/ Dimerization & activation of

{\\ transmembrane receptor

/ Transcription
l factor
', activation

Protein

( Nuclear
" localization

/|

| ‘ Nuclear \ . mRNA export

pore

RNAPII
( mRNA packaging

( Coupled
- transcription and
' mRNA processin

s
pe S _—

( Cleavage and

'3’ polyadenylation

/ Chromatin
\,_decompaction

r - / Coupled initiation
Chromatin . and 5' capping
EEr EE -
EE iEm
[l | |
F NN



el 3| &

Me2 1t AR KL 2 F & AKIEE
63 KB % rHEGRALE
64 A B X% r 537 643647
65 K B & ik & 4E oA7 £ ]



R I%
AL




Eukaryotic Gene Expression: An Overview
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Microarray Platforms

" - Affymetrix , 'Agilent Nlumina
' GeneChip &j ' SurePrint | BeadArray
' Platform = ' Platform Platform
Platforms |
HT Sequencing Platform HT RT-PCR System
[lllumina Applied Biosystems
'HiSeq 2000 7900HT Fast
MiSeq ¥~ Real-Time PCR System
| DNA RNA
|
s s Genomic Epigenomic ChiP : .
Appl Ications  Variation | profiing | applications sanseipicics
SNP DNA ChIP-seq VT and WT| | WT Exon | RNA-seq miRNA
‘\ j 1 methylation ChIP-on-chip expressionl expression ‘ applications|  analysis
Basic analysis Bioinformatics
- i
Data anaIySIs Data Pre- Quality | Statistical Biological Data Customized
|\ J | processing Control 1 comparisons networks visualizations }( support
. )| Beckman Coulter S:QG%N ot Iz\f’g)lg%tioanalyzer
- Biomek FXP robot ; cube robo ;
Addltlonal_ Q| Diomek EXF o | Automatic RNADNA [0 @ 2200 Tapestation
Instrumentation | _purifications ¥ | RNADNA QC
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Ref: http://www.bea.ki.se/resources_platforms.html
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Movie/illumina-sequencing-technology.mp4
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; | First chemistry cycle:
| o determine first base .
‘ / .\.. ®  Toinitiate the first

5 ,
co : ’( sequencing cycle, add
®

all four labeled reversible

terminators, primers, and
DNA polymerase enzyme

to the flow cell.

Before initiating the

Image of first chemistry cycle next chemistry cycle
After laser excitation, capture theimage  The blocked 3' terminus
of emitted fluorescence from each and the fluorophore
cluster on the flow cell. Record the from each incorporated

identity of the first base for each cluster.  base are removed.

Laser

> . -». >8 > . —> GCTGA...
a ® . ® 0 ® 0 @ G

2 Sequence read over multiple chemistry cycles

Repeat cycles of sequencing to determine the sequence
of bases in a given fragment a single base at a time.
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Table 1 | Status of microarray-based processes

Process Status*

Transcriptional profiling Mature, but still to be improved
Genotyping Mature, but still to be improved
Splice-variant analysis In progress

|dentification of unknown exons Early stages

DNA-structure analysis Pilot phase

ChlP-on-chip In progress

Protein binding Under development
Protein—RNA interaction ldea

Chip-based CGH In progress

Epigenetic studies Under development

DNA mapping Mature

Resequencing In progress

Large-scale sequencing Under development
Gene/genome synthesis Early stages

RNA/RNAI synthesis Pilot phase

Protein—DNA interaction Under development

On-chip translation Under development

Universal microarray Under development

Hoheisel, J.D. Microarray technology: beyond transcript profiling and genotype analysis. Nature
reviews genetics 7, 200 (2006).
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PROCESS TWO-DYES PRODUCT ONE-DYE
REFERENCE TEST TEST
Healty/Control Disease/Treatement Sample
mRNA @@@ @@@ Eyieyiey
Extraction |
(and amplification) % % MRNA/DNA %
Labelling ! ! |
N T el Labeled T
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P POy T mRNA ATt
Hybridization ~ —
[CRORCGRE]
oo Microarray
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Scanning
Digital
Image
Image Analysis &
Data Processing
Gene D 0-3 Gene: A1 B1 C1 DO
Gene H 2-0 Data Gene: E4 F1 G1 H?2
Gene L 2-1 Gene: I 2 JO0O K5 L 2
Statistical !
Analysis Gene D 0.001
Selected Gene E 0.005
Gene K 0.001
Genes Gene J 0.003




