Drosophila melanogaster

Zakladni informace




Historie

m Morgan, Bridges, Sturtevant,
Muller, Rubin, Spradling,
Garcia-Bellido, Ashburner

m V souCasnosti pracuje na
problematice 6 490 védcu




Vyhody pro genetiku

’ o
m 4 pary chromozomu

m kratky generacni cyklus a velké
mnozstvi potomku

. ’ o
m existence polytennich chromozomu
m snadna laboratorni manipulace




Hlavni databazové adresy

m Fly Base - A Database of the
Drosophila Genome
http://flybase.bio.indiana.edu/

m Berkeley Drosophila Genome Project
(BDGP) http://www.fruitfly.org/

m European Drosophila Genome Project
(EDGP) http://edgp.ebi.ac.uk/




Databazové informace

m Bibliografie, vice nez 156 tis. citaci

m Popsano vice nez 46 tis. alel, 14 tis.
aberaci, 9 tis. transkriptu

m Znamo celkem 14 480 kmenu drozofil




Chromozomy u Drosophila melanogaster

m Chromozom X akrocentricky

m Chromozom Y asi 0,79 délky X

geny kodujici organizator jadérka (bobbed -
nouma, netrefeny)

geny pusobici pfi primarni spermatogenezi
(kl 1 - kI 5)

m Chromozomy 2. a 3. metacentrickée
m Chromozom 4. je velice maly




Genom Drosophila melanogaster

m Ramena 4 chromozomu délena na
(@)
02 sektoru

FIGURE 1 {continued)




Genom Drosophila melanogaster

m Obsah DNA v diploidni bunce 0,35-0,36 pg
m 74% genomu tvori nerepetitivhi DNA

m 24% genomu tvori repetitivni DNA

12% vysoce repetitivni s nejcastéjsim motivem ATAAT,
ATATAAT, AATAACATAG, AAGAG, AGAGAAGAAG

m 99% znamych mutaci lezi v
euchrochomatinovych oblastech

m Charakteristicka je nizka nebo zadna
metylace cytosinu




Genom Drosophila melanogaster

m 69% euchromatin
m 31% heterochromatin
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Genom Drosophila melanogaster

m Genom kompletné zmapovam
m Podet genu je 13 615

» odhad z prouzkl na polytennich chromozomech byl asi 5 000,
nékteré prouzky obsahuji vice nez jednu komplementacni
skupinu, az 15 000 genu

= minimalni poéet geni mnohobuné&&énych organizmd se
odhadoval na 12-14 000 genu

m Velikost haploidniho genomu je asi
180 Mb (124 Mb eu-, 56 Mb
heterochromatin)
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Postup mapovani genomu

m 9216 kontigq,
nastépeni Hinf1

m 1085 YAC

m RT-PCR

m Polytenni
chromozomy

m Analyza informaci
DNA
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Zname genetické mechanizmy

Polytenni chromozomy
Hybridni dysgeneze

Kompenzace davky gend

u sameckU dochdzi ke
dvojnasobné transkripci X
chromozomu (dominantni gen
Sex-lethal)

O V4 V4
U samecCku nedochazi k

rekombinaci

Variabilita genomu
standardnich linii kolisa
mezi 0,002-0,018

dva nahodne vybrané
chromozomy se lidi v pruméru ve
4 bp nalkb




Polytenni chromozomy

m Vyskytuji se ve slinnych zlazach

m Obrovsky potencial pro mnohostranny geneticky
vyzkum, jsou slozeny z celkem 1024 paralelnich
vlaken (polytenizuji pouze euchromatinové oblasti)

m Obsahuji celkem 5100 prouzkl po nabarveni

Puffy jsou mista chromatinu spojena intenzivni
- V 4 - (W4 7 7 O
transkripci projevujici se dekondenzaci chromozomu




Zname genetické mechanizmy

m Tvorba pohlavi
dominantni gen Sex-lethal




Transgenoze u drozofil

m VVolba transgenu

m VVolba promotoru

m Volba signalniho genu

m Kolekce vajicek

m Jehly

m Mikroinjekce

m Selekce trangennich organizmu




Promotory

m Spolehlivost exprese - vysoka
hladina transkripce transgenu

m Exprese ve vhodném vyvojovém
stadiu

m Tkan, ve které dochazi k expresi

m NejCasteji pouzivaneé promotory
m LSP - larvalni sérové proteiny
m HSP 70 — promotor heat shock proteinu 70




Signalni geny

m DUkaz Uspé&sné
transgenoze

s Gen rosy - koduje o
enzym xantin

G1
dehydrogenazu
s Gen white - bila barva
oCi
G2

SELECTION OF TRANSFORMANTS.
Host strain

af fo o 28 ry x af po 928y
af fo To 28 ry oF p° [0 ry

k]

Ppi25.7wc helper P element

to supply transposase )

Plry*] P element construct
| carrying ry* gene and
transgene construct.

