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The Polycombgroup (PcG) genes encode repressors of Antennapedia complex (ANT-C) perform numerous

many developmental regulatory genes including
homeotic genes and are known to act by modifying
chromatin structure through complex formation. We
describe howUltrabithorax (Ubx) expression is affected
by the PcG mutants in the visceral mesoderm. Mutant
embryos of the genesxtra sex combgesg, Polycomb
(Po), additional sex combgAsx) and pleiohomeotic(pho)
were examined. In each mutationUbx was ectopically
expressed outside of their normal domains along the
anterior-posterior axis in the visceral mesoderm, which
is consistent with the effect of PcG proteins repressing
the homeotic genes in other tissues. All of these four
PcG mutations exhibit complete or partial lack of
midgut constriction. However, two thirds of escmutant
embryos did not showUbx expression in parasegment 7
(PS7). Even in the embryos showing ectopit/bx
expression, the level ofUbx expression in the PcG
mutations was weaker than that in normal embryos.
We suggest that in PcG mutations the ectopitJbx
expression is caused by lack of PcG repressor proteins,
while the weaker or lack ofUbx expression is due to the
repression ofUbx by Abd-B protein which is ectopically
expressed in PcG mutations as well.
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Introduction

During the development obrosophila the homeotic

functions that are required to determine the proper
identities of the different segments and tissues (Kaufhan
al., 1980; Lewis, 1978; reviewed by McGinnis and
Krumlauf, 1992). The HOM genes are expressed in the
epidermis, neuroectoderm, and somatic as well as visceral
mesoderm (Akam and Martinez-Arias, 1985; Beaehal.,
1985; White and Wilcox, 1985). The genes of BX-C,
Ultrabithorax (Ubx), abdominal-A (abd-A) and
Abdominal-B (Abd-B), specify the identities of the third
thoracic (T3) and first through ninth abdominal segments
(A1-A9) corresponding to parasegment 5 (PS5) through
PS13 (reviewed by Duncan, 1987). Each of them exhibits
a complicated expression pattern. For exampie is first
expressed at the germ band extended stage in the epidermis
from PS5 to 13 with the strongest expression in PS6. The
expression intensity is reduced posteriorly from PS7 to
PS12.Ubx is also expressed in the visceral mesoderm of
PS7, indicating that the patterns of homeotic genes in the
visceral mesoderm are different from those of epidermis.
The stable expression of homeotic genes is essential for
normal development. The PcG genes are known to be
involved in the long-term maintenance of the repressed
state of homeotic genes. The PcG genes include over a
dozen described members. Genetic analyses suggested that
there might be up to 30 to 40 members in the PcG genes
(Jurgens, 1985; Landeckext al., 1994). Synergistic
interaction between PcG mutations (Jurgens, 1985), co-
precipitation (Frankest al, 1992), and co-localization of
PcG proteins on the same chromosomal sites (Rastelli
al., 1993) indicate that their gene products are thought to
function as a multimeric complex. It was recently

selector (HOM) genes of the bithorax complex (BX-C) andsuggested that the complex may be formed by the primary
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role of thepleiohomeotio(pho) protein that is known as a ftzlacZto distinguish the>c® homozygotes embryos from others.

unigue DNA binding protein among PcG proteins (Brown Asx UbxlacZ was also balanced bgyO wglacZ A strain

et al, 1998). carrying theUbx visceral mesoderm reporter gene is described in
Although the mutations of the PcG genes do not affectiurshet al. (1993).

the initial expression of homeotic genes, they soon caus& . - . -
ectopic expression (Mckeon and Brock, 1991; Si l ntibody and X-gal staining For antibody staining, embryos
1992: Struhl and Ak 1985) E ’ | : ,f h were dechorionated in 50% commercial bleach for 3 min, washed
, Struhl and Akam, 1985). For example, in most of the, \rx (9.49% NaCl, 0.03% Triton X-100), fixed on the interface
PcG mutants, the initial distribution d3bx protein is ot 5 heptane/4% paraformaldehyde solution for 30 min, then
indistinguishable from that of the wild type, but abnormal geyitellinized by removing the lower aqueous fixative and adding
expression is soon shown in head through PS4 of than equal volume of methanol. After the embryos were washed
epidermis and CNS (McKeon and Brock, 19%hd-Aand  with PT (1X PBS, 0.1% Triton X-100) several times, they were
Abd-Bgenes are also ectopically expressed throughout thielocked with 5% goat serum for 30 min. Embryos were incubated
anterior-posterior (A-P) axis (Simaet al, 1992). overnight with primary antg-galactosidase (Cappell), attbx,

