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. Outline of Lesson 2
Early Development of Drosophila

o Introduction into Drosophila
o Life cycle (video)
o Anatomy (video)
o Mating (video)

o Oogenesis
= molecular mechanisms of the early axis formation

o Early embryogenesis

o Gastrulation
= Video of gastrulation in Drosophila

o Overview of metamorphosis

o Introduction into genetic and molecular mechanisms of the early
embryogenesis in Drosophila
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. Outline of Lesson 2
Early Development of Drosophila

o Introduction into Drosophila .
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Outline of Lesson 2
Early Development of Drosophila

o Introduction into Drosophila
o Life cycle (video)
o Anatomy (video)
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. Outline of Lesson 2
Early Development of Drosophila
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. Outline of Lesson 2
Early Development of Drosophila
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Early Development of Drosophila

a
O
O
O
a
]

o Early embryogenesis

x . ~ Py SNERST, INVESTICE DO ROZVOJE VZDELAVANI
* J A <,
* : . ] G Tato prezentace je spolufinancovana
w =
* g K l e ?& &:':‘*‘ Evropskym socialnim fondem
; MINISTERSTVO SKOLSTVI 2d8lavani 3
EVROPSKA UNIE v MLADEZE A TELOVYCHO pro konkurenceschopnost 4!“11\’;\ s¥

a statnim rozpoétem Ceské republiky



Anterior <——=> Posterior
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Anterior <——> Posterior
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Stage 1 of polar
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1 nucleus
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Synchronized nuclear divisions in the early Drosophila embryo
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A. Chromosomes separate on the mitotic spindle.
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B — Nucleus

C. Nuclei enlarge. Furrow canals form,
added at the tips by membrane vesicles.
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D. Nuclei continue to grow and
the furrow canals progress.

E. Cellularization is completed and
yolk membrane is in place.
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A. Deletions:

B. Transplantation:

C. Cytoplasmic transplantation of pole plasm:

Anterior <—— Posterior

Delete
pole cells

X

Sterile fly

Remove pole plasm from
donor 1 and insert into recipient

Donor 1
contributes cytoplasm I

Recipient 1

donor into recipient

Transplant pole cells from

Allow recipient 1
to develop

Recipient host

l

Gonad has germ cells
of both donor and host

Recipient 1 (host 1)
becomes donor 2 and
contributes to cells

Adult fly produces gametes of
2 types: Its own plus recipient 1
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Early Development of Drosophila
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A. Sagittal sections B. Cross
Dorsal sections
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Epithelium Mesenchyme
Epitel Mesenchym

Hyalinni (sklovita,
kloubni).chrupavka
Types of Epithelium )\ P

Transitional

Stratified squamous  Stratified cuboidal Pseudostratified colimnar

=] |
< o e - -4
- (=4 5 PV e
o @ F 4
e/ o sof o 2 =%
i @ - 2 y \
— e
el @ . © < ’o » @ - @ o
NUCLEI— . & & A -
" —Q o Gy T
3 @ TESSELATED EFITHELIUM
] Q ™
g o
BASEMENT MEMBRANE
PAYEMENT OR SQUAMOUS EFITHELIUM STRATIFIED EPITHELIUM CILIATED COLUMNAR EPITHELIUM
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A. Sagittal sections B. Cross
Dorsal sections

Anterior Posterior

Ventral

Primary
Invagination ‘ Archenteron
Ventral furrow/Ventralni ryha
Stage 8
Secondary 4h15min

Somatic/somaticky

Zarodecény prouzek a jeho konvergentni extenze
umoznujici dalSi invaginaci zadniho stfeva
Stomodeum
formation and
invagination

(via convergent extension)...and progression of hindgut invagination

Stage 9
4h45min

Tvorba a
invaginace
predniho streva
(stomodea —
primitivni ustni

jamky)
Ef

Endoderm

Ectoderm Mesoderm

Neuroblasts
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Mesoderm

neurons/
neural supporting cells

i

Neuroblasts

Ectoderm
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Stage 10

5h20min
Secondary

invagination

Anterior midgut

= \

Posterior midgut

Stage 11

Anterior and

7h
posterior middgut
elongation
Hindgut (ectoderm)
Stage 12
9h

Retraction of germ band brings the

Foregut posteror midgut opening posteriorly

(ectoderm)
Anterior and

posterior midgurt
fusion (endoderm)

tage 13
Stomodeum
(ectoderm)

