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On the Effects of Juvenile Hormone and
Ecdysterone for the Parthenogenetic Occurrence

in the Silkworm, Bombyx mori L.
CLepi-d optera :Bombycidae)
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The morphological change of an egg cell and the manifestation state of a parthenogenetic

egg were investigated by administering Juvenile hormone and ecdysterone being endocrine hor

mone at a pupal stage. The results obtained are as follows.

1) The manifestation rate of a parthenogenetic eggs was highest in an ecdysterone admini

stration group and lowered in a control group and became lowest in a juvenile hormone ad

ministration group.

2) In view of the morphological change of an egg cell, the microvilli formed between an

oocyte and follicle cell was most markedly developd in the ecdysterone administration

group but the formation of microvilli was contrarily suppressed in the juvenile hormone

. administration group.

3 ) The amount of female specific protein stored in an eggs was also much in the

ecdysterone group but contrarily had a tendency to decrease in the juvenile hormone group.

From the foregoing, It was considered that the degree of a parthenogenetic rate was deter

mined on the basis of the amount of intraovaular protein regulated by endocrine hormone.
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INTRODUCTION

Insect eggs are matured by such a mecanism that vitellogeninsynthesized in a fatbody is

taken in eggs through'the foliclle cell by pinocytosis phenomenon (Roth and Porter, .1964.

Elfer, 1965. Patchin and Devey, 1968). In general, the fertility of eggs is closely connected

with the maturity thereof and obtained at the metaphase of the first meiotic division

(Barros and Munoz, 1973). In panstrongylus megistus, it was already reported that

prothoracic gland hormone was required in this meiotic division (Furtado, 1979). As men

tioned above, the fertility of eggs is obtained as the result of the connection with various

factors. The parthenogenesis of the eggs of domesticated silkworm is brought about by polar

body fetilization (Sato, 1934) and different in its mecanism from general fertilization.

Therefore, even in the case of the parthenogenesis of the eggs of domesticated silkworm, it

is questionable whether the action of endocrine hormone is same as the case of general fer

tilization. Hereupon, for the purpose of elucidating these problems, this experiment was con

ducted.

MATERIALS AND METHODS

Materials Tested and Hormone Treatment: As race tested, Ohl6, Kojiki, Nichi I, Nichi

124, Ohkusa, shungetsu, Shi 108, Shi 124 and Hoshow were employed. Manta (Ohtsuka

Seiyaku K. K.) was used as juvenile hormone and ecdysterone (Roto Seiyaku K. K.) was used

as molting hormone and both of them were respectively injected in an amount of 5 .ug/pupa

2days and 4days after pupation; The number of the ovarian eggs used in this treatment were

respectively 20 moth.

Induction Treatment of parthenogenesis: Experiments were performed according to the

method ,of Astaurov (1967) as follows: As soon as after moth emergence, ovarian eggs were

obtein by dissecting female moth and heat- treated at 46"C for 18 min in a water bath. After

the treatment, they were incubated at 18"C for 3 days and then preserved at 25°C. The num

ber of eggs which showed apparent dark pigmentation, a sign of embryonal development, was

counted and the ratio of dark pigmentary eggs to total eggs was expressed as the percentage

of parthenogenetic eggs.

Preparation. of Electron-Microscopic Specimen Eggs: Eggs being ovarian ones 6 days after

pupation but almost degenerated in nurse cells were used and immobilized according to usual

method. That is, said eggs were subjected to preimmobilizationusing 5% glutaraldehyde

(buffered with O.IM sodium cacodylate) at 5"C for 48 hr in a refrigerator and subsequently

-2-



washed four times with a 0.05M sodium cacodylate buffer solution. Postimmobilization was

performed at room temperature for 3 hr using 1% osmium tetraoxide (buffered with O.lM

sodium cacodylate). The immobillized eggs were dehydrated by ethanol/acetone series and

subsequently embedded in an epoxy resin. An ultra-thin section for an electron microscope

were prepared by Hitachi MUM type 2 Ultratome. The ultra-thin section was stained doubly

with an uranyl acetate/lead staining bath (Sato, 1968). The used electron microscope is HU

12Type 12A (Hitachi Seisakusho).

