Introduction to Genomics




Genomics: is the study of the genome. The full DNA sequence of
an organism
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3 domains of life: Archaea, Bacteria and Eukaryote
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Green nonsulfur bacteria

Plants P
Algae / ' Actinobacteria
Planctomycetes
Protozoa Spirochaetes

- Fusobacteria

Crenarchaeota —\,

;H-f"#\f Cyanobacteria
Nanoarchaeota , (blue-green algae)
Euryarchaeota Thermophilic

sulfate-reducers

Acidobacteria
Proteobacteria


//upload.wikimedia.org/wikipedia/commons/7/78/Collapsed_tree_labels_simplified.png

Thousands of completed genomes

1742 bacteria
1569 Eukaryote
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Genome sequencing: ways o go

a) Clone-by-clone (e.g. C. elegans)

very expensive, slowest, most informative

b) Shotgun [

- A o T e - oten 58 £ 2 & L TR
cheapest, fastest, less informative
‘Whole Genome Shotgun Sequencing Method

o

w  Genomic DMA

— 'H_\:/f::h{f Sequence Each Fragment
oy _ﬂ/ii’_{’_ __}-_"_,x\ with Shotgun Appioach

GCATTTCEAGTTACC THEEACAACCAGTE GCTTEATTGEECCARTAATAGTATAT
CCAGTEGETACTEAGEACGCARGAGECTTEA

Align Contiguous Sequences
GCATTTCGAGTTACCTEGACAACCAG TG GTACTGAGACECAAGAGGC TTGA TTGE CCARTARTAGTATAT

Generate Finished Sequence
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Drosophila Genomics 4 chromosomes

Mb 230

|

Mb 54 1.0
Chromosome 2L 2R

BHcterochronuﬁn 54.0/40.9

Euchromatin 119.8
O Centromere




Genome sequencing:
Comparison of Drosophila and Anopheles

*  Fruit fly

4. Initiated in 1986 as a physical mapping project
in Europe (EDGP).

v"  Sequence components (STSs) added in 1990.

v"  Actual genome sequencing (clone-by-clone)

started in 1996

v"  Celera (shotgun sequencing) joined in 1998.
v "Finished" in 2000.
v' I Still not finished!




Eukaryote genome annotation -~
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l RNA processing Find exons
ATG STOP using transcripts
Processed mRNA - 2 . 2
Translation

_ Find exons
Polypeptide 000000000000000. using peptides

Protein folding

Folded protein

Find function

Functional activity




Annotation aims

Produce a canonical gene set for each genome
— Protein-coding genes (CDS)
— NCRNA genes (rRNA, tRNA, miRNA etc)

Functional annotation consisting of:
— Brief description
— Protein domains (InterPro)
— Gene Ontology (GO) terms
— Enzyme Classification (EC) numbers

Release of these data on website
Submission of these data to public repositories (GenBank/EMBL/DDBJ)

(Re)annotation of the genome in a timely manner depending on available
data and resources



Gene prediction pipeline

Blessed predictions

Manual annotations

(Apollo)

Community submissions

(Genewise, Exonerate, Apollo)

Species-specific predictions

(Genewise)

NcRNA predictions
(Rfam)

il Similarity predictions

(Genewise)

Protein family HMMs

Canonical
predictions

(Genewise)

____________________________________________

Transcript based predictions

(Exonerate)
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Functional Genomics: is the area of genomics that study the

biological activity of the genes and their products
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Recombinant DNA technology

Artificial rearrangement of DNA; segments of DNA from one organism can be incorporated into the genetic
makeup of another organism. Using these techniques, researchers can study the characteristics and actions of
specific genes.

Restriction endonucleases: are enzymes that ol

recognize and cleave specific palindromic

sequences in DNA. CTTAAG S
DNA of interest

Vactor

A

CATGAACTCCAGTGCTTAAGCATGAACTCCAGTG

PATTC — G

GTACTTGAGGTCACGAATTCGTACTIGAGGTCAC 9 i
CATGAACTCCAGTGCTTAAGCATGAACTCCAGTG

i
*
!

