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Patterns of expression of the reporter gene, lac-Z, were analyzed in 22 major
organs of third instar larvae from a total of 101 independent enhancer trapped
strains of the fruit fly, Drosophila melanogaster. The lac-Z gene expression showed
diverse patterns among different organs and among different strains. Of the organs
examined, the CNS showed the highest lac-Z expression (91% in the brain, 75% in
the thoracico-abdominal ganglia), followed by imaginal discs (30% to 65%) and the
digestive duct (30% to 50%), while muscles and oenocytes showed the lowest
frequencies of lac-Z expression, at 13% and 119 respectively. Organs with high
frequencies of gene expression may reflect a much more complex organ, consisting
of many different cell types, such as the CNS, or it may reflect a dynamic develop-
mental process under hormonal control in the morphogenesis of imaginal discs and
in CNS reorganization. Many genes were expressed simultaneously in many differ-
ent organs. The frequency of simultaneous gene expressions in different organs was
spread over a wide range, from a few organs to almost all organs examined, and the
average number of organs showing simultaneous gene expression was 4.4 both in
the male and female. Simultaneous gene expression in a certain combination of
organs was, in almost all combinations, higher than the simple product of the
expression percentages of individual organs. These results indicate the presence of
genes necessary for cellular processes shared by many organs, or necessary for basic
cellular processes, such as housekeeping genes.

Introduction

Enhancer trapping provides a useful method
to identify, in situ, genes which express in
spatially and temporally restricted patterns
during development of the fruit fly, Drosophila
melanogaster (D. melanogaster). It was certified
that P-elements can transpose from extra-
chromosomal DNA to germ line chromosomal
DNA in D. melanogaster embryosV?. O’Kane
and Gehring® developed an approach for i situ
detection of genomic elements that regulate
transcription in D. melanogaster through the
insertion of a modified P-element carrying the

Escherichia coli (E. coli) lac-Z coding region
fused to a weak promoter into the D.
melanogaster genome. If the insertion occurs
near a transcriptional regulatory element, or
enhancer, the pattern of lac-Z expression will
mirror part, or all, of the transcriptional pat-
tern of the gene normally associated with that
regulatory element, as shown by histochemical
staining of f-galactosidase (8-gal)*. This
method provides an effective way of analyzing
direct determination of the gross pattern of
gene expression in D. melanogaster during the
developmental process.

In this paper, we report the characterization
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of gene expression by analyzing the strains
derived from insertion of an enhancer detector
element which can be used to estimate the
fraction of genome involved in a certain
developmental stage. We examined 101 in-
dependent strains for the expression of lac-Z
using histochemical localization of 4-gal activ-
ity in the wandering stage of third-instar lar-
vae. Examination of lac-Z expression patterns
showed a remarkable diversity among organs
and tissues, and among strains. The expression
pattern was analyzed to get a profile of the
P-insertions including the number of organs or
tissues that expressed lac-Z in every strain, and
conversely, the number of strains that expres-
sed lac-Z in every organ and tissue. The results
indicate that only few strains represented high-
ly specific expressions of the lac-Z gene for a
certain organ/tissue. The majority of strains
expressed lgc-Z in many organs simultaneously,
and frequency of simultaneous lac-Z expression
between two organs was, in most combinations,
higher than expected by a simple product of
both frequencies.

Materials and Methods

Strains

Flies were reared on a yeast-cornmeal-agar
medium containing mold inhibitor. We used 101
fly strains harboring single P-element inser-
tions in the autosomes (donated by Dr. D.
Yamamoto, Mitsubishi-Kasei Institute of Life
Sciences). The method for making P-insertion
strains was described in Yokokura et al®. In
brief, P-insertion strains were generated by
jump-start mutagenesis®, in which a P-lwB
element on the X-chromosome was forced to
translocate to an autosomal site by introducing
a A2-3 P transposase source”®. Mutations
were first balanced with SM1 for second-
chromosome insertions and with TM3 for third-
chromosome insertions. After checking leth-
ality, sterility and fertility, the fertile strains
were kept as homozygotes. The P-lwB element
contained the normal transposase promoter
fused to the E. coli $-gal-encoding gene (lac-Z)

as a reporter gene, the heat-shock-mini-white
fusion gene as an eye color marker, and a
Bluescript plasmid vector carrying an ampicil-
lin resistance gene. Of 551 P-insertion strains,
17% were lethal, 495 were sterile, and the
remaining 799% were fertile. We picked 101
strains randomly, for the present study,
amongst the fertile strains. Canton-S was used
as a wild type strain, white~ (w~) as a back-
ground control for P-insertion strains, and a
fB-gal’! strain as a B-gal-deficient strain?'?,
Staining for 3-gal activity

