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Klasszikus genetikai modellallat

* 4 kromoszéma: X/Y, 2., 3., 4.

« Genom szekvencia: 2000

* Kb. 14000 gén

* a genom tobb mint fele konzervalt
« génredundancia minimalis
 http://flybase.bio.indiana.edu/

Thomas H. Morgan
1933 Nobel dij:
Rekombinacio,

X kromoszomahoz

kapcsolt orokl6édeés

Hermann J. Muller
1946 Nobel dij:
Rontgen-sugarzas
indukalta mutagenezis

Muller’s morphs:
amorph (null)
hypomorph (RNAI is altalaban itt)
hypermorph (tulaktivalas)
antimorph (dom-neg.)
neomorph (Uj funkcio)



http://flybase.bio.indiana.edu/
http://en.wikipedia.org/wiki/Image:Thomas_Hunt_Morgan.jpg

Fejlodesgenetika

Hox gene activity, Drosophila embryo
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Ed Lewis Christiane Eric Wieschaus

Nusslein-Volhard
1995 Nobel dij: A korai embrionalis
fejlédés genetikaja

A sejt- és fejl6désbioldgiai folyamatokban
szerepet jatszo gének felderitéséhez a
Drosophila-t régota és igen sikeresen
hasznaljak.

Jules Hoffmann (Nobel 2011)

FIGURE 21.14 Homeotic mutations and abnormal pattern formation in Drosophila.
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Drosophila in vitro rendszerek

a Drosophila sejtek 25 fokon, normal atmoszferaban tenyészthetok

(B AL 4

~400nt dsRNS-ek hasznalhatok, mivel nem valtanak ki interferon
valaszt

off-target effektus kevesbé problema (“kihigul”, mivel sok rovid
SIRNS keletkezik)
3 f6 sejttipus érheto el:

embrionalis vérsejt eredetl tenyészetek: S2, Kc (transzfektalni
sem kell)

imagokorong eredetil tenyeszet (ham): clone 8
primer embrionalis sejttenyészet (izom, neuron stb.)



In vitro RNSI konyvtarak

Coverage

Entire D. melanogaster
genome

The best annotated
D. melanogaster genes

Most D. melanogaster genes
that are phylogenetically
conserved with mammalian
genes

Genes that are represented
in the cDNA set 1 collection
from the BDGP

Description of
reagents

21,396 dsRNAs, with
an average length of
400 bp

13,071 dsRNAs of
300-800 bp

7,216 dsRNAs of
300-600 bp

4,923 dsRNAs of

variable size

Availability

PCR products for dsRNA

synthesis are available

from Eurogentec

dsRNAs are available
from Ambion

dsRNAs are available

from Open Biosystems

dsRNAs are available
from the authors of

REFS 14,73

Comments

Amplification was carried out using gene-specific
primers designed to combine genome annotations
that are available from the original BDGP/Celera
data (13,672 genes) and the Sanger Center data
(20,622 genes)

Design based on Flybase v3

Foreach gene, the exonic sequence was amplified
using gene-specific primers
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Drosophila RNAi Screening Center // at Harvard Medical School

ABOUT | AssAYs | REAGENTS | PRoTocoLs | APpLY | PUBLICAﬂONS | ONLINETOOLS | TRiP | ENTER

Search our
Database

CG, Gene Symbol or FBgn
view dsRNA

Welcome to the Drosophila RNAi Screening Center (DRSC)

TALENs and CRISPRs ' RNAI Libraries ' '

Currently Available Reagents at the DRSC

Genome-wide RNAi Validatlon sub-libraries
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Typical RNAI
Screening Pipeline

Optimize Assay

for 384-well

@ home
institution

Apply to DRSC

schedule
if approved

Test Plate

Pilot Screen

week 2

@ DRSC

Full Screen

weeks 3-8+

@ DRSC

Data Analysis
& Follow Up

@ home
institution



Genome-Wide RNAI Analysis of Growth and
Viability in Drosophila Cells (2004 Science)
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A sejtszamot befolyasolo tényez6k: sejthalal, sejtnovekedés, sejtosztodas.
Sejthalalra peldak:

GFP D-IAP1 CG11700 CG15455

DNS Tunel rrierge

Az eredmeények csoportositasa:

Severe
: To?ga) (z-score >5, n = 57)
n=
DNA-binding
DNA-binding 19%

No Prediction
41%

14%

Ribosome
13%

W signaling No Prediction
4% 63% Ribosomo
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|dentification of Neural Outgrowth Genes using
Genome-Wide RNAI (2008 PLoS Genetics)
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Primer sejttenyészet. embrio disszociacio,
majd GFP+ sejtek szelekcioja FACS révén
(Fluorescence-Activated Cell Sorting)

Fluorescently Labeled
Bead or Organism Population

Aqueous
Sheath Flow

Dual Laser Excitation

Size & .
Optical [)ensuzy@ Analysis

Non-destructive
d 9 9 <<
) I

Un-tagged objects 1o waste
!