GTACTTGAGGTCACG AATTCGTACTTGAGGTCAC > (\OR
CATGAACTCCAGTGCTTAA GCATGAACTCCAGTG P

GTACTTGAGGTCACGAATTCGTACTTGAGGTCAC
Eco Rl

CTTAA

C

DNA segments of interest may be
isolated by "cloning" - cutting the DNA
with a restriction enzyme, and ligating it
into a vector, such as a plasmid, which
can then be reproduced in bacteria.




Recombinant DNA technology

DNA libraries are bacterial or
viral cultures that contain
mixtures of DNA molecules
inserted into vectors.

Once cloned, DNA fragments
can be characterized by DNA
sequencing.

Q R Q .
o %, <IN % Cut DNA with
restriction enzymes
Fragment 1 Fragment 3
Fragment 2 Fragment 4
Insert fragments
into vectors

QOO0

v
©|(0)/O|C
J8lele

Introduce vectors
into bacteria



Recombinant DNA technology

Genomic Library
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Extract mRNA
!

Make cDNA
Digest with Sfi I
Isolate cDNAS by size
Ligation into vector

Transform bacteria

Pick up clones

rca
1

Sequencing

DEVAE

Day 2

*




* QUANTITATION OF mRNA

-PCR
—Northern blotting
—In situ hybridization



PCR

Polymerase Chain Reaction (PCR) is a technique for the amplification of
DNA. This technique requires knowledge of the sequence of the DNA to be

amplified.
| , | i 7R

~ Ty
‘1‘ |




PCR

The Nobel Prize in Chemistry 1993

A9\

Kary B. Mullis



Oligo dT primer is
@TTTTT bound to

Reverse
transcriptase

TTTTT (RT) copies first
cDNA strand

@ Reverse
AAAAA .

transcriptase
TTTTT

digests and
displaces mRNA
and copies
second strand of
cDNA

Double
strand
cDNA

Conversion of mMRNA to cDNA by Reverse Transcription



A. Double
strand DNA

B. Denature

C. Anneal
primers

D. Polymerase
binds
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Copy strands at
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After 5 rounds
there are 64
strands




PCR : Polymerase Chain Reaction
30 - 40 cycles of 3 steps :

mwmﬂwm % | Step 1 : denaturation

| 1 minut 94 °C
| T

’ L 3 Step 2 : annealing ’

[T
w3 U s

45 seconds 54 °C

forward and reverse

¥ :
1) A 5 primers !!!
SI || | :,!Ir . ;
Step 3 : extension
RS ST i AN P ’
" | | ’-"-»‘ \l‘_‘,_. - - | | |\\ . r X
L L - Ny fl' | 2 minutes 72 °C
-5. R ’.' — | \ y .
myreerrir ™3 “ | _ only dNTP's
s (L g

(Andy Viersirasie 1999)




3kb

1kb

4th cvele
wanted gene . i ]
——<"3th c:-":lc{:: — Exponential amplification

= { Indecycle
——( Istoycle e = 35th cvele
template DNA < ::_":

2= i_ < ——
2 . 2 5 .i = £l e .
4 copics Beopies 16 copies 32 copies 2 =68 billion copics
{Andy Vierstraete 199%)
Verification of PCR product on
agarose or separide gel
« Sensitive

ladder

PCR fragments

« Can discriminate closely related mMRNAs
« Technically simple



Real time PCR

l DNA Extraction I PCR

e e — e

\:‘_“_lu’*ﬂ Real Time
f e Detection







1. halogen 1 =
tungsten lamp 2b. emission
filters

oy

2a. excitation
filters

4. sample plate

Fig. 1.2. Representation of Optical Detection System layout.

3. intensifier
5. ccd

detector
350,000
pixels

www.biorad.com




Unbound SYBR® Green

Fluorescent Bound SYBR® Green

Figure 4

SYBR® Green | detection mechanism; double-stranded DNA in the
reaction is bound by the dye. In the bound state, SYBR Green | is 1000
fold more fluorescent than in the unbound state. As PCR amplification
increases the amount of dsDNA present, the fluorescence signal
Increases proportionately.


//upload.wikimedia.org/wikipedia/commons/c/c9/SYBR_Green_I.png
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Fluorophore Quencher

PCR Primer

TagMan
:; Probe ?

