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Outline

= Definition Of Genomics




GENOMICS — What is it?

= Sensu lato (in the broad sense) — it is interested in STRUCTURE
and FUNCTION of genomes

= Necessary prerequisite: knowledge of the genome
(sequence) — work with databases

= Sensu stricto (in the narrow sense) — it is interested in FUNCTION
of INDIVIDUAL GENES — FUNCTIONAL GENOMICS

= |t uses mainly the reverse genetics approaches

Genomics is a science discipline that is interested in the analysis of genomes. Genome
of each organism is a complex of all genes of the respective organism. The genes could
be located in cytoplasm (prokaryots) nucleus (in most euckaryotic organisms),
mitochondria or chloroplasts (in plants).

The critical prerequisite of genomics is the knowledge of gene sequences.

Functional genomics is interested in function of individual genes.




Outline

= Forward vs Reverse Genetics




Forward Genetics Reverse Genetics

STTATATATATATATTAAAAAATAAAATAA
AAGAACAAAAAAGAAAATAAAATA....3
BIOINFORMATICS

|| g wing

GIrey

I |

| |m i g g J

With the knowledge of gene sequences (or the knowledge of the gene files in the individual
organisms, i.e. the knowledge of genomes), Reverse Genetics appears that allows study
their function.

In comparison to “classical” or Forward Genetics, starting with the phenotype, the reverse
genetics starts with the sequence identified as a gene in the sequenced genome. The gene
identification using approaches of Bioinformatics will be described later (see Lesson 02).

Reverse genetics uses a spectrum of approaches that will be described in the Lesson 03
that allow isolation of sequence-specific mutants and thus their phenotype analysis.

The necessity of having phenotype alterations in the forward genomics approach
introduces important difference between those two approaches. Thus, the gene is no
longer understood as a factor (trait) determining phenotype, but rather as a piece of DNA
characterized by the unique string of nucleotides. i.e. physical DNA molecule.




Outline

= Gene Structure and Identification
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ldentification of Genes Ab Initio

=  Omitting 5*and 3 UTR

= |dentification of translation start (ATG) and stop codon (TAG,
TAA, TGA)

= Finding donor (typically GT) and acceptor (AG) splicing sites

= Many ORFs are NOT real coding sequences

= Using various statistic models (e.g. Hidden Markov Model —
HMM, see recommended literature, Majoros et al., 2003) to
evaluate and score the weight of identified donor and acceptor
sites




Experimental Gene Identification

= Principles of experimental identification of genes
using forward and revers genetics

= Alteration of phenotype after mutagenesis
= Forward genetics

= Identification of sequence-specific mutant and
analysis of its phenotype
= Reverse genetics

= Analysis of expression of a particular gene and its
spatiotemporal specifity
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Experimental Gene Identification

= Principles of experimental identification of genes
using forward and revers genetics

Alteration of phenotype after mutagenesis
Forward genetics
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Identification of CKI1 via Activation

Mutagenesis
o CKI1 overexpression mimics cytokinin response

ctri1 Plasmid Rescue ctri2 Pro35S::CKI1
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Signal Transduction via
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Reverse Genetics

= Principles of experimental identification of genes
using forward and revers genetics

= Alteration of phenotype after mutagenesis
= Forward genetics

= Identification of sequence-specific mutant and
analysis of its phenotype
= Reverse genetics
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|dentification of insertional cki1
mutant
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CKI1 Regulates Female Gametophyte
Development

CKl1/ckit-i CKI1/CKI1
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ckil-i reveals non-Mendelian inheritance

P CKI1/ckil-i

F1 Anticipated: 1CKI1 :2CKI1/ckil-i :1 ckil-i
Observed: 1CKI1 :1 CKI1/ckil-i

CKlI1

A
O

CKI1

CKI1/CKI1
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CKI1 and Megagametogenesis

o ckit1-i is not transmitted through the female gametophyte

A. 3 wtx @ CKI1/cki1-i

I ‘ CKI1 specific primers (PCR positive control)

B. & CKl1/cki1-ix Q@ wt

C. 8 wtx Q@ CKI1/cki1-i

I cki1-i specific primers

D. & CKI1/cki1-ix Q@ wt
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CKI1 and Megagametogenesis
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CKI1 and Megagametogenesis
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CKI1 ckil-i 28 HAE
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Experimental Gene Identification

= Principles of experimental identification of genes
using forward and revers genetics

= Alteration of phenotype after mutagenesis
= Forward genetics

= Identification of sequence-specific mutant and
analysis of its phenotype
= Reverse genetics

