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il Bioinformatics Core Facility

e 5 statisticians, 3 bioinformaticians
e Consultation
e 7-8 Courses / year
| Contact information

Visiting address:

Medicinaregatan 3B, F1000-2000

bioinformatics@gu.se

www.cf.gu.se/english/Bioinformatics/
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il Increasing statistical and bioinformatics
knowledge
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il Supporting local bioinformaticians

Master's thesis projects

Currently available projects

Analysis of the Ig heavy chain repertoire i the absence of SL chain

(project plan)
Contact: Lill Mértensson—BcEE, Inst. of Medicine

In search for the cell of origin in sarcoma. Transcriptome and
DNAmethylome analysis of local and public databases combined
with wet experiment data (project plan)

Contact: Pierre Aman (phone: 0706-846085), Sahlgrenska Cancer Center,
Dept. of Pathology

Estimating minimum host population size for Varicella zoster virus
given different assumptions of reinfections (project plan)

Contact: Peter Morberg (phone: 0735-316166), Dept. of Infectious
Medicine

Continuous Vector Space Models for Medical Terms (project plan)
Contact: Devdatt Dubhashi, Department of Computer Science and
Engineering, Chalmers University of Technology

Latent Topic Models for Medical Documents (project plan)
Contact: Devdatt Dubhashi, Department of Computer Science and
Engineering, Chalmers University of Technology

Acute myeloid leukemia analyzed with exome sequencing (project
plan)

Contact: Linda Fogelstrand (phone: 45 31 342 9295), Department of
Clinical Chemistry and Transfusion Medicine

http://cf.qu.se/english/Bioinformatics/education and training/master-s-thesis-projects



http://cf.gu.se/english/Bioinformatics/education_and_training/master-s-thesis-projects
http://cf.gu.se/english/Bioinformatics/education_and_training/master-s-thesis-projects
http://cf.gu.se/english/Bioinformatics/education_and_training/master-s-thesis-projects
http://cf.gu.se/english/Bioinformatics/education_and_training/master-s-thesis-projects
http://cf.gu.se/english/Bioinformatics/education_and_training/master-s-thesis-projects
http://cf.gu.se/english/Bioinformatics/education_and_training/master-s-thesis-projects
http://cf.gu.se/english/Bioinformatics/education_and_training/master-s-thesis-projects
http://cf.gu.se/english/Bioinformatics/education_and_training/master-s-thesis-projects

Bioinformatics

Core Facility
GOTEBORGS

il Supporting local bioinformaticians

G o I B I N https://groups.google.com/forum/#!forum/gotbin

GOTHENBURG BIOINFORMATICS NETWORK

1) ...to maintain a voluntary registry
2) ...to maintain a list of hardware and software resources
3) ...to promote and forward bioinformatics in Gothenburg

ceneSCE Hirbin
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Far R/Biocenductor
PLATFORM

FOR INTEGRATIVE
ANALYSIS OF OMICS DATA
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wiid |dentifying a disease causing mutation

Alpers disease Polyglucosan Body Myopathy

Clinical findings

Psychomotor regression Leg weakness

Feeding difficulties accumulation of polyglucosan
Prior knowledge

POLG1 277
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sl Identifying a disease causing mutation

Alpers disease
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Polyglucosan Body Myopathy

Clinical findings

Psychomotor regression
Feeding difficulties

Morphology

Leg weakness
accumulation of polyglucosan

Skeletal muscle
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wiid |dentifying a disease causing mutation

Alpers disease Polyglucosan Body Myopathy

Prior knowledge

POLG1 ?77?
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il Targeted resequencing

Sample preparation i”umlna‘ @NANOPQRE
sequencmg
Applied :
Bigspystems He“cos

Reads —

Reference
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. e

G ACGTGCAGGGACGT
CGACGCAGCTACTACACG
CTACGATCGATCGA TACTACACGTGCAGG

‘CTACGATCGATCTACGCAGCTACTACACGTGCTGGGACGC

\ SNP/IndeIS /



GOTEBORGS
UNIVERSITET

Alpers disease
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Identifying a disease causing mutation