Detection of lac-Z expression was performed
as follows. A third-instar larva at the wander-
ing stage was briefly washed with distilled
water and was transferred to a small chamber
containing physiological saline'V. Then, the
larva was pinned and cut open along the dorsal
midline under a stereoscopic dissection micro-
scope. The dissected larva was fixed for 15~20
min with 2 ml of fixative (0.75% glutaralde-
hyde in 0.1 M cacodylate buffer, pH 7.3), was
washed twice with phosphate buffered saline
(PBS)'?, and then was transferred into a micro-
titer plate well containing 800 wx/ of PBS and
0.3% polyoxyethylene (10) octylphenyl ether
(Triton X-100). Meanwhile, staining solution'®
was prepared by preincubation of (0.5 m! ali-
quot of potassium ferricyanide and potassium
ferrocyanide (Fe/NaP) solution (pH 7.2) adding
12.5 ul of 8% 5-bromo-4-chloro-3-indolyl-
galactosidase (X-gal) in dimethyl sulfoxide
(DMSO) at 37°C and incubated a further 10 min.
Before use, the staining solution was
centrifuged for 3 min to remove pellet crystals.
The larva was incubated in the staining solu-
tion and was left at 37°C overnight. The larva
was then washed three times with PBS contain-
ing 0.3% Triton X-100 to remove crystals
generated during incubation. Photographs were
taken using a stereoscopic dissection micro-
scope, initially at low magnification. Fat bodies
were eliminated if necessary for improved view-
ing. When a characteristic pattern of expres-
sion was observed in a certain organ or tissue,
it was dissected out and transferred to a glass
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slide. After photographs were retaken at a
higher magnification, the specimen was
mounted in PBS with a coverslip and sealed
with nail varnish. To achieve optimal resolu-
tion of 3-gal localization, we performed micro-
scopic observation and photographs the day of
mounting.
Feulgen reaction

To reveal nuclei, we stained Canton-S third-
instar larvae with Feulgen reaction!®. A dis-
sected third-instar larva was fixed in 109§ for-
malin, then immersed in preheated 3.5 N HCI
at 37°C for 60 min to achieve optimal hydroly-
sis. After the specimen was rinsed with distilled
water, it was immersed in Schiff’s reagent for 2
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h at room temperature and transferred three
times to sulphite wash for 2 min to remove
excess Schiff’s reagent. After washing in dis-
tilled water, the specimen was photographed
under a dissection microscope as in S-gal stain-
ing.
Data processing

We observed lac-Z expression in 22 organs
and tissues, including the central nervous sys-
tem (CNS), imaginal discs and digestive system.
Figure 1 represents an illustration of the organs
and tissues examined. When we quantified the
lac-Z expression of different organs, we used an
all-or-none grouping: we considered it a “posi-
tive (1)” expression when even a weak or par-

— salivary gland
] _gastric caeca
proventriculus

midintestine

malpighian
tubules

midintestine

hindintestine

Fig. 1 The organs and tissues in a third-instar larva of Drosophila melanogaster
Dorsal aspect; twenty two organs and tissues are illustrated for which lac-Z

gene expression was examined.

Left: dissected internal organs other than the digestive system. Imaginal discs
are drawn only on one side, and male and female gonads are drawn on the right
and left sides respectively. A prothoracic tergite disc, which expresses the
innate lac-Z gene, is indicated by an arrow.

Right: The digestive system, including the exocrine glands and digestive duct.
Muscles and epidermis are omitted from these illustrations. Modified after

Bodenstein?®.