The central dogma of molecular biology:

DNA —— > RNA —> Protein
Iranscription translation
transcription transcription transcription

rRNA tRNA

(transfer)

mRNA
(messenger)

g Ribosome

(ribosomal)

Microarray is a technology translation
to globaly (simultaneously

detecting thousands of
genes) detect mRNA

expression level.
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x
Human Genome (4) Probe Cell ool RS
Each Probe Cel contains N > 5\
U133A GeneChip® sl e R & W o 4>
Array probe £ s
complementary 10 genetic

information of interest
probe : single stranded,
sense, fluorescently labele
oligorucleotide (25 mers)

Table 1 | Comparisons of probe-set analysis algorithms

Algorithm Penalty for Normalization method
mismatch signal

Affymetrix MAS 5.0 High Individual chips

dCHIP difference High Cross-project

model

dCHIP None Cross-project

RMA None Cross-project

ProbeProfiler Moderate Extensive

Outlier detection Sensitivity* Specificity*
and correction

Little Good Excellent
Moderate Good Excellent
Moderate Excellent Good
Moderate Excellent Good
Extensive Good Good

*Sensitivity is based primarily on ROC (receiver operating characteristic) curves of spike-in mRNA data based on published reports (see http://www.bioconductor.org)?! 2.
tSpecificity measurements are based both on expectations from mismatch weights and published observations in experimental data sets'”'®,

ATV IVES & S WY WWIRT W

associated by pairs

The Human Genome U133 A
GeneChip® aray represents
more than 22,000 full-length
genes and EST clusters

Courtesy: Weizmann Institute of Science
http:/www.weizmann.ac.il
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=. RNA-segfiR

Sample of interest Total RNA extraction and Fragment, reverse transcribe,
target enrichment ligate adapters, amplify
- = cDNA

5'adapter m—__—m 3'3dapter

L/_\ -
(25 o e
cDNA library

-/\_/-
% = — =
oo/ S
M\/\/ Sequencing
RNA molecule P machine
Data analysis Transcriptome/genome mapping Sequencing .
Unsequenced part

- Differential expression — . —
«Variant Ca||ing S— = - e— Reverfe .
. i Transcript - o= complemen
Annotation p Forward m=———— e
« Novel transcript Exon Intron e
discovery — Genome - — Sequenced reads
SO [ m—— = -— - -
«RNAediting e - . '—‘—'_I .
........................ ol _ T
— ; dapt
Paired-end reads e sl

I Van den Berge K, et al. 2019.
» - - .
A8 Annu. Rev. Biomed. Data Sci. 2:139-73

Fig. Summary of RNA-seq data generation. Isolation of RNA from samples of interest,
preparation” of sequencing libraries, use of a high-throughput sequencer to produce
hundreds of millions of short reads, alignment of reads against a reference genome

or transcriptome.



A. Sequencing

Isolate Transcript RNA ]
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B. Data analysis

Raw reads

v

Raw reads quality check and preprocessing

Counting

iy

Differential analysis

I

Biological interpretation

@ﬁ A-sequencing + Data analysis
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Summary of functional genomics resources
at EMBL-EBI

RNASeq-er API
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Microarray RNA-Seq

Hybridization. .
Scanning images. Sequencing.
Quantification. Base call.
I Raw intensities I I Short reads I
Preprocessing: Aligned to

reference genome,
known isoform & exon-
junction sequences.

Background correction,
Normalization,
Summarnization.

