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1. Abstract

Ecdysteroid hormones in insects regulate a diverse amount of physiological processes 

during developmental and adult stages. The molecular basis of ecdysteroid signalling 

has been deeply studied in holometabolous insects with meroistic ovaries, such as 

Drosophila melanogaster, while in hemimetabolous insects the ecdysone role is still 

poorly understood. Taking Blattella germanica as an hemimetabolous model with 

panoistic ovaries, in the present work we have studied the ecdysone role on ovaries 

during oogenesis by depleting the Ecdysone Receptor (EcR) and characterizing 

phenotypic differences in 6-day-old last instar nymphs through microscope images. 

Depletion of EcR mediated by dsRNA-treatment allow us to describe the roles of 

ecdysone in panoistic ovary. Overall results indicate that ecdysone signalling acts in two 

different levels: in the germarium controlling ovarian follicle differentiation and in the 

vitellarium where it regulates oocyte growth.  Thus, ecdysone presents a crucial role in 

the regulation of oogenesis of B. germanica confirming that it is not an exclusive function 

of meroistic ovaries.  

Keywords: ecdysone, ecdysone receptor (EcR), Blattella germanica, oogenesis, RNAi 
Character count: 24.552 
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2. Introduction 
 
Ecdysteroid hormones are a key component for the control of developmental processes 

in the life cycle of insects, such as the transitions between different life stages, molting 

and metamorphosis (Mané-Padrós et al., 2008). They are also incorporated inside the 

oocytes as a maternal source of ecdysteroids during embryogenesis. Besides, 

ecdysteroids play a crucial role in the female reproductive physiology and its endocrine 

regulation in some insect species. 20-Hydroxyecdysone (20E), the biologically active 

form of ecdysone, binds to a heterodimeric receptor complex to activate an early 

response gene cascade, encoding transcription factors, that amplifies the hormonal 

signal, thereby regulating the expression of secondary response genes or late genes 

(Cruz et al., 2006). This receptor is composed by two nuclear hormone receptors: 

Retinoid-X-receptor/Ultraspiracle (RXR/USP) and Ecdysone Receptor (EcR). RXR was 

first described in vertebrates, and the insect homolog is termed USP (Hult et al., 2015).  
 

The superfamily of nuclear hormone receptors is formed by seven classes of 

transcription factors and it is well conserved among vertebrates and invertebrates, 

although vertebrate species present a high degree of duplication of genes (Ables et al., 

2015). The nuclear receptor superfamily presents typical structural domains, starting 

from the N-terminal: an activation domain, DNA-binding domain with two Zinc fingers, a 

hinge region and a ligand-binding domain. These receptors regulate important aspects 

of female gonad development, so understanding their role in insects may also entail 

better understanding of the reproduction processes in vertebrates (Mané-Padrós et al., 

2008). This present work is focused on EcR, which presents three isoforms in 

holometabolous insects. These three protein products differ in their N-terminal and their 

functions vary through different species (Talbot et al., 1993). Only the A isoform has 

been identified in ametabolous and hemimetabolous insects (Cruz et al., 2006; Elgendy 

et al., 2014; Saleh et al., 1998).  

 

Most knowledge about the relationship between ecdysteroids and the regulation of 

ovarian maturation is studied in holometabolous insects, which are those that have a 

complete metamorphosis, and most of them present meroistic ovarioles. Studies in 

Drosophila melanogaster, for example, show an important role of ecdysone in germ cell 

differentiation (Belles & Piulachs, 2015). Nevertheless, new studies with 

hemimetabolous insects have emerged, and the cockroach Blattella germanica is 

presented as a good model to study it, as it is an species located in a basal position in 

the phylogenetic tree (Belles & Piulachs, 2015; Maestro et al., 2005). From an 
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evolutionary perspective, it seems to be of great interest to further explore the role of 

ecdysteroids in panoistic type of ovarioles as well, in order to analyse the functional 

relationships between evolutionarily distant species.  

