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Agenda

1. mRNA: Genomic background

2.Overview: Microarray

3.Data-analysis: Quality control & normalization



Proteins

Based on mRNA

Fit particular purpose and vary
with the tasks of the protein
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1'UN1

xample: Energy production £ %A :

Making money (ATP)

<f) Money-press (ATP)

Source upper figure: http:/ /vle.du.ac.in/mod /book/print.php?id=10108 Source: lehninger principles of biochemistry: international edition


http://vle.du.ac.in/mod/book/print.php?id=10108

Proteins transport molecules

Example Proteins

Source: Biochemistry, 2015; Jeremy M. Berg et al.
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Connection DNA-protein :

.

i
U Codon 1
G=
A
C Codon 2
G=

* DNA codes for proteins A | codons
ﬁ— Codon 4
U—
(¥
G Codon 5
G—

*  One gene, one protein (but 6 | cosons
c=

different iso-forms) % | cagonz
G_ |
Ribonucleic acid

DNA -> mRNA -> Amino acids -> Protein

"RNA-codons" by TransControl - http:/ /en.wikipedia.org/skins-1.5/common /images / magnify-clip.png.
Licensed under CC BY-SA 3.0 via Commons - https:/ / commons.wikimedia.org/wiki/File:RNA-
codons.png# /media/File:RNA-codons.png



* Arrays quantify mRNA

located in cytosol & nucleus

Microvill

/& Secretory vesicles

—— Cytoscl
Golgi apparaius . . v
V. ———~ Centricles
Rough endoplasmic - &
reticulum
— — — Lysosome

Smocth endoplasmic — o8
reticulum

Nuclear envelope -~

Nuclear pores =~ 1 o

Mitochondrion -~

Anatomy of a Cell
(Only Eukaryotes)

L ———



Polymerases

Polymerases read DNA and
write mRNA

Gene activity ~ mRNA
production

A polymerase creates a new
protein (primary sequence/ mRNA)

Source: Biochemistry, 2015; Jeremy M. Berg et al.



1.Export mRNA from nucleus

into cytosol

2 .Attach ribosome

3.Make compose amino acids

into protein

Source upper animation: The Walter and Eliza Hall Institute is Australia's oldest medical research institute.



Summary Biology

* Gene activity ~ mRNA expression

* Measure mRNA to assess gene-activity



Ideas how to meassure mRNA?



qPCR

- ‘ Reoorter arjd
Color (quench) the mRNA : ' Guoncnst mared
YA
Old-school
More hght == more mRNA Target DNA s:rar\w;\

hybridized with probe

Add shiny molecules to quantify
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Cancer Cells Normal Cells

e Y ae™
* Identity expression differences between l N l
cohorts e -
N l Tra'::::(:ir:;so l
* Cancer vs healthy Labeling
‘ Combinc Targets ‘

Microarray

oo TWO types: Hybridize to l

* Relative and absolute measurement




Purification

MRNA
Amroaly __ Reverse SONA
Nuolectides | Trarssrgtess Wﬂi:?.
e abelloc cONA
RT Coupling

Today’s topic

¢ intensity

Hybridization

Scanning
and washes

Normalization
and analysis



mRNA arrays

Same light-principle as qPCR

Fixed RNA sequences on a chip

mRNA binds to chip

More binding => more signal

501009
[LoT] 1234567

5<  2099-99-99
—

iRt ]

0501000001 234560390001 23456 755866

Gene Profiling Array
cGMP U133 P2

GeneChip

AN,
Affymetrix

Affymetrix mRNA Array



Hybridization

* mRNA labeled

* Chip is collection of single-
Strand DNA-SequenCeS labelled target (sample)
ﬁxed probes

. o qo . : dlfferent features
* Hybridization binds mRNA t0  (e.. bind different genes) :
Fully complementary Par.tially complementary
prObeS strands bind strongly strands bind weakly



cDNA (spotted) array

* One (long) probe = one gene

* Perfect match probe to gene

* Generic background correction

Lt 20000

S N e N ot e . g et e
g 0.1 .
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AL |
~— S - - -—
escsscsssse
ssssssssesse
Mov ®eCCeNT0OeNO
Touch : g : P00 OTOORD
surface o pins : Repeat eeescsccssee
: : esesscsese
— g - R eeCO®RO0 RS
eeCORBCCEe
secsssessee
. [ Z A R R R L N NN N J

S0 0e0O0ee0

Microarray

Construction: Print it!




