e From last week...

* Visible mutations, Dominant
mutations and balancers.

* Read the genotype from the
fly.

Assign the number of
the correct genotype to

each of the shown flies

Tick those genotypes that are
amongst the flies handed out in
the course (m2 and m3 refer to
recessive mutations on 2™ or 3
chromosomes, repectively)

4

—

+y,w; TM3,Sb/Ser

g

w/w; Cyo/m2

3. ywlyw;, TM3,Sb/m3
4, Cyo/f

y,w/y,w

6. ww; TM3,Ser,e/m3

7. +/+

8. yw/ly,w, m2/Cyo

9. ww; TM2,e/TM6B,Hu,e

10. w/w; Cyo/If
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Assign the number of
the correct genotype to

each of the shown flies

Tick those genotypes that are
amongst the flies handed out in
the course (m2 and m3 refer to
recessive mutations on 2™ or 3™
chromosomes, repectively)

h 4

1. +/y,w,; TM3,5b/Ser

2. w/w; Cyo/m2

3.  ywyw, TM3,5b/m3

1 . L .



1. +/y,w; TM3,Sb/Ser

Assign the number of
the correct genotype to 2. w/ w, C}fﬂf m2

each of the shown flies

3. y.wiyw;, TM3,Sb/m3

Tick those genotypes that are
amongst the flies handed out ir
the course (m2 and m3 refer to 4. Cyﬂﬂf
recessive mutations on 2™or 3
chromosomes, repectively)

\ 4 5 ywlyw
1. +Ay,w; TM3,Sb/Ser 6. w/w; TM3,Ser,e/m3
2. w/w; Cyo/m2 7. +/+
3. y.wly,w; TM3,Sb/r
4. Cyolf 8. yw/,w;, m2/Cyo

¥ f ¥
ywiy,w 9. w/w; TM2,e/TM6B,Hu,e
6. w/w; TM3,Ser,e/m.

10. w/w; Cyo/If

7. +/+

8. yw/yw, m2/Cyo
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 Lecture 2.

* Genetic screens for Drosophila mutants affecting embryonic
pattern formation



Figure 10.3 Life cycle and early embryonic development of Drosophila melanogaster
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Figure 10.4 Laser confocal micrographs of stained chromatin showing syncytial nuclear divisions and superficial cleavage in a
series of Drosophila embryos

Courtesy of D. Daily and W. Sullivan
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Figure 10.6 Formation of the cellular blastoderm in Drosophila

(A)  Actin filaments (B)

Microtubules — =

Nuclei— gl

All photographs from A. Brandt et al. 2006. Curr Biol 16: 543-552,

courtesy of J. Grosshans and A. Brandt (C) Centrosomes

After A. Brandt et al. 2006. Curr Biol 16: 543-552

10 min
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Figure 10.7 Gastrulation in Drosophila
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Abstract

In large-scale mutagenesis screens performed o 1979- 1980 ar the EMBL
m tlf_l\.ll."_l:!'.r?'_. we |5|:l|.'l|.|.'\.| A nomns .|'H\'.\'.'|||'l!': ||'.|.' patiern or Sruciure ':l{
ir. "The &

gred o 120 genes and represent the mapority of such geres m the

mutants we characterized could

the larval cuticle in Draspis
I:ll.' assi

genome. These mutants subsequently provided a rich resource for under
s ||':I'.|'.|:' ||'l.'l|'l:|"r'.ll'll‘l-'.l'.'l\.'ﬂ':.l.. |‘|I.'l.'|.'..|:i'|!l.1'.|.'|'|l..'|| jigta=tih h'llc:.'l as ||'.|.' Lranscrpy

tonal hierarchies controlling segmentation, the establishment of cell states

by signaling pathways, and the differentiation of epsthelial cells. Most of
the Hesdelhery

CIII'I!-CH'I.'I\.I m lII.I'lI.': animals, II'II.'I'III\.I'.I'.

es are now maolecularly known, and many of them are

humans. Although the screens were

matially drven entirely by curiosity, the mutants now serve as models for
maEny I'.II.II'I.'II'I II.I!-L'J.‘H.'!-. I thas re VIEW, Wi I‘ll.'!-\'.TII:II\.' I.I'll! ranomale o It.1 he screen

precedures and provide a clasification of the genes on the basis of their

Eral ]!:Tll\.'ﬂll'."_\:'|!l\.'.'i and '::.'II.' .‘il.'ll)ril.'l]ll.l.'l'.l m I.'I.'II.I: .'II'I.'II1.'1IC>G.