The visceral mesoderm adhering to the midgut consistdnti-abd-A or antiAbd-B antibodies. This was followed by a
of an internal germ layer that constitutes most of the A-psecond incubation for 2 h with biotinylated anti-mouse antibody,
axis (PS 2-13). Unlike the epidermal cells, these cellg"d for 30 min with avidin and biotinylated horseradish
exclu(sivel ex )ress one of ho?neotic enes (Tremml an&)eromdase (HRP) (Vectorlabs, Vectastain ABC kit). The staining

. y €xp 9 . _Teaction was performed by adding DAB and(4d as HRP
Bienz, 1988). For example, the ectodermal cells belongin

. - Qubstrates. Stained embryos were then serially dehydrated in
to PS7 typically express high levelsaidd-A(Karchet al, EtOH and mounted in methylsalicylate.

1990) as well as weak level shtp (Carroll et al, 1986) For X-gal staining, embryos were dechorionated and fixed as
and Ubx (White and Wilcox, 1985), whereas cells in the in antibody staining. After fixation, all the solution was removed,

visceral mesoderm mainly express high levels ofUbg and the embryos were dried for about 30 s. The embryos were
protein (Tremml and Bienz, 1988). These observationshen washed with PT twice and incubated in X-gal staining buffer
indicate thatJbxis expressed by different components andfor 10 min. X-gal solution was then added and the mixture
mechanisms in two germ layers. incubated for more than 3 h. Stained embryos were serially

In this study we demonstrated how four PcG mutationsplehydrated in EtOH and mounted in methylsalicylate and then
extra sex combgesd, Polycomb (Pc), additional sex Vi€wed with an Olympus BX50 microscope.

combs (As® and pleiohomeotic(pho), affected Ubx . . . .

. in th . | d dxlac Embryonic cuticle preparation To observe cuticular patterns
expression in the V|s_cera mesoderm usiibx aq in late embryos, eggs were collected at 6 to 12-h intervals and
reporter construct strain. Our results show th@K is  jycypated for 24 h at 26. Embryos with a pharyngeal skeleton

ectopically expre;se_d outside of their normal domair_‘gwere collected and transferred to double-sided cellophane tape for
along the A-P axis in the visceral mesoderm, which ismanual dechorionation. Embryos were then mounted in 1:1

consistent with the effect of PcG proteins that repressnixture of Hoyer's mountant and lactic acid, and devitellinized
homeotic genes in other tissues. However, a considerableith a fine tungsten needle. Embryonic internal structures were
number of PcG mutant embryos lathox expression in  cleared at 60C on a slide warmer for several days (Girton and
PS7. The variable expression patterrubk appears to be Je_on, 1994). The embryos were examined with dark field
due to the incomplete penetrance Alfdominal-Bin the ~ MICroscopy.

visceral mesoderm of PcG mutant embryos.

Results and Discussion

Materials and Methods Generation of PcG mutant andUbxlacZ recombinants
Drosophila stocks and culture Marker mutations and balancer Pc’, Asx esé, esC andphd” mutants were combined with
chromosomes used are as described in Lindsley and Zimn& strain containingJbx reporter gene. Each combined
(1992). Flies were reared in 20 mm-diameter vials containing anutant was double-checked by phenotypes and by crossing
standard cornmeallyeast medium seeded with live yeast ¢Kim with the original stocks. The recombinantR¢E and Ubx
al., 1999). Fly stocks were maintained af@9and all crosses reporter gene was produced by chromsomal recombination
and egg collection were performed at@5unless experiments since both are on the third chromosome.
required a different temperaturehd™/phd™ flies from phd™/+ The denticle patterns were examined to collect the right
st(:lck were collected at 1@ and transferred to 26 for egg recombinant of PcG mutant andbx reporter strain
collection. : .

