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ABSTRACT 

Microinjection of specific radioisotope tracers showed that DNA and protein 
synthesis are triggered by fertilization but nuclear RNA synthesis does not 
occur until the cleavage nuclei migrate to the periphery. In  the male, hetero- 
chromatization of the paternal chromosome set also occurs when the cleavage 
nuclei reach the periphery. These results help to explain those of several types 
of genetic test, especially the failure of typical dominant lethal induction in  the 
heterochromatized set. 

I N  the mealybug, the paternal set of chromosomes becomes heterochromatic 
during the early embryogeny of the male and remains so in many tissues, 

including the germ line, during subsequent development; the maternal chromo- 
some set remains euchromatic throughout. Genetic inactivity of the paternal set 
has been demonstrated in several ways. Whether mutant or wild type, only the 
maternal genes are expressed in the sons (BROWN and NUR 1964; BROWN and 
WIEGMANN 1969). The paternal, heterochromatic set fails to make ribonucleic 
acid (RNA) as measured by tritiated uridine labeling while the maternal, euchro- 
matic set in the same nuclei incorporates the label (BERLOWITZ 1965; SABOUR 
1969). Paternal treatment with X rays or  radiocobalt at doses up to 30,000r or 
rep fails to induce dominant lethality in the sons (BROWN and NELSON-REES 
1961), but those tissues in which the heterochromatization of the paternal set is 
reversed during embryogeny show derangements analogous to dominant lethal 
effects (NUR 1967). The survival of all the sons after fairly high doses of ionizing 
irradiation is presumptive evidence that the paternal genes are inactive during 
the 5 or 6 cleavages prior to the onset of heterochromatization. It will be shown 
in this report that the onset of gene action, as indicated by the synthesis of RNA 
in nuclei, is closely correlated, in respect to both time and place, with the onset 
of heterochromatization. 

MATERIALS A N D  METHODS 

Because of its relatively large cells and clear cytology, the mealybug, Pseudococcus obscurus 
Essig, was used as the experimental subject. In mealybugs, fertilization occurs in situ in the 
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ovariole, and early stages of embryonic development take place before the eggs are deposited. 
Females produce 200 to 500 eggs over a period of about 10 days and there is thus no synchrony 
in embryonic development. Most of the morphogenesis of the embryo occurs inside the mother 
but the individual eggs are protected by an impermeable covering formed a few hours before 
fertilization. The nature of mealybug embryogeny makes the application of ordinary biochemical 
methDds impractical. Eggs were taken from the mother and placed on microscope slides coated 
with a thin gelatin layer (prepared with a 12% w/v aqueous gelatin solution) which held the 
eggs firmly for microinjection, Micropipettes were made with a tip of 5-7p outside diameter and 
calibrated according to the method of LIN (1966). With the aid of a Lietz micromanipulator 
volumes of 0.02 k 0.005 nl of one of the following labeling compounds was injected: 1 mc/ml 
thymidine methylPH, specific activity, 6.4 c/mM (Schwartz Bioresearch, Inc.) : 1 mc/ml 
uridine-5-3H, specific activity, 25.5 c/mM (Nuclear Chicago) ; 0.5 mc/ml ~-leucine-5-3H, specific 
activity. 23.5 c/mM (Nuclear Chicago). For control in'ections, insect Ringer's solution was used 
without isotope tracers. Egg membranes of embryonic states under study did not resist the micro- 
pipette and, with the volumes of solution injected, there was 110 leakage of material out of the 
egg. The early stages of embryonic development can be gauged only after staining so that many 
had to be injected to obtain a few at the critical stages. After injection, the eggs were incubated 
in a moist chamber at room temperature, 22.0 & 0.5"C. An incubation period of 30 min for 
"-thvmidine and 3H-leucine produced good results. For quantitative grain analysis it was 
found that 2 to 4 hr of 3H-uridine incorporation (for the exposure time described below) produced 
the best results. However, due to absence or very low incorporation of 3H-uridine by the earlier 
cleavage stages in some experiments, incubation time for these was extended to 6 hr in some 
trials. After incubation, the eggs were fixed for 2 hr in Bradley-Carnoy fixative (BRADLEY 1948) 
and then either sectioned at 4-6p or squashed in 45% acetic acid. Identification of compounds in 
labeled cells was corroborated by enzymatic hydrolysis of alternate sections and of some squashes 
with trypsin ( 2 x  crystallized, Worthington Biochemical Co.), 0.2 mg/ml in 0 . 0 5 ~  Tris buffer 
containing 0 . 0 1 ~  CaC1, at pH 7.6 for 20 min at 37°C; ribonuclease A (RNase) ( 5 ~  crystallized, 
protease-free, bovine pancreatic, Sigma Chemical Co.), 0.2 mg/ml in 0 . 0 5 ~  Veronal-acetate 
buffer at pH 6.6 for 2, 4 or 6 hr at 37°C; deoxyribonuclease I (DNase) (bovine pancreatic, 
RNase-free, Worthington Biochemical Co.), 0.2 mg/ml in 0 . 0 5 ~  Veronal-acetate buffer at pH 6.6 
containing 0 . 0 0 3 ~  MgSO,, for 4 hr at 37°C; control slides were treated with the same buffers 
and at the same temperature but without enzymes. The slides were placed in 5% trichloroacetic 
acid (TCA) at 4°C for 10 min, washed thoroughly in water, and air dried. For autoradiography, 
slides were coated with Ilford K.5 liquid emulsion, diluted 1: 1 with distilled water, treated in a 
hydrogen peroxide (H,O,) chamber for 2 hr (CARO 1964) to eradicate background silver grains, 
and stored at 4°C in light-tight boxes containing Drierite. After an exposure of 11 days the slides 
were developed in Kodak D-19 and were stained with azure B (FLAX and HIMES 1952) or Harris' 
hematoxylin. In  some RNA labeling experiments, an exposure time of 2 months was used be- 
fore development. All young embryos, through mid-cleax age, and a random selection of older 
embryos were used for grain counts. In embryos of 10 nuclei or less, all were used; if more, 
either 10 or 20 nuclei were randomly selected. Autoradiographs of sections were used to de- 
termine the stage and place where label appeared. 