 

B. germanica is characterized for displaying a panoistic ovariole (Figure 1). The ovariole 

is the basic unit of the ovary and consists in a linear array of progressively more mature 

follicles, divided into three regions from distal to basal part, named terminal filament, 

germarium and vitellarium.  The germarium contains a stem cell niche and it is where 

differentiation takes place. The germline stem cells divide asymmetrically so the 

daughter cell that is closest to the terminal filament remains as a stem cell, while the 

other daughter cell differentiates into a cystoblast, which becomes surrounded by 

follicular cells and gives rise to the cystocyte complex or ovarian follicle, that migrates to 

the vitellarium region. At this point, the ovarian follicle increases in size, accumulates 

yolk and the processes of vitellogenesis and choriogenesis take place (Belles & 

Piulachs, 2015; Büning, 1994). This process, known as oogenesis, involves ovary 

development from germinal stem cell differentiation until the oocyte becomes mature and 

displays a high level of gene transcription in the oocyte, necessary for its growth and for 

the zygote development, assuring a successful reproduction (Ramos et al., 2020; Song 

& Wessel, 2005).  
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Figure 1. (A, B) Blattella germanica ovary. Ensemble of ovarioles in an ovary. 
Cell nuclei were stained with DAPI (blue) and F-actin microfilaments were 
stained with phalloidin-TRITC (red). (C) Panoistic ovariole with the different 
components named.  BOF: Basal ovarian follicle; FE: Follicular epithelium; G: 
Germarium; O: Oocyte; TF: Terminal filament; V: Vitellarium. 
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The ovarioles can be classified in two types, already mentioned, known as panoistic and 

meroistic. They differ in the way rRNA and nutrients are supplied to the oocytes. In 

panoistic ovarioles, which are the most phylogenetically basal, all the stem cells 

contained in the germarium become functional oocytes. The follicular epithelium 

surrounds the oocyte and is the oocyte nucleus itself that provides the nourishment 

required through the amplification of the rRNA. Instead, in meroistic ovarioles some of 

the germline stem cells give rise to the oocyte while others become nurse cells or 

trophocytes, which are in charge of providing the oocytes with the nutrients, rRNA, 

macromolecules and organelles needed to grow. This kind of ovarioles can be divided 

into telotrophic and polytrophic, according to its anatomical distribution and relationship 

between the nurse cells and the oocyte (Büning, 1994; Tworzydlo et al., 2014).  

 

Focusing on the panoistic ovarioles found in B. germanica, it is important to remark that 

each ovariole in the ovary matures a single oocyte at a time and the remaining ovarian 

follicles stay under arrest until the basal oocyte is oviposited (Irles & Piulachs, 2014). 

This specie has around 20 ovarioles par ovary and the first gonadotrophic cycle begins 

in the last nymph instar (Heming, 2003.; Ramos et al., 2020). Once the basal ovarian 

follicle reach maturation, which happens in the first days of adult stage, yolk formation (a 

process known as vitellogenesis) begins. The major source of nutrients for the future 

embryo is vitellogenin, an egg yolk precursor produced in the female fat body. It is 

secreted into the haemolymph and carried into the oocyte cytoplasm in its storage form, 

named vitellin. The vitellophages will break it down making the vitellogenin available for 

the embryo (Belles & Piulachs, 2015a; Büning, 1994; Gaziova et al., 2004). 

 

Before the discovery of the ecdysone role in insect oogenesis, juvenile hormone (JH) 

was thought to be the unique gonadotrophic hormone in insects. JH is a sesquiterpenoid 

hormone synthesized by the corpora allata (CA), a pair of retrocerebral endocrine 

glands. JH is released into the haemolymph from where it reaches the fat body inducing 

the start of vitellogenesis and facilitating vitellogenin uptake by the oocytes. Recently, 

the importance of ecdysone in oogenesis of hemimetabolan insects has been evidenced 

(Lenaerts et al., 2019; Ramos et al., 2020). Ecdysteroids are predominantly synthesized 

in the prothoracic gland. This gland is active on juvenile insect stages, degenerating after 

the moult to adult (Pascual et al., 1992; Romaná et al., 1995). In adult insects, like B. 

germanica and Schistocerca gregaria, the 20E production is done in ovaries (Bellés, 

2020; Lenaerts et al., 2019; Pascual et al., 1992; Ramos et al., 2020). Only recently, it 

has been proved that ovaries during nymphal stages are a source of ecdysone, and the 
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role of this hormone in the early oogenesis in panoistic ovaries has begun to be studied 

(Ramos et al., 2020).  

 

To test the function of ecdysone on ovaries, in a recently published study (Ramos et al., 

2020) 20E was injected to newly emerged last instar nymphs, and six days later the 

number of differentiated ovarian follicles increased in these treated females. 

Nonetheless, two days later, in 8-day-old nymphs, the number of ovarian follicles by 

ovariole presented a high variation, meaning that some ovarian follicles underwent cell 

death. The effect of 20E is not exclusive of last instar nymphs. Newly emerged 20E-

treated adult females treated with 20E also presented an increase in the number of 

differentiated ovarian follicles. Based on these results, it was decided to study the 

depletion of EcR in this present work, in order to test if a decrease in 20E signalling 

determines a reduction in the number of ovarian follicles. 

