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ABSTRACT

. The research described in this thesis was performed
 to test seberal current models of D;gsgpbjiﬁ ggvefopmenh"é;
Each model is capable of §imu1ating the phenotypes of
specific segmentation mutan;s»in this organism. 12ygotic
mutants affecting empryogenesis have been found on every
chromosome of D;ggﬁphjia and comprise three major
classes. These are the gap class, pair ;uie,'ahd segmeng
polarity class of mutents. By extrapolating the models,
predictions of the phenotypes expected for combinations
of pair rule and segment polarity mutants ‘weré .-made. ——
The origiﬁal 'purpose of the experiment was to garner
evidenée to test the models. 'fIf a model correctly
predicted many of the phenotypes, it was felt that it may
be . simulating the actqal mechanisms involved in pattern
formation. ‘The result of the experiment hoWever, was to

' support specific features of edch model and therefore
none of the three could be discarded in " its entirety.
The ;results raised some interesting’&uestions concerning
dosage effects and interactioos between - segmentatién_r*
genes that were not expected. Several double mutant
phenotypes were"less extreme than the single mutant
phenotypes suggestxng 1nteractions between the two loci.
FAs wéll, in some cases the control 1arvae exhibxged’
'defects”tgiigsiated with one of the recessive, lethal
mutants even £:§§gh the larvae were heterogygous at that

locuss
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1, INTRODUCTION

Most orgeniSms, by'hecessity, hust‘reproduce to/~
ensyre the continued egistence of their species. This
process, lntegral to snrv1va1 is therefore, under rigorous
genetlc control /The initial product, in hlgher

" eukaryotes the zygoée,. myst 1nxturn develop into a fully
differentiated /adult capable of treproductlon. * The
progressive de?élopment of- the zygote from‘a‘unicellular
entity into . ‘a multicellular grganism(‘ continues to
fasc1nate and perplex observers. - .

. The adult organism contalns many different cell

'ttppés énd tissues. Although all of these cells are
orlgLnally derived from the unicellular- zygote, after
dl%ferentlatlon they express dlfferent sets ofm genas.
p;cullar to the organ or specialized tlssue to whlch they-

/%elong. ~Laser ablation fate mapping experiments-.(Lohs-‘

'// Schardin et. a., 1979) reveal ‘that all cells that

| contribute- to the formation of larval epidermal anlagen
~are found in specific spatial relationships to.eaoh other
at blastoderm e.g. in Drosophila when specific‘ cells
in  the blastoderm are‘irradiated wrth en ultraviolet
laser microbean, specific_structuresfin the larve -are
absent, (Lohs-Schardin et. al. 1979). Irradiation of
this location alwayslreSOlts in the same defect. When
this is done, ih turn, to all of the'blastoderm ceils, a
fate map can be generated; This correlat®s all'of. the

larval epidermal structures with the 1ooat@bn of the



blastoderm cells that produce them. when this same type
of experiment is performed on pre-blastoderm embryos, no

defects in the ‘differentiated larval pattern are

observed. This implies that the nue“i become aware of

their, developmental fates at a particular stage of
. { .
;development. When this occurs they are ‘'determined'.

h fSinoe this ‘state is cell heritable they cannot usually

Qweﬁahge their fate. ' Larval defects are observed when  the

ells are. irradiated at blastoderm pecause other celks

,and their descendents cannot alter their determined

ffi?sometime before cellularization = of the blastoderm = is

“complete (Lohs-Schardin et. al., 1979).

The origin of determined states is under;'genetic'

control, therefore this study approaches /the problem of

pattiﬁp formatlon at thlS level. ‘The organism of choice

is  Drosophila melanogsster ‘due to the plethora of

information, genetlc and developmental, "that ‘is
: available.k _The larva of the fruit fly also has a hlghly
organized 'segmentatlonr pattern on its ventral surface
which  simplifies analysis of mutant phenotypes. (See

Materials and Methods for a description of the pattern.)

A Drosophila Delanggaster egg is less than .5 mm

“long. Ventral and dorsal surfaces are distinguished by
the convex shape of the former, and the slightly
' flattened appearance of the latter.  Immediately

surrounding the egg is ‘a transparent,, hydrophobic,

istate to‘replace the missing cells. Determination occurs.



i

‘vitelline membrane. External to this, the opaque chorign

is found with its two anterior appendages.

A few minutes after sperm enrry, the male and female -

pronuclei fuse at a position epproximately 1/3 of .egg
length ‘(EL) as measnred from the posterior pole. The
cleavage nuclei divide synchronously, . the first' seven
divisions occurring in the egg's%‘interior.' " Each
nucleus accumolafes'cytoplasm; these"energids"are then
distributed evenly throughout the ego. ‘After the seeenth
or eighth division, the energids mrgrate to 'the

periplasm, beneath the plasma membrane, Eo form the

-syncytial blastoderm. Approximately 100 remain in the

centre to become yolk"nuclei, wbi1e~18 at the posterior
pole fofm‘the pole cells. |

The syncytial blastoderm nuclei divide synchronously

&nd Alberts, 1983; Fullilove and Jacobson, 1978;‘Poulson{/

1950). Cellularization- of the blastoderm occurs througﬁ
. : /

the inward invagination of membrane between adjacent

" Mnuclei from the plasma membrane. Although the _final

product of this process is referred to as cellular

blastoderm, cytoplasmlc connectlons between the cells and

'the yolk can still be observed until the initial stages

of»gastrulatlon (Rlckoll and Counce,1980). The formation

of the blastoderm is generally complete by 3.5 hours

o

_after egg laylng (AEL) -~at 25 C, at which time

gastrulation begins. This entails a major rearrangement

/

’ four more times to produce approximately 6000 nuclei (Foe ///v



of the single cell ‘layered blastoderm to = produce
ectoderm,‘ endoderm‘“and mesoderm, - Venttalhfurrow» (VF)
formation is the first movemene observed after whlch the
fcephaldc furrow (CF) appears. 'By 4 hours AEL, the germ
band, composed mainlyrof ectoderm;',elongatesi LAt 7.5
hours segmentatlon of the germ band becomes apparent as a
series of transverse grooves on the. ventral surface, past
'{the posterior pole of the egg and up along the dorsal
frfsurface, due to germ band exten51on. Head 1nvolutlon
‘Albeﬁlns, resultlng in ‘the dlsappearance of the CF The
i germ band shortens so that it again oceaples the ventral
surface of the* embryo.' The edges of the germ\bgnd extend -
laterally until they meet on the dorsal m1d11ne, \thus, |
enclosing the embryo; After dorsal closure, the entlre\\
surface is covered'by a single layer of epldermal cells-
which.'subsequently" secrete the cuticle of the first
instar larva:‘this hatches by 22 hours AEL;'at'ZS °C. o

The first somatlc cells in this organism are:

formed at blastoderm. Slmcox and Sang (1983)1 removed
cells from embryos at this stage and transplanted them
into other embryos. \Ecth donor and host embryos that
survived until they emerged as adults were studied to
determine 1f the transplanted cells developed according
' to their original fate (autonomous behavior) and  were
' therefore determined, or if they were affected by‘their

new location and differentiated ~adult vstructures

appropriate to it. When cells from cellular blastoderm )



stage donors were used, they. developed. autonomouSIy.
When thie same experiment'wes pe;formed:with nuclei from
stages prior to celiqlarizetion, they[particip;ted ih the
formation of host. tissues, - exhihiting ‘nonautonomous,
undetermined behayior.' Laser ablation experiments have
been .used to subport-these‘resulte; When embryos in
"eyncytial blastoderm a%e irrediated with an ultraviolet
laser microheam” defeots in'theyhatched larva are very
rare, - When ir}adiated at cellui%r‘bﬁastoderm, as many
as 90% of the.first lnstarf larvae exhibited defects,
(Lohs-Schardin et. al., 1979).  Studies in which
| ngggpbilg_ eggs‘ afeiligeted at different positions 'andt
diffetent times of development reveal that when performed
at hiastoﬂerh; e large number*of segments are absenth
>from the cuticular patternm- At progrqssively later’tlmee
of development, sméller‘Zaps.tﬂ.the;pdfkern are observed
‘When' eggs are ligated at biastodetm. 511 of the cutlcular
'pattern elements are formea‘to the’ extent that both
halves together contain the ‘wildtype number of 1segments
(Schubiger et. ‘al., 1977) . ,Allvof these experiments
~ indicate that segment determfﬁation occuré“fduring»
.blastooermwformation. They do not.however,' shggest .the
mechanism of Idetermihation ‘nor explain what the.
determined state is.

Moreh»information on this subject’is provided ‘by
clonalfahelksis; If embryos hetergtygods for‘hristle~ano

hair markers aré irradiated with specific doses of . X-

.

o



\
C
'rays, mitotic recombination in one or more cells can be
" induced. This produces cells that are homozygous for the
markers,‘ in "a'background of;heterozygous cells. This
techniﬁue is ideaily euited for the study of imaginal
disc ﬁevelopment: These discs are .the progenitor cells
ot some edult tissues. Throughout larval development
they remain o;ertly undifferentiated until metamorphOSis-
" when they replace the larval tiSsue. Using clonal
- analysis, -%ercia-aellidotﬂet. ~al. (1973) found that; a
sequence of clonal restrictions appear at specific pofﬁts
in larval ‘development resulting in the 'progressive
restriction ‘of the developmental compeéence of imaginal
.disc cells, ‘e.g. When clones are induced in g discs‘at

N

an early stage of development, they never ¢ a 'line’

1

_separating the anterior portion of the. wing from the‘“
~ posterior portion. ‘This line,  or. compartment boundary

subdivides the disc into anterior and  posterior
compqrtments. Clones ‘1nauced later reveal another,
dorsal/ventrai, ---compartmental | restriction. The
h observation that the restrictione’occur.in a specific

temporal sequence implies that determination is a‘gradual

process reljing_ on - complex interactioné and gene

activities. >

—

Several mutants are known in D,° mglgnggas;g; that

:affect compartment specification. Viable alleles 'of

sngxgilgd transform the posterior wing compartment into a

. mirror-image of the anterior compartment. When



gpgxgjlgd Jclones are made in en/+ individuals, clones
originatihg in the posterior compartment can now cross
the boundary ahd populate the anterior compartment
(Lawrence and Morata, 1976); Clones with mutant alleles
‘at other gene loci éffecting posterior wing morphology dol
not exhibit this type of behavior. These results suggest
that determination of the difference between posterior
and anterior wing depends on the activity of the
engrailed gene. According go this idea, engrailed is
'on' in t?e posterior.compaq§ménﬁyof the wing disc, and
‘6ff' in the anterior one and, in gsfﬁﬁﬁmcentrbls other
genes that are differentially activated in these two
'compartmepts.

This, 'selectqr gene hypothgsis}, proposed by
Garcia-Bellido (1975), -suggests,furthé} that pfdgressiye
L;estrictions of developmental poténtial caused by -

subsequent compartmentalization events-are dependent on

" other selector genes and that the basis of determinatidn

is a combinatorial binary code of selector gene activity.
When the wing is subdivided into anterior and posterior
compargments; the code for anterior woq}d be 10' and
posterior 0'1', indicating gn+ activity in the posterior

- compartment. After the dorsal/ventral restriction, the

I o

ombinatorial code| specifying the anteridr-dorsal
7COmpartment ‘would be '00°', anterior-ventral '01°',
posterior-dorsal '10*,” and bosteriot-ventral"il’, wnere

~the second .digitirepresents a different, hypothetical



selector gene. ' ,
A mechanism which has been suggested to coptrol tﬁ;
selective expression of developmentally important genes,
inclgding selector genes, is' ‘positional informgtion'
(Wolpert, 1 1969) which tells cellzﬁyhere they are in the
déveloping'embryo. Evidence supporting itg existence is
garneredA’from embryo ligétibn expefiments © (Herth and
Sander,1§73). Schubiger et. al. (1977) ligated
ngggphif%# eggs ana then pierced a hole in the membrane
that separated .the ligated parts. When this was
ﬁérformed on early embryos, the normal segmentation
pattern was restored. This implies that 'cbmmunication
betweeﬁ the  two portions qf the egg is necessary for
proper specificity of segments. Information in the form
of a diffusible substance might provide the positional
pformation used to specify the sequg%ce of segmenté;
The 'ideé of positional information has also been
found necessary Eo explain the regeneration of imaginal
discs. Discs can be removed, fragmented and after
t;ansplantation into an apprépriate host, regeneration
patterns assessed. 1If -a disc is cut into two pieces, ;ne
piece always reg;nerates'a complete disc, the remaining
piéce duplicates itself. French, Bryant and Bryant
(1976) explained this behavior through a 'élock;5*mode1”
of positional information; Two coordinates are placed on
the digg: one specifieé‘circumferential values of 1 to

12/0 (ébmpartment boundary) the other specifies the



froximal-distal. axis of the disc. Briefly, the model

Ratess that when a disc is bisected, intercalation of

';ﬁjtetmediate values progresses by the shortest route.
;¥ eﬁ one portion of the disc is larger, it wifl contain
”v_clock values and th¥refore will regenerate the
‘inéeéhediary 'values. The portion of the disc that
duplicates does .so - because the shortest route of
confronted values is through the values that are already
present. This indicates that the positio;al information
needed to produce a complete disc is present and that
‘disc cells communicate- this information to each other .
The mechanisms by which positionel information acts
and ghe fo;m it takes are unknown, but several theories |
have been developed. Turing (1952) first demonstrated
mathematically that a uniform erray of gells could"
produce biologically significant patterns\éf morphogens.
Wolpert (1969) suggested that;posieional information may
be specified by one or more gradients of diffusible
morphogens. If morphogen ‘'a' is found in  high
_concentration at one embryonic pole, (e.g. anterior) and
diffuses to the posterior pole, it will set up a gradient
of high to 1low concentration.  Every cell in the
developing embryo'could be specified by the concentration
of the morphogen at its position. This implies that
specialized e:eas or sources, produce the mprphogen,’and
that other- regxons or sinks, dispose of it. These unique

propertles' are assigned to boundary regions, and they

L4
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should thereforewbehave differently from other portions

of the embryo. Boundarieg are also present- beiween
segments, thun the existence of these inherent properﬁiea
can be tested. ~

Locke (1959) found that when small pieces of
abdominal integument from the blood feeding bug Bbodnius
prolixug were removed, rotated 180o and then replaced,
the patterns that resulted could best be explained if
every segment contained reitergéions‘ of homologous
information. Wright and Lawrence (1981) perfdrméd a
series of experiments that not onl¥ duplicated these
results, but expanded them to show that boundaries do not
possess unique, specializodproperties but are simply
anoth;r> pattern element on tne insect integument. They
found that extirpotion of ‘a boundary in Qnggpgl;us
fasciatus could;,have several results depending on the
proportion of“fhe segment tnat was removed with it. If

only the segment boundary was removed, when the animal

was observed after moulting, it had regenerated. When a

segment-sized piece was transpldnted from the middle of

one segment to the middle of the next, including a
\_\

segment boundary, a large, stable mosaic segment was the
\

result. The boundary was nbt regenerated.

These results suggest thai when less than half of a

' segment is removed, cells \are confronted during the

healing process that contain yery similar values in the

gradient. Therefore, the absenn!material is intercalated

A
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and a normal segment is p}oduced. When an entire segment
is removed, the values juxtaposed arovnoarly identical
gnd théfoforn the cells do not’rogoncrato the missing
material, nor the segment boundary. One 1ntereat1n§
resulg observed can only be explained by invokiﬁg Bne of
the rules from the clock model. When more than half, but

less than an entire segment (excluding the éegmlnE

boundary) " is removed, an ectopic boundary in reversed

polarity results, If intercalation by the shortest route
is followed, then the cells would intercalate through the
segment boundary in orientation opposite to that of the

other segments.

Recently, many mutants in D. pelanogaster have been

isolated which affect segment identity, size and number

(Wieschaus et, al. 1984, Nuéslein-Volhard et.al, 1984,

Jurgens et. al.,1984)., Several types of mutations were

recovered including~— homoeotic, maternal effect and
-gegmentation mutadfs. ul;;;bi;bgjgx is an homoeotic
mutant that transforms éhe_identity of the metathoracic
segment (T3) into mesothorax (T2). Maternal effect
mutants such as gorgal result in genotypically wildtype
embgyds differentiating only dorsally derived structures
(Nusslein-Volhard et. al., 1980). Three classes of
‘Usegmentation mutants were isolated, ' segment 'polarity,

pair rule and gap mutants, (Wieschaus et. al. 1984,

Nusslein-Volhard et. a. 1984, Jurgens et. al. 1984)¢

Segment polarity hutants such as pa;gh’ contain the

1l




»wiidtypo number of segments but only the anterior portion

of each denticle belt is normal. The posterior portion‘

{s a duplication of the anterior [rows in reverse
polarity. In this case, this ‘1nclhdes the segment
boundary, thus, twice the€ normal nu;ber of boundaries are
present. All of the mutants in this class contain
mutant specific duplication; #nd polarity reversals.
Péir rule mutants such as evenskipped are ﬁissing
segment~sized pieces of their pattern. The -endpoints of
the delet?d mq}erial do not necessarily coincide with the
segment boundéries although this Qmay occur in some
mutants. The pattern presented by Zhe gap class of
mu}ants reveals that several contiguous'fsegment—sized
pieces are absent. Again, the endpoints of the deleted
material are not obliged to coincide wﬂsp the segment
boundaries, although this may occur. ,%;.%. ‘ ,T:'

 Several éheories’ have been proposéd to attemﬁt to
explain mutants whiéh can affect segmentation. Each . is
capable of simulating single mutant phenotypes of members
of the pair rule and segment polarity classes. By
extrapolating these simulations, the;aim of this project

was to use them to predict phenotypes’of‘ pair-wise or

double mutant combinations of mutants in these two

classes. - Pive pair rule and three segment polarity

‘mutants of D. melanogaster were used in -this study. They

_were specified‘?y mutant alleles at gight different loci

on chromosome two. Double mutants were gederéted through

12



crosainq over. By using this procedure no ambiquitf
should arise concer;{inq the genctypes of the lethal
embryos, as can occur if mutants on two separate,
'sbg:egating chromosomes are ‘uacd. Coémparing the
ﬁ%edictions of .each model to the observed phenotypes of
the constructed: double mutanmts should determine which
model hegt qiyulates not only the mutant phenotypﬁa, but
perhaps also the mechanisms by which segmentation |is

achigyed.