Figure 18

Eric Wieschaus and Christiane Nisslemn-Volhard in 1979, at the nime of the mutagenesis screen.
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(1., chrompsomes), in contrast, appeared to be distnbuted equally among cells during dleavage.

Inoa FJ1I1I'\III.1 EXPECITEnT, Boven II.\'.'II.'I(II'IH:irL'Ij r|'.ar I(I!:H l:l-r '.I'all.l‘u'l(l“.ll. I.'I'JF\CIHI(MI-'IHL'!: I:.I'.I!:\'.*:I Bk

cific developmental defects in particular differentation pathways (Bovers 1902; see Wilson 1925,

These experiments showed that the abstract Mendelian factors, subsequently referred to as genes,
were localized on mdivedual chromesomes, and provided the foundason for the chromaosamal
theary ol inhesizance. The central sdeas thas emerge from Bover's wew of development are thas
spatial patterns are present as plar distnbusons of morphogenetse substances from the earlsest
stages, that these patterns are simple, and that the subsequent activity of genes an chromasomes
builds the ultmate functsonal pasterns in the fnal organism

Whar these genes were and how they controlled development were unknown and beyond the
reach of the technology availalile at the nme. The strategres pursued by biological researchers after

Boveri focused largely on either genetics or development. They aimed to find surmore about ge

5
and their organization on :hr\clﬂnninlnu:ﬁi.‘ull:-r|r_a|'. 1933 ar madent f:.'5.1||:|5.1J:|1-'.t:i'||:|:41'|-.||:|1_|: pattern

E Woambaw ® Namirae- Pl

at palanty v the embizvo, The discovery of the arganizer region in the newt embryo by Boven's
student Spemann provided evidence for sequential induction of cell fate in the amphibian embryo

{SPH'DHEE 19‘35}. TI'I\'.TEL' I'\IIJl.'iL'ﬂ'irII'\II'IL |r_|.'|'||.'rJ1¢.-||. Ereat excitenmsent I:ﬂl': were t.l'\lll.I:ﬂ\'L'li I:fl.' VEArS |:-f

frustrating attempts to punify facors invalved mparticular developmental decisions, One major

problem was the nature of assays for cell patterning available at the tme. These assays generally

invodved the application of substances or embryonie extraces to fragments of tissoe deprved of
the mitrmsic faetor. Even when such experiments “worked,” they often gave pusitive results with

comipoumds that could not possibly have had a baological rale. elopment seemed minitely
comiplex and the experiments much oo cruwde and unavoidably accompanied by unwanted side
effects. Another problem in developmental beology during this period was that sceentists worked
on many different organisms, each chosen for o specihc experimental advantage or an excitng
phenomenan. A classs

ascidrans, daphnids, nemarodes, plananans, slime malds, snails, chicke

texthook (Kahn 1965) describes work on algae, frogs, newts, sea urchins,

widra, crickets, moths,

flies, midges, and grasshoppers. The individual communities were small, and the experimental
approaches used were very different, such that the results were usually not comparabile and did

nut easmly lead to unifyving theories of development. In the 19505, the dscovery of the double
helix and the excitement of molecular biokoegy of bacteria and bacternophages pushed research

intm felds other than developmental beology and led YWarson in o famows textbook (VWarson

1965} tor question whether “we have sufficient background at thes tme to amack embryology ata
malecular bevel.” Mevertheless, theoreticians, on the basis of regeneration experiments with the
pulyp hydra, propesed the concept of posioonal information (Waolpert 19649, A theory based
on self-enhancement and lateral mhibiton could explain the formaton of stable patterns from
near untformity with planable parameters (Gierer & Membharde 19723 These models assamed
pradients elicit

that complexity could arise from morphogen wy different responses at different
concentrations. But the molecular nature of such morphogens and the response to them remained

I.'I1IHI‘|'I\.'.