Polymerization

v

PCR Primer

Amplification Assay

:

Fluorescence

v

Probe Displacement
and Cleavage

G

|
|
PCR Products

Figure 5

v

Result

Fluorescence

‘el @
-

Cleavage Products

TagMan® probe chemistry mechanism. These probes rely on the 5°-3
nuclease activity of Tag DNA polymerase to cleave a dual-labeled probe
during hybridization to the complementary target sequence,

Figure 12: The 5 Nuclease Assay

Reporter dye o
Quencher dye o

ﬁoﬁo

Figure 13: Polymerase collides
with TagMan® Probe

7 O




WVerification of PCR product on
agarosc or separide gel

3kb S

1kb
S :
300 4
ladder PCR fragments
Figure 4. PCR Phases in Log view Traditional
FCR detection
Area of Dedection H
for Real- Time. _ LlnEE:’ll' - Plateay/
! High Variability
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Detection

Log [DNA]

Exponential
High precision
T TR

Cycle #



Figure 8: Log view 5-fold dilution series
Plateau effect
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Figure 3. Real-time PCR amplification plot for a series of Sample 3 E E
standards for human cytochrome P450 1A2. Each curve shows
increasing fluorescence with each amplification cycle for a cle Number
dilution series ranging from 10-2 to 10-7. The resultant standard e
curve, which is linear over six orders of magnitude (r2=0.975), "
is based on the critical threshold (C) values. C, is determined for Flgm'e 2
each curve as the fractional amfIJIification cyglzat whish;he Principles of real-time fluorescence detection and QPCR target concentration
beschne:gorecetscnamnalisedlyprescarios nstemmctl 2oibe measurements using threshold cycle (Ct). The Ct is inversely proportional to the
statistically significant above background signal. o )
initial copy number. Only when the DMNA concentration has reached the

fluorescence detection threshold can the concentration be reliably inferred from
the fluorescence intensity. A higher initial copy number will correlate to a
threshold cycle.



DNA microarray




Expression profiling array platform

DNA microarray making

Microscope glass slides

cDNA

l

|

A

. "

R Y
‘SeEweN ey

\
N\
\.

Spotting (deposit)

Hybridisation

Sample 1 Sample 2

wessts o
Cs2ncaw
Sesasen 3
‘escuuna .

Results delivery

Scanning (lecture)

NS

‘weanwan ;\
\'\Q LI L RO s\
‘sdas e P
Q svesad \""

l

l

Results analysis



pins

hine

was



Target preparation and array hybridization

Treated Cells

|
&ZS\\
\

Labelled cDNA
from control and
test samples are

mixed

Mixed Labelled
cDNA is
hybridised onto
the microarrays
and scanned

Image
guantification and
data analysis of
microarrays

Control Cells

o
O

DNA or RNA is l
isolated from both
samples,
transformed and
amplified into
fluorescenthy
labelled cDNA or
cRNA and labelled
with flourophores

Microarray
preparation

y
=

cDNA microarray

Control Cell Experimental Cell

mRNA
extracted
from cell

Reverse transcription,
fluorescently labeled
with Cy3 (Green)
and Cy5 (Red)

\ 4 D

Combine equal amount and
4 hybridize onto microarray

2




Condition B

Condition A



Anopheles gambiae cell line EST 4000 array
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High density array platform

20K array platform
» 15,360 EST clones from a pooled mosquito stages library

480 EST clones from an adult head library
« 20K EST array construction (16K+4K)
« EST clustering & assembling database -AnoEST




0.25-1nl of DNA solution is
printed on a slide, creating
spots that range from

100 to 150 pm in diameter

A typical fluorescent
read-out of highly

parallel hybridization
on a cDNA microarray

* 0.25 nl of DNA, spots range of 100 um in diameter, 50,000 DNA/array

« 20 um? in diameter (5 um?), 400,000 DNAs/array
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b) High-density nanowell plate

a) Nanodispenser

Nanowell plates: volumes of 1 nl

miniaturized protein assays.