13-
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2. 'Marg‘ﬁrfns AND MET\HODS‘
' CULTURE OF FLIES
All f 4 were raised in temperature | regulated
incubators at 25 +/—Pl c unless otherwxseélndicated, and
“fed: -a yeast—sucrose—agar medlum supplemented with'
chloramphenicol to suppress bacter1a1 growth (Table .1).ﬁ
They were bred 1n 33 ml vials plugged w1th cotton balls. |
| | DROSOpﬂrnAﬁsrgAINQ
-All mutants were obtalned from Dr. Eric Wieschaus,
pepartment of Blology, » Prlnceton University "except
’gggsgbgrry whxch was ordered from Bowllgg Green Stock
;,Centre, and " Df(2)en2 § which was produced in ~ this
_laboratory, tEberleln and Russell, 1983) All markers and
speciql chromosomes ‘used are desdrlbed in Tables 2 and 3‘
'respect1vely&§§.Aldxﬁgram, lndxcating the cytolOglcal and‘
genetic mapid positions of - xmportant markers ‘and
‘segmentation _mutants usedaiin this study is shown in..
‘Figure-l. - | . |
| SEGMENTATION MUTANTS
Eight ,segmentation .mutants found on gtheffsecond
hchromosome 'ofFQ ' melanQQAStex were°used in. this study;ﬁ
__Thelr locatlon was 1mportant as unamblguous dou le mutant
Ewchromosomes could be produced through recomblnatlogiig;ge

*of the mutants were pair rule mutants: oddskipped r
: IIM105 g IIB42 ID19ts -

paired v pazred e ey.enskmp.ed '

~ M9
en and Df(2)§n28 The rema1n1ng three belonged to the

e - ILll4ts
3 segment polarity class of mutants: ‘wlngless_ BN

/)
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Table 1: CONSTITUENTS OF FLY MEDIUM

1% agar - ‘
10% sucrose

10% Brewer's yeast

108 chloramphenléol, 1 g/1 solution
1% propionic acid

‘phosphate buffers to-pH 7.4

)

‘Table 2: MARKERS USED IN THE STUDY

Marker o ) Ebenotype
= ar staless feather-like extensions on antennae
absent '
I i
a;  Jsipy -~ wings have square shape
b black " black coloured body o o
pr purple . o ruby eye colour
Bl Bristle bristles are shorter, - bluntet and ,
‘ : . thicker , : : .
c curved ’}'} wings are curved downward and held out
- from body ’ '
\ . - '
px. plexus ' wings have extra veins, more pronounced
‘ : at tips
sp speck black specks at base of wings
~cn cinhabar bright red eye colour
bw brown -  brown eye colour
- Cy Curly wings curled upwards



Table 3: SPECIAL. CHROMOSOMES AND MARKERS FOUND ON THEM

Chromogomes

qil-Bl
Cyo
' SM6a

<

v
v

Markers ' $
al dp b pr ¢ px sp

al dp b pr Bl ¢ pxasp
lvi -2

'dp - Cy pr cn
2

lvi 2p 2

-al Cy dp cn  sp

16



Flgure 1:GENETIC MAP POSITIONS AND CYTOLOGICAL LOCATIONS OF

P

SEGMENTATION MUTANTS AND HARKERS ON THE
SECOND CHROMOSOME :

2L
I | | I B I T IR I | S I |
al .| dp | | b pr Bl | c px 8p |
odd  ws i pic | .
I | en
slp , L eve
Marker Genetic Map Cytological Location
of Pogition
Mutant
al .1 21C1-2
odd -8 | 24E-25A i
slp 8 24C-D
dp 13 © 24E-25A
" wg 30 22
prd - 45 33B6-E3
b 48.5 ‘_/_;e'§4E6-35C5
‘ pr 54.5 - - 37B-40B4
Bl 54.8 38A6-E9
ever 59.0 46C3~-11
ptdﬂx 59.0 44B5-F
en 62.0 ??
c 75,5 22
pX ~100.5 5S8E-59
.‘sp ~107.0 60B13-C5
gsb 60E9-F

12?' cytological location not‘known

17
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patsb  , and gooseberry.  All of these mutants were
i IS . 7

kept as balanced stocks. Recombination was ' prevented
through use of a'multiply inverted chromOsome;K‘ff' this

case SM6a, which carries several markers,.one of which is
| ‘dominant (see fabieIB). Since all of the segmentation
mutants used in this étﬁdy are recessive lethals, the

homozygous ,segmentatioh mutant embryos die before

' ) )

hatching. - The homozygous- balancer embryos are.1éthal in

. ‘ . .. o
the first instar” larval stage, therefore -all animals

survibing to adulthood are heterozygous. In this way, all

of the 's;ngle_ahd déuble mutant stocks were maintained
wi*sgut furﬁher recombination. | | p
| CONSTRUCTION bF NEW STOCKS
Eiimination of Pogsible Moaifiers from Segmentation
Mutant ChromQSomes | |
The double mutant stocks used.in . this study were
. constructed taking ,advantage‘of the fact th§t meiotic
- qrosSing. 6ver occurs only in Drosophila femaies, “not
__mélés. * The 'crossihg scheme used is shown in‘Figure }2.

The first step was to try to remove all but cloéely

linked enhancer or modifying mutations which may have

béen__presentj‘on the 'original mutagenized chromosomes
(Wieschaus, personal communication). individuals from the

original mutaht"bearing stocks were therefore c:ossed'to

'individuiiﬁ‘from a stock containing a homozygous-viable,

multiply 2matked, second chromosome cé;rying the markers

al dp b pr ¢ px and gp, hereafter referred to as '311'.“

<R
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Figure 2: CROSSING SCHEME USED TO GENERATE DOUBLE MUTANTS
" “all/sMéa__ X all-Bl/SM6a
I all/sM6a__ X  all-Bl/SMéa

alI/SMGa Xd >% if all/all flies present ﬁ*¥

3

$I mifzg///, x\\\, $: ail/smsa S
m/all 'm/smsa,§x0'> s

m/allé >X' all-Bi/SM6ad“

-~

I m c/o all/all Bl(;« $ m/SM6a§

IR \\\—v’$ Aif 1/4 1ethal embryos

v c/o aLl/SMGa X m2.c/o all/sH6a

ml/m2_§- X - all-Bl/SM6a(f

’
-

ml-m2/all-Bl d X m/smsaén

:::>"$“if 1/4 lethal embryos

5 | X m2/SM6a§
Symbols: 'S$' balanced stock \
'I' individual fly used in cross

'm! segmentatlon mutant v c

'm c/o all' segmentation mutant chromosome
with markers from the ‘all!
chromosome '

»
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Unmeted 'virgin' femaleé‘Of:this genotype were then
crossed . to ell-Bl/sMGa males) '311;31' referring to an
‘all’ ohromosome'which cetries an additional, dominant
'brietle'mutetfon. Recombinant male progeny were eeLected
'using‘ pubilshed map positions (Figure 1).° These males
were tested to determine 'whether-’tﬁey retained the
segmentation ‘ﬁutant by} backcrossing to the original

stock. For example, when this ptoceduievwas folloyed for

the gdd mutant, males that carried the markers b pr ¢ psf

and gp were Seleoted;i These males (to énsure no further

‘recombination) were crossed to virgin females of -the

original godd stock which carried the markers ¢n and bw,

If the selected reoombinant did not carry tﬁe ,Qdd
mutétioh,v a wildtype phenotype class of flies would be
present among the backcross progeny. If thls class of
.flies was absent, the §dd‘mutation was presumed to have

been present on both second chromosomes resulting in

. lethality. Males and”femaleszcarrying the recombipgant

chromosome balanced over SM6a were then selected to

obtain the requited; balanced, single mutant stock.
‘Derivation of Double Mutant Stocks |

After all of the single mutant stocks had been

obtained as described above, they were intercrOssed "to

produce a series of females heterozygous for each pair of

segmentation mutants. For example, the gdg b pr € px

ap/SM6a 8 ck was crossed to the -al dp p;g px sp/SMGa.

"stock. gdd&+/+ ptg virgin females were selected that were

20
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homozygous for px and gp. These were crossed to males

'thet were gllfBl/SMGa.‘ Using the merkerg on the all-

| Bl chromosome, recombinant progeny resulting ?from a

'crOSSOVer in the‘gdd—p;g interval could’be.selected to
q%ntain both ;segmenfatgon mutahts on one second
chromgsome. _ In this example, to select for an gdh-prg
'Jrecombinantg chromosome, male flies Ehet were.homozygous
for bp~ p;+ and.g+ were selected.' Each putative double
segmentation motant male was plaéedwseparately in a_viaI

) ' . a
and backcrossed successively to females carryiné“J the

‘f1rst segmentatlon mutant, then the other, to conflrm the

» presence of both lethals on the same chromosome. In the

l

example,m when the putatlve double mutant males were

crossed to the odd b px S PX Sp/SMéa virgin fémales, if
the odd mutatlon was 1ncluded on the male chromosome, all
of the progeny would carry elther the domlnan; ?l or (Cy
mutatlons. If progeny were observed that wer% ‘R” BX ahd
e ég,' thex were oh;iously. not homozygous 'for the 944

_mutatioh ewd'*herefore it was assumed to not be present
in the se.n . m-le. These f;ies were then discarced}
If this “l:. .t ¢ _.ies was absent, the cross to the al dp
BLC DX & SMea females was-checked. If px and gp progeny
were pfeeenx, the pe mutation'was'not homozygoos‘and the
fiies Qere‘discaroed.% If abseht;'a stock contaihiho the
putatively double mutﬁht_chromosome;baiancedlOVer SM6a

ewae established u81ng virgin flies from one of the

crogses.’,

21



When the putatively double mutant stock was

produced, males were crossed again to single mutant

females. This time,‘the eggs were collected (see be;ow)

1

and 24 hours after the adults had been removed, unhatched

eggs were dissected and mounted on microscope-slides (see

below). Only if the phenotype of these lethal embryoé was

a segmentation defect, i.e. odd when mated to the odd

stock virgin females, ptg¢ when mated to pﬁQ stock virgin

'females, was the double mutant stock retained. This test

was inéluded .as a control to énsureA that the lethal
phenotypés . used to  select putative double mutant
.chromosomes- was indeed due to the segmentation mutants
and. not to other linked lethals. , : ‘
7At the same time, the double mutant lethal embryos
were diésected and mounted. These formed the material
used for the studies reported in the Results section
gherejﬁ their phenotypes ére compared with the
correspdndiné pai;s of single mutaﬁtvcontrols.
METHODS OF EGG COLLECTION, DISSECTION AND MOUNTING OF
" LARVAE | —

To assessfeach'segmentation phenoéype, flies from a

segmentation mutant/Balancer stock culture were used as

’J.parents. About 1/# of the eggs from the parents would

be homozygous for the recessive lethal segmentation

mutant(s). These eggs would not hatch. The remaining

eggs would be viable mutant/Balancer hetérozygotes or

Balancer homozygotes.

22
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The egg laying apparatus consisted of a baby food
jgr, whose 1id contained standard flf food. Premaﬁed
adults were introduced to ﬁhe apparatus and allowed to
lay eggs. After enough eggs had been laid the adults
were removed. The length- of time needed to lay a
sufficient number of eggs was different for each mutant
but was normally about 24 hours. Usually the lids wer;’
checked visually and when they contained more than thirty
eggs, the adults-weré removed.

| Tw%pty" four hours later, after all viable embryos
would have hatched, the remaining unhatched eggs were
transferred with a dissecting needle onto a piece of
double sided sticky tape on a microscope slide. The
opaque chorion waé then removed by rolling the egg on the
tape. The larva, eéélosed within the thin, transparent
vitelline membrane was then placed on the slide next . to a
drop of mounting medium (9 Parts 85% lactic'acidé 1 Part
95% ethanol, Lewis, 1978). If poésiﬁle, each larva was
disseéted out of the vitelline membrane by - rolling it
very gentl} witch Fn‘inseét pin on the dry slide. The
membrane would tear open, and a small drop of mounting
medium wasébtought -over to thgllatva‘to engulYﬂit. Dpe
to its hydrophobic nature, the vitelline membrane -would
float off, liberating- the larva which was then
transferred to a fresh dropvsf mounting medium on another

slide. (For certain genbtypes ii proved impossible to

remove the vitelline mehbrane without destroying the

23
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larva.) These were simply moﬁnted.aftet dedhotionation,
as described'below.

After 15-25 lgrvae had beén accumulated in this
fashion, a #1 coverglass was placed on top of the
embryos‘\ and theoslide placed on a sliQf warmer set at
approximately 40 C. TheAmounting medi?m rendered the
internal organs of the larva t;ansparent, allowing an
unhindered view of the ventral cuticulaf‘ pattern. For
this reason the location of ‘the 1atva§ on the slide were
noted by dt;;;ng a circle around them.on'the underside
of the slide prior to incubation on'the slide warmer.
After alloﬁing several days for the excess .mounting
- medium to evaporate, the slides were made semi-permanent
by sealing the edges of the coyerslip with nail polish.

They were then examined and photographed using x?hase
ith a

contrast optics on a Wild M20 mic;éhcope equipped
" 35mm  camera with automatic exposure control. -~
photogzaphs ‘were taken with Kodak Panatomic-X black and
white film and processed with‘godak D19 developer.
ANALYSIS OF DOUBLE MUTANT PHENOTYPES
The double mutant phendtypeﬁ‘are described below by
analfzing the denticle belts ﬁf sent on the ventral

surface of unhatched first instak larvae. By identifying

the portibns of ‘the wildtype'pattern that remain, the

sizg and types of deletions that are occurring could be

ascertained. Not }only was the denticle belt pattern

analyzed, but also the polarity of the denticles within
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them. Normally, the first and fourth rows of cleht:icles"m

point ahteriorly; the remainder posteriorly. If this
pattern was altered in the double mutant, it was notéed
and 1if possible, cénclusions. drawn as to how  the
combination of mutations were interﬁéting to affect 'this
characteristic. For each double mutant, two control
embryos' phenotypes werekSlsg'examined. This was very

important‘ as it verifies the presence of the specific

mutation on the double mutant chromosome.

Analysis of double mutant phenotypes was complicated

by the mariability exhibited within a sample of single
mutant embryos. For example, glp homozygotes displayed a
spectrum of phenotypes. A pair-wise 'ieanyng' ‘of
denticle belts toward each other, or a pair-wise, partial
~ fusing of denticle belts can occur.  Both describe "the
sloppypaired phenotype yet are extremes, demonstrating
pair;wise deletions of varying size. The difficuity in
interpreting the double mutant phenogype1was compounded
when both mutahﬁs exhibited such variability.
Photographs of the larvae have been chosen to reflect, in
most cases, the average ormgeﬁeralized phenotype due to

f

the subjectivity inherent to this type of study.

Y



! ‘ 3. RBSUiTS

i\ ANALYSIS OF MUTANT EBENOTYRES

fhe wildtypi. 1afval patterﬁ‘as represented by the
Oregon-R strain is described first, followed by the
phenotype of each single, segmentation mutant.

Oregon-R "

The principal phenotypic trait of the larva 9na1yzev
ih 'this study‘was the ventral cuticular'pattern of the
fully differentiated but unhatched first instar larvé,
(Figure 3). The ventral surface of the larva'cont;ins a
highly orgahized pétterﬁ and has been described by ;ﬂaﬁs~\;
Schardin et. al. (1979). It contains thrée_thQ}acid and
eight abdominal segments, Jmany . of which are
distinguishable from each other. The dorsal,;urfaéé of
the larva is covered by very fine hairs which are more
difficﬁlt to see than the ventral.denticles; ' especially
in mutant larvae which show poor cuticie pigmentation.
For this reason I decided not to score the dorsal surface
when analyzing segmentation mutant phenotypes. o

On‘the ventral surface, the firsg thorac;c gsegment,
T1 is the most anterior visible segment. This is due to
;eﬁd ihﬁolutioﬁ ' which occﬁrs -during embryogenesis
(Poulson,1950) . T1 contains two patghesfbf dénticlgs, one
immediately postérior to the‘other._vThe anterior patch':“
has ' large, darkly‘pigmqnted.genticiés‘found,in a  belt
across the width of the larva, while the poéteri@: belt
has  finer denticles in a long and narrow mediaIL”paﬁéh.  B
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Pigure 3: Wildtype Larva-Oregon R
This figufé "illustrates a normal or wildtype latﬁa.
See text Tor detailed discussion. '

as anterior portion of denticle belt, medium sized
denticles, .

b= middle .<portion of d&nticle belt, large, darkly
pigmented denticles. :

c= most posterior portion of denticle - belt and
beginning of naked cuticle. Denticles are very
and darkly pigmented.

de= naked- éuticle, ‘'no markers a}e present éxéept in
thoracic.segments where Keilin's organs are found.

Note:. In all subsequent figures, as in Figure 3, the
-anterior portion of the larva is oriented to the left of
the page. In figures with double mutant and 'control

embryo, the double mutant larva is in the top position
with the controls underneathe,
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The second and third thoracic segments'(izyand T3) both-
'contain, thtee‘tonfour,rows"of' fine, 1lightly pigmented
denticles, that eernd'the‘width of thehventral sﬁrface

.of the larva. All .thoracic denticles point posteriorly.

Each 6f the th:ee‘ thoracic segments have two

Reilin's or{ihs (KO) associated with them. These sense

-
,

-organs are found on the anterior/posferior compartment

)

bdundary '(Struh1,1984) and consist of three protruding

hairs. Lateral of the two KO's, are small, campaniform

sensilla . These markers are very useful for detetmining

b
L

the siZe of segmental deletions since their positions are

precisely defined. However, their usefuTﬁQﬁs'is limited

_ 51nce they are not found ln the abdomlnal segments.m,

Al,, the first abdom1na1 segment, contains a widé’

denticle belt which crosses the entire ventra;rsurface,of

thre . larva. It consists of three to four rows of larger,

b ¢l

) darkly.pigmented denticles; The most important feature of

 this belt that distinguiShes it from the other abdominal

belts is that all of its dentlcles point 'posteriorly.

Abdomlnal segments AZ—AB conta;n belts EOnsist;ng'ef’ 6,
fnows of dentlcles.'AThe~first.and fouith rows in belts‘AZ

,t&? A8 are directed énteriorly‘and the - remaining- rows ..

posteriorly. One feature shared by all of the‘abdominal

denticle belts is the presence of the smallest denticles

at the posterior edge of the vbelt. -Intermedietely
positioned denticles -are the largest. This feature - is

very useful for determining whether the anterior or
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posterior  portion of the denticle belt is deleted by a

mutation. It is. particularly helpful when - analyzing

P -

segmeng—"poiatity mutants where all denticle belts are
affected by'the‘mhtation. o }
Abdominal belts A2-A7 are all trapgzoidal in - shape,

'~ narrow at- the anterior and wider at the posterlor. As
one progresses posterlorly from A2, the shape of the
:denticlefbelts become narrower, with the result that A8

appears ' almost :ectangulak. This feature is -sometimes

useful when identifying which portion of the pattern is

“present in pair rule mutants. . However, because most

abdomlnal dentlcle belts are very ‘similar to -those

vimmediately adJacent, unamblguous 1dent1f1cat10n of mid-
abdominal segments is not always possible. ‘When this.

“occurs, the thoracic denticle belts, Al and A8 are used

, _~ S ; o .
to establish the phase of the pattern deletion involved.

If we assume that the portion of the pattern removed by

each mutation. is reiterated in every or every other
: . ' L I
segmental repeat, the deletion pattern can be inferred

~ from the effect on the most distinctive segmehts.‘

MUTANT PHENOTYPES

l) oddsklpped. o | .
‘ IIID36

’ Larvae homozygous for the gddsk;pggd ‘allele'
exhlbit a palr rule reﬂeat pattern, (Nussleln-Volhard et.

al.,1984) As Figure 4 (top) demonstratés,_ghis mutant is

named for the deletion of every Second denticle belt, The

dénticle.belts assooiated with T1l, T3, A2,A4,A6,and( A8

%
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‘are complete and normal in shape and denticle polarity,

Those associated with' the odd numbered segments are

either absent, or greatly reduced. Often, anii'

number of dentlcles are present to |
establish whether _Qr not a normal polarity pattern is
present in these denticle belts. | Pgeces of these

denticle belts are usually present, however, the belt

assoc1ated with Al is preferentxally def%ted from theseA[”

larvae, This denticle belt was completely m1581nq Jino

ot
S

nine of“thirteen. larvae studied. Three of the remaining

four larvae had less than five .denticlesafrépresenting'

this denticle belt. The Keilin's organs associated with

Tl and T3 arevpresent in the mutant embryos while those °

. associated with T2 are either'rarely present or perhaps

difficult to discern from the overall pattern.