= Analysis of expression of a particular gene and its
spatiotemporal specifity

21



CKI1 and Megagametogenesis

AL L LN

= X

FFFFFFF

22



Paternal CKI/1 is Expressed Early
after Fertilization

Q wtx & ProCKI1:GUS

28 HAP peT - g
(hours 7 o
after
pollination)
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Outline

* Nucleic Acid Sequencing
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Sanger Sequencing

Frederick Sanger

1958 — Nobel prize - insulin structure
1975 - Dideoxy sequencing method

1980 — second Nobel prize for NA
sequencing
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Sanger Sequencing

Original video @ https://www.youtube.com/watch?v=KORThNB-HE
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NGS Sequencing

Original video at https://www.youtube.com/watch?v=-7GK1HXwCtE.

For more detailed description see e.g.
https://www.youtube.com/watch?v=fCd6B5HRaZ8.
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Outline

= Analysis of Gene Expression
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Gene Expression Assays

» Methods of gene expression analysis

= Quantitative analysis of gene expression
= DNA chips
= Next generation transcriptional profiling

= Qualitative analysis of gene expression
= Preparation of transcriptional fusion of promoter
of analysed gene with a reporter gene

= Preparation of translational fusion of the coding
region of the analysed gene with reporter gene

= Use of the data available in public databases

= Tissue- and cell-specific gene expression
analysis
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Expression Assays

» Methods of gene expression analysis

= Quantitative analysis of gene expression
= DNA chips
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DNA Chips

= DNA Cipy

. metoda umoznujici rychlé porovnani velkého mnozZstvi gend/proteini mezi
testovanym vzorkem a kontrolou

= nejcastéji jsou pouzivané oligo DNA cipy
. k dispozici komercné dostupné sady pro cely genom

ONA Chips
. firma Operon (Qiagen), 29.110 70-mer oligonulkleotid reprezentujicich 26.173 gen( kddujicich

proteiny, 28.964 transkript a 87 microRNA gent Arabidopsis thaliana

. moznost pouZivat pro pfipravu Cipu fotolitografické techniky-usnadnéni syntézy oligonukleotidd napf.
pro cely genom ¢lovéka (cca 3,1 x 10° bp) je touto technikou mozno ptipravit 25-mery v pouze 100
krocich)

Affymetrix ATH1 Arabidopsis genome array

* iy nejen pro analjzu exprese, ale napt. |

x genotypovani  (SNPs - jednonukleotidové e
polymorfizmy, sekvenovéani pomoci ¢ipd, ...) R T Lo
Praba il

Control sequences E. colf ganes biaB, bioG, bial.
B. subllis gene ysA. Fhage P1 cre gane.
Arabidopsis maintenance genes GAPDH,
Ubiguitin, and Actin

Datectian sa nsitivity 1:100,000°

#As measured by delection In comparatlve analysls between @ complex targel contalning spiked
cantml transc ptions and a complex targel with no spikes.

[e——
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DNA Chips

AN HHH g innininx

* 1500 human gencs
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Photolitography
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DNA Chips

For the correct interpretation of the results, good knowledge of advanced statistical methods is

required

It is necessary to include a sufficient number of controls and repeats

A Expression of 195M6T7 in response to chemical
treatment

Control of accuracy of the measurement (repeated
measurements on several chips with the same sample,
comparing the same samples analysed on different chips with
each other)

Control of reproducibility of measurements (repeated
measurements with different samples isolated under the same
conditions on the same chip — comparing with each other)

Identification of reliable measurement treshold

Finally comparing the experiment with the control or
comparing different conditions with each other -> the result

Currently there’s been a great number of results of various
experiments in publicly accessible databases

Vtair

—

o | About TAIR | Sitsimap | Contoct | Help | Order | Login

Search | Taols | Arabidopsis Info | News | Links | FTP | Stocks

Experiment: Aluminum Stress

Slide Details
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(name £ , 2 roplicate|  Sample ? gpeine GetData ?
dascription) | 7 | 5 ¢ :...e, i L) ble ?
[ — o TeT—— |
L = (ool of 3.8,
ttangas? / 1304 _cya 7305 Cs[PAA38. 0y \
63
[aminum _FGC
|Stress 1 7304 Download
fston syl Stress S AICE
as) I7304 Cy5.7305 Cysfpooiof 3.8, | cys
and 24 nours)
(Aminam (50
S AICE,
17304_Cy57305_Cyalpooiof 3.8, | cya
Jumium | & fand 24 raurs)
Sy |y & g |
fsiong spat o teaiment
= 24 hours) ©