Abbreviations: E-A disc, eye-antennal discs; T1 leg disc, prothoracic leg disc; T2
leg disc, mesothoracic leg disc; T3 leg disc, metathoracic leg disc; T-A gang.,

thoracico-abdominal ganglia.
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tial lac-Z expression was detected, but “nega-
tive (0)” when no such expression was detected.
After the lac-Z expression in 22 organs was put
into binary code (1 or 0) for all 101 strains, data
was analyzed by a personal computer (Apple
Macintosh) using application software (Excel
and Delta Graph).

Results

lac-Z Expression in control strains

As a background control, we examined lac-Z
expression for the w~ strain which had been
used as a background to make P-element inser-
tion strains. No lac-Z expression was observed
in w~ larvae except in three areas: anterior and
posterior portions of the midintestine, and a
pair of prothoracic tergite discs (Fig. 2A). The
Canton-S larvae also showed lac-Z expression
in these three local areas, suggesting that wild
type larvae produce a native B-gal enzyme
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locally in these three areas. Such endogenous
pattern of staining have been reported in
embryos®'®. To examine whether the lac-Z
expression observed in these three areas of w~
and wild type larvae was innate, we observed
the lac-Z expression in a S-gal-deficient strain,
fB-gal™. None of the organs or tissues of this
strain showed lac-Z expression (Fig. 2B). Thus,
these three areas with presumptive innate lac-Z
expression were omitted from further analysis.
Reproducibility of the staining of lac-Z expres-
sion was quite good for each strain, with no
difference in the staining pattern, except a
slight difference in color depth.
Localizaton of lac-Z product to the nucleus
The localization of S-gal within a cell has
been reported to depend on the construct of the
inserted P-element'®. When a P-element con-
tains a lac-Z reporter gene fused to the P-
element transposase gene (PZ element), this PZ

Fig. 2 Sample photographs depicting lac-Z expression in several fertile strains and controls
A: lac-Z Expression in a w~ strain as a background control which had been used as a
background to make P-element insertion strains. No lac-Z expression was found except in
anterior and posterior portions of midintestine (arrowheads) and the prothoracic tergite
discs (short arrow). The Canton-S larva also showed a similar expression pattern. Whole
dissected body.

B: lac-Z Expression in a 8-gal® strain which is deficient for innate lac-Z gene. Absolutely
no lac-Z expression was found in this deficient strain. Whole dissected body.

C and D: Comparison between the 8-gal staining (C) and Feulgen staining (D) in the anterior
part of larval body: brain (b), eye-antennal discs (e), salivary gland (s), proventriculus (p),
gastric caeca (g), ventriculus (v, anterior end of midintestine), and fat bodies (f). Stained cell
nuclei are distinctly recognized from the cytoplasm in the digestive system and the fat body.
Homogeneously stained organs such as the brain and imaginal discs may consist of small
packed cells with large nuclei.

E: lac-Z Expression of a strain restricted to the CNS (c) and imaginal discs (wing discs, w;
eye-antennal discs, e). The prothoracic tergite discs (short arrow) were also stained for
innate lac-Z expression.

F: lac-Z Expression of a strain restricted to the digestive duct and the brain (b). The digestive
duct was stained by dotted nuclei. Anterior and posterior portions of the midintestine
(arrowheads) were also stained homogeneously for innate lac-Z expression.

G: lac-Z Expression in the epidermis of a strain. Fifth to sixth abdominal segments are
shown. In this strain, all nuclei of the epidermal cells in the thoracico-abdominal segments
were stained, as well as the oenocytes (arrowheads).

H: lac-Z Expression restricted to the epidermis of a segment. The sternite of the terminal
abdominal segment (the eighth abdominal segment) was stained (arrowhead).

I and J: lac-Z Expression in the gonads of female (ovary; arrows in I) and male (testis; arrows
in J). Posterior portions of midintestine (arrowheads) were also stained for innate lac-Z
expression.