Cell-free transcriptions and translations assays transfer into wells



Sequencing Approaches




Sanger ddNTP Chain Termination Sequencing

Template: 3*
Primer: 5°

dideoxynucleotide
dNTP dNTPs dNTPs
EIHEETP +':l d ;-l—p ddTTP + ddCTP

G A T C

Analogs of the dNTPs
which lack the hydroxyl
group at the 3’ position.

Incorporation of a ddNTP
iInto a growing DNA
strand gives rise to
termination of strand
synthesis.

O0O0-H-HO®

A 5

copyright 1996 MW, King



Frederick Sanger

The Nobel Prize in Chemistry 1958 The Nobel Prize in Chemistry 1980

Prize motivation: "for his work on the Prize motivation: "for their contributions
structure of proteins, especially that of concerning the determination of base
insulin®, sequences in nucleic acids"


http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1980/sanger.html
http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1980/sanger.html

Base
Normal
nucleotides:
0 H
H
H
0
Hz 0O
Dideoxy Chain B
Terminators:
H H

Sequencing

DNA Polymerase reads the template strand and synthesizes a new second strand to match:

= THCGCGGTRGCGGIRTGUCGHCCGH‘MGCTRCCGR% .
3' - ATGCGCCATTGCCATACARGCTGGCARATCGATGGCTA CAR - 5°

IF 5% of the T nucleotides are actually dideoxy T, then each strand will terminate
when & gets a &dT on is growing end:

5' - TACGCGGTARCGGTATGTTCGACCGTTTAGCTACCGAT
5' - TACGCGGTARCGGTATGTTCGACCGTTTAGC T

5' « TACGCGGTARCGGTATGTTCGACCGTTTe

5" = TACGCGGTARCGGTATGTTCGACCGT T

5' - TACGCGGTAACGGTATGTTCGACCGT.

5' - TACGCGGTARCGGTATGT T

5' - TACGCGGTARCGGTATGTe

5' ~ TACGCGGTARCGGTATe

5' = TACGCGGTARCGGTe

5' - TRACGCGGT



GCGARTGCGTCCACARCGCTAC

GCGAARTGCGTCCACAARCGC

o L GCGAARTGCGTCCACAARC
M| GCGAATGCGTCCAC
M| GCGARTGLGTCC
- A GCGAARTGCGTC
S| GCGAATGE

Mezcla ANTP

Tinte termimnador ddUTP o

Tinte terminador ddGTP o

Tinte terminador ddCTP o

Tinte terminador ddATP ()

@
®

- OO - 00D DDIDOO DD -O

GCGAARTGCGTCCACAARCGCTACAGGTG
GCGAARTGCGTCCACARCGCTACAGGT
GCGAATGCGTCCACARCGCTACAGG
GCGAARTGCGTCCACAARCGCTACAG
GCGARTGCGTCCACARCGCTACA
GCGAARTGCGTCCACARCGCTAC
GCGARTGCGTCCACAACGCTA
GCGAATGCGTCCACARCGLT
GCGAARTGCGTCCACARCGE
GCGAARTGCGTCCACAARCG
GCGAARTGCGTCCACARC
GCGAARTGCGTCCACAR
GCGARTGCGTCCACA
GCGAARTGCGTCCAC
GCGAARTGCGTCCA
GCGAATGCGTCC

GCGAATGCGTC

GCGAATGLGT

GCGAATGCG

GCGAATGC

GCGAATG

GCGAAT

Sequencing



Mezecla dNTP
Tinte terminador ddUTP
Tinte terminador ddGTP

Tinte terminador ddCTP

Tinte terminador ddATP

1|2EII:I 1l28I:I| 1l36I:I| 1.44DI 1|52I:II 1|6-I:III

1IIII4I:I 1.1 20 |

TTGGCGTAATCATGGTCATAGC TGTTTCCECTGTGTGAARTTGTTATCIL
9g 168 118 128 138

Sequencing



A fully automated sequencing system. This system
automatically fills the capillary array with a gel, denatures and loads the
sample, applies the voltage program, and analyzes the data.
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separation vehicle.