PcG mutations used aaglditional sex combh#sx (Sinclairet gEanelllir)]d ELeed(zlsc)f,mlgtB;rll tL()ehrriL)Sr;Za;rég?é,\Nlegdmt)he

al., 1992):extra sex combgsé andes€ (Struhl, 1981) [recovery . . .
of escmaternal effect embryos was as described in Glicksmarfransformation of the thorax to the first abdominal segment

and Brower (1990)];pleiohomeotic phd® (Girton and Jeon, an.d the abdominal segments to more posterior ones
1994); Polycomb Pc® (Denell and Frederick, 1983yc® Ubxlacz ~ (Fig. 1B). pho maternal effect mutant embryos showed a
recombinant chromosome was produced and balancetiMdy  partial transformation of the thoracic segments to the first
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abdominal segment and the posterior abdominal segmengnterior boundary was shifted one PS toward the posterior.
to the eighth segment (Fig. 1C1?.c3 zygotic mutation  Ubx reporter gene exhibited a normal expression pattern in
caused a very strong homeotic transformation of allwild type background, wher&bxlacZ expression was
abdominal denticle belts to more posterior abdominaldetected in the visceral mesoderm at PS4 (Figs. 2B-2D;
segment (Fig. 1D)es€/esé maternal effect mutation arrowheads) and at PS7 (Fig. 2B, arrow). The second
caused all denticle belts to have a rectangular shapejidgut constriction was formed at stage 15 and coincided
indicating the transformaton of all segments to the eighttwith the boundary betweeblbx and abd-A expression
abdominal one (Fig. 1E). The cuticular phenotypes of fourBienz and Tremml, 1988) (Figs. 2C and 2D).
PcG mutants suggested thiix expression in the visceral While esé/esC transheterozygotes are viable, embryos
mesoderm might be affected by the PcG mutant embryogrom esélesC females are lethal, showing maternal effects.
Anti-Ubx antibody-stained embryos showed the signal inUbx was ectopically expressed at PS5 and 6 (Fig. 2E). The
epidermis, central nervous system (CNS) and visceraUbx expression shown in Fig. 2E was relatively strong
mesoderm (Fig. 2A). Unlik&Jbx expression seen in Fig. compared to that of Pc (Fig. 2F) and Asx (Fig. 2G), but
2A, it was barely dectectable in the visceral mesoderm ofuch an expression was observed only in less tharst%
many embryos stained with anti-Ubx antibodieslUBx mutant embryos. Other embryos showed very weak ectopic
reporter strain, in whictubx is expressed in the visceral expression as shown in Fig. Bl is an antimorphic allele
mesoderm of PS4 and 7 but not in epidermis and CNS, wagnd caused ectopic expressiorltix at PS5 (Fig. 2F; first
selected to observe the effects of PcGUinx expression  arrowhead) and 6 (Fig. 2F; second arrowhead). In order to
in the visceral mesdoerm. distinguish thePc® homozygous chromosomes from
others,Pc® was balanced witfiM3 ftzlacZ While Ubx was
Ubx expression in the visceral mesoderm of PcG ectopically expressed throughout the body in the epidermis
mutant embryos Ubx was first expressed at the germ and CNS (Struhl and White, 1985), it was relatively
band extended stage in the epidermis from PS5 to PS1geakly misexpressed in the visceral mesoderrescand
with the strongest expression at PS6 (Fig. 2A, PS6Pc mutant embryos (Fig. 2FJJbx was also ectopically
arrowhead). Théntensity of Ubx expression was reduced expressed at PS5 and 6 A$x zygotic mutant embryos
posteriorly from PS7 to PS1Plbx was also expressed in (Fig. 2G). Embryos fromphd™/phd™ females produced

the PS7 of the visceral mesoderm (Fig. 2A; arrow), whosénaternal effects and showed ectopic expressiddbafin
PS5 and 6 (Fig. 2H). ABc andescmutations caused the

strong ectopic expression from head to PS4 in epidermis
and CNS, it was somewhat suprising that the anterior
boundary moved just two PS forward in the visceral
mesoderm. AlthougRc andescmutations caused a strong
homeotic transformation in the epidermis (Figs. 1D and
1E), they showed a very similar level of ectopic expression
of Ubx with Asxandpha So far, the ectopic expression of
homeotic genes has not been examined yet in any tissue of
pho mutants. Unlike other PcG zygotic mutangho
maternal effect mutant embryos frequently showed a
distinct abnormal development, which made it hard to
count the exact number of segments. Sqie embryos