Anterior to the left in A to H. Anterior to the top in [ and J. Scales, 1 mm in A, B and F;
250 gm in C, D and G; 400 gm in E; 500 zm in H, I and J.
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element directs the expression of a trans-
posase/[-gal fusion protein that is localized to
the nucleus. When lac-Z genes are fused to the
hsp70 gene (HZ element) and the f&z gene (FZ
element), B-gal produced from these elements is
localized to the cytoplasm. In our P-element,
P-1wB, lac-Z expression is controlled by the
weak constitutive P transposase promotor as in
the PZ element, so it is reasonable to expect
(-gal to be nuclear, not cytoplasmic. To clarify
this, we compared S-gal staining in P-inserted
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strains with Feulgen staining in Canfon-S which
reveals cell nuclei (Fig. 2C and D). With g-gal
staining (Fig. 2C), stained nuclei were distinctly
recognizable from the cytoplasms in organs,
including exocrine glands and the digestive
duct. Such a characteristic staining pattern was
found also in the same organs by Feulgen stain-
ing (Fig. 2D). These organs consist of large cells
in which the cytoplasm occupies most of the
space. Other organs including the CNS and
imaginal discs, however, were rather
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Fig. 3 The frequency of gene expression in 22 organs and tissues in the male (left) and female

(right)

Each bar represents the percentage of lac-Z expression of an organ among 101 strains
examined. The organs are arranged from higher to lower frequencies. lac-Z Expression was
analyzed in 101 strains randomly sampled from fertile strains, separately in the male and

female.
Abbreviations are the same as in Fig. 1.
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homogeneously stained whenever lac-Z was
expressed (Fig. 2C). The same staining pattern
was observed again in the Feulgen staining
(Fig. 2D). This staining pattern could mean that
the homogeneously stained organs consist of
small packed cells in which the nucleus
occupies most of the space. These results con-
firmed that the B-gal produced from the P-lwB
element is nuclear as described in Mlodzik and
Hiromi (1992)*®.

Frequency of lac-Z expression in individual
organs and tissues

The frequency of lac-Z expression for indi-
vidual organs was similar between males and
females (Fig. 3), except in the gonads and geni-
tal discs. Thus, the frequency for each organ,
except the genital discs and gonads, is des-
cribed as an average of male and female fre-
quencies.

The histochemical detection showed diversity
in the presence or absence of lac-Z expression
among different organs and strains. Frequency
of lac-Z expression for a certain organ within
the 101 strains was determined in 22 different
organs and tissues (Fig. 3): the average fre-
quency for 22 organs and tissues was 41.3%.
The frequency, however, differed among
organs. The organs can be divided into three
groups according to frequency: high, middle and
low frequencies. The organs which showed
higher frequencies of lac-Z expression were the
CNS (919 in the brain, 75% in the thoracico-
abdominal ganglia (T-A gang.)), and the eye-
antennal discs (E-A disc, 65%). The middle
group included the imaginal discs (approxi-
mately 409, except E-A disc), tracheae (34%)
and salivary glands (33%). The group that
showed lower frequencies included muscles
(139%) and oenocytes (11%). Males in three
strains and females in four strains did not
express lac-Z except the endogenous expres-
sion. Figure 2E~J shows examples of the lac-Z
expression limited to certain organs and tissues
observed in several different strains. Some
strains expressed £-gal both in the CNS and the
imaginal discs but not in other organs (Fig. 2E),
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while others expressed in the brain and intes-
tine (Fig. 2F), in a specific area of epidermis
(Fig. 2H), or in the gonads (Fig. 2I and J). In
some strains a characteristic pattern was found
within the wing discs (Fig. 2E), and within the
brain (Fig. 2F).

The frequency of lac-Z expression in the
CNS was found as high as 949. High frequency
expression in the CNS has been reported'®~'®.
In those strains showing lac-Z expression in the
CNS, other organs and tissues usually also
showed lac-Z expression. Five strains showed
expression restricted to the CNS alone: two
strains in the male and four strains in the
female (one strain expressed lac-Z both in the
male and female) showed the restricted staining
in entire CNS (both in the brain and T-A gang).
Four strains showed expression restricted to
the brain: one in the male and four in the female
(one strain is common to them). There were
several different patterns of expression in the
CNS. Some strains showed expression in a
characteristically localized area: in the optic
lobes of the brain, in the lateral sides of the T-A
gang.; some strains showed it in a certain group
of neurons, for example, mushroom body neu-
rons; some strains in homologous neurons in
each thoracico-abdominal neuromere; and some
strains in several bilateral neurons in the brain
(data not shown).

The highest percentage of lac-Z expressions
was obtained for the eye-antennal discs (65%)
among imaginal discs. Expression in the other
imaginal discs, such as the haltere discs and
three leg discs, was about 40%.