RESULTS AND DISCUSSION 

Embryogenesis in P.  obscurus follows the pattern known for other mealybugs 
(SHINJI 1919; SCHRADER 1923a and b) . Divisions are not completely synchronous 
but sufficiently so that conventional designations may be used. The first five 
cleavages occur in the central part of the egg. Heterochromatization begins be- 
tween the 5th and 6th cleavage, shortly after migration of nuclei to the periphery 
in those embryos destined to become males (NUR 1967; SABOUR 1969). Very 
early embryogeny can thus be conveniently divided into early cleavage (2-32 



R N A  SYNTHESIS I N  A MEALYBUG 293 

FIGURE 1 .-Nuclear labeling after injection of P. obscurus male blastoderm embryos with 
3H-thymidine; incubated 3.5 hr; squash preparation; 12 days exposure. a, Labeled nucleus; 
grains lacking over heterochromatic set (arrow); azure B stain. b, Control; 4 hr DNase; most 
label removed; Harris' hematoxylin. 

nuclei) mid-cleavage (33-128 nuclei), and late cleavage (129-300 nuclei). Cell 
walls are formed around the nuclei a t  the blastoderm stage (300-500 nuclei); a 
germ band npxt develops and produces an S-shaped embryo extending the length 
of the egg. 

Autoradiography indicated that syntheses of both deoxyribonucleic acid 
(DNA) and protein begin with fertilization and are thereafter maintained. These 
results thus serve as a control for the RNA experiments. No label above back- 
ground was observed in unfertilized eggs even after incubation periods up to 7 h r  
with either tritiated thymidine or leucine followed by long exposures before 
development. 

After an incubation of 30 minutes with 3H-thymidine, label was specifically 
located over the nuclei of all stages of early embryogeny (Figure la ) ,  and longer 
incubation gave correspondingly denser labeling. Four hours of DNase hydrolysis 
of either squashes or sections almost Lompletely eliminated the nuclear labeling 
(Figure lb): these results suggested that the injected SH-thymidine was specifi- 
cally incorporated into high molecular weight DNA. Treatment with buffer 
solution. ribonuclease, hot I N  HC1 (10 min at 60°C), or cold 5% TCA did not 
remove the nuclear labeling. 