Dispensing

Tagged objects sorted into microwells
for further analysis

Primer neuron tenyeszetet kezelem
dsRNS-ekkel, majd automata
mikroszkopia és szoftveres analizis.
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Exploring Human Gene Function using Drosophila RNAl

Elonyok —
y4 . Screen in fly cells
Gyorsabb, olcsobb teljes genom —
szUrés

* Mininalis génredundancia el0seqgiti a ’

funkcio azonositasat
« Jol annotalt genom (kdédolo €s nem

kédold RNS-ekre is) EPEE.
« Konzervalt utvonalak, homolog genek
nagy szama  vatdaton v

other methods

IS4 24 yum



In Vivo Kisérletek

The life cycle of Drosophila melanogaster

female male

imaginal discs

e poliploid sejtek - P N Y o @ .

mouth

pupa Lol parts antenna eye leg haltere wing genitalia

1st instar larva

e, diploid sejtek

- h &7
prepupa = P
2nd instar larva

e __,:‘?3 Vet
3rd instar larva

Olcsén és konnyen tarthato,
az egyik legjobb molekularis
genetikai és sejtbiologiai modell.




Transzformacio (transzgén)

* Az els6 években dsRNS-sel injektaltak az embridkat, de csak gyenge és
rovid ideig tartd hatast lehetett igy elérni (etetés nem mikaodik).

* A modositott P-elemet és a transzpozazt kddoldo DNS-t 6sszekeverve kell
szincicialis blasztoderma stadiumu, w- embriokba injektalni. Ha a kikel6 w-
legyek utddai kozott w+ allatot talalunk, az hordozza a transzgént.

(a) Transtormation of Drosophiia

~Transposase
P-alement _—— gene

end —
l-“‘C"SI-“
vn-,tor

\/ P-alement

end

Transformation \ / Helper plasmid
plasmid

Grows Into "\

4 - -
Gametas with transformed = X =

DNA In genome

Droscphita genomic DNA
Drosophila érzéneuronok a larvaban, GFP reporter gén jeldlés.



Az UAS-Gal4 rendszer

genomikus/
klénozott
prométer

| F— gan |

dpp-Gal4, UAS-eyeless

KétlépcsOs transzgén rendszer:

Gal4 éleszt6 transzkripcios faktor, ami a
megfeleld DNS-szekvenciahoz kot a
célgén promoéterében (UAS — upstream
activating sequence), és elinditja a
genexpressziot.

A Gal4 ,driver’-ek barmely UAS-
transzgén kapcsolgatasara
felhasznalhatok.

1000 Gal4 vonal + 1000 UAS
transzgén: 1000000 lehetseges
kombinacio!



In vivo UAS-RNSI konyvtarak

tissue-, cell-, or stage-
specific promoter

z :/‘> hpRNAs
el l
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eyeless
RNAI

e http://www.vdrc.at/

~13000 génre elérhet6

transzgén RNSi vonalak

(~26000 torzs):

a genom ~90%-at lefedi.

1. (GD: random) és 2.

generacios (KK: iranyitott)

 http://flystocks.bio.indiana.e
du/Browse/RNAI/RNAI_all.p
hp

~9000 torzs

2. (iranyitott shRNAI) és 3.

generacios (miR alapu)

 http://www.shigen.nig.ac.jp/

fly/nigfly/index.jsp

A Mishima-i (Japan) UAS-RNSI

torzsgyljtemény ~6200 génre

(~11600 torzs).