Che et al., 2002
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Gene Expression Assays

» Methods of gene expression analysis

= Quantitative analysis of gene expression
DNA chips
Next generation transcriptional profiling
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Next Gen Transcriptional Profiling

o Transcriptional profiling via RNA sequencing

hormonal mutant_

[ 4

Sequencing by lllumina and ; Library Preparation : Cluster Gensration Sequencing by Synthesis CASAVA
A . H ~2 h [15 min hands-on (Nextera)] -5 h (<10 min hands-on) ~1.5t0 11 days 2 days (30 min hands-on)
number of transcripts determination <61 [+ 3 h hands-on (TruSeq) E ’
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Results of —omics Studies vs
Biologically Relevant Conclusions

o Transcriptional profiling yielded more then 7K differentially regulated genes...

gene locus sample 1 sample 2 status valuel  value2 logllfold change)  teststat pvalue  qualue significant
79769430
ATIG07795 12014285:2414967  WT i oK 0 1804 1.79769e+308 688885005 0,000391801 yes

8
79769430
8 6

HRSL 1:45568914558708  WT T oK 0 0696583 179769+308 6199406 46770805 yes
79769+30

ATMLO14 19227472:923296  WT i oK 0 0514609179769+308 8 974219605 0,000535055 yes
797696430

NRTLE 1:9400663-9403789  WT i ok 0 0877865179769+308 8 32692008 350131607 yes
79769430

AT1627570 750259582376 WT mr ok 0 2,08291.79763e+308 8 97603906 6647005  yes
79769430

AT1G60095 1:22159735-22162419  WT i oK 0 0688588 1797694308 8 995901608 984992607 yes
179769430

ATIG03020 1:698206-698515 wr mr oK 0 178859179769+308 8 000913915 0,0277958yes
79769430

1:46627204663471  WT mr ok 0 355814179769+308 8 000021683 0,00108079yes
79769430

AT1621550 1:7553100.7553876  WT i oK 0 0562868179769+308 8 0,00115582 0,00471497yes
179769430

ATIG22120 17806308-7809632  WT T ok 0 0617354179769+308 8 248392006 89¢.05 yes
79769430

AT1631370 1:11238267.11239363  WT mr ok 0 14625417976%+308 8 483523005 0,000285143yes
79769430

APUMIO 1:13253397-13255570  WT i oK 0 0581031179769+308 8 7.87855¢:06 5.46603-05 yes
179769430

ATIG48700 1:18010728-18012871  WT T oK 0 0556525179769+308 8 653917005 0,000374736yes
79769430

AT1659077 1:21786209-21833195  WT i ok 0 38,886 1797694308 8 0,00122789 000496816 yes
797696430

AT1G60050 122121549-22123702 W i oK 0 0370087179769+308 8 000117953 0,0048001yes

ATaG15242 4:8705786.8706987  WT mr ok 000930712 17,9056 109088 4405310567305 71398305 yes

AT5633251 5:12499071-12500433  WT mr ok 00498375 522837 100349 98119 Oyes

ATAG12520 474210557421738  WT mr ok 00195111 158516 5566612 3900439.60217¢.05  0,00052890d yes

ATI660020 1:22100651-22105276  WT mr ok 00118377 7,18823 92611 7503826195014 14988612 yes

ATSG15360 5:49872354989182  WT mr ok 00988273 56,4834 51587 2 o oyes

Ddii et al., unpublished

Excample of an output of transcriptional profiling study using Illumina sequencing
performed in our lab. Shown is just a tiny fragment of the complete list, copmprising about
7K genes revealing differential expression in the studied mutant.
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Gene Expression Assays

» Methods of gene expression analysis
= Quantitative analysis of gene expression
= DNA chips
= Next generation transcriptional profiling
= Qualitative analysis of gene expression

= Preparation of transcriptional fusion of promoter
of analysed gene with a reporter gene
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Transcriptional Fusion

= |dentification and cloning of the promoter region of the gene

= Preparation of recombinant DNA carrying the promoter and the reporter gene (uidA, GFP)

' UTR
TATA box su ATG...ORF of reporter gene

promoter L
Iniciation of transcription

BamHI

GAGGAGGCACAARATGACGAA ~ /= TGTATTCTT TTGTTATCARAGGGT TTCGACTT TGCTCCGAGGAM GAAGA TAA AT/ GBATCCCCCGGRTAGGT CAGTCCCT TATGT TACGT CCTGTAGAAACCCCAACT
™ @RI PRV GQSLMLRPYVETEPT
. =

