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The Genome Papers



THE AMERICAN COCKROACH
(Periplaneta americana)
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American Cockroach: Facts

§ The American cockroach was introduced to the U.S. from Africa in the

early 16th century.

§ It prefers indoor environments with access to food. It can be found

outdoors in moist, shady, and warm places.

§ It eats different types of substances but prefers fermenting foods.

§ It can carry disease causing organisms and may trigger allergic reactions

with some individuals.

§ The largest body size is 5.3 cm.

§ Molts 6-14 times before metamorphosis.

§ Life cycle is approximately 700 days.

§ It reproduces periodically up to 600 days.



American Cockroach Genome

§ Specimen

Ø Genome source = single female adult.

§ Sequencing strategy

Ø Whole genome shotgun (WGS).

§ Sequencing method

Ø Illumina.

§ Genome assembly

Ø Using softwares (Discover Denovo, SSPACE, SOAP denovo).

Ø Assembled genome size = 3,380 Mb.



American Cockroach Genome

§ Annotation

Ø Repeats including TE were identified using Repeat Masker v 4.0.5.

Ø Contig N50 of 21kb and scaffold N50 of 333Kb.

Ø Non-coding % = 100 - 0.88 = 99.12%.

Ø GC % = 35.7%.



American Cockroach Genome
The American cockroach is an omnivorous scavenger. Its environmental

adaptation is mainly mediated by chemical communication and tolerance of

chemical and biological factors (toxins & pathogens).

Chemoreception 
systems

Chemosensory receptor families
154 Ors (olfactory 
receptors)

Detect odors of foods
especially fermenting ones.

522 GRs (gustatory 
receptors)

Identify bitter tastes, self
protection system that
tolerates bitter and toxic
foods which helps it in
adapting to different diets.

640 Irs (ionotropic
glutamate receptors)

Neuronal communication
(antenna, volatile chemicals,
temp).

Low OBP (odor 
binding proteins)

Suggests the transport of
odorant molecules to be
functionally conserved.



American Cockroach: Detoxification System

Detoxification system includes many enzymes and receptors.
39 glutathione

90 carboxyl/choline esterases

115 ATP binding transporters

178 cytochrome P450

Major clans

CYP2

CYP3

CYP4

Mitochonderial clade 

Insecticide resistance + survival in
extreme conditions.



American Cockroach: Innate Immunity

Innate immunity is mediated by 3 pathways:

Imd

JAK-STAT

Toll

Synthesize antimicrobial peptides (AMPs)

Compared to drosophila 14 vs 9 + 11 AMPs

§ By preforming RNA interference knockdown of 4 important genes in
Toll, they found that Toll & AMPs play a major role in fighting
invading pathogens.



American Cockroach: Interesting Facts

§ The American cockroach’s ethanol extract has been developed as a drug

for wound healing and tissue repair in the traditional Chinese medicine.

§ It has the ability to regenerate lost appendages.

§ The specimen provided for the study was inbred for 30 years.

§ A cockroach can live almost a month without food.

§ A cockroach can live for about 2 weeks without water.

§ Some female cockroaches only mate once and stay pregnant for life.

§ A cockroach can live up to 1 week without its head, it dies from

starvation.



American Cockroach: Development

Insulin/insulin like growth factors + 20E (20-hydroxyecdysone)

Major mechanisms that define the final body size by regulating
larval and nymph growth.

§ 20E regulation of molting
§ JH (juvenile hormone) metamorphosis
§ Insulin          growth



American Cockroach: Regeneration

§ Capability of limb regeneration during the nymph stages by systemic

amputation of metathoracic limb.

§ Regeneration and recovery degree depends on the trauma severity indices.

5 podites trochanter 

coxa
The two major podites that regenerate the legs.

§ There are 7 pathways due to gene expansion that may contribute in the
regeneration ability:

Dpp (decapentaplegic) + Mad (mother against dpp) Role in 
regeneration

Dpp pathway is necessary for wound healing and tissue repair.



American Cockroach: Question

Ø What are the factors that mediate the environmental 

adaptation?

