Biodiversity Bioinformatics — Case study

Moulting genes across arthropod diversity
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The question: why moulting?

Arthropods represent the richest and most diverse Metazoan
phylum (reported <close to 1 million species);, it
comprehends:

Chelicerata (spiders, scorpion, mites...)
Myriapoda (millipedes, centipedes)
Crustacea &crabs, water fleas, barnacles ... )
Hexapoda (insects and non-insects)

They share a segmented, modular body plan, jointed
appendages and an outer exoskeleton.

The exoskeleton has to be periodically shed, in a process
defined as Moulting (ecdysis), which represents a key event
in all arthropods life cycle.

> Understanding the mechanisms of moulting and the
diversity of moulting patterns is a key to understand
arthropod evolutionary history and success.

https://www.youtube.com/watch?v=COD1cR5hPN8 above: Spider crab (BBC, Blue Planet II)
https://www.youtube.com/watch?v=yj8G17dessg&t=28s bottom: Cicada (tdtangents)
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https://www.youtube.com/watch?v=C0D1cR5hPN8
https://www.youtube.com/watch?v=yj8G17dessg&t=28s
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O utl i n e Public available Data assembly from newly
& data % sequenced genomes
‘ %,: e ~ *
Genomics to investigate changes in moulting gene repertories /
and their functional role ?’&rthropo‘a‘s
genomes .
. . . A
Which genomic resources can be used to study the moulting ;Mm
gene repertories ? N
Is it possible to identify genes coding for moulting pathway l
components across Arthropoda evolution ? bR
OrthoGroup* inference
Which are the evolutionary events occurred in their gene
family histories?
Ancestral state reconstruction and Gene family history dynamics
gene-tree-species-tree reconciliation Gene B
Gene C
OrthoGroup*: set of genes descended from a single gene in the last common ancestor of ZZ:EE
the compared genomes Gene F
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a) Arthropoda Assembly Assessment Catalogue
L3
(https://evofunvm.dcsr.unil.ch/table.html) %,
3
’o&%
Arthropoda
Assembly £
Assessment:
Catalogue . #
Table Plots Downloads Upcoming assemblies Workflow About v.2023-08-01
Centruroides sculpturatus
imulus polyphemus
® Information lﬁ;n:;:oi striatum
Q| search anything L} oY
Date Taxld SubPhylum Order Genus Species
GCA 000001215.4 2014-08-0D1 7227 Hexapoda Diptera Drosophila Drosophila melanogaster
GCA_000001765,3 2018-06-28 46245 Hexapoda Diptera Drosophila Drosophila pseudoobscura
GCA ©00002195.1 2011-01-14 7460 Hexapoda Hymenoptera Apis Apis mellifera
GCA 000002325.2 2012-11-28 7425 Hexapoda Hymenoptera Nasonia Nasonia vitripennis
GCA 000002335.3 2016-03-10 7070 Hexapoda Coleoptera Tribolium Tribolium castaneum

b) Phylogeny from single-copy orthologs (BUSCOphile) )
c) Rooting <

d) Calibration «

> 150 species spanning almost 600 mya evolution
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2) ldentification of «moulting
genes» across arthropods

Orthology delineation (OrtholLoger) and extrapolation of
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65 gene families for downstream analysis: I
Ecdysteroids pathway Sesquiterpenoids pathway l '_ -
I ]
! ¢ é '
Early genes l: Fate genes

Late genes __5  Ecdysis
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* Mostly single-copy genes across all the species
* Multicopy genes in nearly all the species
* Mostly restricted to few species
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ldentification of «moulting genes» across arthropods:
are some lineages more dynamic than others?

Orthology delineation (OrtholLoger) and extrapolation of
65 gene families for downstream analysis:

Sesquiterpenoids pathway

!

Fate genes

Ecdysteroids pathway
[ I
Early genes \l/

Late genes

—> Ecdysis

* Mostly single-copy genes across all the species
* Multicopy genes in nearly all the species
* Mostly restricted to few species

Orthology delineation suggest gene history in
Chelicerata are highly dynamic

Proportion of OG per species
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Number of variating gene families
Expansions

Characterization of family history
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Ancestral count reconstruction of gene copy number

Given orthology data and a species phylogeny, the ancestral gene copy
number in ancestral species is estimated from gene copy number in
extant species (CAFE software)

- It allows quantification of potential gene gains and gene losses in
the framework of the species evolution

1449 total expansions and 1401 total contractions occurred across all

the families
Point big and red = many families expanded and contracted, Point small and blue = no events

Considering size variation from all the families: B

A. Which are the nodes having the most contractions/expansions?

B. Which dynamics do order LCAs show?

C. How many, on average, contractions/expansions do orders have?

D. How many expanding/contracting families are found along the
species evolutionary path?

Which is the contraction/expansion family rate? |
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Characterization of family history

Ancestral count reconstruction of gene copy number

Given orthology data and a species phylogeny, the ancestral gene copy
number in ancestral species is estimated from gene copy number in
extant species