The same microplate is used for
both thermocycling and sample
introduction,

The gel is automatically
loaded into the capillary
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flename="AECAM_B12_P2.seq"
GGCCATTACGGCCGGGGACAGTATTTCTTGTCATTCCACAAGGATAGAT
TGCTTTGGGCCTGTACCTTACCG
TCCTGGTAAATCTTCTGTCCACAACCAGTGGCAATCTTCAAAGATCAAC
AACGACAACAACAGAGAAGACGC
CTACGGCGGATTCAACTAAGATCGGTCGCTTGTACTTCGGCACTCTCGT
GTACGTGAATGCCACAAAGGATC
AGGAACTCATCAATGGCGTCTTCGACGCCACTTTGAATCGCTTGACCAA
GCTGAATGTGGAAGATGTCCACG
AGAAGAACGTCGGTCGCTACGATATGACCACTCTGCTCTGCTGGGCGG
TCAATAATTACTTGCTTTATGATA
AATATAACGAAAAGGCGGATATGGTGTATAAGCTTGCGAAGAAGTTCTA
TCCCGAACGAAACGATAAAGCCA
AAACGGAACGGGAAATACTGGCTCGGCAACCCTGTAAGGCAAATCTGC
CGGTAACGGTCATCACGGGATTCG
CTTGGAATAAAACGTAGTCTGGGTACTATGAAATGTNTGAAGTAGGTTC
TACTTGGACGATGAATAAAAATC
TAATACTATGTCCAAA
14

filename="AECAM_B2_P2.seq"
TCGGCCATTACGGCCGGGGAGTGTATAAATCCGTATCAGTCAATTAGAA
TGAAAATAATAATTTTACTACTA
TTTGTTGTCTGTTGCATGCTTGCTACACATTTTTGCTCCCCAATTATTGA
AGAAGATGATTTTTCCTCGTTT
GCATCACCATGCTTACAGCCGCCAACAAATTTCAAGAAACGATATTTTGT
ACATAACAACATACACGTTACG
TTCTTGGAAGCATGGAGACAGTGTCAAGCCATTGGTCTTCGCTTAGCTA
CCATTACATCTGAGGAGGATAGT
AAACTCATGCAGGAAACCATTGCAAATTCAACTAACACGAAAGGTCCTT
GGTATATCGGTGGCACCGACTTA
GGGAATGAAGGACACTTTGTTTGGATATCTACCAATAAGCCTGTCGGAC
ACATGACAGGATACTTCAACTAT
TCACCCGGACAACCAGACAATGCTGGAGGAAGCGAAAACTGTCTCGAG
ATCGGTCGGTGGGGTGGTGTAGTC
TGGAATGATGTGCCATGCGATGCAAAGCTACCCTACATTTGTAAATCTG
TCNCTCCAAACTGGTCGTAAAAA
ACAATGAACATAATAAATCATNTGTTNGTTTATNANTNGAACCCTTTC

Sequencing

>AECAL_A1_Pl.seq L776 N%1 CAP11 SZ757 AT49 NF%1
0i|21288014|gb|EAA00335.1| (AAAB01008986) agCP9558 [Anopheles ga... 226 2e-058
0i|21291336|gb|EAA03481.1| (AAAB01008704) ebiP2250 [Anopheles ga... 194 8e-049
0i|21358457|ref|[NP_651703.1| (NM_143446) CG1907 gene product [Dr... 153 2e-036
0i|7292529|gb|AAF47931.1| (AE003482) CG7514-PA [Drosophila melan... 130 1e-029
0i|21355497|ref[NP_647924.1] (NM_139667) CG18418 gene product [D... 129 5e-029
---->Results for cdd:

gnl|Pfam|pfam00153 mito_carr, Mitochondrial carrier protein 105 8e-024

>AECAL_A11l_Pl.seq L857 N%9 SN631 SZ631 AT49 NF%2
0i|22987835|gb|ZP_00032908.1| (NZ_AAAC01000288) hypothetical pro... 33 3.5
0i|7662182|ref[NP_055649.1| (NM_014834) KIAA0563 gene product [H... 32 6.0
0i|20344445|ref|XP_109199.1| (XM_109199) nuclear receptor co-rep... 32 7.8
0i|20881184|ref|[XP_126352.1| (XM_126352) nuclear receptor co-rep... 32 7.8
0i|6754802|ref[NP_035438.1| (NM_011308) nuclear receptor co-repr... 32 7.8
---->Results for cdd:

