
SEXUAL DIMORPHISM AND METAMORPHOSIS
FUTURE RESEARCH DIRECTIONS

GENETIC SYSTEMS

 CHALLENGES and POTENTIALS
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Can we use an integrative approach on scale insects to understand 
the drivers of evolutionary success? Isabelle Vea    The University of Edinburgh     @thecochenille
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QUESTIONS
 How did scale insects develop such diverse attributes 

and specialize to their host plants? 
Did those features contribute to 

their evolutionarily success?
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MULTI-LEVEL DIVERSITY 

AN EVOLUTIONARY FRAMEWORK

Approach: Juvenile Hormone (JH) regulation of metamorphosis
 - Examined the expression profile of JH signaling pathway and performed JH analog 
assays on the Japanese mealybug.
 - Examined the expression of E93, a transcription factor linked to adult metamorphosis. 

Background 
 - Neococcoid lineage represents almost 90% of scale insect 
diversity.
 - Most of scale insects feed on flowering plants.
 - Fossils are exceptionally well preserved in amber deposits 
ranging from 140 - 20 million years (Fig. 4).

Background 
 - Scale insects  are characterized by extreme sexual 
dimorphism.
 - This dimorphism is established during the 
post-embryonic development, through male neome-
taboly and female neotenic development (Fig. 6)

Approach: reconciling neontology and paleontology 
to obtain a dated phylogeny
 - Total evidence divergence time estimates of scale insect 
lineages using both fossil and extant diversity.

Background 
 - A lot of scale insects determine their sex through Paternal Genome 
Elimination (PGE) (Fig.9) 
 - The underlying mechanisms are not well-known especially those identi-
fying and inducing heterochromanization on the paternal genome during 
embryogenesis, and involving its elimination during spermatogenesis.

Approach: Using to B chromosome that escapes PGE (Fig. 10) to 
understand how PGE works using genomic and epigenetic tools
 - Genome sequencing of B chromosome in the obscure mealybug
 - Identification of active transcripts on the B during spermatogenesis
 - Observation of epigenetic changes on the B
 - Identification of potential maternal effects

Some developmental questions I would like to ex-
plore in scale insects in the future
 - Neoteny and reduction of characters
 - Male morphological diversity, especially eye evolution
 - Early embryogenesis and identification of epigenetic 
markers of parental origin
 - Identification of germ plasm
 

 - Genomic data: a Mealybugbase with genomes of key 
mealybug species is in progress (Ross Lab)
 - Reverse genetics: so far we did not manage RNAi by 
injection. Other options: maternal RNAi (not ideal in every 
case), feeding (artificial diet still needed but in progress), 
plant virus (serious option but looking for collaborators).
 - Genome editing: identifying the right stage is critical, 
this course will contribute to it and we are collaborating with 
McCutcheon lab on this.
 - Developmental tools: this why I am here!
 - Cultivability: the major groups of scale insects are easy 
to find as agricultural pests and can be mass reared in labora-
tory conditions.

By investing in resources to develop the necessary functional 
and developmental tools, a leap forward to a better under-
standing of these critters is foreseeable. 

Key references and suggestions
If you are interested to know more about research re-
lated to the evolution of scale insects and my research, 
scan this QR code. You can also leave suggestions on 
the website suggestion form, or just come talk to me!

SCALE INSECTS ARE ...
- plant-sap sucking insects
- agricultural pests for some
- beneficial to humans for others (wax, dye, 
lacquer) 
- a red dye source (cochineal on cactus)
- sexually dimorphic to the extreme (Fig. 1)
- friends with ants (some live in ant nests)
- endosymbiont carriers
- plant virus vectors

Figure 9: which one is the 
male embryo? clue: look for 
heterochromatinized genome

Figure 10: A. female obscure 
mealybug, B. B chromosome 
transmission and escape.

Related to current research 
 - Functional studies to formally establish link with JH and 
sexual dimorphism
 - Spatial expression of JH signaling genes, especially 
linked to wing development
 - Identification of factors blocking E93 expression in fe-
males

My main goal is to integrate different approaches to 
link genotype and phenotype, and investigate how, in 
relation to their environment (host plant), specializa-
tion led to the success story of scale insects.

 - Taxonomic: some 8000 described species 
in ~30 families, 4 fold more diverse than 
their sister group the aphids 

- Phenotypic: in males, diverse wing struc-
tures, from compound eyes to single eye-
lets, a variety of genitalia; in females, de-
spite their neotenic appearance (Fig. 2),  
from legged insects to the disappearance of 
appendages relegating them to egg sacs.

- Reproductive systems: ranging from con-
ventional sexual reproduction to the loss of 
paternal genome. Extreme examples: her-
maphrodism and parthenogenesis.Figure 2: slide mounts of females and 

male of scale insect families (Grimaldi & 
Engel, 2005).

AND HYPER-SPECIALIZATION
 Two modes of metamorphosis, almost exclusive 
to this group allow, scale insects to shorten their 
life cycle: neoteny in females and neometaboly in 
males.
 Females are sedentary and invest on feeding and 
producing offsprings:
 - Winglessness and reduction of features (Fig. 
2), some are just egg sacs stuck on plants.
 - Filament and wax secretions providing natural 
defense on their host plants.

Figure 1: male and female  from Pseu-
dococcidae (mealybug; top), Coccidae 
(soft scale insect; middle), and Orthezii-
dae (ensign scale insect; bottom) 
(Vea & Grimaldi, 2016 Sci. Rep.).

Figure 3: SEM of male Calli-
pappus sp. showing the ab-
sence of mouthparts.

  Males emerge for reproduction only: all of the male scale insects do not 
have any mouthparts (Fig. 3) and live 2-3 days after frantic mating.
 Nymphs are the main dispersal stage.

Figure 4-5:  140 myo male 
in Lebanese amber from 
the extinct Hodgsonicocci-
dae showing intermediate 
state of eye evolution. (Vea 
& Grimaldi, 2015 Am. Mus. 
Novivates). Dated phyloge-
ny of scale insect families 
combining fossil and extant 
species. (Vea & Grimaldi, 
2016)

Figure 6: life cycle of the Japanese mealy-
bug (Planococcus kraunhiae)

Key findings
 - Notable variations in JH levels and signaling genes were observed towards the end 
of development (Fig. 7).
 - Female have counter-intuitively low levels of JH.
 - The adult specifier E93 is not expressed in females (Fig. 8).

Figure 7: summary of JH titers and first re-
ponse genes expression pattern when pheno-
typic differences arise in the Japanese mealy-
bug (Vea et al., 2016 PLOS ONE)

Figure 8: E93 expression during male 
and female development. (Vea et al., 
in prep.)
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Key findings
 - Established a dated phylogenetic framework to answer 
evolutionary questions.
 - Scale insects originated during the Triassic.
 - The neococcoid lineage diversified long before the 
flowering plant radiation (Fig. 5).