 

Although some studies are starting to focus on the role of 20E in oogenesis on species 

with panoistic ovarioles, its function is still unclear. For this reason, the aim of this study 

is to characterize phenotypic differences in the ovaries between control females and 

females with depleted EcR expression, using microscope images, in order to confirm the 

ecdysone functions in oogenesis of B. germanica. It is thought that the silencing of the 

receptor will compromise the correct oocyte development, inducing a reduction in oocyte 

number and oocyte dimensions, which would be a solid reason to think that 20E 

participates in the regulation of oogenesis and the ovaries from last nymphal instar 

respond to ecdysone signalling. 

 

 

3. Materials and methods 
 

3.1. Cockroach colony and animal sampling 

Freshly ecdysed sixth-instar nymphs and freshly ecdysed adult females of the cockroach 

B. germanica (L.) were obtained from a colony fed on Panlab dog chow and water ad 

libitum, kept in the dark at 29 ± 1ºC and 60-70% relative humidity. The new adult females 

were maintained with males to ensure they had mated before their use in all experiments 

(the presence of spermatozoa in the spermathecae was assessed at the end of all 

experiments to confirm mating had occurred). Dissections and tissue sampling were 

performed on carbon dioxide-anaesthetized specimens, held under Ringer’s saline. 

Nymphs and adults were examined at different ages.  
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3.2. RNAi experiments 

To deplete the expression of EcR, a fragment of 381 bp was designed and amplified to 

synthesize the dsRNA (Cruz et al., 2006). A dsRNA (dsMock) corresponding to 307-bp 

of the Autographa californica nucleopoyhedrovirus sequence was used as control. The 

chosen fragments were amplified from cDNA synthesized from 3-day-old adult ovaries 

using specific oligonucleotide primers and conventional PCR. The PCR products were 

analyzed by agarose gel electrophoresis, cloned into pSTBlue-1 vector and sequenced.  

The dsRNAs were synthesized in vitro as previously described in (Ciudad et al., 2006; 

Irles & Piulachs, 2014).  

To deplete the expression of EcR, 0-day-old sixth nymphal instar females were injected 

with an EcR dsRNA (dsEcR; 1 µg/µL) (treated condition) and with 1 µg/µL of Polyhedrin 

(PH) dsRNA (control condition).  

 

3.3. Ovary staining 

Dissected ovaries were immediately fixed in paraformaldehyde (4% in PBS) for 2h, 

washed in PBT (PBS; 0.3% Triton-X100) three times. Immediately, ovaries were 

incubated at room temperature for 20 min in 300 ng/mL phalloidin-TRITC (Sigma) and 

after washing 3 times with PBT, stained for 5 min in 1 µg/mL DAPI (Sigma) PBT. After 

three new washes with PBT, ovaries were mounted in Mowiol (Calbiochem, Madison, 

WI, USA).  

 

3.4. Visualization of the samples and study of the images 

Ovaries were observed in the laboratory using a Zeiss Axiolmager Z1 microscope 

(Apotome) (Carl Zeiss MicroImaging).  

Microscope images were taken, and they were studied afterwards using Zen Lite Blue 

edition imaging software, from the company Carl Zeiss Microscopy GmbH. Images were 

provided by Piulachs’s laboratory.  

 

3.5. Statistical analysis 

Quantitative data is expressed as mean ± standard error of the mean (S.E.M.). Statistics 

were assessed using GNU R software. Two-sided Student’s t-tests were performed as 

two-independent-samples problem to evaluate statistical differences between treatment 

and control groups. Asterisks indicate P-value thresholds in each figure. *P<0.05, 

**P<0.01, ***P<0.001.  
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4. Results 
 

4.1. EcR expression cycle during last nymphal instar and adult stage 

The relative expression cycle of EcR in B. germanica ovaries during the first 

gonadotrophic cycle is shown in Figure 2 (personal communication M.D. Piulachs). EcR 

mRNA is expressed in ovaries of last instar nymphs and adults. The highest expression 

of EcR in ovaries occurs at the end of the gonadotrophic cycle, coinciding with the highest 

levels of 20E in ovaries, when chorion synthesis is done (Figure 2). In nymphal ovaries 

EcR expression does not show a clear correspondence with 20E levels (Figure 2). 

Conversely, EcR levels decrease coinciding with the highest levels of the 20E peak 

present between day 4 and 7 in the instar.  

