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ebola i smutsiga talt till NastGenerationsSekvensering foér $miljoner$ — it’s bioinformatics!
FMS varmote 2015-03-17
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Vad ar bioinformatik?

Wikipedia: An interdisciplinary field that develops methods and
software tools for understanding biological data.

As an interdisciplinary field of science, bioinformatics
combines computer science, statistics, mathematics,
and engineering to study and process biological data.

Dataanalys inom molekylar biologi/genetik/genomik/omics

Ofta hogdimensionella data | massor
— Arraydata
— Nastgenerationssekvensering (NGS)


http://en.wikipedia.org/wiki/Computer_science
http://en.wikipedia.org/wiki/Statistics
http://en.wikipedia.org/wiki/Mathematics
http://en.wikipedia.org/wiki/Engineering

v

Vem jobbar med bioinformatik?
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Alla behövs
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Bioinformatics. Current Limitations and Insights for the Future
Plant Physiology 2005, Seung Yon Rhee.

* Biologer kommer att

, . o — spendera mer tid vid datorn an i
Computational abilities of biologists labbet.

— behotva mer kontakter med
datavetare, statistiker etc

: « Agandet av data kommer att
2005 20157 forandras
No computational abilities Great computational ab?ities: — Man kommer att analysera
Programming andras data
Datab devel . A .
Maatr?agaesrier?tv sfolzggnéatasets — Det blir viktigare med hog
kvalitet och struktur pa data
 Problem:

— Det saknas normer for hur data
analyseras, annoteras och visas
deskriptivt.


Presentatör
Presentationsanteckningar
Om biologi i allmänhet, inte bara växtbiologi.
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Laget |dag7 Statistik i dagens genetikforskning?

The DNA Exchange

HOME ABOUT US AUTHOR BIOS HOUSE RULES

+— Questioning the “genetic counselor”  Resta’s Rules of Genetic Counseling — Enter your email to receive notifications of
. . new blog posts.

professional title =P

Join 754 other followers

BY LAURAHERCHER | DECEMBER 19, 2014 - 1:07 PM Jump to Comments

TOP TEN GENETICS STORIES FOR | Get Email Updates |
2014: INCREDIBLE ACHIEVEMENTS
(DON'T COME CHEAP)

Twitter

» RT ([@Genesinlife: Is 'genetic
connselor the best name for the
profession? Interesting article by
(@TheDMNAExchange looks deeper.
ht

tp://t.co/... 1 month ago

No guestion that 2014 has been a vear to celebrate for the field of

genetics. Stem cell therapy, gene therapy, next-generation
sequencing as a reliable clinical tool: we may not be there vet, but » RT @Mishaangrist: "How do you
surely we are close. We have reached the suburbs of the Promised simplify a message, when the

- o _ - B messare itself is intended to exoress
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10: Sekvenseringsteknik

lllumina HiSeq X
— 5+ genomes per day
— $1000 per genome
— (10 million dollars to buy equipment)

NGS: Next Generation Sequencing
Vad ar det?



NastGenerationsSekvensering

En metod for att identifiera intressanta
fragment ur DNA-kod:

DNA-fragment som

« paverkas av behandling

* som skiljer sig mellan sjuka och
friska

e som ar involverade | en viss
funktion




Next Generation Seqguencing data

Count segments overlapping (or starting at) each genomic position

Coverage

.11111111112333333334555555555222211000000000...

TCTTATCTAGGAGC

CTTATTTAGGAGCTC
CTTTCTAGATCTTATCTAG

TTTCTAGATCTTATTTA
TAGCTAGAGACTTTCTAGATCTTATC

Frequency (count)

Genome position


Presentatör
Presentationsanteckningar
Or count the number of segments starting at each position.


Hitta intressanta regioner
bland 3 miljarder genetiska positioner

Exempel fran epigenetik:

46000bp (46 bins of size 1000bp)

3
e 01 4 — Forward reads Fredicted reads | GC, mappability - 1000
E Reverse reads - g
3 =
E L]
= A ~ 100 =
m 0
= - -w B
o =
5] s
. 0 E - 10 8
Bakgrundsbrusniva —¢—> =
o -5
D L
- L. °
=] 0 1
,:E | | 1 l ] T 1

|
54230000 54240000 54250000 54260000 B4270000

Location along chromosome

1

Intressant region eller bara slumpmassig
forngjning i tackning?

20
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9. Paralyzed man walks again

o After transplant of olfactory sheating cells
grown in culture

— With walker
— No replication — but guys, he walks!
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8: 1Q bestams av gener

Studie dar 25’000 individer gjort test 1 kognitiv
formaga
Resultaten visar korrelation med 3 SNPs

Dessa SNPs uppskattas hdja IQ med 1/3 steg vardera.
FoOr att forklara 15% av variationen i IQ beh6vs mer &n 1 miljon individer.



Single Nucleotide Polymorphism (SNP)

Allele A ...GGTAGCCCATGC AGAGTTACTACAG...

Allele B ...GGTAGCCCATGC AGAGTTACTACAG...