1. chemical communication

2. tolerance of chemical and biological factors (toxins & pathogens).



THE ASIAN LONGHORNED BEETLE
(Anoplophora glabripennis)
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Asian Longhorned Beetle: Facts

§ Beetles (order: Cleoptera) accounts for more than 20% of metazoans

(animals with multiple differentiated cells).

§ Longhorned beetles (beetle family: Cerambycidae Latreille) are among

the most diverse xylophagous (wood-feeding) animals.

§ Asian longhorned beetles (ALB) have recently been established as a

model for studies related to xylophagy in beetles.

§ ALB is a globally significant invasive species.



Asian Longhorned Beetle Genome

§ Specimens

Ø DNA was extracted from a single female (homogametic) larva, due

to larvae producing larger DNA fragments than adults.

Ø RNA ,for annotation, was extracted from four larvae.

§ Sequencing strategy

Ø Whole genome shotgun (WGS).

§ Sequencing method

Ø Illumina.



Asian Longhorned Beetle Genome

§ Genome assembly

Ø Via ALLPATHS-LG.

Ø Further scaffolded and gap-filled using Atlas link and Atlas gap-fill.

Ø Size of assembly 710 Mb.

Ø Contig N50 of 16.5 kb and scaffold N50 of 659 Mb.

§ Annotation

Ø Automatic gene annotation using MAKER 2.0.

Ø Both protein and RNA-seq from extant arthropod

gene sets were used to guide gene models.



Asian Longhorned Beetle: Life Cycle



Asian Longhorned Beetle: Plant Cell Wall 
Degradation

§ 86 glycoside hydrolase family genes were 

manually annotated in the A. glabripennis

genome. This is more than is known for any 

other insect.

§ Some of these hydrolases were expressed twice 

as much in larvae feeding on wood of sugar 

maple trees than in those with an artificial diet.

§ This indicates that regulation of the expression 

of these glycoside hydrolases is diet dependent.



Asian Longhorned Beetle: Detoxification

§ Allelochemicals are biochemicals produced by plants that have a physiological 

affect on other organisms.

§ In cases in which parasites attack a plant, these allelochemicals can have 

detrimental effects.

§ The invasiveness of A. glabripennis is aided by genes coding many enzymes that 

detoxify these allelochemicals.

§ Example: Cytochrome P450s encode the most prevalent detoxification enzymes in 

insects. A total of 106 genes predicted to encode CYP450s were manually 

annotated in the A. glabripennis genome



Asian Longhorned Beetle: Interesting Fact

§ ALB is capable of inflicting severe damage on many species of trees. If

uncontrolled, its economic damage in the U.S. alone could reach up to

$889 billion. This is approximately equal to 270 billion Kuwaiti Dinar.



Asian Longhorned Beetle: Question

Ø What are some of the traits that enable ALB to be an efficient

xylophagus invasive species?

1. Enzymes that are capable of degrading plant cell walls.

2. The ability to detoxify plant allelochemicals.



THE HONEYBEE
(Apis mellifera)
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Apis
mellifera

Honey 
Bee 

Common

name

name

Scientific



Honeybee Genome



Honeybee: Facts

§ Native to Middle East, Asia, and Africa.

§ Feed on pollen, nectar, honey, and secretions.

§ A queen lives for 1-2 years, workers live for weeks or months, drones live for 2

months

§ The queen can lay up to 2000 eggs per day.

§ Worker bees do most of the work in the colony.

§ Drones only mate.

§ Communication is based on chemical signals, vibrations, and dancing.

§ Visit about 2 million flowers to make 1 pound of honey.



Honeybee Genome

§ Specimens

Ø Multiple drones derived from a single slightly inbred queen (DH4

strain).

§ Sequencing method

Ø Illumina.

Sequence strategy 

Whole genome 
shotgun BAC clone



Honeybee Genome

§ Genome assembly

Ø Via Atlas assembler.

Ø Expected genome size 236 Mb.

Ø Contig N50 of 41 kb and scaffold N50 of 362 Mb.