Polyglucosan Body Myopathy

Functional analysis

NARS2

Mt h.sapiens
Mt p.alecto

Mt r.norvegicus
Mt c.livia

Mt d.rerio
c.elegans
s.cerevisiae
p.horikoshii

Motif Motif

|

11

P214

l_I

NFFNVPAFLT
NFFNVPAFLT
NFFDVPAFLT
HFFNVPAFLT
HFFSVPAYLT
DYYGEPAYLT
SYFGKPTYLT
KYFDKYAYLS

218
218
218
173
226
293
214
186

RBCK1
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c.494delG C917+3_917+4insG
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Key
applications

Run mode

Flow celis
processed
per run

Output
range

Run time

Reads per
flow cellf

Maximum
read length

MiSeq
Focused power. Speed and
simplicity for targeted and small
genome sequencing.

NextSeq 500
Flexible power. Speed and
simplicity for everyday

genomics. /

Small genome, amplicon, and
targeted gene panel sequencing.

N/A

0.3-15Gb
5-65 hours

25 Million¥

2 x 300 bp

GenCore at SU:

Everyday genome, exome,
transcriptome sequencing,
and more.

Mid-Output High-Output

20-39 Gb 30-120 Gb

15-26 hours 12-30 hours

130 Million 400 Million

2 x 150 bp 2 x 150 bp

lllumina’s sequencers

HiSeq 2500
Production power. Power and
efficiency for large-scale

Producti

genomics.

on-scale genome,

exome, transcriptome

seque

Rapid Run

1or2

10-180 Gb

7-40 hours

300 Million

2 x 150 bp

genomics@gu.se

ncing, and more.

High-Output

1or2

50-1000 Gb

< 1 day- 6 days

2 Billion

2 x125bp

Bioinformatics
Core Facility

HiSeq X*
Population power. $1,000 human genome
and extreme throughput for population-scale
sequencing.

Population-scale human whole-genome
sequencing.

N/A

1or2

1.6-1.8 Tb

< 3 days

3 Billion

2 x 150 bp
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Library prep

lllumina workflow

!!!!!!!
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Cluster generation

-

-

Fastq files

J
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jiid Sequencing run Quality

Demultiplexing v U
1 2 3 4

Total Reads PF Reads % Reads Identified (PF) CV  Min Max

116344024  |100675880 |96.5715 |0.0514 |22 6164 |25 5666 \,

Index Number Sampile Id Project Index 1 (I7) Index 2 (I5) % Reads |Identified (PF)

1 51 CGATGT 23.8324

2 52 TTAGGC 25.5666

3 53 TGACCA 22 6164 1 2 3 4

4 54 AAACAT 24 5561

Total Reads PF Reads % Reads Identified (PF) CV  Min Max
29906232  |28449264 |98.0977 |0.2024|11.7508 |21.0338|

Index Number Sample Id Project Index 1 (I7) Index 2 (I5) % Reads Identified (PF)

1 51 CGATGT 14.2264
2 52 TGACCA 15.0859
3 53 ACAGTG 7.75

4 54 GCCAAT 18.2478
5 55 CAGATC 11.7508
6 56 CTTGTA 21.0338

lllumina Sequencing Analysis Viewer - CASAVA
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il Sequencing run Quality

QScore Distribution

C254HACYX All Lanes All Reads All Cycles BOT10ABXX All Lanes All Reads All Cycles
24000F
220004 >=0130
20000} 4000+ 26.5G
67.2%
18000}
16000}
—. 3000}
14000} s
12000} E
=
10000 E 2000}

80004

6000
10004

40004+
20004

0 Score Q Score

A succesful run should have 80% >= Q30

lllumina Sequencing Analysis Viewer
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sl Sequencing run Quality