It is important to keep in mind that RNA expression does not always correlate with the 

activation of the protein, considering that EcR will only be active when 20E binds to it 

and dimerizes with RXR/USP.  
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Figure 2. Relative expression of EcR in Blattella germanica 
ovaries through last instar nymphs and adults. The relative 
expression is represented as copies per 1000 copies of Actin 5C. 
Columns represent mean values ± S.E.M. for EcR expression, 
the green discontinuous line represents the 20E level profile in 
haemolymph and the red discontinuous line represents the 20E 
level profile in ovary. 
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4.2. dsRNA treatment decreases EcR expression in N6D6 ovaries 

To reduce the levels of 20E in ovarian cells, in the laboratory were developed a series 

of experiments depleting the expression of EcR in last instar nymphs of B. germanica. 

Last instar nymphs were treated just after the emergence and ovaries were dissected 6 

days later. EcR expression was quantified using real-time PCR, assessing that dsRNA 

treatment decreased its levels in treated nymphs. Control females displayed 20.77 ± 4.73 

copies of EcR per 1000 copies of Actin-5c, whereas treated specimens presented 9.783 

± 1.56 copies of EcR per 1000 copies of Actin-5c (data not shown and provided by 

Piulach’s group). Thus, this result shows that the expression of EcR was depleted in 

treated female ovaries around a 53% in comparison with the control group. 

 

4.3. EcR is required for stablishing the proper size of basal ovarian follicles 

Forty-eight microscope images corresponding to ovaries from controls (n=24) and EcR 

depleted nymphs (n=24) were analysed to describe the phenotypes determined by the 

EcR depletion. The basal oocyte has an oval form and it is surrounded by a monolayer 

of follicular epithelium. In B. germanica the ovarian follicle is the only that experiences a 

significant growth during last nymphal stages, whereas the other ones remain immature. 

The basal follicle growth is accompanied by cell proliferation in the follicular epithelium, 

as is shown in Figure 3, where it is possible to observe an important number of mitotic 

processes stained by DAPI, which can be distinguished as brighter dots (Figure 3, 

arrows).  

 

In both control and treated individuals, the length and the width of basal ovarian follicles 

were measured, and the values obtained were compared (Figure 4). The length of basal 

ovarian follicles in control specimens was 333.3 ± 4.3 µm, while treated basal ovarian 

follicles displayed a length of 294.5 ± 5.6 µm (p-value < 0.001). Thus, EcR depletion 

causes a significant decrease in basal follicle length.  
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Nonetheless, the width in these basal follicles was not highly modified, being 156.2 ± 2.9 

µm in control females and 144.4 ± 4.1 µm in treated females (p-value < 0.05) (Figure 

4).The distribution of the width values showed a high dispersion, going from 98.30 µm to 

184.9 µm in the treated group while in controls the range was between 132.5 µm to 191.1 

dsRNA-treated Control 

A 

D 

E 

B 

C 

Figure 3. Representative microscope images of basal ovarian follicles of 
6-day-old nymphs of Blattella germanica. Follicular cell nuclei were stained 
with DAPI (white) and F-actin microfilaments were stained with Phalloidin-
TRITC (red). (A) Mitosis events in the follicular epithelium are indicated 
with arrows. (B, C, D, E) Effect of EcR depletion on the basal oocyte size. 
Length and width are marked as a black line and its correspondent value 
is showed in turquoise. B-C correspond to control females and D-E to 
dsRNA-treated females. 
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µm. This explains why the difference between control and treated groups cannot be 

considered as statistically significant and only shows a tendency of a decrease.  

The depletion of EcR prevents ecdysone from acting onto the oocyte and promoting its 

growth. Our results show that 20E signalling through EcR participates in follicular cells 

proliferation and growth of the basal oocyte of the cockroach B. germanica.  