Expression levels of
Transcripts (continuous)

Novel

transcripts

Expression levels of
Transcripts (counts)

| Statistical analysis

Differentially
expressed
transcripts

Cellular
functional/pathway
analysis

\/

DNA microarray vs RNA-seq
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*Note that PM, MM are always adjacent

*image created using dChip software



1415771 at on MOE430A

Intensity

Y display range:(0,5173), Call:P, P%:100%

[Gene 278:1415771 _at| [

Model method: PMMM difference model

Probeset

Probe pair

——

Probe pair

*images created using dChip software
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SEMES BIRE: P/A/M(Present/Absent/Marginal )
SERFE BRI AT EIL S EIEREK R sfEs g

]

PER 0N
e l' "0 O?
' ey o oﬁ
50 5 ¥ 8 WP

nY

swny 8
N Q »

m 9 ~-|:|§n

Probe Symbol Sample 1 Sample 2 Sample 3 Sample 4
Probe A Gene A 5614 6446 5756 5498
Probe B Gene B 592 401 459 619
Probe C Gene C 246 238 261 207

Probe D Gene D 1233 813 647 663
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1. RIS

= missing values = 0 expression

= missing values = 1 expression (arbitrary signal)
= missing values = raw (gene) average

= missing values = column (array) average
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Intensity to Expression

* Now we have thousands of intensity-values
associated with probes, grouped.ifitoprobesets.

* How do you transform intensityto expression
values?

— Algorithms

* MASS5
— Affymetrix proprietary method

* RMA/GCRMA

— Irizacry,\Bolstad
e ..many others

e Often.called “normalization”



(=) cDNA: F £ bR ifi4e Ab 3

1. i Wk (within-slide normalization)

(1) &)

R4 (global normalization)

m R R=kxG

lg, R/G = log, R/G - c=lag, R/(kG).

m cslogsk: HP{EEIIE



(2) D0 B MK A5 4 (intensity dependent

normalization)

m N4

m J77%: scatter—plot smeother lowess#ll
A
=

logy R/G = gy R/G - 4] = logy Rf(R(A)G),

. C(A) ﬁMﬁA 40L& B &L




(3) RS R FR 4L (within-print-tip-group

normalization)

a N4

— kS A AR
TR PTG

] X Iz

RN RRRE.

®m method

logy R/G = log, R/G — ¢;(4

1 AR

JHT R SRR, A

= logy R/ (ki(



(4) R f % (scale adjustment)
« N4

T FEAFE M (grids) (8] B BHE SR E
o J7ik: THEAFEIMS B RE RIS

4= MAD;
{/TIL, MAD;

MAD; = mediang{| My — mediany( My |}



2. FrIaEl#s4t(multiple-slide normalizatien)
o ZRMEFRLIE (linear scaling methods)

5 RN R EHE (scale yadjustment)
F 1554l

o JEZRMEMFALIE (non—1inear methods)

o NI ARNE (quantile>normalization)
Bkt B R IAEIER A B 2 A, Bl

TN ALk



3. Yuft H S (dye-swap experiment,)

PIhnk

SEIG 2H SFHEZH
Yae! cy5 (R) cy3(G')
O 2 cy3(G) cy5 (R')

» AIfRlu: e

» Tk log, R/G — ¢ —(logs R /G — ).

m% log, R/G +log, B/ = %(M+M‘).
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= (PU—- M) / (PM+ MU ) - o
(2) th!BER'—?%)‘(B‘JI‘aﬂ{ETau(/J\E@E{E, B0, et
IEK0. 015 ). N A
(3) EAfKIWilcoxon’s Signed Rank
test=AEplH, WRIErEENEEFESHEH w2 i
Present call ity 3 % ey
Marginal call | # ‘T" “T’
Absent call e e

Detection p-value
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/4. SAM

(significance analysis of microarrays)

(—) %3 TREZAL P A
[ BRI PR RRFE i S EHE W 45 e i, $h4a [
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a Membrane ,-~-. Ce_II_Prollferann b '
rat ‘@’ .6 Organ Microtubule
Plasma () morphogenesis cytoskeleton
membrane »

Positive regulation of
cell proliferation
Cell projection
| + cell motility
motility