Fig. 1. Phenotypes of late embryos formed by the wild type andfrequently showed several large holes throughout the body,
Polycombgroup mutationswild type (A); Asx (B); phd™/phd” suggesting that many cells may die during embryogenesis
(C); PG (D); esélesC (E). Anterior is up.A. Wild type embryo.  (data not shown). In each PcG mutatiddbx was
Each of thoracic and abdominal segment exhibits theectopically expressed outside of their normal domains
characteristic pattern of ventral denticle belts close to theirglong the A-P axis in the visceral mesoderm, which is
anterior margin. The mesothorax and metathorax carry bands ¢fgnsistent with the PcG proteins, in which the homeotic

fine hairs, while abdominal segments have largely hookedgenes are repressed (Glicsman and Brower, 1990; Lewis,
denticles.B. Asx mutant embryo. The thoracic segments are|1978. Struhl and White, 1985)

transformed to the first abdominal one and the abdomina . .
segments to more posterior or. phd®/phd® maternal effect However, we frequently observed ectopic expression as

mutant embryo. The denticle belts of thoracic segments argve" as lack O_ﬂJbX expressmr_w in thescmutant embry(_)s.

transformed to the first abdominal segment and the posteriodPX €xpression was examined by X-gal and antibody
segments to the eighth onB. P& mutant embryo. All of the  Staining. More than 50% of embryos did not show any Ubx
thoracic and abdominal segments are strongly transformed tgignal at PS7 (Figs. 3B and 3C). Midgut constriction was
more posterior abdominal segmerits.esé/esé mutant embryo.  partial (Figs. 3D and 3E) or not formed (Fig. 3F). The
All denticle belts have a rectangular shape, indicating that theyveak expression as shown in Fig. 3F could not be
are transformed to the eighth abdominal one. dectected with anti-Ubx antibody staining in the previous
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study. When several lines @&s¢; UbxlacZ and esc;
UbxlacZ were examined to check if the variable pattern of
Ubx expression could be seenéscmutant embryos, we
obtained almost the same result from all the cases
examined.

The variable expression ofAbd-B in PcG mutant
embryos could be a reason for ectopic expression or
repression of Ubx in the visceral mesoderm. It has
been suggested that the complex patterriJbk gene
expression normally depends on the activities of other
bithorax complex genesabd-A and Abd-B (Sanchez-
Herrero et al, 1985). Through directing the ectopic
expression of the BX-C usingsc mutation, Struhl and
White (1985) also found that trebd-A and Abd-B genes
reducedUbx expression in the epidermis and CNS. To find
Fig. 2. Immunohistochemical detection of Ubx protein & similar kind of down-regulation ¢&Jbx expression by the
expressior{A) andp-galactosidase expression directed hybx- Abd-B protein in the visceral mesoderm, we examined the
reporter construc{B-H). Anterior is to the leftA, B and H, Abd-B expression in four PcG mutant embryos. In wild
lateral views andC-F, horizontal views.A-D, wild type  type, the anterior boundary of tiAdd-B expression in the
embryosA andB, stage 14C, stage 15D, stage 16E-F, stage  vjsceral mesoderm is at PS11 (Celinkar al, 1989;
14-15. Ubx prot_ein is observed in the epidermis, central nervoupel orenzi and Bienz, 1990) (Fig. 4A, arrowhead).
system and visceral mesoderfd). The reporter gene is 5, yever, Abd-Bwas ectopically expressed throughout the
expressed only in the ventral mesoderm both in PS4 (arrowheal hole visceral mesoderm efc (Fig. 4B), Pc (Fig. 4C),

and in PS7 (arrows)B-D). E, esélesC; F, Pc®; G, Asx H, pho . - 4 ) i
mutant embryos. The first and second arrowheads indicate PS%SX (Fig. 4D), and with relatively weak signal {pho
and 6, respectively, while the arrows represent RBX.reproter mutant embryogFig. 4E).
gene was ectopically expressed in PS5 and 6. Its level of
expression was weak in most mutant embryos although some
embryos showed relatively strong expression as shown in Figs.
2E and 2H.