Relative mRNA measurement

Spotted 2-Channel Array

Coastruction of Sample Freparation

Jata Ana ysis
Microarays
Two samples ' e

ONA o PR Cemposes
nes v cmposed Image
oH.ran Mock Adenovirus infecied
s @ Up-reLland
o Cortro O Eqsl 040ro0ied
@ Down-reguiaxd

-’

1 | Ve N
Measure on e R . B cyo

\_—".‘;—7'_—;-_,‘ " ‘_
—— P -.7 'sd“v-.\,
=R el
same chi { LN e N
p l Reversa Transcripion l
PCR arpicifetion Cylaute AL i

Color shows R x ‘

differences Rotolc Fritling Hy=riczabion

Seanning
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Oligonucleoude array

* Probes cover only
parts of genes

* Probes short: 25-60
nucleotides

Porfoct Match g, Miematch

* Mismatches build = —

into probe

Probes contain mismatch

Glass slide array
one cDNA per gene
5 3
mRNA |
one 70 to 80-mer oligonucleotide per gene
b . o
Affymetrix Gene Chip
-1 3
mRNA

— multiple 25-mer
- Oligonucleotides per gene

perfect match i HIEEEE
single nucleotide IR ES

mismatch

Ditference oligo vs spotted




Constructing an oligo-Array : :

BEE

Photalithagraphy

* Build probes piece by piece o)
(nucleotide) 3

L Y
Light ‘l’_‘
~ - l J’l
g (1L
-2Ns

"> Depratected

features
Ut;-oqr«:hi: mask Microerray (wafer)
Chamical Synthesis Cycla
* Block e.g. all but As and add ol g
e JAREK
As mmmEm  iEEm LN LLLT
22888 —™ 22238 — Il > (88 S
22 : ) y 5 >>§='~.- 22D
Microarray tvafer! l
GATCAG
. : » :
“ Let As connect, wash and g0 to ! ., ;, ; . PURRIEN
/ 410D ey HEEER s = FEm
_T.Tl'('('am-o-d—T'f('-.-iA—LTTOHDHO4— T T O0OOO
e.g. Cs 8.6 € & § 3445485 ZLEAN! 58 865
g O —t— L ————— e ————— e —————

GereChip Mikroarray

Miller MB, Tang Y-W. Basic Concepts of Microarrays and Potential Applications in Clinical
Microbiology. Clinical Microbiology Reviews. 2009;22(4):611-633. doi:10.1128 / CMR.00019-09.



Exon Arrays

“ Exon arrays

“ Measure mRNA-exons

* Allows detection of gene-
isoforms

genomic Exon 1 Exon 2 Exon 3 Exon 4
locus
';
.f
mRNA  /
transcripts ',
\.\‘
eonaray [ HEE B S

damay Set of probes

Exon 5

Focus measurement on exons




(Quality control

Controling for noise, biases and errors is critical

Biological source




Analytcal challenges

* Separate signal from noise

+ High variance within
cohorts and samples

* Technological differences

/7

“ Curse of high numbers

Sample

jon| A |ar

=

"

Cohort-concept




Benchmark

* How to measure Array
performance

“ Various criteria:
* Sensitivity
* Specificity

“ Biases etc.

TP
TP+FN

Sensitivity:
Correctly count number of mRNA-molecules

SN =

TN
TN +FP

SP=

Specificity:
Do not count other mRN A-molecules



Log2(Intensity)
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Compare raw signal within cohort

Identify e.g. outlier

OUTLIER Greater than 3/2
tires the upper quartile

MAXIMUM Greatest value,

outliers nat included

UPPER QUARTILE 25%
data greater than this value

MEDIAN Middle of the
dataset

LOWER QUARTILE 25%

data less than this value

MINIMUM Least value,

outliers nat included

QUTLIER Less than 3/2
times the upper quartile




Replication

* Technical replicate

* Compensate noise + Estimate technical

variance

* Understand biology

* Biological replicate

e R T * Estimate biological

variance
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Data-normalization

Make data comparable

Data is not directly comparable

Identity true values

Identity true variance

Variability between O C) C)

Individuals ¢

Truc gene expression D
of individual

/
Variability between U U U
sample preparations U U U

/ \
Variability between
arrays and
hybridisations
Variability between QO O O
replicate [ealures © O O
Measured gene O

CXpression

Make your data great again J




Data-normalization

Key assumption

* E.g. 2 x mRNA amount leads to

2 x signal intensity
Noise and bias are linear effects

* Quantify the linear effects and
correct them



Coastruction of
Microarzys

CNA cones
»H.man
VN
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Spotted 2-Channel Array

Sample Preparation Jata Ana ysis

Hea-Cells
Cocmposed image
Mack Adenovirus infecied e
e
O Esl 04pragied
© Down-regiaxd
o g

l | Fa A

2 Cy5
/J":\’:' Totd RNA ..(“ —~ . VV
.’\'-\J":\.ﬂ e~ gt -~y

a— S

"y »:.: NRNA B
l Reversa Transcripion l
Cylaute Cy5

%Y s T Campuer images T
= DNA - ;” o

_aia Lacer 1 ',-, ; ) Lasurs
. u 2 h'l L y g
1 0y
Q i

i\ 3

Seanning

. g I et 5
o i

Hy=riczabion

& F-ariik G-arhep




Example Dye-correction

= — Nr026006.cpr R

o | |t Nr026005.cpr Gieen

3
* 2-color spotted array g

O 8 7

§ 2]

“ Green dye brighter than red } J
0 S 10 15
Intensity (loge)




Scatter plot

14

* Dot = Gene =

Red
10

“ Describe data

“ Visualize bias

Green

Shown: Same input, different channel



7-U
\:0

Solution compensate by calculation £ 7% |

BEEK;