In the gonad, the frequency of lac-Z expres-
sion showed a difference between the male and
female: 80% in the male vs. 419 in the female.
Such a sexual difference was also found in the
genital discs: 40% in the male vs. 309 in the
female. Figure 2I and ] shows male gonads
(testes; 2]) and female gonads (ovaries; 2I) both
expressing lac-Z gene. The pattern of lac-Z
expression in the gonads varies among strains.
Some showed uniform expression, while others
showed localized expression: in the anterior or
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Fig. 4 Simultaneous gene expression in different
organs

The figure on the abscissa indicates the number
of organs which showed lac-Z expression simul-
taneously in each strain. In A (male) and B
(female), all even numbers of the abscissa repre-
sent that number (n) and that number less one (n-
1). Frequency, on the ordinate, was for numbers
of strains which shared the same number of lac-Z
expressed organs, divided by the total number of
strains (101). The average number of lac-Z ex-
pressed organs among 101 strains was 4.4 both in
the male and female. In C, the frequencies of
strains, for both the male and female, were sim-
ply summed (male + female). Abbreviations are
the same as in Fig. 1.

posterior halves, partially anterior or posterior.
Such a variety in expression was also found in
the genital discs (data not shown).

Some areas of anterior and posterior portions
of the midintestine were strongly and uniformly
stained where innate lac-Z was expressed. In
other parts of the digestive system, such as
salivary gland, proventriculus, other areas of
midintestine, gastric caeca, hindintestine and
Malpighian tubules, /ac-Z expression was found
distinctly in the nuclei as mentioned above. The
percentage of strains which showed lac-Z
expression in the whole digestive duct (the
proventriculus and intestine) was 16.19%, but
for the majority of strains, only some part(s)
expressed lac-Z. The frequency of lac-Z expres-
sion was 339 in the salivary gland, 45% in the
proventriculus, 519 in the midintestine, 36% in
the hindintestine, 299 in the gastric caeca, and
28% in the Malpighian tubules. The lac-Z
expression in digestive duct showed highly
diverse patterns. Moreover, lac-Z expression
revealed many distinct transverse and longitu-
dinal boundaries along the digestive duct, as
reported!®.

Referring to the epidermis, the percentage of
lac-Z expression was low (29%). Expression
was found in all epidermal cells of thoracico-
abdominal segments (Fig. 2G) in all epidermal-
staining strains except a few strains: it was
found in row(s) of epidermal cells in every
segment in six strains and in the terminal
abdominal segment (A8) in one strain (Fig. 2H).

In muscles and fat bodies, the percentage of
lac-Z expression was lowest, 13% and 29%
respectively, and was found in the whole body,
and not in part.

Simultaneous gene expression in different
organs

As mentioned above, in many strains the
lac-Z gene was expressed in several organs and
tissues simultaneously. Therefore, we
examined the number of organs that showed
lac-Z expression simultaneously in each strain.
Then we summed up the number of strains
which had the same number of lac-Z expressed
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organs (Fig. 4). The distribution seems rather
flat and spreads over a wide range, from the
groups expressing in only a few organs to the
ones expressing in almost all the organs
examined. The peak of frequency of gene
expression was between two to five organs, and
the average number of expressed organs was
4.4 both in the male and female. Of the 101
strains examined, male in three strains and
female in six strains showed expression in only
one organ. These strains expressed the lac-Z
gene in the brain for four strains (three strains
only in the female and one strain both in the
male and female), in the midintestine for two
strains (one in the male and one in the female),
in the gonad for one strain (male), and in the
proventriculus for one strain (female).

Gene expression correlation between two
organs

It would be of interest knowing whether there
are any relationships in [lac-Z expression
between organs or tissues, thus we analyzed the
organ to organ correlation in the male and
female respectively. If expression occurs by
chance between organ A and organ B, the
probability of a simultaneous expression is the
product of the expression percentages of organ
A and B: however, it would differ from the
simple product if any specific correlation exist-
ed between organ A and B.