1. generacios

RNAi phenotypes. (A). Control with GAL4 driver only. (B). GAL4 driver + UAS-eyRNAI, targeting the eyeless
gene. The eye is missing, as in the eyeless mutant. (C). Wing hairs in a wild-type fly all point in the same
direction. (D). GAL4 driver + UAS-fmiRNAI, targeting flamingo, a gene required for planar cell polarity. The wing
hairs are misorientated, as in the flamingo mutant.


http://www.vdrc.at/
http://www.vdrc.at/
http://flystocks.bio.indiana.edu/Browse/RNAi/RNAi_all.php
http://flystocks.bio.indiana.edu/Browse/RNAi/RNAi_all.php
http://flystocks.bio.indiana.edu/Browse/RNAi/RNAi_all.php
http://www.shigen.nig.ac.jp/fly/nigfly/index.jsp
http://www.shigen.nig.ac.jp/fly/nigfly/index.jsp
http://www.shigen.nig.ac.jp/fly/nigfly/index.jsp
http://www.shigen.nig.ac.jp/fly/nigfly/index.jsp
http://www.shigen.nig.ac.jp/fly/nigfly/index.jsp
http://www.shigen.nig.ac.jp/fly/nigfly/index.jsp
http://www.shigen.nig.ac.jp/fly/nigfly/index.jsp
http://www.shigen.nig.ac.jp/fly/nigfly/index.jsp
http://www.shigen.nig.ac.jp/fly/nigfly/index.jsp

Keresett fenotipusok (pelda

a Normal wing o b Hh pathway mutant

€ BMP pathway mutant

d Notch pathway mutant e
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Nature Reviews | Genetics

The Drosophila melanogaster wing provides an assay system for several signalling pathways. a | A wild-type wing with the wing margin (M) and the
longitudinal veins L2-L5 indicated. The spacing between the L3 and L4 veins is determined during the second and third larval instars by hedgehog (HH)
signalling (yellow double arrow), whereas the spacing of the L2—-L3 and L4-L5 veins is determined by bone morphogenetic protein (BMP) signalling (blue
double arrows). The margin, which forms at the interface between the dorsal and ventral compartments of the wing (FIG. 2b), forms in response to a
reciprocal form of Notch induction that leads to production of the wingless (WG) morphogen along the margin (Notch and WG signalling indicated by red
arrow). b | A wing in which reduced HH signalling has selectively narrowed the spacing between the L3 and L4 veins (yellow double arrows). ¢ | A wing in
which reduction of BMP signalling has selectively reduced the distances between the L2—L3 and L4-L5 veins leading to partial fusion of these vein pairs
(blue double arrows). d | A wing with reduced Notch activity exhibiting both notches in the wing margin (red arrows) and thickened veins (bracket on L5
vein; L3 is also broader than normal). This combination of wing margin nicks and thickened veins is diagnostic for a defect in Notch signalling, whereas
defects in the wing margin alone might indicate reduced WG signalling.



Masodik generacios konyvtarak
(04/2010: VDRC: ~10000, Perrimon Lab: ~2000 vonal)

Egyre jobban ismert az RNSi utvonal mikodeése, és a
Drosophila molekularis genetika is fejlodik tovabbra is,
Igy optimalizalhatok a reagensek:

1. jobb hatasfoku géncsendesites (kevesebb fals negativ)

2. kevesebb off-target s>
(kevesebb fals pozitiv talalat) m
o \ X oncan wrecanse
% .helysp’eclflkus Inszercio: OCKNGSTE __ gwwg
phiC31 réven helyspecifikus |
rekombinacio meghatarozott o
g :;.IJEGHATED

Jlanding/docking platform”-ra wonarn wenotn



A helyspecifikus inszercio elonyel

a random P-elemesnél otszor gyakrabban kapok az
Injektalasbal transzgen allatot

tudom, hova Ult be a genomba (landing site), igy nem kell
Kromoszomara téerkepezni

minden transzgén vonal homozigota életkepes

minden transzgen ugyanolyan jol expresszal, igy kevesebb
a fals negativ talalat (random P elem inszercio tortenhet
heterokromatikus regioba)

az inszercio melletti gen aktivalasa sem okoz fals pozitiv
talalatot — a vonalak >5%-a 1. generacios konyvtarnal!

verifikaciora hasznalhatoak a kulonboz6 1., 2., 3.
generacios konyvtarak — és mutansok (kb. genom 60%-ra
mar van mutans!)



MikroRNS alapu vonalak (3. gen.)

TRIiP
Transgenic RNAI Project

HOME | ABOUT |

/ a}Wd Medical School

APPROACH I TRiP STOCKS I TRiP REAGENTS

IRIP ==

DRSC

CONTACT |
Approach - 2nd Generation

Design of the Second Generation VALIUM Vectors

The TRiP generated a series of vectors referred to as the "VALIUM series” (Vermilion-AttB-Loxp-Inron-UAS-MCS) (Ni et al

2008; Ni et al, 2009). Here we describe VALIUMZ20 and VALIUM?2?2 - the second generation of TRiP vectors. These vectors
were designed to deliver siRNAs using the endogenous microRNA pathway

Our use of the microRNA cassette is based on the shRNA design of Haley et al. (2008, 2010) with modifications (Ni et al
2010).