Cell projection

organization \.— Cytoskeleton

organization

GTPase/Ras
signalling

RhoGAP .,
domain 15

GTPase
— regulator

~

Ras signalling

GTPase Rab signalling

Cell projection
+ cell motility

Q Edge type (gene-set overlap)
Between gene sets
=== enriched in deletions
From disease genes
to enriched gene sets
Between sets enriched in
deletions and in disease
genes or between disease
sets only

Cell
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4 Regulation
of GTPase

activator o;}}:
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Q in deletions  disease genes
Kinase Q. 0% A D
activity/ =
: ~0 " ror W AsD
regulation =
() 125%

Enriched only
in disease genes

/\ D
U\ asp i

O Both GTPase/Ras
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Figure 3 | A functional map of ASD. Enrichment results were mapped as a
network of gene sets (nodes) related by mutual overlap (edges), where the
colour (red, blue or yellow) indicates the class of gene set. Node size is
proportional to the total number of genes in each set and edge thickness
represents the number of overlapping genes between sets. a, Gene sets
enriched for deletions are shown (red) with enrichment significance (FDR
q-value) represented as a node colour gradient. Groups of functionally
related gene sets are circled and labelled (groups, filled green circles;
subgroups, dashed line). b, An expanded enrichment map shows the

Ve

signalling

relationship between gene sets enriched in deletions (a) and sets of known
ASD/intellectual disability genes. Node colour hue represents the class of
gene set (that is, enriched in deletions, red; known disease genes (ASD and/or
intellectual disability (ID) genes), blue; enriched only in disease genes,
yellow). Edge colour represents the overlap between gene sets enriched in
deletions (green), from disease genes to enriched sets (blue), and between
sets enriched in deletions and in disease genes or between disease gene-sets
only (orange). The major functional groups are highlighted by filled circles
(enriched in deletions, green; enriched in ASD/intellectual disability, blue).

Pinto, D. et al. Functional impact of global rare copy number variation in autism spectrum

disorders. Nature 466, 368 (2010).



How many replicates?

3 or more Biological Replicates isya minimum!

Biological Replicates

— Recreate the experiment several times. This gives
a sense of biological variability.

Technical Replicates

— Dontbother unless you’re doing a technical study
of ‘microarray variability.
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Figure 3 Methods for analysing gene
expression data shown for measurements of
expression in the cell cycle of S. cerevisiae.
a, Yeast cells were synchronized and cells
were collected every ten minutes throughout
two complete synchronous cycles (18 time
points in total are shown). Expression data
were collected by hybridizing labelled cDNA
samples to high-density oligonucleotide
arrays. Transcript levels were determined for
almost every gene in the genome for every
time point*. A sample of 409 genes (from a iy m
total of 6,000) that showed both a significant W N SN —
(more than twofold) fluctuation in transcript -
levels during the time course and cell cycle-
dependent periodicity were selected for
further analysis. b, Dendrogram indicating
similarity of expression profiles, calculated
using the Pearson correlation function in the
GeneSpring software package (Silicon
Genetics, San Carlos, CA). For display
purposes, the relative expression levels were
plotted in red (high) and blue (low). ¢, The
genes were divided into five different temporal
expression classes (red, early G1; light blue,
G1; green, late G1; dark blue, S; orange,
G2/M) using K-tuple means clustering (also
using GeneSpring software) and the clusters were named according to their time of peak expression within the cell cycle. d, Line graphs for all genes in the clusters defined in b.
e, Location of cell cycle-regulated genes within the dendrogram in a that have cis-regulatory sequence elements in the 500 bp upstream of their promoter. Column 1, MCB sites
(ACGCGT); column 2, ECB sites (TTWCCCNNNNAGGAA); column 3, a new sequence (GTAAACAA or TTGTTTAC) was identified that was statistically associated (p=1.77 x 10~
for the forward direction, p = 0.003 for the reverse) with the promoter regions of genes whose expression peaked in G2/M phase.

Progression through the cell cycle ———m
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Quackenbush, J. Computational analysis of microarray data. Nat Rev Genet 2, 418-27 (2001).
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