" ——

e BamHl e

GAGGAGGCACAAAATGACGAA ~f/~ GTT ATACAAGT TCACT CAAAT GATGGTGAAGT TACAAGCTT GTGCCTTCACGTC GRATCCCCCGERTAGET CAGTCCCT TATGT TACGT CCTGT AGARACCTCAACC
M MV KVTKLYASRRIPRYVGQSLMLRPVETEPT

-2739

— intron

-




Transcriptional Fusion

= |dentification and cloning of the promoter region of the gene

= Preparation of recombinant DNA carrying the promoter and the reporter gene (uidA, GFP)

= Preparation of transgenic organisms carrying this recombinant DNA and their histological
analysis
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LacZ Reporter in Mouse Embryos
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Gene Expression Assays

» Methods of gene expression analysis

= Quantitative analysis of gene expression
= DNA chips
= Next generation transcriptional profiling

= Qualitative analysis of gene expression

= Preparation of transcriptional fusion of promoter
of analysed gene with a reporter gene

= Preparation of translational fusion of the coding
region of the analysed gene with reporter gene

42



Translational Fusion

= |dentification and cloning of the promoter and coding region of the analyzed gene

= Preparation of a recombinant DNA carrying the promoter and the coding sequence of the studied gene in a
fusion with the reporter gene (uidA, GFP)

5’ UTR
TATA box ATG...ORF of analysed gene........ATG...ORF of reporter gene..........STOP

promoter f

BamHI

GAGGAGGCACAABATGACGAA —/f— TGTATICTT TTGTTATCAAAGGGT TTCGACTT TGETCCGAGGAN GAAGA TAATATGAGBATCCCLCGOG TAGGT CAGTCCET TATGT TACGT CCTGT AGAMACCCCAACE
.

@RI PRV GQSLMLERFPVYETFPT
~ z
\ e

27— — — @KRAF MMVKVTK.

2739

BamHI

GAGGAGGCACARAATGACGAA —f/— GTTA TTGTGOCTTCACGTCGBATCCCLCGOGTAGGT CAGTCTCT TATGT TACGT O

M MV KVTKLVASRRIPRYGAQSLMLRPYVETPT

COOCARCC

— intron

(e




Translational Fusion

Preparation of carrying the recombinant DNA and their

Compared to transcriptional fusion, translation fusion allows analysis of i
product (protein) or its dynamics

PIN1-GFP in Arabidopsis Histone 2A-GFP in Drosophila embryo by PAM
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Translational Fusion
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Gene Expression Assays

» Methods of gene expression analysis

= Quantitative analysis of gene expression
= DNA chips
= Next generation transcriptional profiling

= Qualitative analysis of gene expression
= Preparation of transcriptional fusion of promoter
of analysed gene with a reporter gene

= Preparation of translational fusion of the coding
region of the analysed gene with reporter gene

= Use of the data available in public databases

= Tissue- and cell-specific gene expression
analysis
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Gene Expression Assays

0 High-Resolution Expression Map in Arabidopsis
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Microarray expression profiles of 19 fluorescently sorted GFP-marked lines were
analyzed (3-9, 23, 24). The colors associated with each marker line reflect the
developmental stage and cell types sampled. Thirteen transverse sections were
sampled along the root's longitudinal axis (red lines) (10). CC, companion cells.
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BAR ePlant

https://bar.utoronto.ca/eplant/

Examplo: ABI3 or ATEG50200

U S

Data visualization tools for multiple levels of plant data.
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Expression Maps - RNA

0 High-Resolution Expression Map in Drosophilla

10° £
staged embryos 108 fixed cells Drop-seq data processing analysis &
= = oo = cells i g
—— 1§ s 4 g
= RIS
P= ) R W o o
=) 570 -0 9 @
single cell transcriptomes virtual embryo virtual in S|tu hybndlzatlon vISH 3
00 T i
c)C(’:,ooo 8 ) §
5 888% @OQ&% R el m_ 1
DistMap VISH ¢ L\ ﬁ - ) 3
—> —> S oSS
g . - ,,/3‘
Liboads 3039 bins & i cience
84 expressuon patterns ~ ( ) (..)

Deconstructing and reconstructing the embryo by single-cell transcriptomics combined
with spatial mapping.

(A) Single-cell sequencing of the Drosophila embryo: ~1000 handpicked stage 6 fly embryos
are dissociated per Drop-seq replicate, cells are fixed and counted, single cells are
combined with barcoded capture beads, and libraries are prepared and sequenced. Finally,
single-cell transcriptomes are deconvolved, resulting in a digital gene expression matrix for
further analysis.