1. Find formula to describe o
bias

2. ,Correct’ bias (fiddle © -
numbers)

Shift the signal according to intensity



MA-Plot

* Ditference-to-intensity plot

[M=logZ{R/G)
1
|

* Discretizes bias

| | 1

* Limited by data-quality 5 8w 2w

A=1/2"1392|R"G)

Shift the signal according to intensity



M-Part

1.Log2 of expression

difference-ratio |M =log;(R/G) = logy(R) — log,(G)

[M=log2(R/G)
1
|

| | I
6 8 10 12 14 16

A=1/2"1292|1R*G)

Shift the signal according to intensity



A-part

A-Part

1.Log2 of expression -
difference-ratio | =1&(R/G) =log,(R) ~log,(G)] |

M=loa2(R/C)
1
]

2 Logarithm of intensity

mean value A= %logz(RG) = %(logg(R) + log, (@))

T T I
B B 10 12 14 16

A=1/2"1292|1R*G)

Shift the signal according to intensity



Result MA (LOESS)-correction

|

Pre-fNorm Dilutions Dataset (array 208 v 10A)

18

M

Post-Norm: Dilutions Dataset (array 208 v 104)

aa® Pesiticr

LS B
R ]

Before




/-transformation

* Normalization requires z-
scaling of samples

z=(x—mean__)/sd _,

Standardized

Sample

Sample

value mean deviance
/ N
2 > / \\
.0
* Independent of units o , \
Rall-shanad Curve // \\
./ \ '
Percentage of ' : // \\ '
casas in & pertions 13% | 214% 4 1350%| 34.13% | 34.13% [1359% X 214% | 3%
of the curve ;/ \‘1'
S All . d . ﬁ 5 f Standard Deviations =40 -J0 -2C 10 C +1o +20 -3 +40
¢ OwWS 1dentification o w10 Deviaions . ] . . .
Porcertages 0.1% 23%  153%  S0% B4.1% OTT%  99.9%
. . . 1 T T T T T T T T T |
dlstrlbutlon Percenties 1 5 10 20 3D 4) SDED 70 80 QO 95 03
Zscoes 40 3.0 20 -0 0 +1.0 -20 30 -40
T ccores 2]3 30 ;o 0 ;c 70 J(
Stancard Nine 1 2 3| 4 51 6 f | 8 9
(Staninae)
Perecentege 4% 7% | 12% | 17% | 20% | 17% | 12% | ™% 4%
in Stanna

Outlook: P-values and standardized values



(uantile-Normalization

1.Create genes-samples matrix

QuantileNcrmalization|..., types ToUpdates"gm")

2 .Z-transformation

w— ORI
pmr

— 1)

14

1 ane
13
]

3.Sort columns

(& [ sl T | Frc

1

4 .Replace values by row-median “ 5

129:7%)

Raw array data incomparable

5.Reorder (unsort) values



(uantile-Normalization

Vaules

Indices

Sort Replace Reorder
El E2 E3 E4 E5 | E1 E2 E3 E4 E5 El E2 E3 E4 E5 El E2 E3 B4 E5
1 11 13 29 26 | |21 28] 30 29 27 ||| 28 28 28 28 28| V! .3 8 19 28 23
15 17 5 8 14 | |18 R3] 16 24 26 | (23 23 23 23 23| | V2 ;3 1; 12 13 13
G 21 2122025 15 19 13 22 25| |19 19 19 19 19| |Y® 14 19 23 23 3
10 19 16 24 4 10 17 12 20 14/| 114 14 14 14 14! | Y4 23 28 3 19 28
V4 18 28 3 22 27 711 5 [8] 9 8 8 8 8 g|lYs 82328 3 8

Vs 7 23 30 6 9 1 2 [3] 6 4 5 2 3 & 5

1 1 1 1 1 3 5 6 1 5/|3 5 6 1 5

o 2 2 2 2 5 6 4 4 1/||5 6 4 4 1

3 3 3 3 3 2 4 2 5 sl 4 £ 5 3

4 4 4 4 4 4 2 -3 8 2|4 2 3 8 2

5 5 5 5 5 g€ 1 2 2 ¢gll|l& 1 2 2 B

6 6 6 6 6 1 3 5 § 4|/l 3 8 & 4




Array data-analysis results

Before normalization After normalization
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Quantile-normalization



Outlook - RMA

Boxplot and histogram of signal
intensities before RMA pre-processing

“+ Excercise next week:

Robust Multichip Average
(RMA) algorithm

‘ ' P P ' \
- . ' Bl ‘o H | 8
s 2 H : : H | H h ~
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Boxplot and histogram of signal

2 .BaCkground-CorreCtlon intensities after RMA pre-processing

1.Z-score transformation

3.Quantile-normalization

T T




Today’s summary

* Biology:
* Technology:

* mRNA expression = gene-

activity * Arrays measure mRNA-

expression

* Numerous challenges e.g. biases -

* Explain cause of e.g. cancer by
> require correction

* Comparing cohorts



* www.fold.it

fold ..

' Solve Puzzles
. for Science

* Fold proteins’ secondary and

ternary structure



http://www.fold.it