‘.e:m“m“

pVALIUM20
8256bp

Our data shows that VALIUM20 gives a stronger knockdown than VALIUM10 in the soma, and works well in the germline (Ni et
al,, 2010).

e
Wild-Type GMR- Gal4/VAuUM10 -w GMR-Gald/VALIUM20-w

PVALIUM22
8973bp

pVALIUM21
7904bp

Csiravonalban is mikodnek, és az RNAI rescue is konnyebb ezekkel!



shmiR vektorok
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SIRNAS, shRNAs, shmiRNAs, and long
dsRNAs pathways
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Methods for experimental verification of RNA1 screen results

Method

Examples

Rationale

Refest the reagents with the same assay

Test several replicates (including a re-synthesized or new batch of reagent); fest single

reagents in arrayed format after a pooled approach

Reagent-level verification

Refest with a related assay and or different

cell type

Switch the reporters in a dual-reporter assay; test a different cell line, marker, or antibody;

test 1n a different cell line

Reagent-leve] verification

Refest with unique reagents

Test reagents designed to targef different regions of the gene

Gene-level verification confidence increases when more than one works)

Asgay small molecule(s)

Test a known inhibitor of the gene product in the assay; test small molecules in parallel with

RNAi and compare pathways implicated i each

Gene-level verification (correlation 1s suggestive of an on-fargef effect)

Determine mRNA o protein levels in the
presence of the RNAi reagent

Q-PCR or immunoblotting®

Gene-level verification (correlation between knockdown and phenotype is suggestive of an on-target effect)

Rescoe in the presence of the RNAI reagmrb

Test rescoe with a genomic fragment, cDNA, or open reading frame construct that evades
RNAiknockdown

Gene-level verification (rescue demonstrates an on-target effect)

Pattern of gene expression of mRNAs
corresponding fo hits

Q-PCR or microarray in specific cell types, stages, and/or tissues

Gene-level verification (expression in relevant tissues or stages is suggestive of a relevant finding)

Pattern of expression of the proteins
corresponding fo hits

Immunoblotting in specific cell types, stages, and/or tissues

Gene-level verification (expression in relevant fissues or stages is suggestive of a relevant finding)

Subcellular distribution of proteins

corresponding fo hits

GFP-tagged construct or immmnofluorescence

Gene-level verification (expression in relevant subceliular compartments is indicative of arelevant finding)

RNAt-induced phenatype in another species

Test effect of knockdown of homologs in mammalian cells as a follow-up toa

nonmammalian cell screen

Gene-level verification (similar phenotype provides compelling evidence of a biologically relevant finding)

Correlation with a related disease or disorder

Map disease-associated regions, mutations, and amplifications

Gene- and pathway-level verification (disease association is indicative of a relevant finding)

Protein-protein inferactions Coimmunoprecipitation, mass spectrometry, veast two-hybrid screen Gene- and pathvway-level verification (physical interactions among newly identified protems or befween new and established
players are indicative of a relevant finding)
Genztic analysis in vivo Test effects of mutations of gene hits in whole animals (same or different species than Gene and patlway-level verification [relafed phenotype provides compelling evidence of a relevant effect and can help refine

primary screen cells)

the role(s) of the genes in specific pathways, events, or behaviors]




Menekites

a On-target knockdown

LOn—target mRNA @ Efficient target mRNA

perfect sequence match

c Validation with RNAi-resistant mRNA

On-target mRNA with
@ synonymous mutations @ _
e in RNAI region === Insufficient sequence

complementarity for

JMEG{/'\j\-:-_AAAA - efficient knockdown

== |from related species == Insufficient sequence

complementarity for

?Meﬁﬂ/\j\gj—,q;mg [ ) efficient knockdown




Szomatikus kléonok

;aag%oter I’T ,I:T
) o igy létre lehet hozni funkcidnyeréses
poly A (tultermel6) és funkcidvesztéses (RNSI
. vagy dominans-negativ) klonokat UAS-
hsp70-Flp —_ vagy UAS-RNSI transzgénekkel:
N o¥
actin
promoter
| [ gad |
4
000
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GFP

UAS

PAAAAN
[—‘ RNAI

UAS

UAS-Rheb UAS-Tor™A




Autofagia: az eukariota sejtek
lebonto és ujrahasznosito folyamata

The life cycle of Drosophila melanogaster
female male
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Koszonom a figyelmet!