2) sloppy paired:

‘As  demonstrated by Figure 4 (middle), larvae

IIM105

homozygous ~for the sloppypaired ’ allele contain a

wildtype number of. denticle belts.f The repeat pattern is

of“ the pair rule type however, since the naked cuticle

. \;‘:vl;
A

" between . every other denticle belt is shorter than normal

resulting in a pair-wise 'leaning' of denticle belts
towards each’other; Tl is reduced in size, slnce only a
few denticles from the posterior belt are observed. All

of the other denticle belts appear to be normal in size

| although thls 1s‘d1fficult to judge since the shape of

each belt is distorted. The denticle belts brought

%
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together in pair-ﬁise associations are as follows; T2-T3,'

Al-A2, A3-A&, AS5-A6, and h7-A8. Rarely, this association
}results in _thion of two.denticle belts, producing a
large, composite belt. The Keilin's organs associated
with segment T2 are never observed. Although the‘ organs

from Tl and T3 are present and can be distlnguished, they

usually contain only two. halrs. . ?

3) paired:

Figure 4 (bottom) illustrates a larva homoiygous
' - IIB42 o
for- the paired - allele and its pair rule repeat

«g
pattern, previously described by Nussleln—Volhard and

£

Wieschaus, (1980). One large thoracic belt and four

large abdominal belts are present. The first and fourth
rdws of the three posterior belts point»anteriorly} the

remainder posteriorly. The denticlebbelt associated with

.Tl is present but is smaller and its shape is distorted.
Earlier studies have shown that thls pattern is generated
by the deletion of the posterior half wof each odd
numbered segment and the anterior half‘qf‘the posteriorly
- adjacent even ‘nhmbered segment '(Nusslein-Volhard and
Wieschaus, 1980). This would result im the formation of
composite denticle belts, the anterior half of one belt

being - juxtaposed to the posterior half of the nekt

denticle belt. With the mutant allele uséd here, embryos

are never found which show separation'of these belts.

.Although the same number,of rows of denticles are present

in each belt as in wildtype,‘ the belts‘appear'ito be

32



Figure 4: oddskioped, sloppypaired and paired larvae

3 . . - ae e _

top- oddskipped larva. The denticle belts associated with
T1,T3,A2,A4,A6,and A8 are present and normal, Small

pieces of the oddskipped numbered denticle belts can be. seen.
Magnification = 294x . o

%

©

middle~ slgpgyggzxgd larva. A palr-wise 'leaning' of denticle
belts T2-T3, Al~A2,A3-A4,A5-A6; A7 A8 is observed. , )
Magn1f1cat1on = 278x . . .

-

bottom- paired larva. 'Large composite denticle belts are
present. .
Magnification = 284X : =

()
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. . : o
larger. = This' is 1likely due to the tendency of the

remaining pattern to expand and cover more of the 1arva.~

Keilin s organs were observed in only one larva, in this

L]

case one was present, posterior to a denticle. belt
"identified as T3. |
4) evenskipped:

. ‘o

A - larva raised at @5'C and homozygous  for the
ID19ts

gggngkippgd . allele is presented in Figure 5

(middle) . T e figure shows a pair ruler repeat pattern_f

w1th one .thoracic -and four abdominal belts, with

characteristics similar to wildtype segments T2, Al, A3[

A5 and A7. The dentlcle belts of Tl and T3 are absent but
the entire segment 1s not deleted as the Keilin S organs

associated - with them are often observed. The. denticle
' ]

polarity in the belts is unaffected by the, mutation.‘

This 'figure also shows the almost wlldtype pattern
o

observed when the embryos.develop at 18 C (top) and the.

-Streme phenotype produced when development oceurs at
29 C (bottom).. |
S)Fengrailed: \

Mutants with two different alleles at this locus
were used in this'study. The first, gnIMgé was induced
with ethylmethane sulfonaté (ﬁdsslein-Volhard et.
al.,1984) the second, ‘Df(Z)gpzd was induced with X-rays

(Eberlein and Russell, 1983).
, ‘ IM99 - .
a) en
| As shown in Figqure 6 (top), larvae homo%yéoas for
RS . , Ty _

) . ) o
. - -
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pigure ‘S: evenskipped larvae at various temperatures.
{L“

]

',top-' 180C. Ali denticle belts are present.
Magnification = 274X

o ' -
middle- 25 C. Pair.rule pheno&ype with the even numbered
abdominal denticle belts absent.

Magnification = 292X .

I

4

o _
bottom- 29 C. Extreme gygnsk;ppgd phenotype. Apparent~’
. loss. of polarity and segmentation. :

Magnification = 329X

° ‘.I
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this allele exhiBit a pair rule repeat pattern
complicatad by additional \defects. The basic phenotype
of ' six large denticle belts is generated by two defects.

The first is a pair rule defect resulting in a pair-

wise deletion of most of the ngked.cuticle of segments

T1,T3,A2,A4,A6 and presumably A8 although this is
difficult to ascertain. In the absence 6f interyening
naked cuticle the denticle belts of TI1T2, T3A1;A2A3,
A4A5,A6A7 are juxtaposed; This results in the formation

of the large, composite denticle belts observed in these

larvae. Two types of polarity reversals are observed in

these lirvae, the first occurs in the denticle belts, the

second can dnly bé recognized when large amounts of naked
cuticle are deleted, brinéing .denticle belts close
together. |

" Secondary fus;%ns of thg fused denticle .belts also
often occur and are rgfdily identifiable since usually
>niy the lateral %Féé%é;of the concerned belts are
involved. The largéfﬁe@i;n of naked cuticle between the
composite Pelts is ne;;;'compiétely'removed. The second
defect manifests itself in the anterior rows of each

denticle belt (Nusslein—Volgard et.al., 1984). - Although

anteriorly directed denticles are present at the anterior

edge of each denticle belt, they are disorganized.

Instead of an entire row of these denticles, only a few
are present. Their positions in the belts -are variable,

often appearing only at the ventral midline or at ‘the

38



lateral édges. Small, vg:grally pofnting denticles are

observed at the lateral edges of the denticle belts.
Reilin's organs are not observed in these larvae. -
b) Df(2)en 28:

Ap embryo homozygous for this deficien¢y which
deletes the engrailed iegion (Eberlein and Russell, 1983)

is found in Figure 6 (bottom). The pattern is somewhat
IM99

similar to that observed in en homozygotes and might

be interpreted as more extreme. The T1T2 belt contains

" few denticles .and all are 1lidhtly pigmented. The

remaining belts also contain feyer denticles and exhibit

unusual‘ polarity. The anterior edge of each composite .

L.

" belt contains small anteriorly directed denticles

immediately followed by medium sized denticles also

s

directed anteriorly. Posterior to this are denticles of .

the same size ‘pointing posteriorly. " These are

immediately followed by small genticles also directed-

postefiorly. This polarity.pattern is repeateé in all of
the .composite denticle belts and is indicative of two
different polarity reversals per repéat unlt;i Secondary
fusions occur to such an extent that many larvae have a
‘rug' of déniicles, rectangular in shape as it is longer
that it is wide. The rug is bounded on the lateral edges

by small denticles pointing ventrally. A8 is represented

» by a circular patch of denticles, all pointing outwards

or away from the circle's centre. Keilin'siorgans are

’ J
never found in these larvae.

*
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Pigure 6: ep alleles.

IM99 .
top- en allele.
.Magnification = 323X

\

*
4

bottom- Df(2)en28 allele.
. ' Magnification = 295X






6) wingless* Y o

| | " IL1ll4ts |
A lafva homozygous for uinglgss . ,is shown in

\'Figure 7 (top) One thorac1c denticle belt appears at the

eanterior of the—larva but its identity is unclear 51nce

very few denticles are present and because the . head and

*-thorax regions are‘severely affected by the‘mutation. In

the abdoman} the larVa displays a wildtype repeat pattern

in that a normal number of abdominal patternfrepeats 5arei

present. The first abdominal denticle belt, Al, can be

1dent1f1ed by its characterlstlc shape. Normally, all of

the denticles in thlS belt p01nt posterlorly, but in this L

mutant the vast majority of the denticles are directed

T

Y] terfprly directed

‘anteriorly. | A small number-"N

only anteriorly poxnti%g denticles in

| remainnng abdominal denticle belts share |

¥

pattexn. AE the anterior edge of each denticle belt are

small, p°Ster1°r1Y Polgﬁlng denticles. ' These are"

7 Cont
followed immediately ‘By~“large, "””cster

-

'%;lyﬁ p01nt1ng

.‘the [centre

' denticies which continue un
_ =5

At this point are

iwmediately followed by- small,i"anteriorly pomnting

Eg. /ﬁenticles. The :next dent}cle belt then begins w1th

small, posteriorly directed denticles. This pattern'

°hcontinues the length of therlarva, w1th'little‘ or ,no

o~
L4

vnaked cuticle 'separating the denticle belts. The number

of belts can: Be ascertained by counting the ,number of

. oy

of the belt..

Ajge, anteriorly directed denticles N

™
B



. A
7

// ’ - Lo . ‘ ) .
polarity reversals. Difficulties arise however as the

well organizeq_dentiole polarity éescribed above breaks

‘down progressively toward_the'posterior region of the
1atva. - ‘Another feature<bf’this_mutationnis the compleﬁgﬁ
‘absence of Keilin's organs.  As well, all of the!

denticles at the lateral edges of the belts are directed

véntrally; One phenotypic »detail is particolarly

intriguing.- A small percentage of larvae contain one or
. ; , iy ) o '

more dénticle'belts in which the medialldenticles point -

'dorsally; instead of anterior or posterior.

7Yfpatch. ’
- IN10OS8 . .
A larva homozygous f%ﬁ the ggzgh »' allele, a

-0

: segment polarlty mutatlon is shown in Figure 7 ‘(middle)
and demonstrates -a pattern with w1ldtype number' of
;epeats.’Although no thoracic denticle belts'afe present,
 the ;Keilinfs’ organs'associatéd_with these'segments are

all visible, often containing four hairs instead of the

‘normal three.  Reilin's sensory organs have been,

preciSeiy localized - and  found . to . straddle the

antetior/posterior compartment . boundaty (Struhl,1984).

43

Therefore two of the hairSvmay'be derlved from &né v

anterior compértment cells,f the’. thlﬁd from. the posterlor
: R . . .l * ")
‘compartm%pt cellst Kellln s organs contalnlng four hairs.
(3%

\ could be the _;gsu&t of al.Qg:llcatlonlncluding the
) a -2 i : “’ AP

anterlor ooﬁgartment but not :t.

| abdom;nal ?ﬁlts are present, ‘and separafed by naked

cuticle. Denticle belt Al is.iepfesénted by a small

posterior. ALl of the

er‘%




patch of denticles always' centeredf on the . ventral

' midline. These denticles do not eihibit‘ an_ obvious

polarity pattern. All of the other abdom1na1 denticle

belts have several ' features in common. First, ~the
anterior.row of each belt contains.small-denticles which
are directed-anteriorly. The.second row,contains larger
denticles pointing anteriorly and ‘posterlorly. The
remaining romsiare directed-posteriorly. Secondly, all of

the belts contain’ elther five or six rows of denticles.

Thirdly, because the belts are longer along the ventral

midline -than at the outer, lateral, they are all

L ) - A
'eye'-shaped ‘
8) gooseberry S N

A larva homozygous for th ién is shown in

Figure 7 (bottom)‘ A wllﬁtype num&grwof repeats are .

&
‘present, each contalnlng a' polarlty reversal®.  The

denticle,belt associated with Tl is present, however the
. small patch-of dentlcles that is normally found on the
ventral midline posterior to the larger Tl denticle belt
.is absent. Often, mldllne defects are observed in other

segments as well, notably T2 and T3. The. denticle belts
9

- associated with these latter two segments are present and

;\Q'contarn posterlorly‘directed dentlcles in the anterior
v ' .

“portions of the belts}andranteriorly directed denticles

‘in the posterlor portions of the denticle belt;.. The

:geilin's organs assoczated Wlth these segments are

absent. The abdomlnal segments follow a similar pgﬁ&&rn'"

o= —

s
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Figure 7: Segment Polarity Mutants,' 

top- wingless larva. Squdre bracket inaicates‘one repeat
unit. Magnification“%® 341X ' '

’

middle- patch larva. Square bracket indicates one repeat
~unit. Magnification = 284X : o

.

v

bottom- ‘QQQSngxxy‘larva. .Square bracket indicates one
repeat unit. ‘ ' o
Magnification = 279X

N
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of_posteriorly directed denticles in the anterior portioﬁ‘

of the pattern and anteriorly directed denticles in the
posterior “pértiﬁn. . Vafiousb sizes of denticles
participate in the pattern. They closely resemble those
found in the posterior portion of wildtype denticle

belts.
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DESCRIPTION OF DOUBLE MUTANT PHENOTYPES

l.wingless patch (wg pte/Wg pEC)

This double mutant, as shown in'Figure' 8 (top),

exhibits a very complex phenotype. The anteriormost

po:tion of the larva contains denticles whose identities

are thoracic, although thei? precise origih is
gmbiguous. ﬁd&terior of this area the ventral surface of
- the larva ig covered by avlarge expanse of denticles.
"~ Llose examig¥tion of this‘ region reveals that the

:polarity of these denticles is highly organized. Counting

the number of anterior-posterior polarity reversals along

the 1length of  the larva reveals a wildtjpe number of

’rgpeats. Twollateral ‘organizing' regions, htowarq which
dentiéles point, can be identified in moét .dénticle
belts. More than two in one repeat unit has never been
observed, although lessVﬁhan twp is“fairly commén.. One

possible explanation is that two of these special regions

are in fact present in each denticle\'belt, but cannot’

élwaxgkkbe observed since a fairly high density of

denticles is necessary in order to distinguish such

specific polarity patterns. All of the surgdunding
denticles are directed toward the 'céntres §f these
regions. Denticles at intermediate ;bsitiéns, or between
two of. these_régions‘point toward the one whicﬂ is ﬁhe
closest to it. This feature has been identified in other

~ double mutants cohtaining the wg allele,
wingless control (¥g ptc/Wg +)

48
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Figure 8 ‘(middle) il;ustraﬁés a larva in which a
wildtype number of repeats are present. The polarity of
the denticles in‘each pé;teég repeat 1s;typica1-6f the
ying;gas phenotype. There aré sevefal minor differencés
that should be noted. First, some postefiorly poiﬁting
denticles can be observed at the anterior of Al. All of

the denticles associated with Al in the single mutant wg

larvae are directed anteriorly. Secondly, A3,A5 and A7

exhibit disruptions in tﬁgi: patterns along the ‘ventral

midline, These defects in the odd numbered denticle '

belts are not observed in all larvae of this genotype.
However, the ventral denticle pattern with = its
charagtetistic‘ wingless polarity is evidence that this
mutation is indeed present on the double . mutant

chromosome.

patch control (wg pte/ + ptg)

Figure 8 (bottom) illustrates a larva with a typieal
patch phenotype.’

2. wingless gooseberry (wg gsb/wg gsb)

The double mutant shown in Figure 9 (top) exhibits

a phenotype very similar to the wingless phenotype. © It
' appedrs to contain a wildtipe.number of repeats, with al

. polarity reversal in each. 'The denticles are large as in

¥g homozygotes. The only apparent difference between the
double mutant phenotype and the wingless phenotype is
that the thoracic denticle belt . is not as 'eaaily

identified in the doublevmu;ant latvae. It appears to be
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Pigure 8: wingless patch Double Mutant® and Control
Larvae. . , T

¢
Ra"

s

top- wingless patch double mutant larva.
Magnification = 480X :

middle- wingless control larva.
Magnification = 328X

bottom- patch control larva.
Magnification = 281}






rdduced in size. S )
wingless control (wg gab/wg +)

The larva in Figure 9 (middle) exhibits a wingless
phenotype. '
gooseberry control (wg gsb/ + gsb)

The larvaﬂ;in Figure 9 (bottom) exhibits a
googebexiy phenotype. q |
3. patch gooseberry (Rtc gsb/pkc gsb)

A larva with this genotype is illustrated in Figure

10 (top). Analysis of the repeat pattern is difficult

due to the complex éhenotype exhibitéd by these larvae.’

éy counting the alternating pattern of small and large
denticles, and noting the polarity reversals present in
the gattern, five to six polarity repeats can be
observed. This indicates a wildtype repeat pattern. Most

of the denticles on the lateral edges of the ventral

surface are directed ventrally while those denticles

present on the ventral midline point anteriorly or
posteriorly. No Keilin's organs were observed but this
could be due to the large number of 'holé7' preseht in

the pattern. The holes are regions where no

differentiated cuticle is present. The fdge of the wbund

is darkly\pigmented and would obscure apy Keilin's Organs
that could be present. The occurence of the holes in the
cuticle is directly correlated to the presence of the gsb

allele; They are sometimes present in larvae of

diffefekt genotypes but occur very rarely. When ggb is’

L
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Figure 9: wingless goosebe;rx Double Mutqﬁt and Control

Larv%ﬁ
' %

L

top- wingless gggs_ebe_r_gy double mutant larva.
Magnification = 438X

bottom- doogeperry control larva.
Magnification = " 240X
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present every larva has at least one of these cueiculaz
anomalies, most will contain several.
patch control (pte gsb/ptc +) | ‘ '

A lagva of this genotype is shown 1n Pigure 10
(middle). It closely resembles the patgch phenotype in
that a wildtype nqmber of repeats ‘are present yhich
display the polaritf pattern associated with the patgch

phenotype. .The Keilin's Organs exhibit duplications so

that four hairs are present rather than the normal three.

This is convincing ev1denc‘ ﬁhat the patch mutation  is
pres.ent on the doiblé Mg f}hromosome. <
sgébsbsgxy control (ptg 3se/ + gsb)
. The '#arva showh in Figure 10 (bottom) displays a
phenotype that is very similar to ggb homozygotés.

4. oddskipped wingless (odd né/gdd ¥g)

‘ ’
This double mutant is shown in Figure“ll (top). 3t

‘exhibits a pair’ruPe pattern, like oddskipped.

Two morphologically different types of denticle
belts are observed, A2 A4 A6 A8 and A3 A5 A7. These

differ in the number of denticle8 per belt, the odd

. ~ % :
numbered segments containing fewer than the even numbered

£

ones,. This is expected as the gdd mutant .does not
- z °

completely remove the odd numbered deﬁELcle belts in the

single'mutant 1eavi;§ small portioné of each. Examination
of the denticles leads .to the conclusion that polarity

reversals are occuring in each segmental repeat. At the

¥
L L

Y.

anterior and‘ posterior . edges of each belt the largé



Pigure 10:
Larv;.e.

top- . patch gggggbg;;y double mutant larva.