Segmentation
becomes obvious
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. Outline of Lesson 2
Early Development of Drosophila

O
O
O
O
O
O
O
= Video of gastrulation in Drosophila
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. Outline of Lesson 2
Early Development of Drosophila

O
O
O
O
O
|
O
O
|
o Overview of metamorphosis
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Segments X
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Imaginal discs in Drosophila 0 Labial disc
larva

Legs

Eye-antenna :
Wing Discs
L -~/ Haltere

e

Gut

O Gonad

disc

Genital
disc
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Mouth part

} Head

Thorax

> Abdomen

Drosophila larva , .
(imaginal discs) —( Metamorphosis )—} Drosophila adult
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Predetermined cell fate Adult structures

>
Morphogenic movements during metamorphosis

A. B. C. D.

Trochanter Prospective Femur Trochanter Coxa Trochanter

. thorax
Prospective
thorax
Tibia Trochanter

Femur

Coxa Tarsus Claws Tarsus e

Prospective
thorax

Under control of ecdyson and juvenile hormone
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. Outline of Lesson 2
Early Development of Drosophila

O
O
O
O
O
|
O
O
|
O
o Introduction into genetic and molecular mechanisms of the early

embryogenesis in Drosophila
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Different levels of morphogens

A.
Terminus / Terminus Aranioserosa
.‘L Pole Dorsolateral
’gé( cells ectoderm
- A
Future %
head Future Future >
thorax abdomen /'
Neurogenic
ectoderm
Mesoderm
Anterior <<— Posterior Dorsal

Klaus Sanders experiments in Germany, 1960’s
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Genotype

A. Parents: bed+/bed—
B. F-| = 1 ) de+/ £

2)  bed—

3) bed——

C. Mate female F, to Q bedt#+ x et
wild-type males: l

Q bed+/~x bed+

2) l
bdd*/*; bedt/—

@ bed-/- x bea++

9 |

bead+/~

D. The vitellarium of a bcd——female:
rescue

Nurse cells
(no Bicoid
mRNA made)

Phenotype

Both female and
male normal

All flies appear
normal

. These offspring
appear normal

These offspring
> lack anterior
structures

Oocyte (no
Bicoid mRNA
received)

ectopic formation of anterior structures

Eric F.
Wieschaus
The Nobel Prize
in Physiology or
Medicine 1995

Christiane
Nisslein-Volhard
The Nobel Prize
in Physiology or
Medicine 1995

bcd/BCD or BCD/BCD

Position-dependent rescue of the becd/bcd
phenotype using cytoplasm from bcd/BCD
or BCD/BCD oocyte
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512-nuclei
stage
(cycle 9)

Anterior
gap genes
6,000-cell ' '
blastoderm
zygotic
response

Anterior: Posterior: Terminal: Dorsoventral:
Bicoid mRNA Nanos mRBNA Torsolike mRNA
Oocyte/follicle
SWALLOW-, EXUPERANTIA- apd Pipe mRNA
STAUFEN-dependent BCD
locplization Maternal
hunchback Nanos
Bicoid mRNA RNA mRBNA Torso protein Toll protein
ﬁ
Torsolike protein Pipe protein
Dorsal
Hunchback Nanos : i
Bicod profein protein protein Torso activated protejn: el protein

Not activated

v .
Torso inactivated

[—|/ huckebem\

O T O LT,

-"Mr
i
LS

hunchback knirps twist
P - tailless —
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c
£ Bicoid Maternal Nanos
£ mRNA Hunchback mRNA
3 mRNA
[+]
5
(&)
<— Anterior Egg Length Posterior —=
B.
c
2
]
= s Maternal
3 B‘C?' C Hunchback Nar;o_s
S protein mRNA protein
<— Anterior Egg Length Posterior —>
C.
Total hunchback
rotein
5 7 i
@ | Zygotic
€ | hunchback
g protein
[=]
(]
Maternal
Hunchback
protein
Position at which a particular L\,—/ —— ——
zygotic gene is expressed: kni gt
<— Anterior Egag Lengih Posterior —>
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Bicoid Maternal
MRNA Hunchback
MRNA