The fact that only length of basal ovarian follicle presents a pronounced reduction may 

possibly entail changes in polarity and structural distribution in the future embryo 

development.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.4. EcR depletion has an effect on the ovarian follicle number 

Fifty-six microscopic images from control (n=28) and EcR depleted nymphs (n=28) were 

selected and analysed in order to quantify the number of ovarian follicles present in the 

ovarioles. Ovarian follicles were counted from the first differentiated and released from 

the germarium to the basal one, as shown in Figure 5. There was a statistically 

significant difference in the number of ovarian follicles between control and treated 

groups (P-value < 0.01). The control group showed 7.14 ± 0.18 differentiated ovarian 

A 

B 

Figure 4. Effect of the 
EcR depletion in oocyte 
size. Comparison of the 
basal ovarian follicle 
dimensions (A: length and 
B: width) from control and 
dsRNA-treated 6-day-old 
nymphs. Data is extracted 
from 24 images of controls 
and 24 from EcR depleted 
nymphs. The mean is 
represented as a 
horizontal line inside each 
box and extreme values 
are shown as dots. 
Vertical error bars indicate 
SEM. Two-tailed t-test 
was performed for each 
measurement 
comparison, obtaining a p-
value < 0.001 (***) and 
p<0.05 (*) respectively. 
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follicles (Figure 6). The majority of ovarioles analysed had between 7 and 8 ovarian 

follicles, some of them presented 6 and there was one case with 5 and two more cases 

with 9 (Figure 6).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The treated group, however, showed a decrease in ovarian follicle number and only 6.32 

± 0.26 were found per ovariole (Figure 6). Nevertheless, some of them showed 8, even 

9, ovarian follicles and the smaller ones were grouped forming a lump, possibly due to 

the sample handling for the observation at the microscope (Figure 6).  
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Figure 5. Effect of EcR depletion on ovarian follicle development 
in Blattella germanica. Follicular cell nuclei were stained with 
DAPI (blue) and F-actin microfilaments were stained with 
Phaolloidin-TRITC (red). Arrows mark follicles in the different 
developmental stages. A, B, C. Ovarioles from a 6-day-old non-
treated (control) nymph. D, E, F. Ovarioles from a 6-day-old 
dsRNA-treated nymph. 
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Therefore, it can be assumed that ecdysone signalling takes action on the germarium, 

regulating the differentiation of stem cell niche, as the EcR depletion causes a reduction 

in ovarian follicle development, meaning less ovarian follicles become differentiated.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

 

5. Discussion 
 

Although several new studies are being published on this topic, the ecdysone role in 

oogenesis of hemimetabolous species is still poorly understood. Conversely in 

holometabolous species, such as D. melanogaster, the role of ecdysteroids triggering 

the stem cell niche formation, growth and differentiation of egg chambers, including their 

survival, and vitellogenesis has been widely studied (Ameku et al., 2017; Carney & 

Bender, 2000; Hsu et al., 2019). Therefore, early studies done in the laboratory 

hypothesized that ecdysone might have similar functions in B. germanica (Pascual et al., 

1992; Romaná et al., 1995). 

 

Figure 6. Effect of the dsRNA treatment on the 
number of ovarian follicles in ovarioles. Data is 
extracted from 56 images of controls (n=28) and EcR 
depleted nymphs (n=28). The mean is represented 
as a horizontal line inside each box. Vertical error 
bars indicate SEM. Two-tailed t-test was performed 
to evaluate the comparison, obtaining a p-value < 
0.01 (**). 
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In hemimetabolous species, like B. germanica, oogenesis occurs progressively during 

post-embryonic development and when insects arrive at the adult stage, the oocytes 

reach full maturity. B. germanica is characterized for developing only the basal ovarian 

follicle in each gonadotrophic cycle and this ovarian follicle begins maturation in the last 

nymphal instar, expressing a large quantity of genes necessary for its growth (Irles & 

Piulachs, 2014). The follicular epithelium that surrounds the oocyte starts proliferating 

accompanying the oocyte growth and maturation. In this process different signalling 

pathways such as Hippo or Notch appear to be crucial (Belles & Piulachs, 2015; Elshaer 

& Piulachs, 2015; Irles et al., 2016; Irles & Piulachs, 2014). Besides, the ecdysone 

signaling has a central role (Ramos et al., 2020).  

 

It is relevant to highlight that in most insect species with meroistic polytrophic ovaries, 

ecdysone initiates a cascade of gene expression (Thummel, 1995), meaning that 

multiple genes participate in the regulation of multiple processes in oogenesis and 

oocyte development. For this reason, further research is needed in species with panoistic 

ovaries to clarify the role of each component from this signaling pathway and to make 

comparisons and infer evolutionary histories.  

 

In adult female specimens of B. germanica the ovary is the source of ecdysone and its 

main function is promoting choriogenesis in the already matured basal ovarian follicles 

(Pascual et al., 1992; Romaná et al., 1995). Recently, it has been demonstrated that 20E 

treatment in last instar nymphs and newly emerged adults of B. germanica promotes 

ovarian follicle differentiation (Ramos et al., 2020), as the number of ovarian follicles in 

the vitellarium increased. In the same work it has also been demonstrated that genes 

related to the ecdysone synthesis are expressed in ovaries of last nymphal instar, which 

suggest that the ovaries also synthesise ecdysone in this stage (Ramos et al., 2020). 