Magnification = 352x

AL

‘n

mlddle- pg;gh control larva.
Co Magniflcatlon = 256x

bottom— gggggpgxxy control 1arva,v"

™

Magnxflcation = BOOX"

A .
-

*
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" pakch gggggberry Double Mutant and

Control
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dentioles point in a posterior‘and .anterior direction
respectively. - Thus the denticle polarity in each belt,
resembles winglgss. | -'z ,} | . ‘ L
oddskipped control (edd wa/odd +) |

FigUre ‘11 (middle) illustgtes the pairwrule patterni,
seen in these‘larvae.v The polarity of the denticles in
each band is normal, the first and fourth rows pOintino
anteriorly,' the remaining rows poé@%riorly. The" 0dd
numbered denticle belts contain many fewer denticles ‘than
the even numbered belts. ' These observations -support ‘the
conclusion that the larva is‘homorygouav for the odd
mutant. < o
winglsas control (Qdd wg/ + wg)

Figure ll (hottom) shows a typical larva‘. and the
‘aberrant denticle pattefn. present in these larvae. The
pattern‘ is 51milar to w;nglgss w1th no naked outicle and
.regular polarity reversals. urpriSingly, the odd
' numbered denticle ~belts are tmorphologically different
from .the even numbered belts. As'tﬁé.‘arrowsy’in the

&

figure 1nd1cate, the odd numbered repeats contain fewer

wdenticles at qhe midline region. ThlS sudgests that od

is exerting a slight dominant pair rule effect.
;45 _wingless syenskippsd (wg eys/rg eve)

A larva o# this genotype is shown in Figure 120Q
, Analysis of ‘the segmentation pattern is complicate#d for
;?seJeral reasons.. First, the number of patt/rﬁﬁrepeats‘

Q.s
present is usually ascertained by counting syéh features
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Fzgure 11:. oddskipped yinglggg Double Mutant and Co&:r01 

§ Larvae. ' ‘ %

) ! . ; : ‘.

top- oddskipped wingless double mutant larva. Arrow
points to the interior of the odd numbered repeat units
where 1less denticles are present than in the even

numbered belts.
Magnification =379X

"mlddle- Qggsklpggg control larva.:
Magnlflcatlon = 256X

bottom~ wingless c¢ontrol -"larva. Arrow points to odd

numbered repeat units where fewer denticles are presgent

than in even numbered repeats. &
Magnification # 332x ' o e

i






as the number of polarity revae

on the ventral surface. | In'ﬁ'; e’Ierygji the posterio:

half is sparsely populated by denticles and the polarity'

of the denticles is. not obviouek and appeats random.
Secondly, denticles representing even as well as odd

" numbered segments are apparently present.  The even

- numbered polarity repeats often appear to contain fewer

denticgles .than the odd numbered ones but this - is not

always clear. Due to these probleméf the repeat'pattern

can .only tentatively be_oesignated as pair ‘rule. - The

polarity'of the denticles themselves are as follows; the

anterior half of each polarity repeat poihts posteriorly,

the posterior half anteriorly. The'anterior row of the

first abdominal belt is directed posterlorly, in contrast

- to the single mutant yg homozygous phenotype. Table 4

demonstrates the number of polarity repeats that can be

~ visualized’ in several of these larvae.

winglegs control (wg eve/wg +)

This control larva, as illustrated in ﬁFigure 12

(middle) has a w1ldtype number of polarzty repeat units.

It is 1dent1cal to 51ngle mutant wg homozygotes with twor

wild- type coples of the gyg gene with one exceptlon,) the

anterior row of denticle belt al points posternptlyfg‘*’

teractlons between these locis

Q’ - e&enskmpcq control (Wg 3237 +.eve)

- Further a_evzdence, of 1nteract10ns between  these

%
*

rather than  anteriorly. ThlS could be - due ‘to- "

" .. . E . :{ @_ ) <

a
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A
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mutants 1is seen in this control. Figure 12 (bottom)

denonstrates an example of one -of these larvae.  Only
two of twenty-one: larvae exhibited a normal gygnsg;?pgd
pattern. - All others had pqrtions, and often the entirety
of even numbered segments.present. { This is in striking
; contrast to the evehskipped embryos with ‘two wildtype
oopies.'of the wg locus. These embryos have highly
invariable phenotypeS'and rarely contain any denticles
that can be associated with~ even numbered segments,

‘Compare Table 5 with Table 6. Although the phenotype is

highly variable, the gyg mutant is present“on the double

mutant chromosome as these embryos are missing portlons o

‘of the even numbered denticle belts, and are lethal.
6. wingless paired (ug prd/ug prd)

Figure 13 (top) 1b1ustrates the- 1ntrlgu1ng phenotype
of this double mutant. The segmentatlon pattern is
obviously peir rule as four, double sized, abdominal

denticle belts are present. Each belt exhibits- polarity

reversals as in ¥g homozygotes. The anterior half of.
SN . O i

. each denticle belt points posteriorly,<the posterior half

anteriorly. This phenotype 1s convincing ev1dence that

both mutants cohtrlbute addltlvely to the double mutant

‘ phenotype.

)7demonstratés that a larva of this

5%}9enotype‘ i

coa B RS

vdgopies of the p;d locus. CBoweyen. there is one minor .

’s:(, « . & .
e .;'3.‘;3‘)( Sk TR S
RARIRPEN: ke N

very simxlar to 1arvae w1th “two -w1ldtype t
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Figure 12:. evenskipped ,wingless Double Mutant and
Control Larvae. _ : v

-~ top~ wingless evenskipped double mutant. -
~ Magnification = 335X _ .

{

middle- wipgless control larva.
Magnification = 335X

~bottom- evenskipped coqﬁrol larva. -
Magnification = 271X

-
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Table 4: NUMBER OF POLARITY REPEATS PRESENT IN wg ayve

HOMOZYGOTES | :
Numgs: Number of Polarity Bepeats Present
Q :
larvae '
3 | B
8 : 5 ,
DY W
7 6
Table 5: ENTIRE OR PARTIAL DENTICLE BELTS PRESENT IN
eye + / eve wg CONTROL LARVAE o
A, ) | ?
Nnm?gx ' Denticle Belts Present
p ,
larvae Tl T2 T3 Al A2 A3 A4 A5 A6 A7 A8 **
2 ) X X X X X
6 ‘ X X X X X X
1 ‘X X X X X X
2 X X X X X X X ;
2 X X X X X X X
3 X X X X X X X X X
1 X X X X X X X X X
4 v - X

- '*%'_ denticle belts cannot be identified

Table 6 DENTICLE BELTS PRESENT IN gggnﬂkj.ppgd HOMOZYGOTES

o _ .
AT 25 C ‘
Num?sx Denticle belts present
o k= .
“larvae
Tl T2 T3 Al A2 A3 A4 A5 A6 A7 A8
13 | . X X X X X

1 . | X X X X X X



difference. 1In the first abdominal' belt of control
larvae, there is usually a row of denticles at the
anterior edge of the belt that points posteriorly. This
.differs from ngmhomozygotes with.two wildtype copies of
the prd géne where*%he denticles of this belt aré; all
directed anteriorly. -

paired control (wg prd/ + prd)

The 1larva in Figure 13 (bottom) demonstrates a

typical pai{gd phenotype.
7. sloppypaired winglgss- (slp wg/slp ¥ _),.»
Figure 14 (topY shows a typr;Irexample of a larva

with this genotype. In this case it is difficult to-

determine the number of repeat units in the double mutant

due to the absence of completely naked cuticle between

denticle belts. wSincé the’ wg mutant belongs to the
segment polarity class, the repeat\’pattern could be
ana}yzed ’by countfhg the number of discrete poiarity
reversal§ along the length of the larva. This wa; done
‘by obsérving the direcgion in which groups of denticles
point. Table 7 presents the result of this ahalysis for
the glp(ug‘homozygotes. It illustates that the number of

polarity repéht('units for the abdominal region appears

wildtype rather than pair rule. This conclusion is

tentative due to the absence of completely naked
* cuticle between denticle belts. The thoracic regionA is
uninterpretable for several reasons. Not only is this

area poorly differentiafed in these larvae, any denticles
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Figure 13: wingless pgi;§d Double Mutant and Control

Larvae,

" top- wingless paired double mutant.
Magnification = 307X

middle- wingless control larva.
Magnification = 327X

-

bottom- ggjﬁgd control larva.
Magnification = 267X |
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'denticle

&

present cannot be assignea a segmental identity nor their
polarity analyzed due to their disorganization. ThO!lCiCﬁ
like denticles © are completely ~absent ‘in ‘a large
propoition of the larvae. As well, the most posterior
area of denticles does not have w!ll—defined polarity,
~therefore the region anterior to this and posterior to
the thoracic area was used in the analysis of the double
mytant phenotype.

At the lateral edges of the belts are relatively

smallf denticles, as you move.toward the ventral midline
ize increa;:g“ﬁﬁtil you reach the midline, itself
by small denticles; All denticles point tOward
the ventyal midline wlth twoheiceptionsr First, small
along tqgiyentral midline are usually directed
posterflorly. Se:ondly, singularities toward which all
unding denticles point similar to those observed‘in

the wingless pg;gb homozygotes are ‘present. " These

regions ‘are .looateéd .on either side of the 'ventraL
midline, :in “the larger sized. denticles. The regions '

‘cannét be 1dentified in al;ﬂdenticle belts,: ~one possible

explanation for this could_be, the paucity of -denticles

in some belts., A higheEEBensity of dentf&les Mignt' be -

necessary to impart an obgervable effect. ' : .

", sloppypaired control (81p wg/slp oy
" Figure 14 (middle) illustrates the phenotype of these

larvae. The repeat unit is two segments large and is \a ’

result of the deletion of a portion of thﬂynaked cuticle

x
* N
e
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‘ uj.nglsss control’ (5,1,9 wg/ + Hﬂ) S e

70‘4‘

'associated w1th T2 K1 A3 AS and A7.,» This "causes the - .

;denticle belms-on é&ther side of the deleted cutlcle to

L VTR

be closer together than normal. -In‘31ngle \mutant 'slﬁ."'”

ohomozygotes, thxs pair—w1se assooxatlon rarely results

in fusfons "of the denticle - belts. :'In, ‘this ‘control

however, 'apparently - random fu51ons of dentlcle belts do

occur, Table 8. A probable expkanatlon of thls 1s that a

heterozygous than in 51 omoZ@go?es alone,\ Tablet_9

ﬁdetalls the occurrence of fusxons in glp hoﬁOZygotesL

»larcer' amount of naked cut1cle is belng delebed when ﬁﬂ;”

Other than the appearance of - fu51ons,' the phenotype is

identical to that of 51ngle mutant 519 homozygotes,

: ~F1gure 4 (mlddle). SR o g‘ ;" Lo _ : L;&

A larva of ‘this - genotype is seen in: Figure

(bottom) The control larvae are 1dent1cal to the 51ngle

—mutant ug larvae (Fzgure.l, tOp) w1th the&exceptlon that

[

)

smaller dentlcles than those normally present, areAfound

{

A\

at the anterlor' and-posterxor edges of ,the denticleﬂ

~‘_f

'y bel? The ’polarity' of~thesev'denticles7lis variablb;

[

& /
however, in general 1f the reglon between the denklcle

ﬁelts ‘is lelded 1n half perpendlcular to the' ventralﬂ

mxdline;u those n the anterlor half pdlnt anterlorly,

4

;hose in the posten&or half ? posterlorly.i,vThe ventro-f

Y

lateral singularltles toward wh1ch surroundlng dentlcleS,”

‘), -

point, are present as observed 1n the double mutant, butj"'

not ;§ all denticle belts. 'The- presence Aof polarlty~u"',

¢

i
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Figure 14: sloppvpaired wingless Double Mutan
: E Control Larvae\

»

tog- 519!9295 R
”»
/
‘ ‘middle-.glgggypgi;gg control larva. .
. Magnification = 262X i
. o :‘ 'ﬂ ) ' - -
kf e .
bottom— wingless control larva. , S S
Magnlflcation = 323X e .

X

iﬁ'and
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‘Table 7: . NUMBER OF POLARITY UNITS PRESENT IN ‘glp wg

nonozycorss
L3
Num?ex o v Nnmbsx of Bglaxisy Upits .
Q. S
Larvae
10 7
6 6
1 5
[ 1 K . 6+ . R .
1 "5+

@

. 2

not f 3 be

'+'..~ denticles are present but pattern repeat
¥ defined due to. dlsorganization in posteris portiom,
a 'of embRyo. - : ' Sy
‘Table 8: DENTICLE  BELT FUSIONS PRESENT IN 519 yg/alp +
i LARVAE .
'N%mbex ,  ‘Denticle Belt Fusions Observed
Q \ ;o ‘ : ~ ,
Larvae o {Al-A2} {A3-A4} {A5-A6} - {AT-A8}
1 ) k% e
2 - X
1 ® | X
1 X X P
1 X X X .
1 "X X : X. ‘'« X
1 ‘X (X ===—- ‘X]" x§
' [X--X]"' secondary fusion of these denticle belts )
Dabal no fusions present o

R { |
.Table 9: DENTICLE BELT FUSIONS PRESENT b SlD HOMDZYGOTEs/“

- AR o
‘Ngmbex‘ ~ Den:zsle le: Euszgns Qbséxysd S
9 o . .
Larvae . . {Al-A2} {A;-—A4} {A5-A6} {A7-A8} -
10- o ) e B
2 _ ‘ S o x t o .
1 . - X S X Ty

t*' no fusions present

4
. ).)Al



present on the double mutant chromosome.

8 8.oddskipoed patch (odd ptc/odd pLo)
A larva of this genotype is shown in Figure 15. (top)

-

. S | L
reversals 1is conclusive evidence that t’? wg mutant is

74

It has only.four, enlargedydenticle,belts as in pair rule _"A

¥

: we
.mutants bgt each belt shows polarity reversals as found
in. Pﬂ.tﬂh: ro o | ) | ) E ‘ e q

~~ The shape of the denticlevbelts is abnormal; Instead
of thejgildtype trapez01dal pattern observéd in Figure 3, ,

& _
the belts are rectangular. The polarity of the déntlcles

are as follows, theifirst or anterior ol e%Chs belt
‘ 7 .
@Roints in an anterior dlrection, the last “or posterior
< ) &
Yow points in a“ pogteilor direction _and ald ' other

Jdéhtioles age diregted perpen&icular ta the anterio~

Y

‘ posterior afis. fhey .can p01nt fowaeds or away from the

ventral midline. v'A "in pEC homozygous embryos' the
thoracic denticle belts are usually absent.v The Keilin's

¥ %%‘
organs associated with them‘are veﬂy diﬁficdlt to fina,

€hd in some caseS‘may be absent. When ﬁhey _can .pe

observed however, instead of possessing the normal number,

~of hairs (3) they now have four or flve héirs per organ.,

"kundoubtedly .an effect“'of the p;g taﬂt' as . these

S

=~

'165\5;

| chlracteristics\‘are all ohsef‘bd in ptc  homozygotes

§

.
-y ~) ’

Many double *mutant 1arvae contain large .denticle
)

(Figure 7, 1ddle)§w; S '...'m B g

.;

belts alternating wiqp smaller pieces of denticle belts.

N A . . ) ’ ) . “ * N s . : . * ‘
e Y v o i) :
P N

L3

el
- A8 w1th the shape of ~the denticle belts, this 'is. 1’ e



>

; This can be attributed to the Qdd pair rule"mutanty“\

(Figure 4, top); 4 In ptc larvae, Al ‘is"usually

'representéa\\sy a small reg!?n of dentieles, ’The odd

mutant removes Al very efficiently compared to other odd

- t

Qddskzeesd contol (odd ptg/odd +) _

A pair rule phenotype is observed in thesedﬁi?vae as
‘shown in Frguge 15 (mlddle)." Six repeat oatterns can be
seen, inoluding‘the d;nticle'berts of T1 T3 A2 A4eA6 a8.

These denticle belts exhibit normei;denticle"polarity,
: ’ =X >0 ;

As well,y smalllpieces;of<ghe odd.numbered denticle Belts‘y‘

\are. observed : Slnce 'theii iarvae are lethil and’

' possessy a parr rule phenoty e 1dent1cal to gddsk;ppgd

r alone, it can be concluded that the odd mutaﬂt is present
on the double mutant chromosome. .
% EEEMNES ,
patch control (odd pts/ terg) o

_The . larva hown in Figure 15 (bottom) displays a

phenotype that 1s very srmrfar to that observed in ptc
:':;, homozygotes. ' e ' ' '

The’lethallty of these larvae and the characterlstlc

2,

<

the ptgc . mutant‘ is present on ° the’ double mutant

. chromosome.
.. e v L

w2 :
#o s R AN

. ) e ° . S 2
! B 0y X D . L . . N .
. B . % Sl Lo - T
i N o ‘ 1;)' - taow . R -~ : - -

segments. Thxs would explain why Al is never :

shape of the ‘denticle belts is cdn(£901nqﬂevrdence thatj

w O
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' e /
gg;gure 15: gdggkinpgd pg;gh DOuble Muiint and Control
B L Langae.

, ,
tob- Qddgkippgd pg;gh double mutant 1&rva.ﬁ
: Hagnification = zazx 4 .

P A . . . e
o L . "’\'»_ R

swir.

o .
. [
. ) . ’ : 5 :
l@ * B . .
< . S ' . : : : BN
. . ‘ .
. . , .

L

middle- pddskipped ,control larva. o -
» Magnification =7277X - . . .

s v N ' . [
oo s . . o . 5
’ ‘ ' ’ - ) ’.,:
. o L R . i
a (' o

¢

botton- pgich cotrol lazva. Wt SEgNEF . .

nification = 288X Bt -

4 e
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9. sloppypaized paEth ("b pts/slp pto) p .
¥ The phenotype of these double mutants comqknes ghe’ SN
‘o features of the two singl7/mutant phenotypee. As seen in

"Figure 16 (top), the! denticle belts are closely

associat'i ina pair—wise ‘.shigp - T2-T3, Al-A2, 53-A4,#n'

AS-AG, and A7-A8 demonstrate the slgppypag;gd 'leaning’

of denticle belts towards eﬁbh other. The polarity of

' the denticles exh1b1t the typrcal patch phenotype.} The‘

belts are square rpstead of trapezordal,_ w1th the

anterlor Low dlrected :hterlorly, the posterior %ow
” posteriorly‘and 1ntervening denticles pointing ventrally,

although a small percentsge point ‘dorsally. Therefore,'

w

both mutants contribute to the double mutant phenotype.

’ slnpprpaired control (slp p;s/slp +)

Flgure 16 (mlddue) illustrates .a larva of this

13

genotype exhibltlng a typlcal sloppypaired phenotype. The

| normal number- of dentlcle belts are present arid 'lean"
e~

towards each other in a paxr-wise fashlon, characterlstlc,- o

<
- v

of the slonpynazrsd phenotype- ,
Ratch control (alp pts/ +ptc) .

These 1arvae,2 as shown 1n Flgdbe 16 (bottom) have a
typical pateh phenotype. ' he dentlcle belts are square
instead ) of trapezoidal, and the pOl&IltY!»o is
characteristic of polarzty reversals. The‘anterior rowlj
of each denticle belt‘points anterlorly, »Ehe pasterior

R 4

.COW, posteriorly, the intervenlng dent1CIes ventrally,

< although some are directed dorsally.

.
K} ) ! . '
. P . : . ‘
) > ; - , ' . . e Y
T - * ' ) 8



' Figure 16: gloppypaired patch Double Hutant and Control

Larvae,

Y
S

top- glgppypgixgd patch double mutant larva.

Magnification = 274X .

W

middle- sloppypaired control latva.
Magnification = 308X

, T,
o A s . o
e i i ¢’
e @ A, &
e a
bottom- patch control larva.
. Magnification = 261X
\
\ e

el
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10. slonnx nair.ed mn prd/sin pzd)

This double mutant, pictured in Figure 17 - (top) has a
pair rule segmentation puattern. It oontainS»four large
abdominal denticle belts, one large thoracic belt and.
anterior to this, pieces of the Tl belt Between the=

abdominal beltsgare large-areas of naked cuticle, However

\

in a small perTentage of larvae, a number of denticles

+

can be found, Ln;this rébion. This is interpreted ‘as weak

%,
secondary fusions df the Large belts. ' Polarity in”a

the large belts, lS normal except at tHE dateral edges.‘
Here, the denticles p01nt dorsaﬁﬁy, but as you move~
ventrally in the bglt the denticles‘ are d;“bcted
ventrally. Only small patches ‘of denticles participate
.in these polarity changes. These disruptions are present ;' '
;“in most: of the large denticle belts whether they are,ﬁ‘
Ce participating in secondary fusion events or not. |
Judging“ by the siﬁemaf the denticle belts, the
increased number of rows present in each and the genotype
of the;; larvae, it is reasonanle to con ude that these.