No matches to database

>AECAL_A12_Pl.seq L685 N%3 CAP20 SZ654 AT49 NF%3
0i|16799875]|ref[NP_470143.1|] (NC_003212) similar to two-componen... 32 6.5
---->Results for cdd:

No matches to database

>AECAL_A2 Pl.seq L499 N%5 SN153 SZ153 AT52 NF%5
No matches to database

---->Results for cdd:

No matches to database

>AECAL_A4 Pl.seq L134 N%2 CAP5 SZ119 PA96 AT55 NF%0
No matches to database

---->Results for cdd:

No matches to database

>AECAL_A5 Pl.seq L788 N%2 CAP14 SZ766 AT54 NF%2
0i|18568320|gb|AAL76030.1|AF466607_1 (AF466607) putative 30.5 kD... 356 2e-097
0i|11497204|refINP_051320.1| (NC_000951) conserved hypothetical ... 35 1.3
0i|23025069|gb|ZP_00064247.1| (NZ_AAAO01000060) hypothetical pro... 34 1.7
0i|20808196|ref|[NP_623367.1| (NC_003869) Methyl-accepting chemot... 34 1.7
0i|13358128|ref|[NP_078402.1| (NC_002162) unique hypothetical mem... 34 2.3
---->Results for cdd:

No matches to database



NEXT generation: 454 sequencing

Roche (454) GSFLX Workflow:
Library construction

Emulsion PCR

PTP loading

—

250 bp/sample
100 Mb/7 h run
$2000/100 Mb

Signal image

Polymerase

TIITTITTTITT

Annealed
P, primer
Sulfurylase
ol Lucif
Luciferase ”C' el
DNA capture bead ' :
containing millions
of copies of a single
clonally amplified Light + Oxy Luciferin
fragment

Pyrosequencing reaction

adenosine 5 phosphosulfate

TRENDS in Genetics

Figure 1. 454 Workflow: library construction ligates 454-specific adapters to DNA fragments and couples amplification beads with DNA in an emulsion PCR to amplify
fragments before sequencing. The beads are loaded into the picotiter plate (PTP). The bottom panel illustrates the pyrosequencing reaction that occurs on nucleotide
incorporation to report sequencing by synthesis.



|. Template preparation
NA fragmentation

NA immobilization

NA amplification
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|. Template preparation
1. Emulsion PCR
2. Solid-Phase amplification



a Roche/454, Life/APG, Polonator

Emulsion PCR
Emulsion PCR

One DNA molecule per bead. Clonal amplification to thousands of copies occurs in microreactors in an emulsion

i !

PCR Break Template
amplification emulsion dissociation

X i - p: kn 4
Primer, template,

dNTPs and polymerase

100—200 million beads

Chemically cross-
linked to a glass slide



Solid-Phase amplification

b Illumina/Solexa
Solid-phase amplification
One DNA molecule per cluster

-

-

Cluster
‘\ growth

Sample preparation ‘ \ ‘

DNA (5 ng)

and
polymerase

Template
dNTPs

Bridge amplification



Il. Sequencing

1. Cyclic reversible termination

2. Single nucleotide addition (Pirosequencing)



a Illumina/Solexa — Reversible terminators
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C
Roche/454 — Pyrosequencing
1-2 million template beads loaded into PTP wells

&
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Polymerase

PP,

Sulphurylase ATP

Luciferase Luciferin

Light and oxyluciferin

Flowgram

TCAGGTTTTTTAACAATCAACTTTTTGGATTAARATGTAGATAACTG
CATARATTARTAACATCACATTAGT CTGATCAGTGAATTTAT

T 6-mer

- 5-mer
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L 3-mer

T 2-mer
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Illumina system

Solid-Phase
amplification

Cyclic reversible
termination

o F G

VIR iy

Il. £ | u o |

) Fragment DNA

) Repair ends/
Add A overhang

G Ligate adapters

o Select ligated
DNA

(3 Attach DNA to
flow call

0 Perform bridge
amplification

{© Generate dusters

(D Anneal sequencing
primer

ﬂ Extend first base,
read, and deblock

@) Repeatstep above
to extend strand

(3 Generate base
calls
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Reverse genetic: test the effect of inhibiting
the expression of a gene on a phenotype of interest.