Data by Cycle

C254HACK All Lanes

BOT10ABXCK All Lanes

% =Q30

1 L L 1 L L 1 L L 1 1 1 L 1 1L L
20 40 &0 &0 100 120 140 160 130 200 20 40 60 a0 100 14I:l 160

lllumina Sequencing Analysis Viewer
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jiaid Fastq format

1) @SEQ _ID
iInstrument:run:flowcell:lane:tile:x:y pair:fail:control:index

2) sequence

3) marker

4) quality

1) @HWI-H200:53:D08U2ACXX:5:1101:1231:2012 1:N:0:

2)  GCATTTTAGTAGAACCAGNCATTTCCCCCNACNTCNNTNCGNNANNNNTAA
3) +

4) Q@CCFFFFFHFFHHJJJJJH#3<FGITIJTTH#1 2 #####H###H##F##HFH#H4444

31 37 39 18 16 2
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Probability that the base has been erroneously called
Phred = 50]
Phred P(called Accuracy [Phred = 10] ﬂ
score wrong) base call ﬂ
1in 10 90% +l—l—l~l—n—:..---r«|—l—l+l»
TAAGC TCTGCGAGAGCAAACC
20 1in 100 99% 90 100
30 1in 1000 99,9%
40 1in 10000 99,99%
50 1in 100000 99,999%
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siead Data handling workflow

| Quality Check |
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piaid Quality check

Bioinformatics
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Set of quality checks to produce a report which allows you
to quickly assess the overall quality of your run

[ 9 FastQC

File Help

FastQC High Throughput Sequence QC Report
Version: 0.10.1
www._bioinformatics.babranam.ac.uk/projects/
© Simon Andrews, Babraham Bioinformatics. 2011
E— icard BAM/SAM reader @The Broas

Institute, 2009
BZip decompression ®Mstthew J. Francis, 2011

Use File > Open to select the sequence file you want to chedk

FastQC, PrinSeq

Summary

@ Basic Statistics

@ Per base sequence quality

@ Per sequence quality scores

'/-(9 Per base sequence content

@ Par base GC content

@ Per sequence GC content

@ Per base N content
@ Sequence Length Distribution

@ Sequence Duplication Levels

@ Overrepresented sequences

{a Kmer Content
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Per base sequence quality

Quality scores across all bases {Sanger / llumina 1.9 encoding}

=

125345676809 11 13 15 17 10 21 23 25 27 20 31 33 35 37 30 41 43 45 47 49 51
Fosition in read (bp)
Quality scores across all bases (Sanger [ llumina 1.9 encoding)
-

T—
_LI

\“;
1 2 3 4 5 6 7 B 910-14 32024 30-34 40-44 50-54 60-54 70-74 B0-B4 50-84 100-101

Position in read (Bbp)

16

14
12
10

Quality scores across all bases (llumina 1.5 encoding)

o

"TAI8 T 8T 8[W T Al% TAIN T TTTT TT
TON B

1234956788910

12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Position in read (bp)

Quality scores across all bases (lllumina 1.5 encoding)
|:|:TT~.— —T

1T
A L
i

1

T

it

-

8 9 10-14 20-24 30-34 40-44 50-54 60-64 70-74 80-84 90-94 100-101
Position in read (bp)
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siaid Per base sequence content

Sequence content across all bases

100
T
I
28] Fah
a3
80
Fi]
Exome-seq
(+10]
1]
a0
30
9‘!:‘.:3—* _—
w&-—.ﬁ_ e — ——
20
10

1 2 34 5 6 7 8 9 1519 25-29 35-39 50-54 65-69 g0-84 85-99  110-114 125-129 140-144
Fosition in read (bp)
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hesd Per base sequence content

SEQUENLE LUNLEIL Ui UsS ail Uases

100
wT
W
a0 Yah
%G
20

“ | |
VW

H
=)
—
—

P |

123 456 7 8 9 1519325-28 35-39 50-34 B5-89 80-84 95-99  110-114 123-128 140-144
Fosition in read ibp)