Inject embryos with
Ppi25.7wc & P[ry*]

‘Mate all surviving adults
with host strain,

Select transformed ry* flies x _af o [o 28

af/Y SMT TM3, Sb ryRK
After mating extracg DNA from

ry* parents for genomic

Southern analysis.

Select male, ry*, Cy, 5b.
% denotes a possible
P element insertion

-
af# Ie 25 r x oF po 028 ¢
g E‘: M3, Sb z;?Bt aF o o 25 ry

Select male, ry*, Sk

af po Plry*] [0 28 ry x af po o 28
¥ po TM3, Sb ryRs | of S :Ws\??yﬂ
[ 1
af po Plry*] _[o 25 ry x af o Pleyr) ro 28 ry
af ] TH3, Sb rymk | ¥ M1 TH3, Sb ryR«
= !
af pe Pley*] TIo 28 rv X af Plry* [e 25 r
of & 5[:‘)‘*] T3, Sb ry™& T Ee F[ry*] TH3, Sb ryM




Kolekce vajicek

m Kladeni 15-30 min

m Orientace vajicka
m Mikropyle - anterierni pol
m Injekce do posterierniho polu

m Dechorionace (mechanicka,
chemicka)

m Fixace vajicek na podklad
m Desikace (10 min pri 18 °C)




Mikroinjekcni jehly

m Tloustka jehly
m Savci v jednotkach um
m Zebra fish 5-10 um
m Drosophila okolo 10 um

m Spice jehly
m Po zlomeni (drozofila, ryby)
m Brouseni (savci)




Mikroinjekce

m Prostredi
m Olej (Voltalef oil)
m [eplota
s Cas (syncytium
délicich se bunék)

m Mnozstvi
m Misto injekce




ikroinjekce




Volba transgenu

= Nutna znalost vlastnich genu

m Modely funkce cizorodych genu

m Lidské geny pro metabolizacni enzymy
(CYP1A1, 1A2, 2D6 ..)

= Sledovani promotoru
= Modely funkce prionu




Hybridni dysgeneze

\'S A4

m KFizeni same&ku P kmene (nesouci P-

elementy) se samickami M kmene

= Vyskyt mutaci, rekombinaci a chromozomovych
prestvaveb

m P-elementy

= Autonomni 2,9kb, koduji transponazu, deletovane
koncoveé 31pb repetlce neschopny zaclenéni

m Defektni, deletovany urcité oblasti cteciho ramce
kOdUJICIhO transoponazu, koncove repetice ma uplne,
nese transgen, je mobilizovan transponazou
autonomiho elementu

P @ promoter CYP2B1 rosy* P
e Ae

P @ promoter Adh lac Z

resy* p
77 s, S !%




Hybridni dysgeneze

Genetic control and maternal effect of hybrid dysgenesis.

MO x [ Yo} P Q x u.d

| Abnormal germline development

i) reduced fertility

ii) mutation induction

iii) chromosomal rearrangements All normal
due to P element transposition

iv) male recombination

| M Q have M c.ytotype- | P Q have P cytotype

P strain males mated to M strain females result in symptoms of hybrid dysgenesis due to P element
transposition, whereas reciprocal M strain males mated to P strain females or P x P or M x M progeny are
normal. P strain females have P cytotype, the ability to repress transposition of P elements brought into
the oocyte by P strain sperm, whereas M strain females possess M cytotype and fail to repress transposition
of P elements from P strain sperm.