The begunning of the twentieth century also saw the rediscovery of Mendel's laws and the birth
of modern genetics (Mendel 1866). Although not appreciated by most developmental biologists,
genetic methods would ultimately provide o way to interfere specifcally with o developing or
anso etk cansing gross disturbances. A mutation allows one to completely deplete a single
component in a complex system while leaving everything else intact.

§_
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g
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analysis (Hartwell et al. 1%70, Nurse 1975). The same strategy might also work for development.

If murations in genes controlling specific actvines m smbryo coulbd e found, it might even be

i imstrhts into the laochemical mechanisms

posible to identify their protein products and thus g

controlling developmental decisions.



Figure 10.27 Expression of Gurken between the oocyte nucleus and the dorsal anterior cell membrane

and die as larvae.

Nurse cells pour proteins and RNAs into the oocyte. Maternal contribution means many zygotic mutants will survive to hatching

(A) (B) Actin

3

Gurken protein

s

rom R. P. Ray and T. Schilpbach. 1996. Genes Dev 10: 1711-1723,
courtesy of T. Schlpbach

Courtesy of C. van Buskirk and T. Schipbach
DEVELOPMENTAL BIOLOGY 13e, Figure 10.27
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Figuare 4

The relstionship berween the cancle pamern of the bavching embeyo and the fate map ar the hlasroderm
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1o saft imrernal rissues such s the somodeam (5T, ancerior midgar (AN, mesmderm (MS), prooosdsam
(PRCY, posterior midgur {PMG), and pole cells {PC) can be scored only if those ahnormalines have
A e snncsanEnsec . TheE mernho kbayr of the =mdermie



DTS91 b prcn sca cnbws i
W CyOr cn sca 99 X wreated with 25mM EMS)

X
DTS cnbw F1 DTS591bprcnsca cn bw sp)* o (cn bw sp)* 1
0 18C  bw 00 QQ X (Bl or e borensca 6
29°C 4 days
18°C or 25°C !
bw * DTS
"(‘:yo =T F2 (cn bw sp)*

0o
X cn bw sp)* u jes i
,gﬁ 29 C %\\%E F3 L_E}(TEJ and (Eﬁ bﬁ;p . dies if mutant

In(LRI56L, DTS4 9 x & 33 (treated with 25mM EMS)
e

=~
ORD, - S
; ' ‘ F1 In(LR)561, DTS (ste)* _(ste)*
) Ser 22 X Ser In(LR)561, DT54 33 |a
{w 3 2-3 days 25°C or 5-6 days 18°C

2 days 29°C, removal of parents
25°C or 18°C

F2 (ste)* 92 and d‘d‘

Ser

collect eggs, score for embryonic lethals

FMEZNTW9 9 9 X %6‘6 (treated with 25mM EMS)

. ki FM7 i
F1 M7, TWS % 97)(\;/ dd
‘ ) F2 o EMT_ had e " FM7,TW9
\ /| FM7, TW9 FM7 Y 4
l.;:'_ll."l.' L]
v dies if mutant dies Beplica planng egg collecriors from muliple muren socks. Flies from differenn mesgenizad lines are

rransferred o

ihes |:|l\.-\.'|:. '.|:‘_.l_-\.'I:|II\.'I in a hleck formaon. Femnales |.|!. CHEES I o efiped [UETERE R !.-\.':11I-\.'||
J|':I|I.' TUICE agfar |||J.I|."|. After 24 |'|. e ."|:|II":|J=«.'I'.'||||:.|» Fax |.'."|.i.'.|.|'||.':|. anil che ushached naucant l.'||'|-:ll':.:l1 wn
he collecred for T TORCORIC EXImINKLie.