« Asingle nucleotide alteration in genomic DNA
 Every 100-300 bps of the genome

e Accounts for ~90% of genomic variation

« ~7 million SNPs, allele frequency > 5%
 Evolutionary stable



L 2)/

SNP arrays

 Measure whether a sample has
— Standard allele (A), or
— Alternative allel (B)

at each SNP position across the genome.

 Measures fluourescent dye on array for
each SNP


Presentatör
Presentationsanteckningar
SNP Array data has measurements for thousands of genomic positions.
Each position has some genomic variability between individuals (humans): each of us has either
	Standard nucleotides: AA
	Other nucleotides: BB
	One of each: AB
SNP arrays measures whether there is AA, AB or BB at each genomic SNP position in a cell sample, 
using fluorescent dye signals.
Quite often softwares that reads the arrays will summarize the signals as
-Total signal from both alleles and
-BAF, B allele fraction, which will then usually be 0, 0.5 or 1.



http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=kygudisazqJZ5M&tbnid=ZLh0PgPLIX8zMM:&ved=0CAUQjRw&url=http://www.cbs.umn.edu/research/research-cbs/faculty-labs/albicansmap/snp&ei=fEDjU5yAC6Om4gSrq4GgAw&bvm=bv.72676100,d.bGQ&psig=AFQjCNFAt4R5JFUhNeM8xTfLIfRW9KOduw&ust=1407488481463871

GWAS

15
EINED

~logo(P)
10

5

e

SOk korrelation mellan allel och 1Q.
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Kuriosa

From Business Insider:

FIK1l

The Difference Between Being Smart Or Not Comes Down To
Three Genes

CHEW ] - kN

From an editorial at
RealClearEducation:

rpiambr 1y g
Finally, Some Explanation on the Genetie Hasde Intelligens

I Vaarl A dioglkaas

20

LEH |1 ElLEL

Intelligence Inheritance — 3 Genes That Add To Your 1Q Score

ke [l s i | -rmad | Trek Covmaen

The Zgdncy Merning Herald

Technology

s o TEorerpdgy - B Teon

Scientists discover 'smart’ genes
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/. Sekvensering | kampen mot Ebola

Sekvensering av ebolavirus fran 78 patienter i
Sierra Leone

— Forbattrad diagnosmetod
— Kartlaggning av virusets utveckling och

ursprung. N arS
'M‘_—V e

W T

Av 58 forfattare till Science-artikeln i assae:l Cir
“}r |

september var 5 ddda innan oktobers slut. um.o.om% !r


Presentatör
Presentationsanteckningar
Kombinationen av maskiner som kostar miljarder och folk som där i smutsiga tält är hisnande!
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6. Friska celler aterstaller muterad
funktion 1 moss

In mice with mutated FAH gene and human
congenital liver disease, normally functioning
genes were Inserted and resulted in enzyme-
producting liver cells.

— Measurable improvement occurred in the
health of the mice.



5. Mosalkgenom

Hur stor andel av genomet delar jag med mitt

barn?

« En mamma fran Washington holl pa att férnekas vardnaden

for de 3 sOner hon fott

— Hon visade sig ha tva genom pga ett tivllingfoster hon absorberat nar
hon var sjalv var ett foster.

e 1/25 barn med nya mutationer (deletions) visade sig forklaras
av mosaikgenom hos en foralder.

 30% av kausala mutationer hos barn med hjarnskador har
visat sig forklarade av mosaikgenom hos foralder.

Att beakta nar vi soker efter genetiska orsaker eller informerar familjer om deras
risk for ovanliga sjukdomar!
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4. Stamcellsterapl

Blinda patienter har aterfatt synen.
Forbattring for strokepatienter.

40 patienter har fatt implantat av pancreatic progenitor cells som
mognar och borjar producera insulin

The Stem Cell
e em e » ﬁ‘
Red Blood Cells -3
o o . Nerve Cells
a —

I"-. G
&7

o e Platelets ‘ ‘&i
hite - . %
Blood wr ;
Cells - e e Y

Blood & Immune Cells
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Detta är väldigt inne!


S o iy ST ) Oy e
. ® 2012 godkandes Kalydeco som hjalper 4 5% a

patienter med Cystisk Fibros.
— $300 000 per ar och patient

for att de inte far ratt til Kalydeco
— De maste bevisa att konventionella lakemedel inte &
hjalper dem. |
— Etablerade lakemedel ger biverkningar (avsevart
fler infektioner och lungproblem som skadar

patienterna permanent pa sikt) men ger
acceptabel Iungfunktlon enllgt studler

3 -nL.L::f!S?OJE |

el f L12 |
F AN |
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Faststall genprofil med arraydata

Cellprov... ...spottas ut pa
en preparerad
array...

...en prick for
varje gen/SNP
talar om hur stor
aktivitet den
genen har |
provet/proverna...

...genom att varje
prick far olika
optisk intensitet.