* b

denticle belts .are. a result of: £u'igp

fnhe ‘mterior_'

1arge denti le beltsr'bserve‘.»f,{~"_. "55“ S ‘3y7

A} . -
J A-b,'

This {s 1dent1c- to the pﬁ otype obséhved in single
mutantlp;d homozygote;. The gﬁly observable difference
lies in the tendency for secondary fusions of the large;

dénticle belts in the ‘double nutantslarvae. Since theyf

s

Lol



are ‘not obsRrN®in the single mutant, this suggests that

the doubl{ ant ‘phonotype is more extreme than the

» ‘o

-

S control (slp prd/slp +)
Figure 17 (middle) illustrates a larva:uith”f;_ pair

rule segmentation pattern.«”iAs can be seen, T2T3, AlA2,

“A3A4 ASAS, and,A7A8 associate together. The phenotype is

highly varlable ranging from a pair-wise 'leaning toward

each other to complete fusion into double sized com9051te
segments.’ - ‘ ' : - . |

It can be concluded by’comparison;withf the single
mutant phe&ytype, that ~mo}e "naked cuticle is being

deleted,"the smallest deletxon resulting in the less

extreme phenotype’ and the largest-deletion in’ éegmental"

fusions. This indicates .that not only is the\?ip ‘mutant
'present on the double mutant chromosome, but that the prd
allele is exefting,a slight dominant enhancing effect on
the'giggpgggjxgd phenotype.. .

-nmgd control (slp pxd/ + pxd)

The larva shown in Figure 17 (bottom) is Ldentlcal in

. henétYPe\to the sinqle mutant p;d h°m°2yg&tes, %“ ‘ @“ai";,

f"ll Qddakipnsd ‘paired (odd pxd/odd pxd)

| Both odd agd pjﬂ are pairc rule mutants in which all
OF part of ”the odd’ numbered abdomtnal segments are
~deleted. . This double mutant latva, as shown .in Figure 18

@;{

(topf“is very simllar to larvae homozygous for the slngle

mutant . pjﬂ whe double mutant _pattern exhlblts pa1r7

o
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Figure 17: gloppypaired pgjxgd Double Mutant and Control
Larvae. \
!

¢ [
. . R

: : S
top-: gloppypaired paired double mutant larva.
- Magnification = 277X :

.

mlddle- slgppypg;xgg control larva. |
Magnification = 273X ,

¥

bottom- pajired control,blarva. R
Magnification = 280X °
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’ .y . \ B3
rule/'segmentation.c The large denticle belts look like

composites' of the anterior portion of the anterior

¢

segment's denticle bqlt and the posterior pqi‘}on of the .

/podterior segment 8 denticle belt as if the ,1ntbrvening

f material\\has been deleted. For example, the anterior

e *portion of the\denticle belt associated w1th segment Al

is now juxtaposed to  the posterior portion of the
'denticle belt assocxated w1th segment A2, These pair-
d‘w1se deletions_ of denticle belts and naked ‘cuticle
continue alongdthe length of the larva, 'resulting.in.the
formation of four, large, abdgminal d’hticle belts.
Anterior -toupthis,' the thprac1c region also exhibits a
large deletion . between T2 and T3, 5the"result being

cloger . assoc1ation of portions of their denticle’ belts.

'.Some of Tl's belt is also present but thorough analysis

of this region is_diffioult due to the small, fine -

denticles present and the similarities in the shape of
T2's and T3's denticle belts. ' '
"Further examination of the- double mutant larva's

denticle belts reveals«that the polarity of the denticles

is - normal 'in most cases. The first and fourth rows are

directed anteriorly, . the remainder poSteriorly.

| Frequently, the anterior of the composite belts w111 be
completely normal with the posterior half appearing,
'crowded', as if the number of denticles present are —

' populating a- smaller region than normal. - Small polarity:

reversal' are'sometimes-observed at the juxtaposition of

85 "\‘y



two- dentlcle belts.

The only apparent effect of gdd on the pgixsﬂ
phenotype is to make it weaker in . the double mutant.
Areas of naked cuticle areﬂfrequently observeo‘ in the
'middle of the,composité denticle Q?1t3i ‘This separation
is nezpr’%observed in‘the single mutant7;1ethalv larvae,

(See Figure 4,bottom). Table*lo reveals that while the
AlA2 unit is usually incompletely fused, more"posteriorm

units_ are - often present without the intervening naked

cuticle. AlthoUgh two larvae were observed  that

exhlblted no separatlon of denticle belts, in general

v_thls double mutant possesses a more w11dtype dentlcle and

[

segmentatlon pattern than that observed in either of’ its

531ngle mutant parent stocks. Therefore, both; mutants’

;gjcontrlbute to the double mutant phenotype.

"Qddsklpnssk control (odd prd/odd +)

Flgure 18 (mlddle) 111ustrates ‘the pair rule patfern

exhlblted by these larvae. ‘Although a wildtype number of

denticle belts are present, . he odd numbered belts have

\*pieces missing.  Since the even ‘numbered dentlcle ‘belts

are not affected in this way it can be concluded that the

Qddskipggd\\‘phenotype is . present but -less strongly

+
expressed than when two coples ‘'of prd are present.

The polar1ty of the dentlcles themselves is dlfferent

from that observed 1n the single mutant gdd homozygotes.-

Normally, the dentlcles in the first and fourth rows

-

point anteriorly, the remainder posteriorly. At the

2
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lateral edges of the denticle helts in‘this,control- the

?denticles are directed dorsally. A'little further toward

the ventral midline, they are directed ventrally. At the
midline itself,‘ the denticles exhibit nofmal polarity.

~* The phenotype of these larvae and the ﬁact that they are

lethal" is, convincing evidence that the gdd mutation is. -

present in the double mutant.

naired control (odd prd/ + prd)
Figure 18 (bottom) illustrates "the pair rule

: segmentation_pattern_observed in these larvae. As in the
double"mutant, pairfwise deletions are present resulting
in the Lformation;of composite - denticle belts. . This
control differs from the sxngle mutant pxd homozygotes in
that - regions of naked cuticle sometimes separate the

composite denticle belts, Table .11  describes  the

frequency of occurrence of this event.

L .

- This suggests that one entire segment is not being

deleted in this control as it is iff the single mutant.
:iThis' is surpr151ng considering that an Qdd+/ allele is
present.v Apparently, it exerts a slight dominant ;effect
when p;d is homozygous.

12. slspnxnaired eyenskipned (slp eye/slp eys)

‘Figure 19 (top) illustrates the typical  ventral

.pattern exhibited by these larvae. The double mutant

'phenotype is very similar to that ‘of eve homozygous :

larvae with a few exceptions Exe larvae normally contain'

_ thes.odd numbereduabdominal denticle belts and, the second
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Figure 18: oddakipped paired Double Mutant and Control
‘ , - Larvae., - , \

. .

top- oddskipped ‘haijgd double mutant larva. The
phenotype in this case is less extreme than either of the
single mutants. =~ .0 -

Magnification = 271X : o

'. ) ‘ - ’

middle-oddskipped control larva.
Magnification = 304X

_ bottom- paired control larva. L
Magnification = 268X ‘ _
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Table 10: dtCURRBNCE OF INCOMPLETE FUSIONS OF DENTICLE BELTS
: - IN ‘odd pxd HOHOZYGOTES -

Numb£§. Bgstgxn Bsnsn&a Bxbibi:ins Inconplete Euaion
Q
larvae Tl {T2-T3} {Al-AZ} {A3-A4} {A5~-A6} {A7-A8}
2 . ' * ,
1 X '
1 X
3 X
2 X X
3 ‘ ¢’ X X
1 X . %
1 X X
2 X - X
1 ‘ X X
1 X X X
1 X X X
1 X X X X
1 X X X X
3 X X X X
5 X X b4 X X

-1

'%1 no incbmplete fusions'present

~Table 11: OCCURRENCE OF INCOMPLETE FUSIONS OF DENTICLE BELTS
- IN  + prd/odd Dxd LARVAE .

Numgsx ) Pattern Repeats Exbibiting Incomplete Euaipnﬂ
L
larvae Tl {T2-T3} {Al-AZ}-TRB-A4} {AS-A6} {A7-aA8} -
.29 *

2 X :

1 R X

3 . ) - X

1 ) S X

'*' no incomplete fusions present

¥



thoracic belt. The double mutants'have these belts but

also sometimes diffefentiatenna4 and A8 in addftion; as

demonstrated in Table 12. 7 The denticle polarity in the

"odd numg:‘ '_5: is normal. Usually, only pieces of A4

g analysis of their

polarity. - Several larvae‘to"f~ 4 ;ontqin a substantial -

kpoztion of these denticle belts. When the‘polarlty isA

analyzed in these larvae, ‘there is some evidence for the

presence of polarity reversals. The anterior rpow of
den;icies is directed anterioriy, the posterior gow"
posteriorly, with the .interQening denticles pdinting
ventrally or dorsally. If this dénticle band wag

'~ exhibiting normal polarity, the fourth row should point

anteriorly. This is not the case.

sloppypaired control (glp eve/slp +)

A larva of this genotype is shown in Figure 19
, , \

(middle). It exhibits a typical gloppypaired phenotype\

in the npmber of denticle belts present and their
polarity. The only difference between this controi and
1a;vae with two wildtype cqpies of the gig locus is that
less cuticle appears to be deleted between denticle
bands. That is, .normally a pair-wise 'leaniﬁg' of
denticle belts Al-A2, A3-A4,. A5-A6, and A7-A8 occurs.
This feature of the phenotypé}is less obvious in ;he

control larvae, suggesting that their pattern is more

hwildtype than expected.

~-evenskipped control (glp eve/ + eve)

N )

o
o

9l
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Only one larva -of tpis genotype exhibited. ﬁﬁe ,

expected evenskipped .phenqtype where all even numbcrcé

abdominal dehticle belts and first and"third, thoracic
| belts .are absent. A more typical example is shown  in
~ Figure 19 (boétom:)u Teh.of 12 larvae possessed portions
of A4 while 9 of 12 had pieces of A8. Table 13 details
thege _observations. In larvae cohtainiﬁg two wildtype

“copies of the 8lp locus none contained any denticles

attributable to A4, while only 1 of 14 larvae had a few

degticles associated with A8. 'Therefore the phenotype of

7

evenskipped seems to be somewhat suppressed when the’

}embryo is heterozygous at the glp locus.

13. gddgkiypsﬂ evenskipped (odd eve/odd eve)
25¢ \ : ) L
Figure 20 (top) illustrates an larva of this

génotype, exhibiting” a pair rule segmentation patternl

This phenotype ié very diffécult to define @ufther as the

‘majori;y"of larvae had oniy.incomplete denticle belts

present in the region normally occupied by A2 through A6.

However, one .larva was foubd that exhibited a normal

evenskipped pheﬁqtype.- That is, T2,A1;A3,A5 and A7 were

present. Other larvae were similar to this but had naked

cuticle between the anterior and posterior portions of

oné or more-of their denticle belts. No ‘la:vée _were

observed with an\gddékippgd pattern. The pola;ity of

denticles - in the belts appeared normal except that small

polarity reversals were somet imes observed in the
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" Pigure 19:  8lOPPYPAa; a4 gvenskipped Double Mutant
: Control Larvae, .- ‘

-
P -

top- gloppvpaired evenskipped double mutant.
Magnification = 286X :

- middle- gloppypaired control larva.
‘Magnification = 274X '

\

bottom- evenskipped contro% larva with ~an
~ uncharacteristically leaky phenotype.
Magnification = 275X oo

o

and
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Table 12: DENTICLE BELTS PRESENT IN slp sys HOMOZYGOTES

Numbex ' Denticle Balts xxsnsn:
A4 A5 A6 A7 A8

of .
Larvas . T1 T2 T3 -Al A2 A3

1 X - 1—

2 X

5 X X

1 X X X

\

Table 13: DENTICLE BELTS PRESENT IN glp eve/ +eye LARVAE

¢ ¢ X K

Nnm?a: - Denticle Belts Present

of -

Larvae TI T2 T3 Al A2 A3 A4 AS
1 X X X X
2 X X X X X
1 X X X X
7 X " X X X
1 X X X X X X

X
X X
X
X X

X
X
X

A6 A7 A8

DD MWK

*
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-denticles surrounding the small area. of naked cuticle.
oddskipped control (odd sye/edd +) °

. ~

Thehe larvae, as d‘honstrated by Figure 20 (middlo),

exhibit "an gddgxippgd phenotype.
evenskipped control (odd sye/ + eve)
A larva of this genotype is shown in Figure 20

(bottom). It has a notmil“ﬁﬁgnsxippgd phenotype.
o

18 C ;
14. oddsKiobed evenskipped (0dd eve/odd eve)

A larva of this.genotype is shown Uin Figure 21
~(top); | Since this is the pe:m;ssive-temperatute for the
- eye al}ele,. the even numbered denticle Eeits,should be
preseﬂt‘-and normal while.the odd ﬁumbered belts should
display Phe éddakippgd defects. Table 14 re;eals no
typical or average pattefnéfoi these larvae. No one
‘denticle band was present and éompletély nogmal is shape
at all times_gnd none were always absent. The polarity

of the denticle belts was normal. Therefore the pair

rule phenotype of oddskipped is almost “completely

suppfessed by eve at its permissive temperature, ’anH the
phenotype of evenskipped may be'somewhat enthanced by ng.
9ddskipped contrql (odd eve/odd +)

Figure 21 (middle) shows a larva of this ~ genotype.
The phenotype was in all cases normal gddgkippgd
evenskipped control (odd eve/ + eve)

A 1arva,of this genotype is.iliustrated in Pigure 21.

(bottom) . As expected at this temperature, thése larvae

¥
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'Fighre  20: degkipggd gggnsh;npgg Double Mutant and "

Control Larvae at 25 C.

!

top- Qddslsipngd sygnakmpsd double mutant larva.'
L Magnification = 274x oL , o

: miaﬂle-lbgﬂdﬁkippgg controi—ltarva.
‘. 7. Magnification = 259X .

 bottom— gygngk;ppgd control larva. SR ?_ ' 1;’
Magnificatlon = 275X ' = S '
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Figure 21: oddskipped evengkipped Double Mutant and
Control Larvae at 18 C.

tOP- oddskipped exgnskipnsd double mutant larva.
‘ Magnification = 24ox :

bottom- gygnskiépgg'control‘lafva.
o MagnifiCation = 303X
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Table 14:

Number
Laryae

Tt et ot et s et

oy

TR KN

MO M

- T3

26 DC DC ¢ ¢ K

A

|

| DENTICLE BELTS PRESENT AT 18
' 'HOMOZYGOTES

o]

Denticle Belts Present
A6 QA7

AL’

L]

A2

L 8

A3 A4

. ;4xkxx

Ll o o R R ]

A5

-6 < D DX ¢ K

X

2C D¢ ¢ 54 < 4

"IN odd eve

o
o

E R
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appeared almoSt;wildtype.

207C | | ,_ |
15, oddskipped sxensxipngﬁ (edd eve/odd eve)

As shown in Figure 22 (top), ;he larval phenotype‘cen
‘best be described in general as ‘the fusion of any

‘remaining pottions of denticle belts; This phenotype is

Qery‘variable,-tahging from an‘aimost perfect evenskipped

phenotype to having_denticleé present Qply'in one half of

the 1larva. The most extreme larvae contain a region of

. e
.fusions in the posterior half of the larva. These are

different from fusions occurring'in larvae of other

‘
-’

genotypes as denticles are present along the lateral

"edges of the ventral surface and not along the midline.

4

The denticle pOIerity in the denticle belts is. normai

with +the exception that the majorlty of dentlcles in the.

cL ¥ TL . TN
last phenotyplc class are dlrected Ventra;ly. A;f.ht,";
few ""D ..!'vp':.,

oddskipped control (odd sxe/gdg +) . fa-g;__ ﬁv;h

A larva of this genotype has. a normal Qddakgppgd
pattern as shown in Figure 22 {(middle). -
~ evenskipped control (odd eve/ + eve) | o
These larvae have an evenskipped phenotype as v§hown
o

_in Figure 22 (bottom). In some cases the four large

abdominal denticle belts attempt to fuse. This is. the

extTeme gygnskgppgd phenotype (Nussleln-Volhard et. al.,iw'

‘1985).
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Pigure 22: oddakipped evenskipped Double Mutant apd
: . Control Larvae at 29 C. !

/
P
{

top- oddskipped evenskipped double mutant larva. -
Magnification = 275X

Y

Al

middle- gddgkippgﬂ control larva.
Magniflcatxon = 268X

2

N | ‘ e

bottom- evenskipped control larva.
Magnification = 292X

\
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.IM99 IM99
16. oddskipped engrailed (odd en. /odd en )

A larva of this genotype is shown in Figure 23 (top).

aAll thorac{c and abdominal denticle belts, or portions of

them, are present on the ventral surface. All”of the

denticle belts are sepafated by naked cuticle except A4AS5
and A6A7 which, 1n this larva, are found together as
large dent'icle belts. The a‘éarate belts‘are not of
normal shape. | At least one row of denticles is absent
from the ;nterior of each belt as no»anteriorly—pointing

| dentic;es are observed in this position. Further evidence

.
of this specific defect is seen in A8. This denticle

belt w;s never observed to participate in the formation
of double sized denticle belts yet an anteriorly pOdntihg
row of denticles is not present in the anterior half of
the denticle belt. |
Except for the absence of the anteriormost \rows,the
polarity of the denticles is &lmost wildtype. The
majority point in a posterior direction, with the
exception of a few that point anteriorly. This latter
- class of éenticles are usdally»scattered in an apparently
random fashion throughout the denticle belt. This
phenotype is significantly different from that of the
inugg' single mutant. The iatter larvae always have
pair-wise fusions of denticle belts, thus, a complex
interaction between the two muta&iéns is occurring since

the double mutant repeat pattern is more wildtype than

eithék»of the single mutants.

L N
N
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! © IM99
oddskipped control§$9ddfgq /9dgd +)

of \this ééﬁoéypé'in ,Figure 23 (middle)

ﬂ%.

oo
Q’~- -‘

1

ﬁ;i:%Qt° be more wildtype than normally

s o

numbered 'denticle'bei'giare present,or rather, 1less of

: - : o

the pattern is deleteg when only one wildtype copy of the
N A

en locus is present. The deletions observed in these

belts are not consistent, One larva may have an

K

apparently normal Al with A7 being all"but absent, in the

Wb . '
next larva this situation could be reversed. Denticle

2

polarity is normal in all denticle belts examined.
: IM99 IM99
sngzail§$ control (odd en / + en

These larvae, as evidenced by Figure 23 (bottom)

IM99
exhibit an gp phenotype.