Polyacrylamide Gel Electrophoresis: Electrophoresis using a 7.5% polyacrylamide gel as

a support was performed according to a Davis' method (1964). 0.05g of eggs were ground in

a physiological saline solution to be centrifuged at 2000 rpm for 20 min while 10 .ul of the

obtained supernatant liquid was superposed on a specimen layar to be subjected to electropho~

resis for 60 min under a constant current of 2 mA/a column. After the obtained specimen

was immobilized by 10%TCA, said specimen was stained using amido black lOB and

decolored with acetic acid to be measured by a densitometer (Fuji Riken Type AD-IV).

RESULTS AND DISCUSSION

I. Inter-strain Difference in the Percentage of Parthenogenetic Eggs: Examination of the

inter-strain difference was performed by treating 8 original races, 7 hybrids, and reciprocal

cross hybrids for their parthenogenesis induction. As shown Fig. 1, the percentage of parthe

nogenesis among original races varied greatly, ranging from 25.3% in shi 108 to 91.5% in

Ohkusa. This showed that the occurrence of parthenogenesis is controlled genetically. When

the percentage of parthenogenesis in the same race was correlated to silkworm rearing sea~

sons, it was lower in every race reared in late autumn than in spring, with a positive differ

ence at the 1% significance level.

. The cause of decrease in the percentage of parthenogenesis in late autumn rearing may be

attributed to seasonal differences in the rearing temperature and quality of mulberry leaves

with both variables inducing parthenogenesis earlier in the season.

Fig. 2 shows the results of examination on the percentage of parthenogenesis in the origi

nal races and hybrid strain. In the F 1 hybrids (except for shi 108 X kojiki) the percentage

was high (76-95%), and heterrosis was observed. When the results were correlated to crossing

and reciprocal crossing, an increasing tendency in percentage was observed in hybrids obtained

from a mother moth having a high percentage of parthenogenesis. This also shows that ma

ternal factors influenced the occurrence of parthenogenesis. Similar results were also observed

by sugai et al. (1983). and Takei et. al. (1990).
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Fig.1. Racial difference in percent of parthenogenetic eggs. Open and hatched bars represent

spring and autumn rearing seasons. T-marks represent standard deviation.
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Fig.2. Racial difference in percent of parthenogenetic eggs.. Open and hated bars express

original races and hybrids.

-5-



150

en
bJ)
bJ)
Q)

(.) 100.......
Q)

r::
Q)
bJ)
o
r::
Q)

-5
'"'ttl
0....
o...
§ 50
Ie
Q)

~

o
Kojiki Shungetsu Ohkusa Shi124 Hoshow

Fig.3. Racial difference in percent of parthenogenetic eggs treated with juvenile hormone in

a pupal stage. Open and hatched bars represent a non-injected(control)and juvenile hor

mone injected eggs. T-mrarks represent standard deviation."

IT. Effect of Juvenile Hormone on Manifestation of parthenogenetic Eggs: The comparative

investigation was conducted between the parthenogenetic rate of the hormone administration

group and that of the control group in each races. The difference is confirmed between both

groups in all of the races, when juvenile hormone was administered, a parthenogenetic rate

is clearly lowered as compared with the control group and the manifestation of

parthnogenesis is suppressed (Fig. 3).

ill. Effeet of Ecdysterone on Manifestation of parthenogenetic Eggs: ecdysterone was injected

in an amount of 5/lg/pupa 2 days and 4 days after pupation. A parthenogenetic egg rate

was calculated about a month after parthenogenetic treatment to obtain the results shown by
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Fig.4. Racial difference in percent of parthenogenetic eggs treated with ecdysterone injected

in a pupal stage. Open and hatched bars represent a non-injected and ecdysterone injected

eggs. T-marks represent standard deviation.

Fig. 4.