Fig. 3. The variable expression bfbx in the visceral mesoderm

of escmutant embryosUbx expression was detected with X-gal Fig. 4. Abd-B expression in the visceral mesoderm of the wild
(A andB) and antiB-gal antibody stainingC—F). Anterior is to type and PcG mutant embryos. Anterior is to the left. Arrowheads
the left. A, wild type embryo. The arrowhead indicates PS4 andindicate the anterior boundary bbx expression in the visceral
arrow PS7B-F, escmaternal effect mutant embryd3.and C, mesodermA, wild type embryoAbd-Bis expressed from PS11
stage 13 embrydJbx is not expressed in PS4 and PB7andE, to the posterior end in the visceral mesodeBnesc maternal
stage 16 embryo. The second midgut constriction is partiallyeffect mutant embryoC, Pc embryo; D, Asx embryo; E, pho
formed.F, stage 16 embryo. It lacks the midgut constriction, but maternal effect mutant embryAbd-Bwas expressed all the way
Ubx is expressed with a very weak signal in the visceralin the visceral mesoderm covering the midguesé, PcandAsx
mesoderm covering the midgut. but anteriorly in reduced level ipha
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We assumed that the ectopic expressiot)iok in the  Franke, A., Decamillis, M. A., Zink, D., Cheng, N., and Brock, H.
visceral mesoderm could be due to the escape from the W. (1992) Polycomband polyhomeoticare constituents of a

regulation of theAbd-B gene. Thus, we quantified the m‘;{m%ggtfr?ﬁfé%3?T1p'§§4'1n_z%gr8.matm @rosophiia

expression ofAbd-Bin escmutant embryos of stage 13 or Girton, J. R. and Jeon, S. H. (1994) Novel embryonic and adult
14. AlthoughAbd-Bwas strongly misexpressed in most of ~ homeotic phenotypes are produced pleiohomeotic
esc mutant embryqgsit was not expressed beyond the  mutations inDrosophila Dev. Biol. 161, 393-407 _
normal anterior boundary in about 20% of embryos.Clicksman, M. A. and Brower, D. L. (1990) Persistent ectopic
Neither was it misexoressed in more than 50%olob expression _of_Drosophlla homeotic genes resulting from
el p P maternal deficiency of thextra sex combgene productDev.
mutant embryo. In such PcG mutant embrydikx could Biol. 142 422—431.
be ectopically expressed due to the repressioAbafB Hursh, D., Padgett, R., and Gelbart, W. (1993) Cross regulation
Struhl and White (1985) suggested that from the ©Of decapentaplegicand Ultrabithorax transcription in the

combinational work on the effect @bd-A and/orAbd-B embryonic visceral mesoderm @frosophila Development
117, 1211-1222.

mutation on théJbx expressionbx was largely repressed garch, F., Bender, W., and Weiffenbach, B. (19%3yd-A

by Abd-B However, in the case of the lack/Alhd-B Ubx expression irDrosophilaembryos Genes Dew4, 1573-1578.
was repressed Bbd-Agene functionSo the examination Kaufman, T. C., Lewis, R. A., and Wakimoto, B. T. (1980)
of Ubx in consideration ofibd-Aand Abd-B mutation by Cytogenetic analysis of chromosome 3 Drosophila

. . melanogaster the homeotic gene complex in polytene
constructing the quadruple recombinantldixlacz, esg chromosgome interval 84A-HSer?etic394 11%_133_ poly

abd-A and Abd-B would give a complete picture of PcG kim, s. J,, Park, J. G., and Lee, C. C. (1999) Transcript titers of
mutation onUbx expression in the visceral mesoderm. ecdysteroid receptor components vary between tissues and
stages durindrosophiladevelopmentMol. Cells9, 61-66.
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