(B) Mapping cells back to the embryo: Single-cell transcriptomes are correlated with high-
resolution gene expression patterns across 84 marker genes, cells are mapped to positions
within a virtual embryo, and expression patterns are computed by combining the mapping
probabilities with the expression levels (virtual in situ hybridization).
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Drosophila Virtual Expression
eXplorer

https://shiny.mdc-berlin.de/DVEX/

SH  ViSHs  VISH-D vir  Gradients  Archetypes  Downoad  About

DVEX tSNE W

MAX DELBRUCK CENTER

-g i

Loading data ... (DVEX is currently better supported on Linux / Mac OS X)

Data loaded for 8924 genes

Drosophila Virtual Expression eXplorer
DVEX is an online resource tool which offers an easy way to explore the transcriptome of the stage 6 Drosophila embryo at the single cell level. It is part of the collaboration between the
Rajewsky and Zinzen labs in the Beriin Institute of Medical Systems Biology of the Max Delbrueck Center in Berlin. DVEX accompanies the following public ation:

Science 358 (6360), 194-199

The Drosophila Embryo at Single Cell Transcriptome Resolution

Nikos Karaiskos?, Philipp Wahle®, Jonathan Alles?, Anastasiya Boltengagen?, Salah Ayoub?, Claudia Kipar®, Christine Kocks?, Nikolaus Rajewsky?,
Robert Zinzen®,

2Systems biology of gene regulatory elements, BIMSB, MDC
bsystems biology of neural tissue differentiation, BIMSB, MDC

Correspondence regarding the publication: Nikolaus Rajewsky and Robert P Zinzen

DVEX s created and maintained by Nikos Karaiskos. Contact the author for questions, or troubleshooting.
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Expression Maps - Proteins

0 Human Protein Atlas (http://www.proteinatlas.org/)

) —D—

N YN

- -

PrEST design

Protein MS analysis Immunization Affinity
factory purification

l

IF analysis Western blot

e! Ensembl
UniProt

and
search

Human prolein allas portal

Ponten et al., J Int Med, 2011

Schematic flowchart of the Human Protein Atlas. For each gene, a signature sequence
(PreST) is defined from the human genome sequence, and following RT-PCR, cloning and
production of recombinant protein fragments, subsequent immunization and affinity
purification of antisera results inmunospecific antibodies. The produced antibodies are
tested and validated in various immunoassays. Approved antibodies are used for protein
profiling in cells (immunofluorescence) and tissues (immunohistochemistry) to generate
the images and protein expression data that are presented in the Human Protein Atlas

(Ponten et al., J Int Med, 2011).
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Expression Maps - Proteins

0 Human Protein Atlas (http://www.proteinatlas.org/)

HUMAN PROTEIN ATLAS®

ABOUT & HELP

SEARCH 2 »

|| H search | [__Clear |Fields »

e.g. CD44, ELF3, KLK3, or use Fields to search specific fialds such as
protein_class:Transcription factors or chromosome:X

Protein evidence =ccording to
Fagerberg =t al is summarized in
the chromosome progre
disgram.

Version: 11.0
Atlas updated: 2013-03-11

release history

15156 genes vith protein expression

dictionary: histology of esophagus profiles based on 18707 antibodies.

u
Tt ok Hle
Fiallin bt 1 & Human Protein Atlas project is funded
L 7" by the Knut & Alice Wallenberg foundation. Py
Setelse oNrERSTET
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Expression Maps - Proteins

hs (http://www.proteinatlas.org/)

SUBCELLULAR LOCATION SUMMARY
Mainlocation(s)  Nucleus but not nucleoli
Additiona location(s)

Staining summary  Localized to the nudeus but excluded from the nucleol

Reliability (APE) @ High
Antibodiesinassay | CAB039238, CAB039239

MORE SUBCELL DATA

NORMAL TISSUE & ORGAN SUMMARY
Expression summary Fractions of cells showed weak nuclear and/or cytoplasmic expression.
Tisue specificty  Expressed in 11 out of 82 cell types

/ Rekiability (APE) @ vigh

AT Aniodiesin sy CABD02973, CABO39236, CABG39239
& .

S i poot

- Al o iy I

Se . | NS (brain) 1 [

4

'

Goo)s [ ]
T A
Digestive (Gl-ract) 13 [
[ O [ —
Cardiovasaular 1 O
Female tissues 13 [
Placenta L || —
f Male tissues s
Urinary tract (kidney) (3 [ ]
Skin and soft tissues |14 [ ]

Endocrinetissues 3 [ ]
A MORE TISSUE DATA
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Discussion
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