2 0 0O 0O O 5 0 0 108 92
Asn 0O 0 274 0 0O 0O 5 0 90 49 0 241 0 1 0 642 98 0 44 0
Cys 0 200 0 0 O 1 0 4 0 0 0O 1 0 42 0 13 0 41 174 0
Gln 0 54 2 0 0O 0 187 1 334 0 72 124 0 0 104 0 0 3 0 0
Glu 132 2 401 3 0 248 0 310 0O O 4 72 0 0 0O 1 2 0 0 8
B efo re Gly 229 545 291 1 68 1 245 0 0O O 1 0O 0 O 0 50 0 42 0 189
His 0 42 55 68 0 23 1 0 0 0 42 0 0 0 6 1 0 0 24 0
su bstltutlon -9 Ile 1 15 0 6 0 0 0 0 0 0 12 11 210 73 0 34 504 0 0 891
Lee 3 114 2 0 0 6 1 0 48 135 0 0 150 431 425 148 3 36 4 440
Lys 2 427 0 254 O 133 38 0 0 16 0 0O 3 0 0 0 106 0 0 1
Met 0 3 0 0 ©0O 1 0 0 0 23% 132 32 0 0 0 0 316 0 0 444
Phe O 0O 1 2 51 0 0 1 1 47 30 0 0 0 0 149 0 0 62 54
Pro 244 209 O 0 0O 99 0 0 102 1 919 0 0 0O 0 68 213 0 0 0
Ser 211 221 2 467 204 0 0 347 2 97 318 0 0 247 346 0 208 23 101 1 SCBB PKU
Thr 744 80 1 121 0 0 5 1 0 492 2 83 54 0 177 307 0 0 0 0
Trp O 152 0 0 48 4 0 2 0 0 3 0 0 0 1 19 0 0 0 0 N
Tyr 0 0 38 27 26 1 0 1 24 1 5 0 0 75 0 5 1 0 0 1
Y | Val 562 1 38 0 0 0 60 131 0 1068 392 0 706 8 0 1 0 0 1 0



Methods and Results

» Statistics and analysis data

e Linux Perl script figure out 20*20 amino acids

substitution tables
— Key

in pairs
hash — P

_  value

oy | g i3 MCBNKU



» Statistics and analysis data

ARG POA21 7 VAR 018370 |p.His395Arg
AlCF O9NO94 VAR 052201 \

substitution table
- Key <€«—— His--Arg -

in pairs
hash — P -

His XX

Val XX

The number of SCBB PKU
substitution &

_  value



Methods and Results

» Draw heatmap
e R draw 20*20 substitution heatmap

z & & 2 3‘ 5§ 8 5§ £ 28 5 2 8 & 8 EFE &8 & 2 Color Key
Ala . 0 0 0 4 0

Arg 0 1

Asp 0

Asn




Methods and Results

» Draw heatmap
e R draw 20*20 substitution heatmap

258 388586¢2388 2883288585
Ala 0 0O 609 0 0 7621139 0 1 0 0O 0 10112418. 0 0 .
Arg 0 0 0 O 16243661 O 14983123 112 684 2680 151 0 503 1158 3491027 0 O
Asn. 0 O 0 1553 0 0O O O 520 265 0 1237 0 O O 3021670 0O 25 O
Asp 445 0 2671 0O 0 26781567 380 0 O ©0 © O O O O O 311 278