Sequence content across all bases
1o
T

ol
ol
“fala

i 2 3 4 5 & 7 8 91014 2024 3034 4044 5059 V079 90-99 150-199 250-209 350-399 450-409 550-599

Position in read (b

Bioinformatics
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Sequence content across all bases
100

B0
70
&l

50

40

30

w | T T

o 123456789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51

Position in read (bp)

Sequence content across all bases

Ele Wohy

80

70

&0

50

a0

30

123456789 11l 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 48 51
Fosition in read (bp)
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a0

20

70

&0
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Per base sequence content

/\ st
%o

.
Amplicon | =

.m M

W /

123 456 7 8 9 1519325-28 35-39 50-34 B5-89 80-84 95-99  110-114 123-128 140-144
Fosition in read ibp)

1o

12 3 4 5 &6 7 8 91014

bad adapter clipping

20-24 3034 4044 5059 7079 90-99 150-199 250-299 350-309 450-499 S50-5099

Position in read (b

Sequence content across all bases
100

70

) BS-seq J

&l

50

40

30

w | T T

o 123456789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51

Position in read (bp)

Sequence content across all bases

) RNA-seq

70

&0

50

a0

30

123456789 11l 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 48 51
Fosition in read (bp)
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siead Data handling workflow

[ Quality Filter ]
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A collection of command line tools for Short-Reads
FASTA/FASTQ files preprocessing.

Ambiguous bases Adapter

@HWI—HZOO:53:D08U2ACXX:l:1101:1231:2012 1:N:O:l
GCATTTTAGTAGAACCAGNCATTNCCCCCNAACGTCTGTCC TC
.|.

QCCFFFFFHFFHHIJJIJI#3<FGHITITTHL? #4###4###4##HE##H#4#

| X nts i I

Low quality

FastX, PRINSeq, Cutadapt, Trim Galore!
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siead Data handling workflow

Mapping to ref genome
De novo assembly




Bioinformatics
Core Facility

GOTEBORGS

UNIVERSITET M a p p i n g

CTACTACATCGATCTACGCAGCTACTACACGTGCTGGGACGC REF

TCGATCGACG CACGTGCTGG
ATCGAGCGAC TGCTGGAACGC
TACATCGATC CACGTGCTGGAAC = READS
CTACTACA TCGACGC CTACTACA GGAACGC
CTACT CGACGCA CTACT TGGAACGC

WHERE to place the reads? fragment size: 40

a) Unigue reads

b) Everywhere possible

c) Choose one randomly

d) Use pair-end data /
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CTACTACATCGATCTACGCAGCTACTACACGTGCTGGGACGC REF
TCGATCGACG CACGTGCTGG
ATCGAGCGAC TGCTGGAACGC
TACATCGATC CACGTGCTGGAAC - READS
CTACTACA  TCGACGC CTACTACA GGAACGC
CTACT CGACGCA CTACT TGGAACGC

HOW to place the reads? Ungapped, Gapped J

=) ¢

=

— =
=eie

—x= <
=
=S -
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&2 SAM/BAM format

SAM (Sequence Alignment/Map)
BAM (Binary Alignment/Map)

HWI-H200:53:D08U2ACXX:6:1108:18555:16623 99 chrl 10001 60 45M6S = 10174 224
TAACCCTAACCCTAACCCTAACCCTAACCCTAACCCT
AACCCTAAAGATCG @?@DDDBDAH? ?FHDGFFFHIIIGDGEHHI<ABHICHIEHCDD3BDEDGEC MD:Z:45 RG:Z:1 XG:1:0 AM:1i:0 NM:1:0
SM:i:0 XM:1:0 XO:1:0 XT:A:M

Query name HWI-H200:53:D08UZ2ACXX:6:1108:18555:16623

Flag 99

Reference name chrl

Leftmost position 10001
Mapping quality 60

CIGAR string 45M6S

Mate reference =

Mate position 10174

Insert size 224

Query sequence TAACCCTAACCCTAACCCTAACCCTAACCCTAACCCT. .
Quality @?@DDDBDAH? ?FHDGFFFHIIIGDGEHHI<ABHICH. .
Optional fields MD:Z:45 RG:Z2:1 XG:1:0 AM:1:0 NM:1:0 SM:1:0