According to these results, to unveil the role of the ecdysone in B. germanica oogenesis, 

the expression of EcR was depleted and the phenotypes were analysed. If ecdysone 

had a crucial role in establishing a correct differentiation of oocytes in order to achieve a 

determined follicle number (Ramos et al., 2020), then the depletion of the EcR would 

determine an opposite phenotype, as it has been observed in the results (Ramos et al., 

2020). Previous studies were done depleting EcR in B. germanica (Cruz et al., 2006), 

although the contribution focused in the role of the receptor in metamorphic tissues. 

However, the authors described that EcR depletion affects oocyte growth, observing that 

EcR-A (the only isoform of the receptor described in B. germanica) is required for 

follicular cell proliferation and ovarian follicle maturation during the last nymphal instar. 

In the present work, we have found similar results, but our work has only explored the 
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ovaries of EcR depleted nymphs. Two different phenotypes have been described at 

different ovary levels, as there is a decrease of ovarian follicle number and a reduction 

in the size of basal ovarian follicle. Thus, this work clarifies the involvement of ecdysone 

signalling and its receptor, EcR, in ovarian follicle differentiation, oocyte growth and 

confirms that 20E signalling is done on ovaries of last instar nymphs of B. germanica. 

Results suggest that the depletion of the ecdysone receptor may entail reproduction 

drawbacks, as the follicle number and oocyte size are decreased.  

 

Briefly, the results of the present work display that, depleting the EcR levels, 20E 

signalling is also depleted and show that the action of 20E takes place at the germarium 

level. This depletion of 20E signalling in the ovary results in a decrease in the number of 

ovarian follicles differentiated in the vitellarium (Figure 5, Figure 6). This result appoints 

to a role of 20E in germinal and somatic cells in the germarium, similarly as occurs in D. 

melanogaster, where the role of 20E differentiating germinal stem cells has been well 

described (Yoshinari et al., 2019). 

Moreover, depletion of EcR is also affecting the growth of basal ovarian follicle in the 

vitellarium, which shows a relevant reduction in their length, but not so marked in width 

(Figure 4), suggesting that EcR plays a role in patterning and cell-polarity. Further 

studies would be needed to assess the functions and consequences of ecdysone in 

ovary that could affect the embryo development. 

It is important to remind that this work is based on a knockdown of the EcR mRNA alone. 

This nuclear hormone receptor dimerizes with RXR/USP, so maybe with a knockdown 

of both receptors, different results would had been obtained. For instance, a study with 

Schistocerca gregaria (Lenaerts et al., 2019) showed that silencing both components of 

the ecdysone receptor complex (EcR and RXR) blocked choriogenesis and oviposition, 

entailing the resorption of oocytes, but the basal oocyte length and the appearance of 

ovaries did not present any differences from the control specimens. Also, it has been 

reported that USP can dimerize with other nuclear receptors (Bellés, 2020; Sutherland 

et al., 1995), so a depletion of it could also produce a different phenotype than the 

observed. 

Interesting results were also found in the red flour beetle Tribolium castaneum 

(Parthasarathy et al., 2010). In this study, EcR depletion affected the maturation of 

primary oocytes, being blocked. Basal oocytes did not mature and remained in the 

germarium and some small oocytes also appeared in the germarium. A few follicular 

epithelial cells were found near these oocytes, but they were not organized and did not 
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surround the oocyte. These data showed that EcR depletion blocked oocyte growth and 

made the beetles completely sterile but did not affect the ovarian follicle differentiation in 

the same manner as in B. germanica. Other similar results obtained in B. germanica 

displayed a reduction in follicle cells proliferation and significantly smaller basal oocytes 

when a E75 expression was knocked down (Mané-Padrós et al., 2008). 

In summary, the present work demonstrates that ecdysone signalling through EcR acts 

in the germarium and the vitellarium, where they are crucial for the proper ovarian follicle 

differentiation and basal oocyte growth in last instar nymphs of the hemimetabolous 

insect B. germanica, which means that this fact is not exclusive of meroistic ovaries. 

However, further research is required in order to fully understand the functions of every 

component of the signalling cascade.  