Embryogeneze

m 1.-13. cyklus 2 hodiny, bez celularizace
m Syncitialni typ embrya

m 14, cyklus tvorba bunécnych stén
m Lokalizace
m Specializace

m Spusteni genu formujicich anterior-
posteriorni osu

m 25 segmentacnich genl (Gap, Pair-rules, Segment
polarity)

= 7 homeotickych genut (Antennapedia a Bithorax komplex)
m Primarni transkript Antp genu 103 kb — 90 min syntéza




Embryogeneze

=, Cellularization of the blastoderin

i Stow germ band slongation

i0
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L The clypeciabral loba begins to form.

First cells enter initosis 15.

i = First cells enter mitaosis 16.




Embryogeneze

The hierarchy of the genetic control of Drosophila
embryogenesis

Maternal effect genes RNA deposited in

e.g. bicoid & dorsal the oocyte
Gap genes expressed in broad
hunchback overlapping domains
Kruppel
knirps
giant
tailless
Primary pair-rule Homeotic genes
genes hairy, runt, ;
l even-skipped
Secondary pair-rule
fushi tarazu, paired,
¢ ipDe ad, odad-
Segment polarity genes

costal-2, dishevelled,
porcupine, fused, armadillo,
shaggy, eubitus-interruptus
engrailed, gooseberry,
patched, wingless, hedgehog,
naked, smooth




Embryogeneze
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Embryogeneze

m Exprese
engrailed-lacZ

—

Expression of engrailed-lacZ transgene
inserted at the engrailed locus

Engrailed protein and p-
galactosidase are expressed
in the posterior
compartment of each body
segment

X-gal staining for B-galactosidase
showing expression in the posterior
compartment of the wing imaginal disk
and in the adult wing

X-gal staining for P-galactosidase
showing expression in the
epidermis of the third instar larva
carrying ryxho25 en-lacZ
transgene

X-gal staining for B-galactosidase
showing expression in the posterior
compartment of each of the adult body
segments

Taken from Hama et al., (1990) Genes Dev. & 1079-1093. Region specific recombination
and expression are directed by portions of the Drosophila engrailed promoter.




Prakticke
aplikace

m Vyuziti v
testech
genotoxicity

Genotoxicity testing using the Szabad
SMART test in Drosophila

—=

mwh = multiple wing hair, a
recessive mutation w hich
causes extra hairs on the

3% fir = flare. a recessive
X A mutation which causes
o - abnormal hairs on the wing

5.

wing blade. blade.
fs()Kiow mwh see Xt B
BSY mwh see yw®®  TM2, Ubx se

yw®® mwh see X fs(hKiow se fir
y wee mwh see

B%®Y TM2, Ubx se

The chemical might be natuarlly genotoxic or be activated by the
fly's drug metabolising enzymes

Nen-genotoxic drug metabok’sing. activated product with
chemical enzyme genotoxic properties

induction of genetic damage
in wing, eye or gemm line cells

Proliferating
epithelium in the
larval wing disk

Proliferation

Adult wing
epithelium

Examine the wings for
clones of cells with
multiple wing hair or flare
hairs.

Examine the eyes for Collect eggs and score for
clones of cells which the K10 dorsalised chorion
are white or white coral  phenotype




Prakticke
aplikace

m Vyuziti v
testech
genotoxicity

Genotoxicity test using LSP1/ CYP450
transgenic flies

mwh = ‘multiple wing hair, e fir = flare, a recessive
a recessive mutation w hich 9. X mutation which causes
causes extra hairs on the e % abnormal hairs on the
wing blade. s ; wing blade.
K10w P[ry*, LSP1 CYP 450] mwh see yw®® Plry*, LSP1CYP 450]  se fiIr
CIB/BSY P[ry*, LSP1 CYP 450] mwh see yry Plry*, LSP1 CYP 450] TM2, Ubx se

Kiow P[ry*, LSP1 CYP 450] __ se fir
¥y WE° Plry*, LSP1 CYP 450] mwh see

Inject procarcinogen into the body
cavity of larva. It will perfuse the
tissues and some will be taken up
by the cells of the fat body which
are expressing the CYP 450

injected
procarcinogen

activated
product
{carcinogen
& mutagen) @@
Q00

diffusion into 2 diffusion into
.\ wing imaginal disk body cavity

\‘ activated carcinogen

induces genetic damage

terminal | mutation of the
wildtype  fir deletion . &gﬁm’""&w&zm wildtype gene
5 TS =
Proliferating A, = o e Y
epithelium in the . ; s = E
larval wing disk L\'_"F/ = -lr = AT\ e A\ S\

mwh  wildtype

mitotic

Cell division
recombination

Adult wing W ’*\/y\/y\/—L\f—‘—\/—l—\/X\/x\/x\f—l\f—L\fi\/y\i/xj

epitheiium ‘2Aiololololololololololololololololo

Examine the wings for clones of
cells with multiple wing hair or flare
hairs. Compare the frequency of
clones in the wings of flies carrying
human transgene constructs with
that of the LSP1/LacZ control flies.