17. oddskipped engrailed (odd Df(2)en28/0dd Df(2)epn28)

Figure 24 (top) illustrates a larva of- this

genotype. The 1larvae exhibit an apparently wildtype
number bf repeat units. Each "~ repeat contains two
separate and éifferent polarity reversals. The fi{§t
type is identified by a row of - small denticles which
aépears within it. Larger, darkly pigmented denticles
surround this row. Those antgrior. of it point
posteriorly, those posterior} of it . are directed
,anterioriy. The second type of polarity reversal is

almost the opposite of the first. A smali patch of naked

LY
1]

ke regedt»pgttern. Although the odd

‘;ﬁ»tes; ﬁarger pieces ®f the odd
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Larvae. \

3 v

IM99

top- gddakippgﬂ en double mutant larva.
Magnification = 344X

middle~ Qddskipped control larva.
Magnification = 265X —

IM99
bottom- gpn control larva.
Magnification = 373X

‘Csﬁlrol

Figure 23: gddakippgd‘gn DouB}e Mutant and

¢
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, 109
_ cuticle' is contained within this type;, the denticles
| anterjior of the patch point anteriorly, those posterior
,_a—wotJ/:ii 4patdh are directed posteriorly. There are no .
large‘rqgions\of nakéd cuticle within the pattern.

oddskipped control (edd Df(2)en28/0dd +)
‘A larva of tb}s genotype is shown in Figure 24

\

(niddle). The larvae on this control slide exhibited a
pattern "that was more wildtype than that normally
observed for 9dd homozygotes. More of the pg:ternigf the
odd numbered denticle bei;alis present,

engrailed control (odd Df(2)en28/ + Df(2len28)
The IArva displayed in Figure 24 (bottom) exhibits

the typical Df(2)en28 phenotype.
IM99 IM99

18. ninglsaa sngxailsd (wg sn /4g €0 )
A larva of this genotype is shown 'in Figure 25 (top).

)

This double mutant has only one thoracxc denticle belt.
The gdentity of this belt is amb;guous although it is
very.{similar in appearance to the thoracic belt found in
wg Hquzygotes. The polarity and ge;éral appearance of
the 'denéicle belts is very similar to that found in
gnIMQQ, homozygotés. The only; observaple difference .
between the single mutant homozygotes~and the doublé’
mutant larvael is that the latter contains the 'rug of
denticles' phenotype. There is very’little naked cuticle
present within'the“dentlcle belt pattern. This is in

IM99
contrast to the en homozygous phenotype where large

'regiOns of naked cuticle - are observed completely

5 ?
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Figure 24: gddngppgd pthlggzﬂ Double Mutant and
| Control Larvae.

ik

top-oddskipped pﬁzunzn double mutant 1;:\;\.
Magnification = 335X

*

middle- oddskipped control larva.
Magnification = 248X ~

bottom- Df(2)en28 control larva.
Magnification = 349% - -
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miéhan ‘é%‘”is'the presence of the small patches; of naked:

' phenofype to the single mutant gp

o
iy

; @separating denticle belts. Another feature of the
" : - - S ‘ - IM99
pﬁénotyg% which reveals it to be more similar to ' ep

4

' i . T . )
cuticle with surrounding denticles directed away from the

& ' L AR . .
patch's  centre. This " 1s never observed in - yg

 homozygotes. Seven of these structures canv usually be

identified, alﬁhough they do not occur_precisely on the

ventral midline +hey are never observed at the lateral
‘édgés of the be._zsg, * ’
: _ IM99
wingless contro: ‘g ep - /wg +)

A larva of. this genctype is shown in Figure 25

‘ (middle); These control larvae,éxhibit vthe’ wingless

pherniotype with one 'excepti6n. In single mutant wg

hdmozygotes all of the.denticles in Al are directed

'antefiorly. In these control larvae, alfhough the vast

majority of denticles are directed anteriorlys>

poéteriorly pointing denticles - are present at the

~anterior edge of the dénticle belt. The remainder of-the

pattern is indistinguishablé in 'phenotype from that
found in single mptént wgd homozygotes,
' . - IM99 IM99
engrailed control (wg en /en
Figﬁre 25 (bottom) ~illustrates ai-larva» df this

genotype. These control larvae are lidenticalv_ in
o ' IM99 ’ _

"homozygotes ‘with

112

one exception. The latter claés\of lérvae contain large

wregionsg of naked cuticle separatiﬁg.comPOSite fdeﬁtic;g e

" belts. The control larvae posséssmeCH smaller regions 6£
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Pigure 25: wingless en Double Mutant and .Control
' Larvae. ' | ,
. f IM99 :
top- wingless en double mutant larvae., .

Magnification = 402X

Q

 middle- wipngless control larvae. -
g .- Magnification =360X

b e

IM99 :
bottom-epn control larva. . {
‘Magnification = 350X
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naked cuticle. The composxte dentlcle belts are nof -
longer"compfetely separated from each other, rather, - o
gecondary fusiona ‘occur with. separatzons only at the
lateral edgee of the belts. Thus, the gnIM99 phenotyge
seems. to be,enhanced'by the yg:allele. | , ”
19.wingless epgrailed (wg DE(2)en28/wg DE(2)e028)

An ilIustraticn of this phenotype could not be
provided as the denticles are very lightly,pigmentéd and -
adequate photqgraphs could not be made. These homozygotes
appear ,tc exhibit a pair rule repeat,pattern.similar to-
the DfiZlgnZﬁ phenotype. Howeveri as in wg .homozygbtes .
the dentlcles at the lateral -edges of the ventral surface
are small and point J;htrally.< Those in the interlor’of é
the pattern are slightly 1ar§er and demonstrate polarity |
similar to -that observed in Df(2)en28 homozygotes.

"Several embryos were discovered that initially appearec
to be 'unfertilized eggs. At the anterior of these 3
embrYOs however, a_few dentlcles could be dlstlngulshed M
ené@rcling the area where head structures are normally
preseht; The remainder of the embryo coula not Dbe
analyzed. The mounting medium used in this‘etudyfﬁas too
efficient at clearihg internal structures and therefore
it  could not be determined whether very light ‘denticles
.h weree present on the ventral surface or - whether thee
cutlcle was naked. fﬁfu
‘wingless control ¥g Df.(z).enz.&/xg + ) |
| ' Larvae of this genotype dlsplay typical y;nglgss |



., homozygous vphenotype except that less naked cuticle is

e

phenotypes.
engra;lsd control (ug DfiZlenzﬁ/ + Dfilenzﬂ)

Larvae of this genotype displaywﬂ_ the Df(2)en28
_ \ : ‘

present within the denticle pattern of the control
larvae. | o ’
. IM99 IM99
20. slgppyparrgd sngrazled (slp en  /slp en |
~ Figure. 26 (top) illustrates a larva ?of:’ this

. » genotype. The phenotype obsérved in a sample -of these

larvae was extrenely variable., It ranged from those that

resembled the larva in Figure 26 to larvae that could be’

described as approaching a wildtype_denticle'pattern. A

phenotype llke that exhibited in the figure could be

&descrlbed s very similar to the wingless phenotype.

This larva has very little naked cuticle in the ventral

denticle pattern. Polarity' reversals are --evident in

eight repeat units 1n the abdominal reglon. ' The larva

IM99

can be thought of as~hav1ng an‘gn A pattern from which

the naked cuticle present between Al and A2, A3 and A4,

- A5 and A6, A7 and A8 has been deleted by glp.

The larvae that approached a more w11dtype phenotype

had naked cuticle between most denticle belts.. The

polarlty ln'lthe belts was not normal,i.e. alhost“ all

denticles pointed posteriorly, but neither»'did_ they

exhibit the polarity reversals common to . larvae
. Q . . :

IM99

vhomozygous for the ep allele.

- IM99 T
algepxpazrsd control (glp en /slp+) =~ (

116
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The_larva shown in Figure 26 (middle) is‘an example

of these control larvae. They exhibit ‘a typical

slnpnxnaixed phenotype. L
_ . IM99 ° IM99
engrailed control (slp en / + en )
~Fignre 26 (bottom) illustrates a larva with this

_ , IM99
genotype. It possesses a typlcal en homozygous
phenotype. | o

‘ IM99 IM9Y
21. QDQIBllEQ gggssbe:xy (en -ssb/sn . ggb)

-A larva of this_ _genotype is shown in Figure 27 (top)

and exhibits the 'rug of denticles' phenotype. No naked

cuticle is present in the denticle pattern. ' The lateral

edges of the ventral surface contain small, ventrally
oriented denticles. All of the denticles'abe directed

ventraliy except those found close to the ventral midline

which point anteriorly and posterlorly The repeat

"pattetn may be 'pair ‘rule although this is  quite

anbiguous. The only evidence.supporting this conclusion
is the presence of two‘exceptional larvae which_ contain
- four large composite xqenticle belts on their wventral
surfaces. The ‘most posterior denticle belt (putatively

A8) does not always fuse with the other belts.

- IM99 -IM99
engrailed control (en: gsb/en +)
Figure 27 (middle) illustrates a larva with this’
IM99 |
genotype. ' It resembles gepn : homozygotes except that

less naked cuticle is present between the _comp081te

denticle belts. ’For thisg ason, the secondary fusions

P

of the large beltsti“pear to be more complete in the

117



IM9Y

ﬁigure 26: gslopBypaired en Double Mutant and Control
Larvae. > S
’ IM99 . |
top- sloppypaired en double mutant larva.

Magnification = 326X’

»
»

middle- slgépypgizgd control larva.
' Magnification = 288X

IM99 | -
bottom- ep control larva.
Magnification = 329X

P
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control larvae,
‘ IM99

gooseberry control (en gsb/ + gsb)
A larva of this genotype is shown in Figure 27

(bottom) . The phenotype of these larvae closely
resembles the gaQoseberry phenoiype. This and the fact
that the larvae do not hatch is convincing evidence that

this mutant is present on the double mutant chromosome.



IM99 o ‘ :
Figure 27: en gooseberry Double Mutant and Control
Larvae. :

A}

o : IM99
.ttop- en . gogseberry double mutant larva.
_ Magnification = 331X

-

IM99
middle- e 2 control larva.

;;¢ Magnification = 344X

L
IRy
bottom- googeberry control larva.’
Magnification = 284X —
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| '4,DISCUSSION
The primary puéggse of this study was to test
several current models for the specification of insect
‘segments which also attempt to explain  how
specific segmentation mutant phenotypes are produced. If
a model is correct in "éesc}ibing the mechanisms
responsible for producing single mutant phenotypes, it
should by extrapolation, correctly predict the double
mutant phenotypes too. The goal, then, is to work out
the implications of each modél, 'p;edict double mutant
phenotypes, and finally compare these predictions with
the actual phenotypes recorded above:-in the Results
section. 4
’ ANALYSIS OF MODELS AND PREDICTIONS

-

. Model 1 .
The first model considered is based on the 'Selector.
Gene' conceét. It was‘devéibpéd to expiain the pair\rule
%egmeﬁtation mutants obtained at nine different loci
0 (Nusslein-Volhard and(Wieschahs, 1980).lw
These genes would compr}se - | set‘of Yselector genes'
necessary for determination of éhe normal repeated
dnterior-posterior sequence of pattern elements i;‘weach
‘ - pair of segmenys. Each gene is postulated to be switched
on in alternate, segment- sized domains that are all
diffe:eng“from, QPt partialix'?verlépping, those of the
other eight genes (Figure 28). Thus, these ‘'selector' .
' genes would be acting_indepéﬁdently and combinatorially~”

-



Figure 28thelgctouwGehe Model of OVerlapp;nq Deletions.

The dashed lines represent the active, alternate,
segment-sized domains of the pair rule genes. Due to
space contraints, only Segment 1 and Segment 2 are
complete in.this figure. :



n © . . o : " i 3

p
<




]

[ ‘ s <y . ' [ .
to ‘determine ~the cell states along a pair-of segments.:
A mutation in one of these genes might be expected-‘to‘

change the combinatorial codes of all the pattern

elements in its 'on' domain, and none of the pattefﬁ
elemehts in its 'off' domain. If the-neﬁ icodes 'wefé
'nonsense' words, ‘this que’iould’explain the deletion
of segment-wide st}ipes of malkersl from the wildtype

[y

pattern.

Cell death in alternate.segment-wide°ﬂsﬁtipes has
been - reporteﬁ in'embryes of a pair rule ‘mutant. called
-fusbi * tarazy (Mareinez—Arias and l Lawrence; 1985)l
eupporting this ’explanatibn. Celllideath' would be .7

followed by the ’juxtapdsition of cells with _simila;

positions in ﬁeighbogring segmehts, thus'reestablishing a
pattern with the normal sequence of segmental - elements

but exactly half the normal_number*of segments.

Some evidence supporting this “model has  been

gernered from analysis of trahsCriptien petterns‘ of
several  pair.rule genes. Thesetgene' transcripts have
'been fouhd in "stribe'-like'double wavelehgth‘ paftefns
in- the early embryo (Inggam ét. al., 1955, Weir and

‘Kornberg, 1985};"”ﬁ

Segment polarity ‘phenotypes can be explained by_”

_invoking an additional set of selector genes whose

‘domains are present in ‘every wildtype repeat unit. - Cell

death 'would then juxtapose cells that have positidnal

identities ndrmally far apart in  the segment. -These_'

@
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‘-celis' would be expected to intercalate according to the

rules of Wright and Lawrence resulting in a duplication

. of the rema;ning pattern elements in reverse polarlty.

 Double mutant phenotypes could then be predicted simply

: intercalation ~of intermediate positional values ' and

to be invoked'to predict the resulting pattern. This is a

”f‘ Predictions based on. Model I

—~If—the mutants acted xndependently as hypothesized,

the absence of an active gene product in one domain

would- not affect the genes active 'in other domains.

by adding together the pattern deletions causedg by each ..

’Single‘mutation. Since the deletions thus generated will

not, in  general, be exactly one .segment - wide,

‘corresponding codes by the Wright}and'Lawrence rules has

serlous zllmltatlon of thls model as is does not provrde

an explanatlon for this behavior. The phenotypes

‘predicted for deletions of increasing sizes are shown in

Figure 29. Figure'30 illustrates the portions of each or

'alternatéb'repeats that are thought to be deleted in: the

mutants used in this study.

' Model II: Meinhardt

A more complex model has been proposed by Dr. H.

v'Melnhardt (1986) and involves a hierarchy of elements

contro}ling _the final differ entlated embryonlc pattern

' (Figure 31). The model. proposes that a reaction-
dlffu31on gradlent of primary information 1s present in

the egg. @T%;s‘lnformatlon determines four ‘cardinal

127



' Figure 29: Repeat Pattérns Produced By Progressively
o ' Larger Deletions.

. This .figure illustrates the expected repeat pattern when
,segmental\deletions of varying sizes are made.

_’When less than 'half of a segmental unit is deleted, the
’positional - values juxtaposed are very similar and
therefore the deleted material is intercalated.

When half to an entire segment-sized piece is deleted,
the juxtaposed values are very far apart. When the.
shortest route is followed for intercalation, it is
‘through the segment boundary. This results in the
formation of an ectopic boundary in reverse orientation.

N
PR

- The same logic applies for the reﬁﬁining-two deletions.
. Horizontal axis- anterior-posterior axis of a segment.

Vertical axis- - refers to the angle specified by X and
.Y. . . o g

Dashed#lines indicat

the expected repeat pattern.
- v
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Pigure 30:

Segment Polarity Mutants

‘Pair

SELECTOR GENE MODEL
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SINGLE MUTANT PHENOTYPES AS GENERATED BY - THE

Portion of Patiern Abasnt
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Figure 31: REPRESENTATION OF MEINHARDT'S ‘INFORMATION sgstM
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regions in the‘ develo%ing embryo which activate a
repeating cell state pattern described as 1-2-3-4,. Each
fepeat of this pattern in turn generates two repeats of
an S AP segmental repeat pattern. A is the anterior
compartment, is induced by either 1 or 3 and cotresponas

to the anterior naked cuticle. P is the posterior

compartment, is induced by the interaction of cell states

1+2 and 3+4, and is also composed of naked cuticle. S

defines a third compartment,a

‘ is 1nduced by either 2 or

4, and %orms the dentlcle belts. The segment boudﬂary
is surmised to form at the confrontation of P “and S
cells. . The S:A confrontation would result ‘in' the
formation .of’ the posterior edge of the denticlel belts.
Kornberg (1981) proposed that segments are formed by the
alternation of- anterier and posterior compattments.
Meinhardt pointed out'that if stripes of dnly two states
(e.g. A and P) were present, the polarlty dqfined by the

confrontation ‘of the two states would necessarlly

alte:nate at every A:P and P:A junction. Therefore in the

Meinhardt model, a third compartment was added in order

to explain the‘constant anterior-posterior polarity of
the segments. Hence the polarity reversals of segment
polarity mutant phenotypes coul@tbe'explained by deletion
of one of the three states.

Segmentation mutant phenetypes can be generated by

deleting ' specific pattern elements at various levels of

the hierarchical system, as in Figure 31. Maternal
. . - rv' };"‘: o B
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effect mutants such as bicaudal and dorsal might,
according to Meihhardtff hypothesis, act at theu;ével of
the primary positionai informat%pn gradient established
ih" the egg. by the maternal géﬁome (Figure 31). Gap
mutants would express their dgfect at the second level,
when the 4 "cardinal regions" are established. A gap
mutant would therefore delete several conﬁiguous
segments.q Pair rule mutants would affect the next level
- of information. This level deals with the eétablishment

of the 1-2-3-4 pat&érn repeats. In this way ., every

second segmentalvrepeat would be absent from"the final -

mutant cuticular pAttern. For example, deleting 2 from

the pattern will p;pdﬁbg\double—sized segments with' an

SAAP pattern. This‘descr*bes,the gygnskippgd phenotype
of almost normal size denticle’belts and large areas of
naked cuticle (Figures 32,33). Deleting 3 could generate
the paijgd phenotype with large composite denticle belts
and smaller regions of naked cuticle (Figures 32, 33).
Segment‘ polarity mutants would express their defects at
the final level of information, the S A P level. If one

of these states were absent, polarity reversal phenotypes

would be'generated. For example, loss of A would produce

‘the patch phenotype of S\P/S\P/S (Figures 32, 33). This

pattern includes twice the normal number of segment
boundaries and the polarity reversal demonstrated in the
duplication of the anterior rows of the denticle

belts. Polarity reversals are expected in the pattern
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Figure 32: SINGLE MUTANT PHENOTYPES H§ GENERATED BY
MEINHARDT'S MODEL

Segment Polarity Mutants Portion of Pattern Absent
ug | P
pte " A
Pair BRule Mutants
2dd 4
eve | 2
pxd | 3

Pigure 33: SINGLE MUTANT PHENOTYPES AS EXPLAINED BY
MEI HARDT'S MODEL ’

' Segment Polarity Mutants

Mutant . Pattern
wg 123412341234123412234
. ASASASASASASASASASAS
pte 12341234123412341234
PS PS PS PS PS PS PS PS PS PS
Pair rule Mutants
Mutant _ Pattern
odd 1231231231231231
» APS A APS A APS A APS A APS A A
T1| T3 | A2 | A4 | A6 | A8
prd 1241241241241241
APS S APS S APS S APS S APS S A
T1|T2-T3 |A1-A2|A3-A4|A5-A6 |AT-A8
eve 1341341341341341
A APS A APS A APS A APS A kﬂf A
T2 | A1 | A3 | AS | A7 |

T
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.because only two of the three required states remain.

Predictions Based on Model II
Double mutant phenotypes can be predicted by this
model by deleting various combinations of cell states.
If both mutants belong to the segment polarity clasé of

mutations, the state represented by each at the S A P

level is deleted. If one mutant belongs to the pair rule .

class and one to the segment polarity class, then not
only is an element deieted from the S A P level, but one

also from the 1-2-3-4 level of the system (Figures

"31,32).

This model has several limitations. . For_this study,
several double mutant phenotypes can not be predicted . as
the single mutant phenotypes of one pair 'rule mutant
(slp) and one segpent polarity mutant (gsk) are

themselves not readily explained in terms of the

-

Meinhardt model. For example, the deletion hypothesized

to occur in slp, is smaller than , and qon$a1ned Qlthln

‘the deletion thought to describe the § ﬂ@ﬁ: phenotype.