XM:1:0 XO:1:0 XT:A:M
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genome

/

IGV - integrative genome viewer

location

File View Tracks) Regions Help

/
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My VCF

Human hgl9 | |chr1 W v|lchr1186,742163-196,764090 |Go T 4 @0 x 3 N RTRTRTANTN [
a
p36.3T  pi6i3  pisad pidd pida piza EL K] pall  p2z3 p2ld P33 p1z  ql1  qiZ  q2L1 q2L3  qZ233 q243 q253 qIL2 | @321 g323  q4201 q3Z7 qd3 qid
22 kb
w
LE] kb 196 744 kb 196 746 kb 196 743 kb 196 750 kb 196 752 kb 196 754 kb 196 756 kb 196 758 kb 196 760 kb 196 762 kb 196 764 kb
a =
gg | | | | | | | | | | | | | | =
—
I | | I o
unknown i | I ITT
v
[0- 98] B
Coveragg m [
i | I i
o
sorted.recal.realigned resorf
-bam
e
E
d - B
RefSeq Genes A - | B e |

i tracks

|lenr1:196 764 959

|fez7m of 753m

= coverage

= My BAM

= gene
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bl UCSC browser

gene variants

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move | <<< | << [ < | > | > | >>> | zoomin| 1.5x || 3x | 10x | base | zoom out| 1.5x | 3x | 10x |

chr2:86,426,556-86,440,477 13,922 bp. ‘ enter position, gene symbol or search terms ‘ My BAM

chrz (p11.2) I TN T W Becill |

Scale 5 kb { h219
| chir2! 86,430,000 86,435, 008| 86,440,000
My EAM
| My BAM H 1§ ER N HE ElE B i [ 1 __im| | N | H = I 1l I

UCEC Genes (RefSed, UniFrot, CCDE, Rfam, tRNAsS & Comparative Genomics)

RefSeq Genes

MRFL3S o} | O |
MRPL3S o} ] ] J
- Fatisnti
} c c G
7l gl 4 4
G T
| My VCF : .
Fatient2
A TI 1|
Cc c G
el gl
G T
| Fersonal Genome Yariants
| cEU mother c2392 I I | [ I | I I | Il I R O IR |
Fimple Nucleot ide Folumorphisms (cdbSHF 135) Found in :»= 13 of Samples
| Common SNFsC135) ||| |1 I A I A | il ol [l Il [ Il I | L1 1 | [l [
4 OMIM Genes - Dark Green Are Disease-causing
511541
ol Click on a feature for details. Click or drag in the base position track to zoom in. Click side bars for AT
track options. Drag side bars or labels up or down to reorder tracks. Drag tracks left or right to new
<)z K (<20
position.
[ track search H default tracks ” default order H hide all H manage custom tracks H track hubs H configure H reverse H resize H refresh ]

Variation track
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(Exome-seq )
|

aonoonoon Qonn

KSNV detectionj

Data handling workflow

Bioinformatics
Core Facility



Bioinformatics
Core Facility

GOTEBORGS

sisad  Single Nucleotide Polymorphism

® .
3 million differences
(0.1%)
SN P AAGC-TA AAGCCTA AAGCCTA
AAGCTTA AAGCTTA AAGC-TA
 Disease risk rs4988235 lactose intolerance
« Drug efficacy rs1333049 coronary heart dis

« Heritable phenotypes rs9939609 triggers obesity
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Modifications of a single gene over 10,000 of human
diseases (¥2 have a gene associated)

___ DISEASE | GENE _ MUTATION

Thalassaemia
Sickle cell anemia
Cystic Fibrosis
Fragile X syndrome
Huntington’s

Tay sachs

HBB
HBB
CFTR
FMR1
HTT
HEXA

A > frameshift
GoeV

G542X ...