0
Cys 0 703 0 0 0O O ©0 230 0 0 O O O 307 0O 648 0 179 840 O
0

Gl

n 12046 0 0 0 97 0 1707 0 513989 0 0 610 0 0 0 0 0
Glu 621 0 0 2714 0 930 0 1516 O 0 0 2889 0O 0 1] 0 0 (1] 0 395
Gly 10742160 O 1747331 0 1744 0 0 0 O 0 O O 0 2070 O 117 0O 839
His 0 1708547 261 0 1458 0 0 O 0 333 0 O O 301 0 0 0 1393 0
le 2 100303 0 0 0 0O 0 O 0 970 1101239379 0 3331930 0 0O .
Leu O 478 0 O 0 483 0 O 2801059 O O 109325611734 772 0 111 0 1752
Lys 0 22901295 0 0 7771728 0 0 134 0 0 228 0 1] 0 634 0 0 0
Met 0 173 0 0O 0 0 0 O 0 1791898 18 2 0 1 0 1322 0 0 1693
“he 0 0 1] 0 235 0 0 (4] 0 3371969 0 0 0 0 747 O 0 434 31
Pro 1027550 0 0 O 644 O O 424 1 3438 0 0 0 0 -1092 [
Ser 152613023834 0 856 0 O 1859 O 5011399 O O 12762690 O 2244 71 337 0
Thr .363 766 0 0 O ©O 0O ©0 3007 O 6642083 O 9032335 0 0 0 O SCBB PKU
Tp 0 455 0 0 224 0 O 8 O O 118 0 0 0 0 6 0 0 0 O

Tyr 0 0 223170673 0 0 ©0 911 0 O O O 566 0 242 0 0 0 O N

Val 3587 0 O 248 0 0 377 679 0 .1902 0 2718429 0 1 0 0 O O



Methods and Results

» Draw heatmap
e Rintroduction

£ ! = g
~ #1 /uar,H IR R Graphics: Device 2 (ACTIVE) (o=@ =]
> library J
> ]
> x<=1:20
> X
[1] 1 3 S
> plot(x)
> | | &
o o y
4 [s] ’ 1
- o _|
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Methods and Results

» SIFT prediction
e Local SIFT prediction

Download the local SIFT Single Single FASTA
and set environment Substitution file sequence file o
variables of each nsSNP each nsSNP

l mput

Establish a database predict
of searching similar SIFT predict program
seguences l

SCBB PKU
Predict result N




Methods and Results

» SIFT prediction
e SIFT predict results

j

Substitution Tolerated — SIFT predict || The median || Number of
information|| ”“polymorphism” score information [lamino acids

Deleterious — | |>=0.05-Tolerated
"disease ” |KO0.05-Deleteriou
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Methods and Results

» Libsvm prediction
e SVM introduction

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

H; ©
~ O
A Q Ci
O -
C \\\OO
O
O
O © N -
oooP .
7 0O o margin=2/|w||
= : SCBB PKU
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Methods and Results

» Libsvm prediction
e 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.

L e il =
' Yoo
P
b, 4,5 B2
: it 1Y %
# N 2 ¥
s éf m& =
M k- %
¢! A .
Y o o ik
. o SO Y %
Y, TwEEt ¢
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Methods and Results

» Libsvm prediction
e Libsvm training and prediction process

According to the specific Cross Training
-»| format generate the validation model
training data set .

1 !

Select kernel
function Predict
Check for errors
right
= > Datascaling SCBB PKU
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How to process biological data?

> Libsvm pFEdICtIOH GRANTHAM matrix scores

SCBB PKU
BLOSUM®62 matrix scores N



» Libsvm prediction
e Libsvm training and predicted example

8 ~1[1:0.142857

FS S D

N
]

(i O o [ o

R, A

O S, SN
g B [ [

el R
NS R

|y
!::
|y
|

el B B e e e S S o e S
el el e e i e e e e



How to process biological data?

» Libsvm prediction
e Libsvm training and predicted example

Scaling parameter file

Scaling X

minimum maximum

featurel: minimum maximum
feature2: minimum maximum

N R X
u-|.|'>H

VL

SCBB PKU
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How to process biological data?

» Libsvm prediction
e Libsvm training and predicted example-Cross validation result

sap.attr2_ libsvn,scale

65
64,5
C =512 ganna = 8 &4 —
63.5

63
l_14 82,5
62

A 1 -12
1 -18
1= log2{ganna}

7

= e 2w s SCBB PKU
log2{C} N

Best log2{C} = 9 log2{gamma) = 3 accurac y = 695,95198%

1 1
k] = M3 L om =]
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