To compare values obtained from the experi-
ment with those from calculation, two columns
were displayed side by side over 21 combina-
tions. For example, combinations between the
brain and 21 other organs are shown for the
male (left) and the female (right) in Fig. 5A.
There was an overall tendency for experimen-
tal values to be higher than derived from calcu-
lation. Among 231 possible combinations
between the 22 organs, 228 combinations
showed higher experimental values in the male
and 229 combinations in the female; conversely,
only three combinations showed lower experi-
mental values in the male and two combina-
tions in the female. Among the higher combina-
tions, the combinations showing exceptionally
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higher experimental values than calculated
ones were found in combinations with the
imaginal discs and with organs of digestive
system. This is a plausible result implying that
the same genes may be involved in organs
within a group. No combinations revealed large
sexual differences except combinations with
the gonad. Figure 5B shows the combinations in
the gonad with 21 other organs. In the female,
the combinations of the gonad with imaginal
discs showed much higher experimental values
than calculated values, as opposed to the male.

Discussion

In this study, we used P-element inserted
strains with a lac-Z fusion gene, and analyzed
spatial patterns of lac-Z expression in 101
strains randomly sampled from the fertile
strains. Twenty-two major organs and tissues,
including CNS, imaginal discs and digestive
system, were examined in third-instar larvae.
The P-insertions were previously thought to
have been randomly scatterd throughout the
genome!?. Engels?® suggested, however, that
P-element insertion sites are not randomly
distributed within the genome; saturation for
domains of gene expression was not possible
using P-element insertions, indicating that there
may have been genes resistant to insertion
which were not detected. P-elements are also
known to insert with disproportionate fre-
quency into certain sites, and preference for
which may vary with transposon structure
itself?V. The data in the present study should
therefore be interpreted considering the above
limitation.

Expression of the lac-Z gene showed
diverse patterns among different organs and
tissues, and moreover, among different strains.
The frequency of lac-Z expression was
extremely high, and almost all strains showed
some lac-Z expression to a greater or lesser
degree. Among the organs and tissues
examined, the CNS showed the highest lac-Z
expression (919 in the brain, 75% in the
thoracico-abdominal ganglia), followed by
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T1 leg disc T1 leg disc
T2 ieg disc T2 leg disc
T3 leg disc T3 leg disc
Fat body Fat body
Trachea Trachea
Muscle Muscle
Saliv. gland Saliv. gland
Gastric caeca Gastric caeca
Proventriculus Proventriculus
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Fig. 5 Relationships of gene expression between two different organs

Simultaneous lac-Z gene expression between two different organs was counted and then
divided by the total number of strains (101), resulting in a percentage of simultaneous gene
expression of the experiment (experimental value: 9% Exp., gray bars). Corresponding
calculated value (% Calc., black bars) was the simple product of the percentage expression
of individual organs. One organ was combined with 21 other organs, resulting in 231 total
combinations among organs, both in the male and female. Abbreviations are the same as in
Fig. 1.

A: An example of percentage of simultaneous gene expression for combinations of the brain
with 21 other organs, both in the male (left) and female (right). Note that the experimental
values are higher than the calculated values. Higher experimental values were obtained in
most combinations (228 in the male and 229 in the female among the 231 total combinations).
B: Percentage of simultaneous gene expression showing sexual differences. The combina-
tions of the gonad with imaginal discs in the female (right), shows much higher experimental
values than calculated ones, as opposed to the male (left).

have been reported by other investigators!™??.

Simultaneous gene expression in different
organs showed the distribution in a wide range,
from the groups of expressing in only one or a

imaginal discs (309 to 65%) and the digestive
duct (309% to 509), while, muscle and oenocyte
showed the lowest frequencies of luc-Z expres-
sion, 139 and 1194 respectively. Similar results
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few organs to the ones in almost all the organs.
Some strains showed the lac-Z expression lim-
ited to the small number of cells, and specific to
a limited region of tissues. Such a type of
expression observed in organs or tissues like
CNS, imaginal discs and gut tube. The CNS,
which is composed of many different cell types,
showed a high frequency of expression and was
expressed differently from strain to strain. Bier
et al.?? pointed out that organs with frequent
gene expression, such as the nervous system,
may reflect a much more complex organ consist-
ing of many different cell types. Another pos-
sible explanation is that high frequency gene
expression in certain organs may reflect a
dynamic developmental process, especially
important in the morphogenesis of imaginal