- It allows quantification of potential gene gains and gene losses in
the framework of the species evolution

1449 total expansions and 1401 total contractions occurred across all

the families
Point big and red = many families expanded and contracted, Point small and blue = no events)

D. How many expanding/contracting families are found along the
species evolutionary path?

SubPhylum

Il Chelicerata
[ Crustacea
I Hexapoda

Two main evolutionary trajectories
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Family contactions total count

Ancestral state reconstruction analysis
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3) Characterization of family history

Ancestral count reconstruction of gene copy number

A closer look to individual families:
E93 gene family

*11 total gains and 8 total losses
*Single copy in Hexapoda

*Present beyond Hexapoda

*Lost in sublineages: Sarcoptiformes,

Daphnids, Copepoda

*Duplicated in 5 chelicerate and 5
insect species
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Daphnia pulex

Daphnia galeata
Daphnia sinensis
Daphnia magna
Penasus chinensis
Panasus monodon
Penasus vannamei
Penasus japonicus
Homarus americanus
Procambarus clarkii
Portunus trituberculatus
Chionoecetes opilio
Armadillidium nasatum
Armadillidium wulgare
Hyalella arteca
Trinorchestia longiramus
Pollicipes pollicipes
Amphibalanus ampritrite
Tigriopus czlifornicus
Lepeophtheirus salmanis
Eurylemora affinis
Cyprideis torosa
Notodromas monacha
Darwinula stevenscni
Dermatophagoides farinae

Dermatophagoides pteronyssinus

Sarcoptes scabiei
Blomia tropicalis
Tyrophagus putrescentiae
Oppiella nova

Medicppiz subpectinata
Leptotrombidium  deliense
Dinothrombium tinctorium
Tefranychus urlicae
Halotydeus destructor
Dermacentor silvarum
Dermacentor andersoni
Rhipicephalus sanguineus
Rhipicephalus microplus
Ixodes scapularis

Varroa jacobsoni

\arroa destructor
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Tropilasl, mere
Galendromus occidentalis
Trichonephila clavipes
Trichonephila inaurata
Trichanephila clavata
Mephila pilipes

Araneus ventricosus
Argiope bruennichi
Caerosirs darwini
Caerosiris extrusa
Oedathorax gibbosus
Parasteatoda fepidariorum
Stegodyphus mimosarum
Stegodyphus dumicola
Centruroides sculpturatus
Limulus polyphemus
Nymphan striatum

T Manduca sexia

Bombyx marndar

Dendralimus  kikuchii
Arctia ini

Opesophlesa brumata

1 AmyeloE

Chiln

Danaus plexippus

1 Ancia agests

Zarans cesonia
Papllic polyies
L i

| ghycinivorella
Fluteila xylostela

! Eumeta japerica

Lucilia cuprina
Sarcophaga bullata
Musca comesbca
Glossing fuscipes
Teheopsis dalmanni
Ceratitls capltata
= :

1 Hermetia ilucens

Bradysia
Contarinia nasturtii
a_eldes aegypli

2 Ctanccaphaiidas felis

Anoplophora glabripennis
o

Aethina umida

Tribolium

Coceinefia seplempunciata
1 Onthoph.

taurus

Photinus pyralis

1 Ignalater
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Copidosoma Roridanum

f Trichogramma pretiosum

Ls
Belonocnema kinseyi

demalitor

Venluria canescans
1 Megachile rotundata

Apis florea

Dudoures
Colletes gigas
Ampuilex compeessa

Alta caphalot

Polistes c

Cephus ciclus
Orussus abletinus
Neodiprion lecontei
Pediculus hurmanus
Halyomorpha halys

1 Oncopeltus fasciats

Apeiygus lucomm
Cimex lectuari

Homalodisca vitripannis
L Arfat

Diuraphis noxia
Dakiulusphaira witifodiae
Digphorina cir
Bemizia tabac

wsitalus

1 Thrips palmi
Cryplolermes secundus

Coptotermes formosanus
Zoatermopsis nevadensis

Pariplangta
1 Blatteila germanica

Schisiocerca serialis
SChislocerca americana
Schisiocerca piceifrons

Schistocerca gragaria

1 Ischnura slegans

Ladona fulva
Ephemera danics

1 Clogon dipterum
C

Gene copy number

eincky
Folsomia candids
Allacma fusca
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3) Characterization of family history

Gene-tree-species-tree reconciliation
and results comparison

A. Reconciliation (NOTUNG): 3 total duplications and 20 total losses
B. Ancestral reconstruction: 11 total gains and 8 total losses

— candidate gained copies are fragmented sequences, which are
removed from the alignment and counted as losses (MAFFT-
TrimAl-RAXML)

— Duplications in L. polyphemus, N. striatum and A. planipennis
confirmed

- Ancestral losses Sarcoptiformes, Copepoda and Daphnida
confirmed

THANKS FOR YOUR ATTENTION !
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