 
 

6. Acknowledgments 
 
I thank Maria Dolors Piulachs, PI of the Insect Reproduction Lab and director of this 

project, for generating and kindly providing me with the original microscope images and 

helping me with everything related with this project. This work was previously designed 

to be done in the lab, but due to the situation derived from the Covid-19 pandemics it 

had to be redesigned, using microscope images that had already been obtained. For this 

reason, the methodology described was done in the lab and provided to me.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

18 

7. References 
 

- Ables, E.T., Bois, K.E., Garcia, C.A., Drummond-Barbosa, D. (2015). Ecdysone 

response gene E78 controls ovarian germline stem cell niche formation and follicle 

survival in Drosophila. Developmental Biology. 400(1), 33-42. doi: 

10.1016/j.ydbio.2015.01.013 

- Ameku, T., Yoshinari, Y., Fukuda, R., Niwa, R. (2017). Ovarian ecdysteroid 

biosynthesis and female germline stem cells. Fly. 11(3), 185-193. doi: 

10.1080/19336934.2017.1291472 

- Bellés, X. (2020). Insect metamorphosis: from natural history to regulation of 

development and evolution. Academic Press, London.  

- Bellés, X., Piulachs, M.D. (2015). Ecdysone signalling and ovarian development in 
insects: from stem cells to ovarian follicle formation. Biochimica et Biophysica Acta. 

1849(2), 181-186. doi: 10.1016/j.bbagrm.2014.05.025 

- Büning, J. (1994). The insect ovary: Ultrastructure, previtellogenic growth and 

evolution. Springer, Netherlands.  

- Carney, G.E., Bender, M. (2000). The Drosophila Ecdysone Receptor (EcR) gene 

is required maternally for normal oogenesis. Genetics. 154(3), 1203-1211.  

- Ciudad, L., Piulachs, M.D., Bellés, X. (2006). Systemic RNAi of the cockroach 

Vitellogenin Receptor results in a phenotype similar to that of the Drosophila yolkless 

mutant.  FEBS Journal. 273(2), 325-335. doi: 10.1111/j.1742-4658.2005.05066.x 

- Cruz, J., Mané-Padrós, D., Bellés, X., Martín, D. (2006). Functions of the Ecdysone 

Receptor isoform-A in the hemimetabolous insect Blattella germanica revealed by 

systemic RNAi in vivo. Developmental Biology. 297(1), 158-171. doi: 

10.1016/j.ydbio.2006.06.048 

-  Elgendy, A.M., Elmogy, M., Takeda, M. (2014). Ecdysone Receptor isoform A (EcR-
A): Cloning and developmental expression pattern during vitellogenesis in the 

hemimetabolous insect Periplaneta americana. Efflatounia. 14, 9-17.  

- Elshaer, N., Piulachs, M.D. (2015). Crosstalk of EGFR signalling with Notch and 
Hippo pathways to regulate cell specification, migration and proliferation in 

cockroach panoistic ovaries. Biology of the Cell. 107(8), 273–285. doi: 

10.1111/boc.201500003 

- Gaziova, I., Bonnette, P.C., Henrich, V.C., Jindra, M. (2004). Cell-autonomous roles 

of the ecdysoneless gene in Drosophila development and oogenesis. Development. 

131(11), 2715-2725. doi: 10.1242/dev.01143 



 
 

19 

- Heming, B.S. (2003). Insect development and evolution. Comstock Publishing 

Associates, Cornell University Press, New York.  

- Hsu, H. J., Bahader, M., & Lai, C. M. (2019). Molecular control of the female germline 

stem cell niche size in Drosophila. Cellular and Molecular Life Sciences. 76(21), 

4309–4317. doi: 10.1007/s00018-019-03223-0 

- Hult, E.F., Huang, J., Marchal, E., Lam, J., Tobe, S.S. (2015). RXR/USP and EcR 
are critical for the regulation of reproduction and the control of JH biosynthesis in 

Diploptera punctata. Journal of Insect Physiology. 80, 48–60. doi: 

10.1016/j.jinsphys.2015.04.006 

- Irles, P., Elshaer, N., Piulachs, M.D. (2016). The Notch pathway regulates both the 
proliferation and differentiation of follicular cells in the panoistic ovary of Blattella 

germanica. Open Biology. 6(1), 150-197. doi: 10.1098/rsob.150197 

- Irles, P., Piulachs, M.D. (2014). Unlike in Drosophila meroistic ovaries, Hippo 

represses Notch in Blattella germanica panoistic ovaries, triggering the mitosis-

endocycle switch in the follicular cells. PLoS ONE. 9(11), e113850. doi: 