Ø GC contents: 31.55%

§ Annotation

Ø Number of genes: 10157.

Ø Number of protein coding: 893.

Ø % of the genome that contains genes: 71% with

domains.



Honeybee: Interesting Fact

§ Exocrine glands in the head of adult worker bees secret royal jelly

which is responsible for the development of a queen bee.



Ø Can female workers help the queen in laying eggs?

No, because they are sterile due to the queen’s secreted chemicals 
called pheromones.

Honeybee: Question



THE CLOUDED SKIPPER
(Lerema accius –Lac-)
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The Clouded Skipper: Facts

§ The clouded skipper, is a butterfly of the family Hesperiidae.

§ Has unique phenotypic traits including fast flight with rapid wing beats.

§ It has Hox genes that are crucial for development.



The Clouded Skipper Genome

§ Specimens

Ø The source of DNA is the wings and abdomen of frozen male (Lac)

specimen.

§ Sequencing strategy

Ø Whole genome shotgun (WGS).

§ Sequencing method

Ø Illumina platform.

Ø Used synthetic adapters to build a library.



The Clouded Skipper Genome

§ Genome assembly

Ø Three methods to assemble the sequence read of (Lac):

• De novo assembly .

• Reference-based assembly.

• Reference- guided assembly.

Ø Genome size is 310 Mb.

Ø Scaffold N50 of 513 Kb.

§ Annotation

Ø They predict the protein coding genes in the Lac to be 17,416.

Ø Number of species specific genes is 4586.

Ø GC content is 15.5%.



The Clouded Skipper: Interesting Fact

§ The Lac genome encodes 56 ORs (Odorant Receptors), that are

particularly important for the feeding and mating behaviors of insects.



Clouded Skipper: Question

Ø Why does the genome of the clouded skipper offer rich data for 

comparative genomics and phylogenetic studies?

Because the Clouded Skipper is the first sequenced genome from the

Hesperiidae family.



THE ANT
(Linepithema humile)
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The Ant: Facts

§ Ants use their two stomachs to share food with other members of the colony.

§ Ants normally range in size from 2 to 7 mm in length.

§ Ants include >14,000 described species, comprising about half of all insect

biomass in the tropics.

§ The sophisticated social structures of ant colonies are regulated by a complex

interplay of chemical signaling, perception of those signals, and behavioral

responses.

§ To clarify the genetic and genomic contributions

to these aspects of ant sociality, genes for the

production of chemical signals (desaturases)

were analyzed.



The Ant: Facts



§ Specimens

Ø The DNA was extracted and purified from a single queen pupa

(Saratoga).

Ø Collected from a residential orchard in Santa Clara Country.

§ Sequencing strategy

Ø Whole genome shotgun (WGS).

§ Sequencing method

Ø 454 and Illumina platform.

The Ant Genome



§ Genome assembly

Ø De novo from whole genome shotgun (WGS).

Ø Via Newbler and CABOG assembler (13).

Ø Genome size is 20,828,920 bp.

Ø Contig N50 of 35,858 bp and scaffold N50 of 1,386,360 bp.

§ Annotation

Ø 83 genes were revealed from cytoplasmic ribosomal protein genes,

including the full set of 79 cytoplasmic ribosomal proteins (16, 17), and 4

duplicated genes (RpS16, RpS23, RpS28, and RpS30).

Ø Annotation of the 67 nuclear-encoded

oxidative phosphorylation genes shows that the

L. humile genome assembly is only missing cox7a.

The Ant Genome



Ø How do ants communicate with each other?

Ø What is the name of the molecules used for this type of communication?

Through chemical signaling.

The Ant: Questions

Desaturases.



Genome Size %GC Sequencing 
Strategy

Sequencing 
Method

American 
Cockroach 3,380 Mb 35.7% WGS Illumina

ALB 710 Mb 32.7% WGS Illumina

Honeybee 236 Mb 31.55% WGS
Bac clone Illumina

Clouded 
Skipper 310 Mb 15.5% WGS Illumina

The Ant 20.8 Mb 38% WGS Illumina

Comparison of Genomic Features