CGG expansion
CAG +36 repeats

65 single base mutations
14 splice site lesions

10 deletions

2 insertions
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siaid EXxome sequencing (targeted)

85% of the disease-causing mutations are located in protein
coding regions

UTRs COd'ﬁg regions Splice sites/branch site

—

l. Biotin probes
’ Streptavidin beads

¢

Genome (3 GB) vs exome (50 MB)
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Enrichment kits

NimbleGen v3 Agilent TruSeq
Total 64,190,759 51,542,882 61,884,224
Refseq (coding) 33,491,892 32,326,914 31,817,166
RefSeq (UTR) NA 3,920,825 31,642,004
Ensembl (CDS) 31,690,382 33,472,585 31,918,846
Ensembl (all exons) 33,731,215 38,123,201 59,275,652
miRBase 29,996 55,249 27,963

Bioinformatics
Core Facility
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aesad Realignment and recalibration

Correct alignments due to the presence of indels
Differenciate between polymorphisms and sequencing errors

ACGATGTTGCGAGGCTCGTAAAGCGGTCAAACGATGACGTGCACGATACCGTGCATGACT

ACGATGTTGCGAGGC TAAAGCGGT ATGACGTGCACGATA CATGACT
ATGTTGCGAGGCTCG CGGTC CGATGACGCACGATA TGCATGA
ACGATGTTGCGA AAGCG GACGTGCACGATACC ATGACT
ACGATA CGAGGCTCGTAAAGC ACGATGACGCACG CCGTGCAT

4

ACGATGTTGCGAGGCTCGTAAAGCGGTCAAACGATGACGTGCACGATACCGTGCATGACT

ACGATGTTGCGAGGC TAAAGCGGT ATGACGTGCACGATA CATGACT
ATGTTGCGAGGCTCG CGGTC CGATGAC--GCACGATA TGCATGA
ACGATGTTGCGA AAGCG GACGTGCACGATACC ATGACT
ACGATA CGAGGCTCGTAAAGC ACGATGAC-~-GCACG CCGTGCAT

GATK
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Variant calling
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CTACTACATCGATCTACGCAGCTACTACACGTGCTGGGACGC  REF
TCGATCGACG CACGCGCTGG
CTACT CGACGCAGATACT
ATCGAGCGAC TGCTGGAACGC | reaps
TACATCGATC CACGTGCTGGAAC
CTACTACA TCGACGC CTACTACA

IS it a variant allele? —

genotype?

What is the most IikerJ

SOAP2, samtools,
GATK, Beagle,
CRISP, Dindel,
FreeBayes,
SeqEM, VarScan,
Mutect




HEADER

BODY

ittt \/CF format

##fileformat=vCFv4.0

##fileDate=20090802

##source=myImputationProgramv3.l

#f#reference=1000GenomesPilot-NCBI36

##phasing=partial

##INFO=<ID-N5, Number=1, Type=Integer,Description="Number of Samples With Data">
##INFO=<ID=DPF, Number=1, Type=Integer, Description="Total Depth">
##INFO=<ID=AF, Number=. , Type=Float, Description="Allele Frequency">
##INFO=<ID-RA, Number=]1, Type=5tring, Description="Ancestral Allele™:>
##INFO=<ID=DB, Number=0, Type=Flag, Description="dbSNF membership, build 129"
##INFO=<ID=H2, Number=0, Type=Flag, Description="HapMap2 membership">
$HFILTER=<ID=gl0, Description="Quality below 10":

##FILTER=<ID=550, Description="Less than 50% of samples have data">
#H#FORMAT=<ID=GT, Number=1, Type=String, Description="Genotype">
##FORMAT=<ID=GQ, Number=1, Type=Integer, Description="Genotype Quality">
##FORMAT=<ID-DF, Number=1, Type=Integer, Description="Read Depth">
##FORMAT=<ID=HQ, Number=2, Type=Integer, Description="Haplotype Quality">