-

As cell state '3' is theoretically :bmoved by this
mutation (Figure 32), only part of 3 should be femoved to
generate the gloppypaired phenotype. Gooseberry cannot
adequately be ,explained because the regioﬁ deleted to
describe its phenotjpe overlaps part of both the S and A
regions. Thus there are more phenotypes known than there
&rg cell states to delete. Another limitation of this

model is that although it provides a neat expianation for

134



x‘Q Ao

polarity reversals in embryonic patterns it does ﬁnot

explain the polarity reversals produced in surgical

experiments by intercalary regeneration (Lawrence and

‘Wright, 1981). Therefore two different explanations are
being proposed for the same aberrant pattern.
Model III: Double Wave Model For  Positional

Information

The third and final model considered in this study”

sqggests a physicochemical basis for segmental
positional information in the debeioping embryo
(Russell,l985):_ &wo separate and independént reaction-
diffusion systems are postulated to specify‘h repéating
segmental ~gradient of positional information along the
length of the embéyo, Figure 34. Each reaction-diffusion
system generates sine waves of similar wavelengths but
differenE JPh$se. Each cell 1is assumed to read the
ggtio of t@é}concentrations of the two components and
therefore, its position in a segment (Figure% 34).

Each system is indépendent_of the other and thus may

vary in wavelength, equilibrium level, amplitude or

phase without affecting any of these variables in the
second system. Sine waves were chosen for simplicity,
but any other periodic wave function ultimately produces
the same results. One important stipulation of the model
is that the £wo systems = share the same period or
wavelength. The vaiue Af the wavelength would specify

the length of a normal segment in the embryo. In one
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Pigure 34: = Simulation of wingless, patch nd yinglggg .
gg:gh using the Double Wave Mod 1 .

Wildtype- This figure demonstra?es hou the wildtype

pattern is simulated by g-model.
a, anterior portion fof the denticle belt.
-Small denticles [are found in ‘bthis
. location.
(D middle portion of the denticle belt. These
q;;&;cles are larger than those found in ?a'
a ore darkly pigmented.
C, most posterior denticles in each belt.
These ' are very small _and heavily
. pigmented.
d, o naked cuticle.
e, 'naked cuticle.
_*, indicates the wildtype equilibrium level of
the two waves in this figure and those
discussed below; .

The horizontal axis represents the anterlor-posterlor
axis of the segments. Anterior is the lowest value of the
gradient.

The vértical aits refers to the angle specified by X and
Y.

- A. This figure simulates the wingless phenotype.
The highest level the peak reaches. is 'b', which
corresponds to large, heavily pigmented denticles. When
the values increase toward ‘'e', normal polarity is
observed. When the values decrease, back down toward
'a’, a polarity reversal is observed. This is -simulated’
by lowering the-equilibrium level of wave X.

B. This simulation of the patch phenotype includes the
- duplication in reverse polarity of ¢ iterior edge of the
denticle belt. This results in the Bence of twice the
normal number %g segment boundaries. The duplication in the

naked cuticle ifficult to observe due to the paucity™ of
markers in this region. However, it can be identified in
the thoracic, segments since it results in a duplicatlon of
the hairs in the Keilin's organs. This - phenotype is
simulated by raising the equilibrium value of wave Y.

C. This is a simulation of the double mutant phenotype.
‘The curve resembles the yingless phenotype except that it
does not rise as high as wingless. This predicts that the
double mutant should contain smaller denticles similar to
those found in the anterior portion of the denticle belts.
Thig pattern is generated by lowering the equilibrium value
of wave X and raising the equilibrium level of wave Y.

For this simulation, the single mutant simulations are
simply combined. , - '

-
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segmental repeat unlt, each cell would have a unique
4.

.value whlch it would share w1kh the cell in every. othg; o

repeat un1t~that occqples a correspondxng\posxtlon. rThis

 model isguniquefamonq the models suggested as it explains

equilibrium value of one component beyond a- certain

oa dupllcatlon of the remalnlng part 1n reversed 'olar
rIncrea31ng the equlllbrlum level of the other

‘,also ’resnlts in a deletlon, but thls tlme the mldd e%

[
s 3N

generated by changing' several vatiables' at once;‘ Fof\g

jSlmulated Again, the dupllcated materlal 1s’ in the

the'Wright-and Lawrence rules of regeneration as well as

:'segmentation mutant phenotypes.

Segmentatlon mutant pherfotypes can be 51mulated by.
alterlng, ‘the values of specific “variables in _'the
~reaction-aiffusxon systems. For example,' lowering the

4
%4

’threSholdx(Figure 34 A) simulates,the’minglgss phenotype; %

It ‘causes at least‘l/Z’of each segment to‘be replaced by

componen»'

ru

wportion of each segmént is removed and. the edges fare :
" . ‘ - :'h;' ' w.

.duplicated' (Flgure,34 B). Thus a p@tgh phenotype can Be

4

\.«

opposite-- polarmty. JIn: general,

'phenotypes <can be 81mu1ated w1th the change v,e

parameter to an approprlate value._ Palr rule mutants cah

‘be sxmulated by doubllng the waveﬁ lquths of both

systems. Thl%}?w°ﬁ¥d produce segments double the normal

Sy T

size) Ty
| Predz.ctions Based on Model o’ Y
PrediCtlons- of double mutant phenotypes ‘canv E?J‘

o
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SR L , : o
- example, if the phenotype of the wingless patch” double

mutant i8 to be simulated, the equilibrium level of X is

lowered while the equilibrium lével of | Y ds raised,

Figure 34 C. ‘In this way, the simnlations of single
mdtant phenotypes ~are added together to simulate the
~ expected double mutant phengtype. - | |

| _One difficulty is encountered with this .approach,
- Sometimes, two single mutant phenotypes to be combined
are | explaiwedb by changing. the same: variable;‘ ,fOr
example, yingless and gggggbg;;y are both simulated by
loWe:ing the equilibtlum level of X. When predicting the
'double mutant phenotype‘produced by these_two mutaﬁts, is

‘the lowest‘and_therefore more extreme mutant's X wvalue to

be used, or are the two values combined to produce a much

“lower value? Here I have assumed for s;mpllclty (and for

theoretical consideratlons) that the more extreme single

mutant value will be the value of the variable - in = the

double mutant.

1

specific ‘pair rule mutant phenotypes with their Uniqhe

The major limitation of this model ‘is  that

(deletion'patterns cannot be generated without introducing

another COordinate or reactlon—dlffu51on system? to

)
specify segmental 1dent1ty along the anterlor*posterlor

Z?a

‘axis of the embryo.} Another’ dlfflculgy ylth th? model s :
explanatlon of pair rule~éhenotypes has been reve:iio by

_recent studies that locallze(ﬁhe embryonlc 51tes of

[

”transcrlptlon of several pa1r rule genes (Ingham et. ‘al.
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1985; .Hafen et. al.,1984). These genes were found to be

‘transcriptionally active in alternate segments * in the

wildtype embryo. These problems tend to sugges;‘that’the

- model describes rather‘ than explaihsy how pair rule

phenotypes arise, however, the model can still be used to

‘simulate double mutant phenotypes of the Pair rule +

'Segment polarity class. Since only a general pair rule-

pattern can be generated, not the pattern for a specific

‘pair rule mutant, no predlctlons have been made using

‘ edequate controls. Thls' study is no : exceptio

’

this model for double mutant comblnatlons belonolng to

the Pair rule + Pair rule class.
COMPARISON OF PREDICTIONS WITH RESULTS‘

It is very important 1n all experlments to S

’

several are included. %The first is the analysis of

3

: ] . ,
embryos homozygous for only one segmentation mutant.

Stocks that are maintained for long periods‘?of time -

accumulate mutations which 'mey modify or enhance the

[

ﬂgegmentation'.mutant phehotype‘ As well, the mutants
.obtained for this study were on the original, mutagenized
chromosomes. For 'this‘reason'as'much of the *originai

chromosome - as possible was removed through recombination

and replaced )wrth a standard background from a multiply

marked, homozygous vrable chromosome. This ensures

minimum, ggﬁlratlon of the observed phenotype by other

mutatlons- These_ slngle. mutant embryos closely match

\”published‘descriptions, (Nusslein-Volhard et. al.,l984),

<]
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and‘ were ‘used as controls for predicting double - mutant
phenotypes using the three models.
"“The second control includes embryos homozygous for

one segmentatlon mutant and heterozygous for another,

generated primarily to confirm by non-complementation

that each putative double mutant chromosome used in the
experiments really carries both mutations (Frgure 2).

For example, males«carrylng mutatlon 1 and 2 were back~
crossed to femalés\carrylng mutation 1 alone, and also to

females carrying only mutation 25, In the first case, the

Lo

"lethal empbryos present should &? By the phenotype ‘of

mutation 1, - In the latter case, they should exhibit the

phenotype of mutation 2.
| ‘TO’ensufe that the phenotype observed in the double
mutants was due to the mutant loci and not other varlable

factors, two copies of each double mutant combLQFtlon

were 1ndependent1y constructed In all cases, .both

constructs resulted in the same phenotype. However, only
one copy of the Qddskweed Df..(nenZB combination was
recOveredvdue to difficulties enumerated below. -
DISCUSSION OF RESULTS IN 'R‘ELATI‘ON 70" EACH MODEL.
Predictions of double mutant phenotypes “have been
generated for each of the three models dlscussed above.
As each model has spec1f1c llmltatlons,g particular
double mutant phenotypes cannot always be“zsimulated
.When this occurs, the double mutant is discussed 'in

relation to the models that do provxde a predictlon.

-
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wingless patch v o
| The only double mutantncontaining two segment
polutity mutatxons whose phenotype is predlcted by all
three models is the y;nglgss pa:gb double mutant. Figure
35 compares the observed phenotype with those predicted
hyjthe additive-deletion model; the Meinhardt'model; and
~the double wave model’ respectlvely. : As shown inrkthe
Figure, the first model predlcts that all of the pattern 4
in each segmental repeat should be deleted! The second
' model predlcts that mutatlon of the ptc locus deletes A
~ and mutations of wg remove P from the segmental " repeat
pattern.' As S 1is the only remaihing element of the
pattetn, only medium sized denticles (level a-b) sho&ld
remain, ,ﬁ&d all traces of anterlor-posterlor polarlty
should be abolished. Th”g third model's predictions ar\e :
‘simulated by changing the equllxbrlumAvalues of the waves\
of each reaotion—diffusion system. The value tor, one\\\\
~ wave (X) - is lowered while the value for the other wave ‘\
(Y) is raised, ;(Figure 34 C). This would also produce a R
patternhin{yhish only medium sized denticles participate,
‘but a weak polarity reversal in each repeat unit should
stillf be present. The’repeat units themselves should befj
of’the ;ame size and in the same numbers as’in wildtype:
“No segment,boundaries should be present.
The actualaphenotypé of this double mutant (Figure
35) s vverpv interesting, There is no naked Guticle

present in the pattern, as predicted by two of. the

—
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Figure 35: EXPECTED AND OBSERVED DOUBLE MUTANT PHENOTYPES

Segment Polarity + Segment polarity

Mutants Rattern Bepeat Unit Size
_¥g pic | |
Model I * k. x . no repéat
Model TI '8 8 S'w;r' ' wildtype
Model III - b.b | wildtype
Observed b ‘ wildtype
¥g gsb | | ,\
Model I b.b ‘ - wildtype
Model III b.b o | wildtype .
Observed b.b . wildtype ’
e gsb | | .
. Model I . a.a wildtype '
Model III a.a  wildtype )
Obgirved ’ a.a w{idtype

Pair rule + Segment polarity

odd wg
Model I bbb - pair rule
Model II | SAA ‘  pair rule
Model III l, | b.b ' pair rule
Observed ; b.b - pair rule

eve W9 7 _ . | ?
Modél I 'b;b * pair rule
Model II | SaA " pair rule
Model IiI " bJsb - \ pair rule
Observed b.b ., | wildtype



Pigure 35: CONTINUED

Mutants
wg prd
Model I
~ Model II

Model II11I,

~ Observed
5lp Wg ,l
Model I
Obaer;éd
. 8lp pte
Model I
Obserﬁed
odd pi¢
Model I
Modei II
podel III
~ Observed
®
8lp pic
Model I

Observed

Pair rule + Pair rule

. of8 pxd
‘. Model I
Model iI

Observed

Pattern

b.b

SAS

b.b

b 4

b.b A
b.b

a

‘a.a/e.e\a.a/e.e

-

a.a

a.a/e.e

abcde
' SAP

abcde

Bepeat Unit Size

pair rule

’pair rulf

pair rule

pair rule

wildtype
wildtype

pair rule

pair rule

pair rule
pair rule

pair rule

~ pair rule

pair rule

pair rule-

pair rule
.pair rule -

pair rule

144



Figure 35: CONTINUED

Mutants

8lp eve .
Model I
Observed

odd eve
Mode; IE
Model II

Observed
IM99

odd en '
Model I
. Model III

)<« Observed.

odd q;iZlgn2§
Model I

Model III

Observgd
 wg 1499

Model I’

Model III

Observed

Pattern

abcde

.-abcde

b-b

b.b
IM99

weak ep

“b.b
b.b

Df (2) en28

b.b
b.b
b.b

pair rule

‘pair rule

Repeat Unit Size

i

pair rule
*

pair rule
pair rule
pair rule
p;ir rule
pair rule

pair rule

‘pair rule

pair rule

wildtype

wildtype

wildtype

¥ * % - n Vdéntiéles or naked cuticle should be
pisent according to the prediction. ’

- double mutant is phenotypically more :
‘ - wildtype than expectgd or predicted.

? = complex phenotype, tentétively described

in the Results section.
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models. The pattern observed still shows evidence of a
wildtype dumber of repeat units based on the appearance
of small dentiq}es in specific regiohs of the denticle
pattern. O;;anized polarity is present in the pattern as
alternate 'waves' of dénticles weakly orient towards the
anterior ’or posterior.l These wavé; define a wildtype
number of polarify repeats, Denticles toward the edge
are strongly oriented towards tfie ventral midlingq

From these observations it can be dedqceé-that the third

.model  best predicts  the actual double "mutant

phenotype. The predictions of the second model,

Meinhardt's, are not correct as they do not allow for any

remainipg anterior/posteribr denticle polarity 'in the
pattern.  The first model predicts that no denticles
should 'be present, and perhaps even no naked cuticle
. either. However,[the inherent uncertainty with which the
deietion endpoints.can be defined mean$ that the single
mutant deletions méy not completely overlap in the double
mutant pattern. A small amount of the péttern between
the deletion ending at 'a' and the deletion beginning at
'b' could possibly be pfesent. If this were‘ the case

- only medium sized denticles, as observed in the anterior-

‘most rows of denticles in the wildtype pattern, should be

observed. One polarity reversal per repeat unit should

also be present. The number of repeat units would be

identical to that found in wildtype embryos. Therefore,

PR

Model I may also be compatible with the observations.

/
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-wingless gooseperxy
As explained above, only the first and third modele

are capable of generating predictions fore'this double‘

~mutant. Figure 35 illustrates the expected and observed
phenotypes. Note however, that the two models give
identical predictions of the double mutant phenotype.

Since the equilibrium level of X 'is lowered to simulate

'??oth of these segment polarity mutant phenotypes, it was -

assumed that the ynore extreme value of X (the wg value),

Qas the appropriate level.
~ The aetual double mutant phenoﬁype is very similar
to that of wipgless. No naked cuticle is present within
the denticle pattern, the denticles themselves exhibit
the highiy organized polarity pattern identicel to that
observed in wg homozygotes. Both models' predictiens
Amatcﬁnthe phenotype observed in the double mutant.
’
Ratch gooseberry
The actual double mutant phenotype contains no naked
cuticle within the denticle pattern. The denticlee are
-small and lightly pigmented, as found in‘the anterior-
most rows of wildtype denticle belts.
The predictions generated by Models I and III are
‘ found in Figure 35. Both predictions appear to fit the
obser;ed phenotype;
oddskipped wingless |
: ‘The actual phenotype of this double mutant may be

described as a Wg polarity pattern superimposed on the
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”leaky pair rule repeat pattern in odd, '(Figuré 1l1l,top).
Models I and III correctly simulate the_ﬂoéserved
phenotype, but Model II does not (Figure 35). In this
case a substantial proportion of each repeat pattern: ié
predicted to contain naked cuticle, and the denticle
polarity pattern predicted by thei&econd model 1is the
opposite ofﬁthat observed in the embryos, Figure 35.
. evenskipped wingless

The repeat pattern of this double mﬁtant 4was

difficult to‘analyse due ﬁo its complexity, ‘however in

: generaf) it can be described as é wg-like polarity
pattern superimposed on a wildtype or very weak  pair
rule repeat pattern.

Models I and III both predict a wg-like polarity
pattern superimposed on a pair rule repeat pattérn. Model
II's predictions are the same as for the p:evious double
mutant. None of the Models correctly simulates the
actuall phenotype (Figure 35). This may be due to an
interaction begween these loci in which the gygnsxigpgg
pair rule phenotype is suppressed. 3pe wg eve/ + eye
control phénotybe also supports ié explanation.
Difficulties associated with the aha ysis of the repeat
pattern, are enumerated in the Resulis section. -
wingless paired

This double mutant phenotype can be described as a
wg-like polarity pattern with a pair rule repeat

spacing. s
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td;;be paixgg phenotype.

“l . . ' *
N v‘!
A - B

]

“ VA :
Both Models I and ILX predict this result. fThe

pattern predicted by ModeBQ}ﬁi}% vl fferent amd does

—

not resemble the actual phenabyge.ygﬁé Figure 35 for the

[ —— e

predictions ahd observed phenotype. R
sloppypaired wingless '
The double‘mu ant phenotype is a wg polarity pattern

in a wildtype spacing; Figure 14. o
r Mo§e1 I 1is the only model that can generate

predictions for this combination of mutants since the

other two cannot simulate thé‘slggg ired phenotyre. It

predicts a ywg polarity pattern wildtype spacing

(Figure 35). This is what is observe ™,

‘oddskipped ‘patch

In this case, the 'observed phenotype is a clear ptgc-
;ike polarity pattern with a pair rule spacing.
- All three models predict this result, Figure 35.
Sloppypaired patch
The double mutant phenotype consists of a beautiful
Rtc-like polarity pattern present in a pair -rule
numbgr\of repeats.

Model I predicts this result, Figure 35. "Model II

‘and III cannot generate predictjons for this combination

of mutants. ‘ - i ; s

sloppypaired paired

. The actual double mutant phenotype is very similar

-~

Model I correctly predicts Ebis result, Figure 35.

e
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oddskioped paired o : N
A g}ir rule repeat pattern similar .to the

glggixpgixgd phenotype is ekhibited by this double

‘mutant. Therefore the phenotype is a less extreme pair

rule phenotype than either of ‘the parentel ‘single

_. mutants.

Model I predicts that since the additive deletion is
1-1.5 segmental‘units in Size, a pair rule repeat pattern

should be observed. Model II also predicts a pair

‘rule pattern 31m11ar to. the = evenskipped phenotype.

: be similar to 23 “Hoes not expialn the appearance of - é

§

,(/’ ’

. .
w -
oaon .

“the additignal

Therefore nexther' model»simulates the actual phenotype

w

conpletely,_(Flgure 35)&

Hsmali”polarlty reéersals appear
to be present thhln é%& Qﬁhelcle atéern %@plarlty

gﬂEWTeége ‘__L,

reversals

are expected}

mutants, not one

Exﬁnsk;nﬁgd phenotype although less

‘,;dentlcle belts are ’often present

S
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oddskipped evenskipped - . ,“,.\ -

&' This double mutant was tested at three temperatures
1Dl19ts

since eye w18 2 temperature-sensitive allele. At

o ,
25 C it exhibits a pair rule repeat pattern similar to.

the gvenskipped phenotype.