Aﬁl\_{ Wieschaus E, Niisslein-Volhard C. 2016.
Annu. Rev. Cell Dev. Biol. 32:1-46

|:'ig-l_||."|.' a

L rissing sochiemies o |:I|-.||||. e mbwreid lines vo be resced for b TG ks InsTant '.'.|||l|'_.l|-. uith alrered |FIlLerns: Thie lefi ||.'.I||.'| [Hr el a
I-:I.'."II.'I'JI % bezpmianic I!-\:.l..-l'.".llﬁ"-r\."ll ginidl nhee ||-:||I: |:.'|I|l.'|'. FIVE Feneix deraals of the second chrsminsnme :.'-'-J.'I. third chrsmasmme :|'|'|.'|II||IIIr:'
arel X chruminsome :Ill-‘ru'-"n"l:' crioeses. EME denoes |.'I|'.:.| methane sulfomace



Genes on the same chromosome will recombine

New pattern-forming mutants were mapped by '
recombination with visible markers

- yellow body

0.0 - scute bristles 0.0
1.5 -5 white eyes 13
30 ‘4" facet eyes 4.0
5.5 ‘v echinus eyes
757 | Yruby eyes
, ‘ 13.7==1. crassveinless wings 13.0
16.5
y . 20,0+ |- cut wings
Sturtevant’s linkage map of 3 21,0 " singed bristes
. D h . Z 27.7 =1= lozenge eyes
gEnces 1 Lrosopriid L T
36.1 ~4= minialure wings
* 3 genes: body-color (b), wing-size (vg),
and cinnebar (cn) —one of many genes 43.0 «_| + sable body
affecting eye color 44.0 T gamet eyes 485
*  Observed recombination frequencies: 51.0
cnand b = 9% Shsmssoms 56.7 + | ; forked bristles 9
cnand vg = 9.5% } jL il o ) 57.0 -i3%- bar eyes 55.0
band vg = 17% ' ' A 595 -1- fused veins £7 5
L—A E 62 5 =<4= camation eyes i
*Crossing over would occur most «— % — 66,0 ~~= bobbed hairs 66,7
frequently between genes b and vg 67.0
-— 9% —P-— 95% P ?Eﬂ
* He decided to “map” these out on a 755
chromosome Recombination ;
1 map unit is = to 1% recombination R
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slar eyes
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From C. B. Bridges. 1938.

J Hered 29: 11-13

Photograph by A. A. Alekseyenko and M. |. Kuroda
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Figure 10.16 Three types of segmentation gene mutations

(A) Gap: Kriippel (as an example)

Early embryo Later embryo Larva Larva
(normal) (normal) (normal) (Iethal
mutant)
Area of Area of

A
gene action 4

Original art based on M. P. Scott and P. H. O’Farrell. 1986. Annu Rev Cell Biol 2: 49-80
and C. Nusslein-Volhard and W. E. Wieschaus. 1980. Nature 287: 795-801

DEVELOPMENTAL BIOLOGY 13e, Figure 10.16
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(B) Pair-rule: fushi tarazu (as an example)

(C) Segment polarity: engrailed (as an example)
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Muranes affected in AP parterning: 20 mutants of genes listed in Table 1 represent the following classes: gap genes [giant { gt) and

Krdippe! (K], pair rule genes [runt (pus), cven-skipped (eve), odd-skipped (odd ), paseed { prd ), and sdoppy-paived (slp)], segment polarity genes
[swrmacifle (), bedgebog (55), winglese (wg), and patched { pic)], segment pattern genes [arrow (o), engrailed (ex), Baee (fin), midline (mid ),
and smoothened (wn)]|, homeotic genes [evtradenticle (exd )], and head genes [buttonbead (Bt ), brown bead (brk), and thick bead (#5i)). From

Jurgens et al. (1984), Nisslein-Volhard et al. (1984), and Wieschaus et al. (1984a).