#CHROM POS ID REF ALT QUAL, FILTER INFO FOEMAT
20 14370 r=6034237 G A 29 PASS  NS5=3;DP=14;aF=0.5;DB;H2 GT:
20 17330 = T A 3 qld §5=3;DP=11;aF=0.017 GT:
20 1110696 r=6040335 2 G,T 67 BASS  NS5=2;DP=10;AF=0.333,0.667;AR=T;DB GT
20 1230237 . T = 47 PASS  N5=3;DP=13;AR=T GT:
20 1234367 microsatl GICT G,GTACT 30 PASS  NS5=3;DP=8;RAA=G GT:

Variant call format http://www.1000genomes.org/node/101

Na00001
GQ:DE:HQ 010
GQ:DE:HQ 010

:GQ:DE:HQ 1|2

GR:DE:HQ 010
GQ:DP 0/1

:48:1:51,51 1|0:48:8:51,51 1/1:

:49:3:58,50 011:3:5:65,3 0/0:
:21:6:23,27 2|1:2:0:18,2 2/2:
:54:7:56,60 0]0:48:4:51,51 0/0:
:35:4 0/2:17:2 1/1:
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i@ Variant annotation

CTACTACATCGATCTACGCAGCTACTACACGTGCTGGGACGC REF

TCGATCGACG CACGTGCTGG
CTACT CGACGCAGATACT
ATCGAGCGAC TGCTGGAACGC | ReADS
TACATCGATC CACGTGCTGGAAC
CTACTACA  TCGACGC CTACTACA

In which gene is it located?
Name, Description,

OMIM, Pathway, GO, Where in the gene is it located?
Expression profiles . . . Intron, exon, UTR,
intergenic region, splice site Annovar,
s there any AA change? . SIFT, PP2,
GAA —> GAGy: E_SE J Is it a known SNP? dbSNP,
GTT -> CTT = V->L _ GO,
TGG —-> TGA = W->X What impact does the AA KEGG,
TGA -> CGA = X->R change have? OMIM

Damaging, benign 1000G
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CHR POS REF OBS ALLELE GENE DESCRIPTION VARIANT_FUNCTION EXONIC_FUNCTION
chri 780785 T A homozygous LOCe43837 - ncRNA_intronic -
chrl 802496 C T heterozygous FAMA1C - downstream -
Nucleolar complex protein 2
chri 887801 A G homozygous NOC2L homolog exonic Synonymous
Glycolipid transfer protein
chrl 1265154 T C homozygous GLTPD1 domain-containing protein 1 downstream -
395 ribosomal protein L9,
chri 151733327 T C heterozygous MRPL9 mitochondrial ncRNA_exonic Nonsynonymaous
395 ribosomal protein L9,
chrl 151733335 T G homozygous MRPL9 mitochondrial ncRNA_exonic NonNsynonymaous
chri 52306064 TCT - heterozygous NRD1 Nardilysin ncRNA_exonic frameshift deletion
chrl 54605319 G GC homozygous CDCP2 CUB domain-containing protein 2 exonic frameshift substitution
chr3 189507518 C CAGA homozygous TP63 Tumor protein 63 UTRS .
AA_CHANGE_POS AA_CHANGE dbSNP BUILD SIFT PP2 LRT OMIM CONSERVED
- rs2977612 101
- rs10157494 119 conserved
NOC2L:uc001abz.3:exon10:c.T1182C:p.T394T T=>T rs3828047 107
- rs307355 79 conserved
MRPL9:uc001eyv.2:exonb:c.A637G:p.1213V, |=>V rs74228558 130 tolerated bening  deleterius 611824 conserved
MRPLO:uc001eyv.2:exon6:c.A629C:p.E210A K=>Q rs8480 52 damaging damaging neutral 611824
NRD1:uc010ong.1:exon2:c.208 0del:p.70_0del, rs145326984 134
CDCP2:uc001cwv.1l:exond:c.1224 1224delinsGC, rs66537746 130
- rs34201045 126 conserved
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Ingenuity Variant Analysis (IVA)