"y

Arraydata

Tusentals stickprov: en for varje gen

SFE1ne logratiol logratioz logratiosl TOE ST =d i
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Här 3 obs för varje gen (logratio).
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2. Genterapi kommersiellt tillganglig

e Glybera, a cure for lipoprotein lipase
deficiency (rare disease which gives sky
high triglycerides, eruptive fat-filled lesions,
frequent abdominal pain and bouts of
pancreatitis)

— $1.4 million per patient : ONCE
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1. Whole Exome database of
60,000+ genomes online

Exome Aggregation Consortium

Released in October

Users crashed servers on day 1.

120,000 views from 17,000 users in month 1.
Massor av data | en och samma viewer.



n example genome viewer
The IGV application window.

Reference
Genome Selector ‘ Search Box ‘ l Zoom Bar ‘
ano | 1 § — ‘_
[ Human hg18 B [(enn 78 [chr1:153,414,322-153.436,150 | Go Tf| < | » @I m o= L_:IE Sl inpunn = Chromosome
~C N T W T N T S Ideogram
P36, P36 p3d3  p P32l P31 pll. p2LI pl3d q12 q2id 4230 qla. a25. 9313 322 q4l g4l qa4 |
T 19 k0 - ‘_| Genomic
gg = isb i |S.3.n||'|llh I |!!.Illah.h i |SJ.-\I20H) I |!!.IIZ!xl1 i |S3.-\IZAH) | |!!.Il26!|h i IS.L&I!BB) | |!].4I30Kh , IS&.II!Zhb { |!!.4i3-l | coordinates
GM12878 HIK3IEme3 i

i 0 i - D _h-__‘ T & B AN Data tracks
——— - sk a . (ChiIP-seq)

i‘uﬂu bl e ) T Y AT T ol R A,lu-lu.,k [

siphy raie (12 mer)
———e

e T T T T T 1l TR TN T T T O A T 111 ]
EBO26 12021746 mi12750311 mIATIE514 =7 1628651 4971098 3186176 mi1611773 mi1611771 12742111 11465203 124911216 72704114 w7411

NA12878 SLX (CEU daughter) Cf i
age | i il iy, ! | 1! b |
| |
II |
! ! Data tracks
: ! . (NGS reads)
|
NA12878 SLX (CEU daughter) i I
| |
1
| |
: I
RefSeq genes - I'l ~i # . . _ q—(—«|-|-|-|-|-.—<—[-(—p r m}l-—B B Reference
TRIMGG MUCT MIR92B THES3 | Gene Track
| chr1:153 4 083 a 303M of 451M

Track Names

Thorvaldsdéttir H et al. Brief Bioinform 2013;14:178-192 Bri_efir155 in '
© The Author(s) 2012. Published by Oxford University Press. B “:H n fﬂ rm atl ES

20
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The IGV application window.
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Varje dataset kostar $miljoner$ och folk delar garna
med sig! Varfor?

» Forskningsfragorna kraver mer data an vad nagon
enskild forskningsenhet kan samla in sjalv.

 De genetiska fenomen forskningen hittar ar ovanliga och
kraver tillracklig styrka och sofistikerade metoder.

Ett statistiskt problem som dessa databaser skapar:

Ar de olika dataseten jamforbara?



Presentatör
Presentationsanteckningar
Även om man jobbar med vanliga fenomen (cancer) finns så många varianter att var och en blir ovanlig.


RUYV Normalisering av hdgdimensionella data

« Remove Unwanted Variation

 High-dimensional data (e.g. array data in growing databases)
 Negative control genes: Assume no change

» Positive control genes: Assume change

Unadjusted RUV-2, k=10

Justera varje array enligt
"principalkomponenter” hos negativa
kontrollgener.

Density

0 2 4 6 8 1 12
i 1 i i i ]

Density
0 2 4 ] 8 10 12

e LI e
Anvand fordelnlngen aV p'Varden .I:Or. 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
att valja basta majliga justering.

02 00 02 04
-02 00 02 04

Gagnon-Bartsch, J.A. and Speed, T.P. Biostatistics. 2012

-0.4
-0.4




L 2)/

Bioinformatics. Current Limitations and Insights for the Future
Plant Physiology 2005, Seung Yon Rhee.

* Biologer kommer att

, . o — spendera mer tid vid datorn an i
Computational abilities of biologists labbet. /

— behotva mer kontakter med
datavetare, statistiker etc

: « Agandet av data kommer att
2005 20157 forandras
No computational abilities Great computational abzities: - Man kommer att analysera
Programming andras data
Datab d | . o . .
Mztr?agesrier?tv sfolgggnéatasets — Det blir viktigare med hog
kvali tur pa data

roblem: \
— Det saknas normer for hur data

analyseras, annoteras och visas

deskriptivt. /

o U — " pu—— n
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Presentationsanteckningar
Om biologi i allmänhet, inte bara växtbiologi.
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Bioinformatik

Bioinformatik erbjuder en mangd statistiska utmaningar —
kul!

| grunden handlar det om helt vanlig statistik, om an ofta
applicerad pa stora dataset.

Sofistikerade statistikmetoder forbattrar
forskningsresultat och satter god standard — viktigt!

Proval
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