14 Wieschaus » Niirslein-Volbard
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Figur:.' 11

Schematic representation of deletion patterns in pair rule mutants. The shaded areas indicate the regions lost
in the mutant patterns of strong alleles. Gene abbreviatons (from sop left vo rop right): prd, paired; opa,
odd-patived; cve, even-skipped, fiz, fushi tavazi; odd, odd-skipped, vin, runt; b, bairy, en, engrailed; slp, loppy-paived.
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Figure 10.10 Generalized model of Drosophila anterior-posterior pattern formation
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Figure 10.11 Anterior-posterior specification in Drosophila originates with morphogen gradients
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Figure 10.13 Caudal protein gradient of a wild-type Drosophila embryo at the syncytial blastoderm stage

From P. M. Macdonald and G. Struhl. 1986. Nature 324: 537-545,

courtesy of G. Struhl
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Figure 10.14 Model of anterior-posterior pattern generation by Drosophila maternal effect genes
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Figure 10.15 Bicoid protein gradient in the early Drosophila embryo (Part 1)

(A)

From T. C. Kaufman et al. 1990. Adv Genet 27: 309-362
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Figure 10.15 Bicoid protein gradient in the early Drosophila embryo (Part 3)

(D)

From W. Driever et al. 1990.
Development 109: 811-820,
courtesy of the authors
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Figure 10.19 Messenger RNA expression patterns of two pair-rule genes, even-skipped (red) and fushi tarazu (black), in the
Drosophila blastoderm

Courtesy of S. Small

DEVELOPMENTAL BIOLOGY 13e, Figure 10.19
© 2024 Oxford University Press



Figure 10.20 Specific promoter regions of the even-skipped (eve) gene control specific transcription bands in the embryo
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Figure 10.21 Model for formation of the second stripe of transcription from the even-skipped gene
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Figure 10.17 Parasegments in the Drosophila embryo are shifted one compartment forward in relation to the segments
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Figure 10.22 Model for transcription of the segment polarity genes engrailed (en) and wingless (wg)
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After M. S. Levine and K. W. Harding. 1989. In D. M. Glover and B. D. Hames [Eds.], Genes and Embryos. IRL,
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Figure 10.23 Homeotic gene expression in Drosophila
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Figure 10.24 (A) Wings of the wild-type fruit fly emerge from the second thoracic segment and (B) a four-winged fruit fly
constructed by putting together three mutations in cis-regulators of the Ultrabithorax gene
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Figure 10.25 (A) Head of a wild-type fruit fly. (B) Head of a fly with the Antennapedia mutation that converts antennae into legs
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Figure 14

Mutants affected in dorsal-ventral patterning: 20 mutants of genes listed in Table 2 represent the following classes:
gastrulation dorsalized group [twist (twi) and snail (sna)], gastrulation decapentaplegic group [short gastrulation (sog),
twisted gastrulation (tsg), and folded gastrulation (fog)], spitzgroup [faint little ball (flb), spitz (spi), and Star (S)],
neuralized mutants [Notch (N), big brain (bib), and mastermind (mam)], dorsal pattern mutants [slater (str)/thickvein,
schnurri(shn), and basket (bsk)], dorsal closure group [raw, ribbon (rib), and zipper (zip)], and u-shaped group

[hindsight (hnt), u-shaped (ush), and tail up (tup)]. From Niisslein-Volhard et al. (1984) and Wieschaus et al. (1984a).
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Figure 15

Crastrulation and ventral pattern mutanes: gastrulation dorsalized swise (f2d) and gastrulavion ventralized

e e o DG s ) D G vl i o decapentaplegic (dpp) (weak allele) and tolloid (td ); spit= group faime litele ball (), spit= (spi ), and rboreboid (rbe).

af the venerel {rap) snd che dorsal (farmom} aspect of the fosterior thora snd the firs

The ventral aspects of mutant larvae dissected out of the vitelline membrane. The vitelline membrane of the
flir embryo was removed by Photoshop. From Arora & Nisslein-Volhard (1992) and Mayer &

Niisslein-Volhard (1988).



Figure 10.28 Specification of cell fate by the Dorsal protein
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Figure 10.28 Specification of cell fate by the Dorsal protein (Part 3)

(C) Muscle-specific homeobox Decapentaplegic

From D. Kosman et al. 2004, Science 305: 846,

courtesy of D. Kosman and E. Bier
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Figure 10.30 Cartesian coordinate system mapped out by gene expression patterns
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* Reading

* Heidelberg screen, Wieschaus and Nusslein Vollhard

* Scot Gilbert textbook chapter of Drosophila