Concentration

Nanos
mMRNA

<— Anterior Egg Length

Posterior —>
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Concentration

Bicoid/

protein

Maternal

Hunchback
protein

Nanos
protein

<— Anterior Egg Length Posterior —>
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/Total hunchback

protein

S S

© | Zygotic

€ | hunchback

S | protein

=

O

@)
Maternal
Hunchback
protein

Position at which a particular H/_/ H/_/ | H/_/

zygotic gene is expressed: gt

<— Anterior Egg Length Posterior —>
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Anterior:

Posterior: Terminal: Dorsoventral:

Oocyte/follicle

Fertilized egg

Bicoid mRNA

Bicoid mRNA

Bicoid protein

Nanos mRBNA

Torsolike mRNA

Pipe mRNA
Maternal
hunchback Nanos
RNA mRBNA Torso protein Toll protein
ﬁ ~
Torsolike protein Pipe protein
Dorsal

Hunchback Nanos : i
protein protein Torso activated protein _Toll protein

512-nuclei Not activated
stage
(cycle 9)
S Activated
Torso inactivated
Anterior :
gap genes giant . huckebem\
6,000-cell ' ' i e
blastoderm T T T M
response Iw""’fﬂﬂmmummllmm\‘ :
L ] L ] |
hunchback knirps twist
P - tailless —
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0 Only ventral follicle cells make Pipe. Complex
DNA of Pipe, Nudel, and Windbeutel proteins is
secreted (only on ventral side). Pipe sulfates
glycosaminoglycans (see Chapter 12) on the
Ooclyte ventral side.
nucieus Acti :
ctivation of
twist and snail . 9 Nurse cells have deposited mRNA for Easter
Repression complex in the egg, and the Easter protein
of zen complex, which includes Snake and
o Gastrulation defective (Gdp), is secreted
Oocyte around the egg.
cytoplasm
@) Easter complex and Pipe complex together
cleave Spatzle.
O sSpitzle fragment activates the Toll receptor.
|
Toll activates Tube and Pelle.
Tube and Pelle phosphorylate Cactus so that
it dissociates from Dorsal.
East @ Free Dorsal enters the nucleus. Itis a
aster transcription factor.
complex ‘Tube
Oocyte £ © Dorsal stimulates twist and snail (in
membrane mesoderm) and represses zen (in dorsal
epithelium).
Perivitelline Spatzle fragment
space (chorion (2)
and vitelline
envelope
not shown)
-
Ventral
follicle
cells
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A. Gurken induces polar follicle cells to adopt a posterior fate

W‘@W oMiCrotubu|e

% Nucl
\ /
‘ = = ﬁ% Polar follicle cells

eus

Maternal tissue as a source of asymmetry in the early Drosophila formation
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B. Unidentified signal induces repolarization of
oocyte microtubules

RNBI0000,

@ GURKEN (TGFa) signal
\ perceived via TORPEDO

-

unknown feed-back
signal to the nucleus
and microtubule
reorganization

Reorganization of the
cytoskeleton and
anteroposterior axis

formation
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C. Nucleus moves up, to anterior pole, via microtubules
where Gurken induces follicle cells to adopt dorsal fate

GURKEN signal induces
dorsal specification via
inhibition of X complex
formation
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. Key Concepts

o Axis formation is based on the asymmetrical distribution of molecular
determinants, mostly proteins and RNAs. Processes ensuring the
asymmetrical distribution of those process occur very early in the
oogenesis.

o The cytoplasm may contain factors (TFs) that regulate the expression of
target genes in the nucleus as shown in pole plasm transplatation
experiments.

o During early development, the developmental potential of cells or group
of cells changes.

o Gastrulation comprises a suite of coordinated cell divisons and
movements that results into movement of specific cells from the surface to
the interior.

o The cytoplasm of embryo in Drosophila and almost all other animal
embryos is heterogenic in terms of the distribution of factors that regulate
developmental fate of adjacent cells. The origin of this heterogeneity is
in the maternal tissue and its mutual interaction with the oocyte.
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