3H-leucine was incorporated into the protein of all stages of early embryogeny 
with about equal intensity. An incubation of 30 min to one hour was sufficient 
to produce heavy labeling. Trypsin hydrolysis of paraffin sections for 20 min 
reduced the grain density considerably. 

In  early cleavage stages, 3H-leucine incorporation was located over patches of 
basophilic protoplasm distributed throughout the embryo. As cleavage progressed, 
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FIGURE ?.-Nuclear labeling after injection of P. obscurus embryos with 3H-uridine; squash 
preparations; 1 1  days exposure; Harris’ hematoxylin. a, Female, mid-cleavage (ca. 100 nuclei) ; 
incubated 2 hr b. Female, late cleavage (ca. 160 nuclei); incubated 4 hr c, Male, blastoderm (ca. 
350 nuclei); label over eu- but not heterochromatin (arrow). Control; 4 hr incubation; 2.5 hr 
RNase. 

the basophilic inaterial became closely associated with the nuclei and the label 
continued to be concentrated over this material both before and just after migra- 
tion of the nuclei to the periphery. 

As measured by autoradiography, RNA synthesis varied considerably in 
accord with developmental stage (Table 1). Regardless of stage or location in the 
embryo, the 3H-uridine label was removed completely by a 2-hr exposure to 
RNase (Figure 2d), but was unaffected by the enzyme-free buffer under similar 
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TABLE 1 

Averages of numbers of grains per nucleus after injection of different embryonic 
stages of Pseudococcus obscurus with 8H-uridine' 

Mature meiotic egg 
Cleavage: 

Early (1-32 nuclei) 
Mid (33-128 nuclei)$ 

Late (129-300 nuclei) 
Blastoderm 
Germ-band 
S-shaped embryo 

Eggs and embryos 
Number Total number 
analyzed nuclei present 

36 1 

13 4-32 
2 42,47 
3 69, 70, 73 
4 14+250 
4 350-500 
5 
6 

- 
- 

Grain counts 
Grains per Number 

nuclei nucleus 
analyzed* * av. f S.E. 

1 0 

4-1 0 ot- 
20 8 f 1.3s 
20 44) -c 3.4 
10 105 f 3.8 
10 128  t 5.6 
10 17 f 1.4 
10 12 f 0.06 

* Incubation with tracer, 4 hr; exposure, 11 days. 
** Nuclei chosen at random, to 10 in early cleavage and later, and to 20 at the critical mid- 

t Grains were observed over dense basophilic protoplasmic areas adjacent to or surrounding 

$ Only 25% of nuclei showed 10 or more grains. 
$ Male embryos only from the time they were first identifiable during mid-cleavage. 

cleavage stage. 

nuclei; see text for further explanation. 

conditions, observations which suggest that the injected 3H-uridine is incorpo- 
rated specifically into DNA-directed RNA molecules. 

Embryos in early cleavage (2-32 nuclei), before nuclear migration to the 
periphery, showed no labeling when incubated for 2 hr with 3H-uridine. How- 
ever, after an incubation period of 3.5 hr or longer, grains were detected over 
the same basophilic areas which give heavy labeling with leucine. Only after 
incubation periods of 4 to 7 hr and exposure of one month were there some grains 
above background over cleavage nuclei, but this amounted to less than 10% of 
the total label. During early cleavage, the contents of the interphase nuclei were 
diffuse; there was no condensation of chromatin which might be held responsible 
for failure of these nuclei to be labeled. Trials of longer exposure periods, up to 
one month, correspondingly increased the average grain number per nucleus of 
later stages to the point where accurate grain counting would have been very 
difficult, but the results for unfertilized eggs and early cleavage remained the 
same. 

Although these observations parallel those of the sea urchin embryo in which 
most 3H-uridine incorporations during early cleavage are cytoplasmic and repre- 
sent end-labeling of the transfer RNA (MALKIN, GROSS and ROMANOFF 1964; 
GROSS, KRAEMER and MALKIN 1965), other types of cytoplasmic RNA labeling 
(KALF 1964; ROODYN and WILKIE 1968) cannot be ruled out at present for the 
mealybug. 