Medels I and II are’able to gederate predictions for
this combination of mutants. Since the expected additive-
deletion is 1.5-2 segments wiee,ythe first model predicts
tﬁat a polarity reversal in a palr rule spaqﬁbg should
occur (Figure 35), but this should be in ﬁsé naked
cutlcle and would not therefore be dete"ct‘& sModel II

¢

-.also predlcts that only naked cuticle should be present

L
oh e ventral ‘surface of the embryo (Figure 35).
¢ t

Therefore, both models fail to predict- the’ observed
phenotyper ‘ ‘ | | ]
DOUBLE MUTANTS WITH ENGRAILED ALLELES

The remainfhg double mutant phenotypes can be
predicted by Models I and—liI only sinee it -is not
apparent how the epgrailed phenotype can be sxmulated by
the Melnhardt.model. In order to simulate the. engzailgd

phenotype using Model III, the equlllbrlum level of X

’v

must be lowered and ,its wavelength doubled,l'

(Russell, 1985). Two alterations must be made since two
iy

separate defects are present. Two gngzailgd mutants were

IM99

H used, a weak,allele, en , and Df(2)en28, a deficiency

for the locus (Eberlein and Russell,l983);
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. | IM99
Qddsrznpsd £n -

The ac tual phehotype of this double nmutant is a weak

)gngggglgd llke oattern, éontalnlng asfit‘does in the

~8ingle mutant, -~ a palr rulev repeat pattern with a

¢

’superimposed segmental def1c1ency. However, the phenotype

1n 'comblnatlon w1th gdd is weaker than usual with ,lessg

- dentlcle belts fused | r“' : | [

‘ Model I <and III both 'predlct that a ﬁg-li&e"*‘ o

ﬁhenotype should be present in a pair rule repeat pattern

(Fxgunp 35). So neltner nodel is Sutcessrul in prtd cting

-‘)«

ht obaerved phenotype. An 1nterest1ng feature or//this#y

- phenotype 1is that .the observed 'deletlons of pattern
eiements are emaIier:thanvthe expected deletions.'
Qddsxzppsd DE(2)en28 | -fj.p RO -

» These double mutants dlsplay ‘an gngrg;lgd pnenotype

typical of g328 w1th palr-W1se fu51ons of dentlele belta»

and -(llke yg) a w1ldtyoe number of clear
anterlor/posterlor polarlty reversals.
. A

"*Both mode!s' predlctlons are’ 1ncorrect for this

’

comblnatlon of nutanta 51nce they ooth generate a yg-llne

' pattern with a palr rule nudber of repeats (Flgure 35).
' IM99 L .
wznglsss 2D

3 A .

Thls double mutant phenotype has a segment polarlty

pattern 51m11ar to .an extreme wingless phenotype.

.f\\ : ThlS is the phenotype predlcted by ooth Model I and

"

III (Flgure 35)

.There ﬁaréu‘ three double mutant _phenotypes -that

kY



L

Ce

-~ cannct 28

;}»pared to the predibtibnsfgeneratedufor them
_ - IM99

by Model I and Model III. These are sloppypsired en -,
1M99

wingless DﬁiZlenz ah¢ Ep

_gooseberty. The phenotypes
are too 'c0mplex ‘for the v;epeatf.pattefn to -be
unambiguously,describea o ' |

DISCUSSION OF MODELS o ’3'

:In‘general, Model II predicted the least number

, . I ‘
'eof‘,double ~mutant phenotypes’ correctly. "All of the

wrong,;kas .are those Lor the Paxr rule + Fair rule class

of double mutants. U#ually, »the number of g;epeats

present in the double mutant embryo s Gor et 3y

predicted but the poiqrity”pattern is not. The model
/

.therefore cannot be extrapolateo to successfully predlct

double mutant phenotyges. ; Thls_suggests that “althouch

/
{

/ .
the model can 51mulate eJnoJe mutdnt phenotypes, it does

pbenctypes are generaLed.

Model I correctly predicts the phenotypes for nost

of the double mutant comblnatlons, VThe_mQJOr problem,for

those it 'simulated incorrectly was that the dele;ions

1@, pkedlcteo to be def1c1ent in all patternc*e]eme,’b
o ' :

: m ) * e

predlctxons for the Pals rule + yg double mutants sre

- not correctly. describe ‘the mechanlsms-by which .these
. . K b} .

& <
¥

‘observed in the double mutant are often smaller " that
those predlcteo by the model . In'the comoinationé of two

.segment polarlty mutatlons, the y;nglgss p@tch phenotype‘

’ 1nclu61ng ‘naked cutlcle. ' ThlS problem is: overcome, as

¥
.stated above, by assumlng that some materialﬁégemains

[
LX) ]

L3 ]
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Co T

between the two non-overlapplng deletions. The two

A

’combinataonu it foJJs to precict phenotypes corzect]y for

&

inithe Pair rule + segment polarity class are gygngh;ppgd

wingless and slgpsypausd wingless. The repeat patterns

of ~these twb' double mutants are very difflcult to
- . g

analyze, as mentioned in the Results sectiom. It is very

possibie that stronger alleles of these mutants' would

" produce .a. pair rule pattefn. ' Those used in the 'stgd§§¥=

however produce embryos with what appears» to be a.

wildtype repeat pattern.’ - 'The model, also generates
incorrect predictions for two comblnatlons of mutants in

the class containing two Fair rule nutants. Again, it

 déletes too much materlal as evidenced by the simulation

‘

of} the oddskipped eyghskipped double mutant phenotype.w

1t predlcts ‘ohly. naked cuticje to be present orr  the

g
ventraéﬁgurface, whereas denticle belts are observed

¢ .
incorrect  as the1 observec ‘pherotype contalns nore

material than predlcted by the aodltlve-deletlon model.ff'

This indlcates that the deletions preolcteo by Model I
] - R \ i _

are too lamge.° These obserbations are. difficult to
r * N ° :

account for 1f the genes are acting’ as 'Selector Genes'.

|
Model !III copld ‘not generate pred1ct10ns for the -
S

class of double mutants contalnlng two Palr rule mutants.
It correthy predlcts the phenot)pe of-all Pair rule +
'tSegment poIarlty mutahts except those that Model I also
| fhas diffic#lty in sxmqlatlng,_ ThlS may in fact b% due to

s .
g i

In all,v the predlctlons for 51x double mutants ar011
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the complex phenotype as their descriptions can be . rather
tentat}ve. The predlctions for the class containing ’two

segment poiarlty‘mutants are all correct. In the fimal

two double mutants which also contain an engrailed

. . ¥
allele, it correctly simulates the n;nglggs -like

phenotype but predicts that it wlll occur in a Pair rule:

¢

spacing. This is incorrect as a w1ldtyperrepeat pattern

is present.

A
.

Models I and III generate identical predictions for

&

~all six of the donble mutants containing cre Fajr rule
" mutant and ‘one Segment polarity mutant. only one of the

“six 1is simulated by _Model II to produce the same

phenotype as the other models. This is interesting since

Models I and III at fqut sloht would seem " to suggest

very different roles for the -genes - 1nvolved in the .

'S . o

processy of segmentation invthélembryo.:' Model I impliesg -

‘that ¥f a gene is mutant,; the pattern dlfferentlated by

“it'sv 'on' domaln S will be absent, whlle - the pattern

' produced by it's 'offY domaln ‘wiil beé ' unaffected by

=

mutatron. Model III deals w1th p051t10nal 1nformatlon 1n:

the ¢aﬁbryo .and how cells respond to this information.

“mutant's might cause defeCts in . either the

spec1f1cation of p051tlonal 1nformat10n or in: how cells
$
read and %fspond to this informatlon.'

o

There are two 1mportant slmilarltles that may help

A

to explain why these two models pﬂbdlct-s;milar resultsg,

2
.
“a

HE ~

1554,

'while Model II does not. First, in Models I and III each -



/ -

/ .
/ ?

gene is assumed to act/ independently; Therefore, one

mutation is not expected to affect the expression of the

other mutation. In Model II, however, if one of the cell
state elements is  deleted, e.g. '2', then not only is
the '1234frepeat pettern affeéted'to produce a pair rule'
.spacing, but the polarlty of the pattern elements is also
affected because of the effect on the 'SAP' genes via the

hierarchical system of control., Thus, the 'S' normally

produced by 2 would also be absent. In many cases it igu’

this feature of Meinhardt's system that results' in the

generation‘ of incorrect polarity patterns in the correct

spadiné., The second feature that Models I and III share

is that the genes controlllng eegmentatlon vare assuned.

to be:switched on in partlallf.overlapplng domalns. ijIn
Model II, the domalns of thé”genés are non—overlapplng to

the poant that only .three phenotypes can beﬂ?enerateo for

segment polarlty mutants. These phenotypes would be

i

quite distinct ~and the model can not explaln a mutant

that shares a portlon of ‘the same. pattef"w1th anether

mutant, e.g. ¥g and ggb.

Other feasons exist to exp::;D/%hy thefmodele do not

correctly predict some phenotyp One possiﬁility that

" was  not anticipated when this study " began ‘was

interactions ‘between loci;J The resUltsfshow substantial

evidence to indicate that this is assumption’ is not -

&

correct (Table 15).
. o
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Table 15: DOUBLE MUTANTS EXHIBITING INTERACTION AWYDOSAGE
‘ EFFECTS

Double Butant Interactions Dnsags Bffssta - f ”JI i

odd gnxuas X
odd Df(2)en2s ‘ X
odd prd X
odd wg

slp eve X

DD ¢



"males are sterile. This als
7some '1eve1 between tbe:_

}.{;suppOﬁg;ng thii%conclusionxi

Interactions, Dosage'Effects
When the double mutants were being generated by

recombination) an gdgskipped Df(2)epn28 combination was

- very difficult to produce. These two loci are more than

o Voo
- 50 map units apart suggesting that one half of al%'flies

should be recombinant for the'two loci. One half of thege

recombinants should be double mutants. Although many

males of the appropriate phenotype were selected and

tested, only one double mutant was identified. When

embryos were mounted and analyzed, it was found that the

odd control embryos .exhibited a mUCh more wildtype

~ phenotype than the original odd stock. The double mutant

itself d;splays what appears<to be a wildtype number of
repeatS’with no naked ctticle present.‘ It}is therefore

quite possible that mutual suppre381on between> ‘the two

loci is obcurrlng. The - presence of only one functlonalﬁ

o E
copy of the engrailed locus may 'be supressing the

oddskipped mutation so that animals that are heterozygous
" for ' the former and homozygous for the latter. may be

: Q
"viable. _ The selectlon scheme used to identify double

mutants does noqp allow recognirion of thls type of

7interac;ion. The other possib lity is. that double mutant

e

",

- O

i en 1nteract1on at
llevidence .‘
n"the phenotype |
.;‘4._,,ith that"of the'
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hypomorphic engrailed allele, while D£(21en28 is an
amorph. The double mutant with the former allele exhibits
a pair rule repea£ but fusion betﬁgen denticle belts
occurs. much less frequently than in the gnIMgg control,

or in the ,original stock. The double mutant phen&type is

much more wildtype than predicted. The combination

including the latter allele exhibits a wildtype repeat

‘spac;ng. It is not apparent why this occurs but the

‘effect could be described in formal terms as the

suppression of @dd by ep. Further examinatioh of this
interaction is intended but unfortunately is beyond the
scope of the present study.

. Interactions between other loci were also CEaFrved.

oddskipped paired double mutants exhibit a phenotype that

‘resembles the wildtype phenotype more closely'ggan either

of the t;o separate mutant phenotypes. Ag/well, the prg

control embryos sometimes contain regions of naked

'cuticle within the composite denticle belts. — This is

+ »
never observed in odd pId homozygotes. This suggests

that the odd allele is suppressing the paired phenotype.
Interactions that were observed in this study are

noted in Table. 15. Until further work -has been

 completed, the possibility that these effects are due to
‘modifiers present in the original mutant stocks cannot be

.denied; Howe#er,' effects such as those observed in the

odd - wg/ + yé control are unlikely to be the result of

modifiers. These control larvae exhibit a pair rule
. t
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effect where the odd numbered wingless denticle belts aré
morphologically different ﬁhan the even numbered uinglg§§
belts. ‘ - |
The class containing two Pair rule segmentation
mutants also has a oember displaying dosage effects tﬁht
cannot be ascribed to‘the presence of} modifiers. Both
controlo .of the sloppypaired evenskipped double mutant
-oppear to be suppressed. The glp control embryos have
less naked cuticle deleted from their pattern ‘ than
expected .on the basis of the additive-deletion model.
This results in less pair-wiée associations of denticle
',bolsg; or 'leanino' that is obse:ved in Al-A2,A3-A4,AS5-

A6, and A7-A8. In the eye control, the denticle belts

associated with segments A4 and A8 are present with a

“frequency never observed in the single mutant stock
(Table 13). . |

Models I and III are moSQ@%;curﬁte,ﬁin predictiﬁg
double mutant phenotypes. A large number of theif
predictions are very similar Suggesting that the

positional informatiqp system proposed by Model III may

i7‘~facting in Drosophila development.
by & V’

“Although Model I%%ﬁoes not suggest how 9031tlonal
" information acts; it may simulate the reSponse of :
_;mutant celﬁs to%pnchanged information, or normal cells to
altered information. S -
e
When Model I fails to correctly predlct phenotypes

it 1is usually because less material is doleted fgom the

.
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cuticular pattern in the embryo than proposed by additive
deletions of its simulated single mutant phenotypes.

Rgcéntly, the transcription patterns of several
n ‘

‘seémentation mutants have been analyzed with the same

result. In»ﬁany cases, the expfession pattern observed

in .wildtype embryos bears 1little rglationx to the

’cutidular defects present 1in ‘the homozygous mutant

embryos;ﬁ This is true for the gab ‘mutant Kruppel

9

(Rnipple et. al., 1985) and the pair rule mutants

engrailed (O'Farrell et. al., 1985), paired (Kilcherr et.

al.,1986) and hairy, where cells ;hat do not normally

é&press the gene are lost by cell death (Ingham et.

al.,1985)., - ‘

Model . I relies on a. combinatorial  system of

<)

overlapping gene domains to explain pattern formation. ~

This suggests that the eipréésion of segmentation genes
should be affected by mutations in the genes that conErol
them or that establish the inférmation they require for
proper spatial expression. Carroll and Scott (1986)

found that several gap and pair rule loci can affect the

expression of fushi tarazy, (ftz) a pair rule gene.

Embryos mutant for this gene lack the denticle belts from
T2, Al, A3, AS, and A7. Struhl (1985) placed the coding
region of this gene under the céntrol of 1 DRrosopbila
heat shock promoter and found that when it was
indiscriminately expressed, an ‘'anti-ftz' phenotype

resulted. This -was not a completely reciprocal effect
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however; analysis of the phenotype s'bwed that there were

regions of the‘pattetn that were deleted in both ftz

and heat shécked embryos, and other areas that were

unaffected in both. A similar result was obta;ned for.

the mutant runt (Gergen and Wieschaus, 1986): Increasing
the number of wildtype copies of this gene resulted in a

near reciprocal phenotype. Again, some cellss were

affected both by the lack of runt product, and its

excess. These results would appear to disprove the
selector gene theory since ;\Earect relationShip between
a gene's domain and the defect  its  absence P‘%fffts
are postulated by it. There is no doubt that some form qf
coﬁbinato;ial encoding syétem is present in the embéyo,
but  the simplisﬁic{ relationships that have been
hypothesized to exist are probably wrong.

Model II was not very effective at predicting double
mutant phenotypes,; however it cannot be discarded in its
entirety. The major 1imitation.of this:model is the
hierarchical .relationship between the paif rule mgtants
and expression_of segment .polarity. It is'quite likely

that a gene hierarchy exists in development. The

temperature sensitive point of wg for example is quite

~ late in embryogenesis (M.Auld, ‘pers. comm.). This

3uggestsv hat it is expressed much latef than other genes
which affect the initiation or response to poéitionai
information in the embryo and may perhaps be controlled

by them. A direct relationship such as that suggested by

-~
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~ Meinhardt does not seem 1likely considering how
‘ineffective this model wés in predicting double Tutant
phenotypes, esp?cially the}bair rule'+ segment polaritg
combinations. <« ' |

Model III, the double wave model was interesting in

that it was the only one that commented on ,Actual
processes~ occﬁrring in rdevelopment. It was ~quite
‘efficient at predicting double‘mutapt‘ phenotypes. This
suggests that although the model cannot describe certain
phenotypes,e.qg. aifferent pair rule mutants, its general
premise on the form that positional information. takes;
feaction-diffusion systems, ‘may be correct. This is

~ supported by recent molecular evidence that indicates
tﬁat gseveral maternﬁl gene’products form gradients of
-conéentration in the: preﬁblastodetm. embryo, (Mlodzik
‘et.al.,1985). It is probable that this  occurs through
reaction-diffusion systems in ﬁhe egg; sysﬁéms such as
these are able to occur spontaneously iﬁ‘in yifzg systems
(Welsh et. al., 1983). One poésible component of the
information system may be dgrsal, a materral effect
mhtant that produces embryos with no ventrally derived
‘structures. o | | |

The dg%éaliied progeny of this mutant can be

partially rescued by injection of wildtype cytoplasm.
This .results in the. formation of structures never

observed in uninjected controls .(Santamaria and Nusslein-

Volhard,  1983). Preconditions’ with interesting

P
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ramificatioqa'exist. For example, thé"re§cued response
‘is restricted to the site of ihjecﬁion which nust be on

the ventral, not dorsal side of the mutant embryos.
Although the *cytoplasmhts“equally effective at ;gqage

when taken from cleavagé stage embryoé, when. the ﬁddno:
cytoplasm is withdrawn from embryos ﬂ% .syncytial
blastoderm, ventral cytoplasm is twice as effectﬂug at
~resching mutant embryos as cytoplasm from thefdorsairside
(Santamaria and Nusslein-Volhard, 1983). This maternal

gene pfoduct therefore must be responsible for specifying‘ |
information integral to the formation of ventf;l ;f1¢i,§,
‘ structurés in the embryo. - R

Another maternal effect gene wpicﬁ- exhibits
- }ntetesting transéription« patterns  sypporting  the %! e
existence -of informatiqn gradients is ¢audal. ;'Thes
maternal transcripts, when localized in .them pre-}fﬂ. ‘Q%
blastodérm embryos are found to form a conceht:ation' o
gradient along Ithe anterior-posterior axis of 'the egg  ﬂi} ?
(Mlodzik et. al., 1985). A mutant phenotype for this S
gene hqs/%yet~'t6”bé identified but if a concentration
’Méiaéiént'éf iﬁs.tranécripts exis£§ in the embryo,. it is :
possible that the gene product(s) ‘chIH—__EEZ;I;;fi?\\“¥§
information necess&ry for the formation of posteriorr7fi |
 structures. | | R
An inclusive theory of developmeht'requiresv features o

from all three models. Positionai:iﬁfb?QAtion igy known
Fo, exist and therefore the model mﬁééﬁAQC6hht);§;fglobai

-~

N\
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- coordinate systems and the processes which inform cells
of their fates. The‘otfg@nal purpose‘of this study was

to determine which of the’three models best simulated

double mutant phenotypes in hopes that this would ‘shed.

= r_ - .

light on some of the mecbaniips controlling pattern

formation in Drosophila:. °~ When the double mutants were
analyzed it was found that all of the models contained

elements that were useful when considering development.
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