discs as well as the CNS reorganization. The
wandering stage of third-instar larvae was used
to reveal lac-Z expression in this study. From
the late third-instar larva to pupa, ecdysteroid
titers fluctuate dynamically®. During the third-
instar, two small ecdysteroid fluctuations
occur, the later of which is presumably respon-
sible for initiating wandering behavior and
protein synthesis. Following the wandering
stage, there is a large peak in ecdysteroids
which is responsible for the formation of pupar-
ium (pupariation), a process requiring a large
amount of protein synthesis. Taken as a whole,
lac-Z gene expression during the wandering
stage may reflect the expression of a large
number of genes, and sequential and/or parallel
events of protein synthesis.
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Another important finding was the difference
between the experimental value of simultane-
ous gene expression frequency between two
organs and the calculated value obtained by
simple multiplication of individual gene expres-
sion frequencies. Almost always, the experi-
mental values were found to be higher than the
calculated ones in possible combinations
between 22 organs: only two (in the female) to
three (in the male) combinations showed lower
experimental values. It is possible that much
higher experimental values reflect the presence
of genes necessary for basic cellular processes,
such as housekeeping genes, or alternatively, it
may reflect many organs sharing the cellular
processes in common, if such genes do not have
a housekeeping function. The morphogenesis
during the wandering stage may also be
involved in simultaneous gene expression. For
example, ecdysteroids may trigger gene expres-
sion giving rise to many events of protein syn-
thesis. Many genes expressed simultaneously in
many different organs and the average number
of organs showing simultaneous gene expres-
sion was 4.4 both in the male and female,
supporting the above possibilities. Other possi-
bilities still remain, for example, lac-Z expres-
sion may not reflect the true expression pattern
of some genes, and the frequent simultaneous
expression in many organs may be a result of
incidental accompaniment by neighboring
genes.

Our data also indicates some characteristic
differences between males and females. The
frequency of lac-Z expression in male gonad
(8095) was about double that in the female
gonad (409%), which may be related to the
maturation level and consequently, gonad size.
Typically, the testis is more than ten times
larger than the ovary at the wandering stage,
and is considered to be at a much more mature
level than the ovary. This is probably related to
the developmental process in which the testis
grows and starts to differentiate at the larval
stages, while the ovary starts to differentiate
following the pupal stages??®.
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T oNY— b Fyw T EERE W Drosophila melanogaster |23
B FRIB/NG — DR

HWEZFERKRY E—4HTHE (Ff BAETFAR)
?FY Y I Y 7

RTINS 1

FAaawya N Drosophila melanogaster D77/ L2, jump-start 2 HWT, ViR—F —
BT & LTKRBEO B-galactosidase BT (lac-Z) % AAAIE PATF (P-lwB) AR T,
IUNIY =L X ZEEFRREZEE L2, 1010EERFEE Y, 3SMHEOFER2OEE &
BT PELTFIRE, p-galactosidase DIEM: = R LEEN B U € (X-gal &%) BT U7z, lac-Z
DOFEFRIIFREPMEBIC L o T, 70, R & > TERRRKIB Y — > BIR LTz, lac-Z OFEEEE X,
PR R Tl b e < (ITI1%, MIREETHRETT75%), FRHIFE (30~65%) R HELE (30~509%)
WHRRET, BIR (13%) cx /%4 b (11%) TRHEEEZTR U, PREER TORBEELIE LD
i, FHRHEREREZHER T AMEOBEENZ W LICE2bDEFEZoNS, 12, 3SMHROBIZ
RIVE Y DWMPEARROBEARFEEB/ERICH D, FRMERE & b CHKHFEETORERIF O
3, CNODEHRETY AT v 7 SHBERESELCTWE I EEZRBLTWwEbDEHZ HNE.
BEHHE CORRRRRLTANS &, PROBE CRENCHERET 2000 B HERRERERT b
DELKRTHY, TOFIEIMEEE b4.4ThH-7, £, 2 O00OWREBE CEBICHE YT 28E 13, M
BOFBREDELID L, BEAELTOMAGDLETHWEERLZ, 208, £ OBREICH
BT 2 AR LEREGRT, HDVIE, NTAF—E Y VBETFO X S R0 AR I m
L THEREBELTOREETET 5,

—1044 —