The parthenogenetic rate in the case of ecdysterone-administration in. all of the races was

wholly reverse to the case of juvenile hormone and, even in the manifestation of

parthenogenetic eggs, it was considered that antagonistic action was present between both

hormones.
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IV. Eelectron-Microscopic Observation of Egg by Administration of Endocrine Hormone: The

change of the surface structure of egg accompanied by fertilization is a well known phenome

non. Hereupon, in order to investgate the relation of the difference between the manifestation

states of parthenogenetic eggs by the administration of hormone to the change of the surface

structure of eggs in this experiment, an electron microscope was used. When juvenile hormone

was administered, a follicle cell became small and the amount of dark viscous substance in

a cell was little as compared with the control group. Contrarily, in the case of the admini

stration of ecdysterone, the follicle cell became large and the dark viscous substance was

much confirmed. It is known that the follicle cell has function for incorporating protein in

oocytes during growth from blood during the formation of eggs (Roth and Porter, 1964:

Telfer, 1965). Hereupon, the follicle cell was observed in detail by the electron microscope. By

the administration of juvenile hormone, the shape of a nucleus was relatively near to a

spherical or oval shape in many cases. Further, the amounts of the mitochondria, granular

Fig. 5. Electron microscopic figures of by a non-endocrine hormone treatment (Control).

Footnote: FC: Follicle Cell. MV: Microvilli. Ly: Lysosome like substance. Mt:

Mitochndrion. OC: Oocyte. YG: Yolk granule.

-8-



endoplasmic reticulum and fatty granule in a cell were little as compared with the control

group, Contrarily, in the ecdysterone administration group, the nucleus was amorphous and

intracellular granular endoplasmic reticulum was markedly formed. Therefore, it is considered

that the synthesis of protein in the follicle cell is actively performed. Mitochondria was com

posed of dark viscous matrix and had an elongated shape in many cases and a large number

of images proximate to division were also confirmed. Further, from such an aspect that mi

tochondria was mostly present in adjacent relation to fat droplets, it was suggested that the

effective conversion of lipid was performed with respect to metabolism. In addition, many

lysosome like granulus were observed.

At last, the comparative investigation was conducted on the forming state of a

microvilli observed between the follicle cell and the oocyte (Fig. 5, 6, 7). The formation of

the microvilli in the juvenile hormone administration group was inferior to that in the con

trol group and granules taken in eggs were small and few. On the other hand, in the

ecdysterone administration group, the microvilli was markedly formed and granules were also

Fig.6. Electron microscopic figures of eggs by a juvenile hormone treatment. The formation

was inferior in juveni Ie hormone treatments compared with control ones.
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much. Therefore, it is considered that introduction of yolk protein into eggs is suppressed by

juvenile hormone but promoted by ecdysterone.

Fig.? Electron microscopic figures of eggs by an ecdysteroid hormone treatments.

The formation of microvilli was more superior in ecdysteroid hormone treated than the

others.

V. Electrophoretic Image of Intraovular protein by Administration of Endocrine Hormones:

No large difference was confirmed between the electrophoretic image of the juvenile hormone

administration group and that of the control group but a tendency to become little in the

amount of female specific protein occurring from vitellogenin (electrophoretic band shown by

the arrow in Fig. 8) was confirmed.

On the other hand, in the ecdysterone administration group, it was confirmed that the

electrophoretic band showing a good migration characteristic was small as compared with the

former two groups but, contrarily, female specific protein became much in quantity. From

this, it is also considered that the protein occurring from vitellogenin has relation to the

manifestation of parthenogenesis.
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From above many aspects, it was considered that the degree of parthenogenetic rate was

determined on the basis of the amount of intraovaular protein regulated by endocrine hor

mone. However, with respect to this problem, it will be necessary to conduct experiments in

more detail prior to drawing a conclusion.

Fig.a. Electrophoretic pattern of egg protein in the silkworm.

A represent of male blood protein. B, C and 0 represent an electrophoretic pattern of

eggs in case of non-endocrine hormone (control), juvenile and ecdysteroid hormone ad

ministration.

The electrophoretic band shown by the arrow Indicate a female specific protein.
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