Prakticke
aplikace

m Vyuziti v
testech
genotoxicity

EXPOZICE
<

POTRAVNE ‘

INHALA(':NE\
\ \ INJEKCNE

¥\

AKTIVACE? DETOXIFIKACE?

AKTIVACE? DETOXIFIKACE?
SMART (WST, EST, FS-TEST)
ANEUPLOIDIE
CiIB -




Prakticke
aplikace

m Vyuziti v
testech
genotoxicity

Test dibenzo[a,h]Janthracenu

1,8-
1,6
1,4-

Olacz
1,27 m hgst2c
1 - H hgst3c

0,8-
0,6-
0,4
0,27

0-

po¢. mutaci na kridlo

0 0,01 0,1 1 5 10
koncentrace [ml/l]




" 4 engrailed-Gal4 Expression System
P 'd kt |C ke PUAST/CYP450 |

Gal UAS
5 Gal4 binding sites

I (] k 1% human CYP45% ‘ white* minigene "

3'Pelement A 5'P element

hsp70 TATA The construct is injected into a Drosophila
embryo to generate a transgenic fly carrying

’ U,’ the human transgene.
\

The presence of the Gal Upstream
Activating Sequences allow the transgene

. Vy u 2 itI’ g e n u : to be switched on by the Gal 4 protein.

ngrailed-Gal 4 fusion

engrailed v it __caltgme__ e

3'P element 5'P element
e S e C : The construct is injected into a Drosophila

embryo to generate a transgenic fly carrying

the Gal4 gene.
ici &) -
e n OtOX I C I t The segment of the engrailed promoter
targets the insertion to the engrailed gene.
The Gal4 gene is then expressed in the

same way as the engrailed protein.

Combination of both constructs in the same fly

The two transgenic constructs are combined
by mating the flies and selecting the
progeny carrying  both transgenic
chromosomes.

angraited

enhancer eromoter

white® minigensa

Gal 4 gene

engrailed

4

The combination of the constructs in

human CYP450

the same fly leads to expression of
ao o~ the human transgene in those cells
which normally express the
engrailed gene.
DD

&P ectopic P450 expression




Prakticke
aplikace

m Vyuziti genu
engrailed v
testech
genotoxicity

Genotoxicity test using engrailed-Gal 4 /
CYP450 transgenlc flles

fir = flare, a recessive

mwh = multiple wing hair, a
mutation w hich X mutation which causes
causes extra hairs on the abnormal hairs on the wing
wing blade. : blade.
P[w*, UAS CYP 450] mwh see P[w*, en-Gald] __ sefir
Plw*, UAS CYP 450] mwh see P[w*, en-Gal4] TM2, Ubx se
P[w*, en-Gald] se fir

P[w*, UAS CYP 450] mwh see
Inject procarcinogen into the body
cavity of larva. It will perfuse the

ﬁgshmoa%l‘lg tissues and some will be taken up
the region by the cells of the wing imaginal
which will disk.

express

the QV'F::SO Cells expressing the cytochrome P450 may activate potential

under carcinogens

control of : cytochrome P450_ carcinogen which has
the en-Gald Procarcinogen . ——————— - genotoxic properties
protein /
activated carcinogen
induces genetic damage
terminal | i
: - chromosome mutation of the
wildtype  fir deletion hencknge & seinicn wildtype gene
Proliferating T esa— —
epithelium in the " = &
larval wing disk EE —p il — : ey

mwh  wildtype A==
ﬁ mitotic
/ recombination

- g A{;

Adutwing o N N N N £ o o W N N LN
epithelium Ao ol lololololololololclololclololia)

Examine the wings for clones of cells
with multiple wing hair or flare hairs.
Compare the frequency of clones in the
anterior and posterior compartments of
the wing.

anterior compartment

posterior compartment

A