10.1371/journal.pone.0113850 

- Lenaerts, C., Marchal, E., Peeters, P., Vanden Broeck, J. (2019). The ecdysone 

receptor complex is essential for the reproductive success in the female desert 

locust, Schistocerca gregaria. Scientific Reports. 9(1), 1–15. doi: 10.1038/s41598-

018-36763-9 

- Maestro, O., Cruz, J., Pascual, N., Martín, D., Bellés, X. (2005). Differential 

expression of two RXR/ultraspiracle isoforms during the life cycle of the 

hemimetabolous insect Blattella germanica (Dictyoptera, Blattellidae). Molecular 

and Cellular Endocrinology. 238(1–2), 27–37. doi: 10.1016/j.mce.2005.04.004 

- Mané-Padrós, D., Cruz, J., Vilaplana, L., Pascual, N., Bellés, X., Martín, D. (2008). 

The nuclear hormone receptor BgE75 links molting and developmental progression 

in the direct-developing insect Blattella germanica. Developmental Biology. 315(1), 

147–160. doi: 10.1016/j.ydbio.2007.12.015 

- Parthasarathy, R., Sheng, Z., Sun, Z., Palli, S.R. (2010). Ecdysteroid regulation of 

ovarian growth and oocyte maturation in the red flour beetle, Tribolium castaneum. 

Insect Biochemistry and Molecular Biology. 40(6), 429–439. doi: 

10.1016/j.ibmb.2010.04.002 

- Pascual, N., Cerdá, X., Benito, B., Tomás, J., Piulachs, M.D., Bellés, X. (1992). 

Ovarian ecdysteroid levels and basal oöcyte development during maturation in the 

cockroach Blattella germanica (L.). Journal of Insect Physiology. 38(5), 339–348. 

doi: 10.1016/0022-1910(92)90058-L 



 
 

20 

- Ramos, S., Chelemen, F., Pagone, V., Elshaer, N., Irles, P., Piulachs, M.D. (2020). 

Eyes absent in the cockroach panoistic ovaries regulates proliferation and 

differentiation through ecdysone signalling. Insect Biochemistry and Molecular 

Biology. 123, 103407. doi: 10.1016/j.ibmb.2020.103407 

- Romaná, I., Pascual, N., Bellés, X. (1995). The ovary is a source of circulating 

ecdysteroids in Blattella germanica (Dictyoptera: Blattellidae). European Journal of 

Entomology, 93(1), 93–103.  

- Saleh, D.S., Zhang, J., Wyatt, G.R., Walker, V.K. (1998). Cloning and 

characterization of an ecdysone receptor cDNA from Locusta migratoria. Molecular 

and Cellular Endocrinology. 143(1–2), 91–99. doi: 10.1016/s0303-7207(98)00131-

2 

- Song, J.L., Wessel, G.M. (2005). How to make an egg: Transcriptional regulation in 
oocytes. Differentiation. 73(1), 1–17. doi: 10.1111/j.1432-0436.2005.07301005.x 

- Sutherland, J.D., Kozlova, T., Tzertzinis, G., Kafatos, F.C. (1995). Drosophila 
hormone receptor 38: A second partner for Drosophila USP suggests an unexpected 

role for nuclear receptors of the nerve growth factor-induced protein B type. 

Proceedings of the National Academy of Sciences of the United States of America. 

92(17), 7966-7970. doi: 10.1073/pnas.92.17.7966 

- Talbot, W.S., Swyryd, E.A., Hogness, D.S. (1993). Drosophila tissues with different 

metamorphic responses to ecdysone express different ecdysone receptor isoforms. 

Cell. 73(7), 1323–1337. doi: 10.1016/0092-8674(93)90359-x 

- Thummel, C.S. (1995). From embryogenesis to metamorphosis: The regulation and 

function of Drosophila nuclear receptor superfamily members. Cell. 83(6), 871–877. 

doi: 10.1016/0092-8674(95)90203-1 

- Tworzydlo, W., Kisiel, E., Jankowska, W., Bilinski, S.M. (2014). Morphology and 

ultrastructure of the germarium in panoistic ovarioles of a basal “apterygotous” 

insect, Thermobia domestica. Zoology. 117(3), 200–206. doi: 

10.1016/j.zool.2014.01.002 

- Yoshinari, Y., Kurogi, Y., Ameku, T., Niwa, R. (2019). Endocrine regulation of female 

germline stem cells in the fruit fly Drosophila melanogaster. Current Opinion in Insect 

Science. 31, 14–19. doi: 10.1016/j.cois.2018.07.001 

 
 

 
 