RNA interference



RNA interference (RNAi):

A method for evaluating gene function

RNAI is the , post-transcriptional gene
silencing mediated by double—stranded RNA (dsRNA).

AGGTGAAACAGTTTAGGATCAACTTATAAGACTCTAAACCCCTCTGACA
AACGTCACGCATACAGTTGGAGATCTGACTTCAAACTATAGAAATCAAG
CAAACGAAATTTCAAGGTCGAAACATAAATATGTTCGTTAATCTATTTTA

CAACGTGCAGATTATTTCAGACACATGGCTCGAAATATATCATAAATTTC
GTTTCTCATAC



How does RNAi work ?

— S~ dsRNA

Dicer Ribonuclase
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Small interfering RNAs
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How does RNAI work ?

Amplification

Degradation

Hannon (2002). RNA interference. Nature 418, 244-251



RNA interference (RNAi):

Introduced by:

- injection of dsRNA

- feeding of dsRNA

- bathing the cells with dsRNA
- feeding of bacteria expressing dsRNA
- Transgenic approaches

Effect can spread throughout treated animal (systemic)

Effect can be transmitted to F1 generation
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RNA interference (RNAi)
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= dsRNA
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Why RNA interference (RNAi)?

- Mechanism of defense to silence expression of
exogenous genes ?

- Mechanism for regulation of gene expression?



RNAI analysis of proboscipedia
In the milkweed bug
Oncopeltus fasciatus

proboscipedia-RNAI
causes transformation
| of labium towards legs

wild type




Parental RNAI
In Tribolium (Coleoptera)

Injection of dsRNA

into haemolymph

of female pupae

results in lack-of-function
Phenotype in embryos
derived from such females

DI RNAI




Confocal Microscopy




Confocal Microscopy
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The illumination is achieved by scanning one or more focused beams of light,
usually from a laser, across the specimen. The images produced by scanning
the specimen in this way are called optical sections. This terminology refers to
the noninvasive method by which the instrument collects images, using
focused light rather than physical means to section the specimen. Principal Light

Confocal Microscopy
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A microRNA is a short RNA (an average of 22).

MiRNAS are post-transcriptional regulators that bind to complementary
sequences on target mRNA resulting in translational repression or target
degradation and gene silencing

Gene is copied
as mRNA

mRNA leaves
the nucleus

Bt o !
lif no microRNA binds, microRNA

Micro RNA

aprotein is formed

 ifmicroRNA binds
no protein is formed




Micro RNA

34 common miRNAsJ_

1 common miRNA

(mir-100)

Loss of miRNA
pathway

Human
Mouse

Zebrafish

Tunicata
Ciona intestinalis

Cephalochordata
Branchiostoma floridae

Vertebrata

Echinodermata
Strongylocentrotus purpuratus

Arthropoda
Drosophila melanogaster

Nematoda
Caenorhabditis elegans

Mollusca
Lottia gigantea

Annelida
Capitella teleta

Platyhelminthes
Schmidtea mediterranea

Cnidaria
Nematostella vectensis

Placozoa
Trichoplax adhaerens

Porifera
Amphimedon queenslandica

Choanoflagellida
Monosiga brevicollis

Number of
miRNA genes

1,424
720
358

331
155

57

238

207

60

125

148

49

Deuterostomia

Protostomia

Bilateria

Eumetazoa

Metazoa




The two main components
of the epigenetic cade

Epigenetics

DNA methylation

Methyl marks added 1o certan
DNA bases ropress gane activity,

Epigenetics is the study of heritable changes
In gene expression caused by mechanisms
other than changes in the underlying DNA
sequence (nucleotide sequence).

Histone 115

Histone modification

A combination of different

mekecules can atlach to the 1ails

of protelns called histonas. Thase
. . : alter the activity of the DNA

Examples: DNA methylation and histone anapped round thomn,

deacetylation (suppress gene expression)

Chrampsome