Sections of embryos showed that 3H-uridine incorporation into cleavage nuclei 
begins with their migration to the egg periphery, but prior to appearance of the 
nucleolus (Figure 2a). The number of nuclei per embryo indicated that this 
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event occurs at the 5th to 6th cleavages. During this stage, only those nuclei that 
were located in the egg periphery were labeled, and thereafter longer incubation 
with 3H-uridine increased the nuclear incorporation of the tracer accordingly 
(Figure 2b). 

Nuclear RNA synthesis begins in embryos of both sexes when the nuclei first 
appear at the periphery of the embryo. In  the male embryos, heterochromatiza- 
tion also begins in those nuclei which have reached the periphery. Although most 
of the nuclei at the periphery of male embryos show both RNA labeling and 
heterochromatin (Figure 2c), a few will have only the label or only the hetero- 
chromatin, or, very rarely, neither. These results indicate that the two processes, 
onset of gene action and heterochromatization, are probably not directly related 
to each other but are correlated through response to other developmental proc- 
esses. The results also indicate that there is only a nmall percentage of nuclei at 
the periphery of these early male embryos in which transcription of the paternal 
set could be, but not necessarily is occurring. The absence of specific nuclear RNA 
synthesis prior to the 5th to 6th cleavages is in agreement with earlier work with 
the mealybug showing that dominant lethal effects induced by paternal treat- 
ment are expressed only in the daughters, not in the sons. However, since infor- 
mation regarding the pool size of RNA precursor in mealybug eggs is not avail- 
able, and despite the high specific activity of 3H-uridine used (25.5 c/mM) and 
long incubation period, RNA synthesis at a very low rate cannot be ruled out. 

During late cleavage and blastoderm stages, the level of 3H-uridine incorpora- 
tion is increased for the same incubation period. This increase corresponds with 
the time of nucleolus appearance during which silver grains are clustered over 
nucleoli (Figure 3a, b). The nucleolus has been implicated in ribosomal RNA 
synthesis in both insects (RITOSSA and SPIEGELMAN 1965; RITOSSA, ATWOOD and 
SPIEGELMAN 1966) and vertebrates (PERRY 1967; BROWN and DAVID 1968). On 
this basis, the nucleolus of the mealybug is also probably engaged in rRNA 
synthesis, but there is no independent evidence since uridine labeling does not 
discriminate among classes of RNA. The peak of RNA synthesis occurs from late 
cleavage through blastoderm formation; the germ-band and S-shaped embryos 
show much lower uptake of 3H-uridine per nucleus (Table 1). Female embryos 
follow the same pattern except that the rate of RNA synthesis per nucleus is 
about twice that per nucleus in a male embryo ( SABOUR 1969). 

To recapitulate, RNA synthesis in the mealybug begins when the nuclei 
migrate to the periphery at the 5th to 6th cleavages, increases markedly about 
the time of the appearance of the nucleolus at the 8th to  9th cleavages, and then 
decreases to quite a low level. These results parallel those observed in other 
insects. In certain coleopterans, RNA synthesis begins in the blastoderm stage 
after migration of the nuclei to the periphery (LOCKSHIN 1966). In the heter- 
opteran, Oncopeltus fasciatus, ribosomal RNA synthesis is turned on at gastrula- 
tion but no nuclear RNA synthesis was observed at the earlier blastoderm stage 
(HARRIS and FORREST 1967). 

Protein synthesis in P. obscurus embryos, on the other hand, begins following 
fertilization and continues thereafter at a rapid rate. It appears therefore, that 
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FIGURE 3.--Silvrr grain clusters o w r  nurledi 1 arrows) af:er :‘H-uritlinc in:c>c.tioii of blasto- 
derm embryos. P. ohscurns; squash preparatiori: Harris’ hematoxylin. a, 1 , a l d d  nucleus from 
male (ca. 350 nuclei); incuhatrtl !? hr  h. Labeled nuclei from female (ca. 500 nuclci); incubated 
4 hr. 

fertilization activates the translation of pre-existing messenger RNA (mRNA). 
The existence of control is possible at the translational level, similar to that in 
other organisins (GROSS 1968) in which the utilization of maternal mRNA made 
earlier during vitellogenesis is triggered by fertilization. 

The parallel between heterochromatization and the synthesis of RNA again 
suggests the importance of the molecular content of the egg periphery, formed 
during vitellogenesis, in initiating specific responses in early development 
(KRAUSE and SANDER 1962; DAVIDSON 1968). 
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