Filter Cascade
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chr... |F'ositi0n |Referen... |Samp|e ...|Variati0... |Gene Region |Gene Symbol |F'r0tein Wariant |Case Samples |Case S.. |Contr0| |Samp|e ...|Samp|e ...|Samp|e ...|Samp|e ...‘Translation Impact (SIFT Functio... |F‘0IyF'he...|
4 1806188 A C SNV Exonic, Intronit FGFR3 pK403Q, pK4D- — - —m— - 1 0 S==sH S-S N =5 5= 32 - - - - 3 missense Tolerated Benign
4 1808348 G A SNV Exonic FGFR3 p.ES90E, pETOI- — — — — -1 0 R S SseS aSoSe sYnonymous

4 556587551 A G SNV Exonic KIT p.P729P, p.P73.- 3 0 - - Hom; - - Moy N - - 74; 62 SYNoNymous

4 55587552 | A G SNV Exonic KIT p.T730A, p.T734- 3 0 - - Hom; - - Mo; N - - 74; 62 missense Tolerated Benign
4 55597553 c T SNV Exonic KIT p.T7301, p.T7341- 3 0 - - Hom; - - No;N - - 74; 62 missense Tolerated Possibly
4 55046236 C A SNY Exonic KDR p.G1298V -m——-—— - 1 0 Het - - - Yes; - -- 255, - - missense Tolerated Benign
4 55055072 T 0 SNV Exonic KDR pE1158G -m—-—— - = - 1 ] - Yes; 29; - T missense Damaging Possibly
4 55979547 A C SNV Exonic KDR p.S300R =-Em--- 3 ] Mo, - Mo, 62;-580; 7,-6,7,- missense Tolerated Benign
4 153245399 T C SNV Exonic FBXWT pMN480D, pNET— — — —em— — 1 0 S M 5548 5 55— 12 missense Tolerated Probably
g 133747535 A G SNV Exonic ABL1 pE281G, pE30I- - —m— - — 1 0 s Ny - -5 200 5 - - 25 missense Damaging Possibly
11 BETT330 c G SNV Fromoter pDCH1r - === =1 0 ST S

11 108180976 A C SNV Exonic ATI pH1951P - — e G ] Het, - He Yes;- Ye 41,-109 13,- 27, missense Damaging Probably
11 108205819 A G SNV Exonic ATM pR2712G -m---- 2 ] Het, - He Yes;-Ye 10;-28;- & - 31,-, missense Damaging Probably
1 108236293 A T SNV FUTR ATHO === == m- 1 0 ST ST

12 121431376 C T SNV Exonic HMF1A pL194L —-—- - - - - 1 0 - Het - - - Mo - - - 24, - - 6, -- - synonymous

13 49027204 C T SNV Exonic RB1 p.P5915 --Em----1 ] - - Hom; - - Mo,- - - 45 - - -6-- missense Activating Benign
13 49027205 C A SNV Exonic RB1 p.P591H --m----1 ] - - Hom; - - Mo,- -850 --6-- missense Tolerated Benign
13 49027206 T G ShY Exonic RB1 p.P581P --m----1 0 - Hom - - Noj < =< 50, - 6/ - - synonymous

14 105246551 C T SNV Exonic AKT1 pEI7TK ———m—---1 ] - == Het, - = - No, - <255 ---179 missense Damaging Probably
16 68835595 T Deletion = Exonic CDOH1 p.RA3f5*20 - —m——---1 0 S Het - - Noj< <2005 5= 16, frameshift

17 7579471 GG Deletion  Exonic, Promo TP53 p.P33E* 76, pPi- — —m—- - — 1 ] - - - Het - - - Nop - - =255 - - - 135 frameshift

20 36031772 A G = Exonic SRC pES34G - —m----1 ] - = Het - - = Mo, - - 60;-- - -37,-- missense Tolerated Benign
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Your real work begins...
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