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"Coloration" or "pigmentation"?




“Structural colors"

~"different layers have

Light reflections from

different path lengths.
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"Coloration" # "pigmentation'

~ “Chemical® colors:
pigments + undertylng:




"Coloration” # "pigmentation”

The Optics of Life

Sonke Johnsen
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___., Genotype-phenotype relationships

Relationships between
genes and the phenotype,
and their modulation by
the environment
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Genotype-phenotype relationships

(more detail and info here)
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Introduction

|. Coloration: a great system to study
genotype-phenotype relationships

Il. A case study: clownfish coloration
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Introduction

|. Coloration: a great system to study
genotype-phenotype relationships

-~ a. Coloration in the History of Science

b. Coloration in Vertebrates
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Why study coloration?




Why study coloration?

- Aesthetic

- Profitable

- Convenient



Coloration and naturalists' interest

Whitwell Elwin Charles Darwin

“Everybody is interested in pigeons”.
[A book like this would] “be reviewed
in every journal in the kingdom and
soon be on every table.”




Coloration and naturalists' interest
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The right of Translation is reserced.




Coloration and naturalists' interest... also in plants!

Maize has varied in an extraordinary and

PR T
conspicuous manner ... The seeds are coloured
- white, pale-yellow, orange, red, violet ..
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Wallace and "coloration”

Vor. x1.— NOVEMBER, 1877. — No. 11.

THE COLORS OF ANIMALS AND PLANTS.?

BY ALFRED RUSSEL WALLACE.

Alfred R. Wallace (1823-1913)



Wallace and "coloration”

Vor. x1.— NOVEMBER, 1877. — No. 11.

THE COLORS OF ANIMALS AND PLANTS.?

BY ALFRED RUSSEL WALLACE.

Alfred R. Wallace (1823-1913)

1. Protective colors.
Animals. } 2. Warning colors.

3. Sexual colors.

4. Typical colors.
Plants. 5. Attractive colors



Wallace and "coloration”

Vor. x1. — NOVEMBER, 1877. — Nop. 11.

THE COLORS OF ANIMALS AND PLANTS.?

BY ALFRED RUSSEL WALLACE.

Protective colors.

Animals. § 2, Warning colors.

3. Sexual colors.
\4, Typical colors.

v

Intra- or Interspecific
communication colors




Wallace and "coloration”

Wallace on Coloration:
Contemporary Perspective
and Unresolved Insights

Tim Caro'#*

| examine Alfred Russel Wallace's six biological categories of coloration of
animals and plants, and review how they have been developed over the subse-
quent century and a half. These categories are: protective colors; warning
colors; mimicry; sexual colors; ‘typical colours’; and attractive colors in flowers
and fruits. Incredibly, Wallace missed little in his appraisal of the evolutionary
drivers of coloration, despite being out of step with modern sexual selection
theory, and his categories still characterize much of the way that this burgeoning
field is organized. Even now his encyclopedic knowledge of natural history
raises intriguing functional questions about coloration that still demand
investigation.

Cell

Trends

Wallace wrote extensively on animal
and plant coloration and organized
the field into six functional categories
that are still highly relevant.

These categories are crypsis, apose-
matism, mimicry, sexually selected
traits, coloration involved in inter- and
intraspecific signaling, and floral and
fruit colors.

While understanding of coloration in



Coloration and the History of the comprehension of GP relationships




Seed shape { )

/ P

Féoﬁnd Wrinkled

Seed color \) 6
Y(;II;);N Green Flower position

Flower color @@ @/} Axial Terminal

Gregor Mendel purple whie
(1822-1884) / /
n Fa t h e r Of m 0 d e rn Inflated Constricted -
genetics” - o
—> Discovery of “heredity
fa Ct (0] rS” Yellow Green Tall Dwarf

- Coloration at the basis of the Mendel's Laws of Inheritance:

Law of Segregation, Law of Independent Assortment, Law of Dominance




Morgan

Thomas Hunt
MORGAN
(1866-1945)

Lilian MORGAN
(1870-1952)

1909 (Nobel 1933)

AMERICAN BREEDERS' ASSOCIATION, 365

WHAT ARE “FACTORS” IN MENDELIAN EXPLANATIONS?

By Pror. T. H. Morgax.
Columbia University, New York, N. Y.

In the modern interpretation of Mendelism, facts are being trans-
formed into factors at a rapid rate. If one factor will not explain the
facts, then two are invoked; if two prove insufficient, three will some-
times work out. The superior jugglery sometimes necessary to account
for the results may blind us, if taken too naively, to the common-place
that the results are often so excellently “ explained” because the explana-

IS p— mbod be ceenlol N r 1.\ | — Ao £ Al Fonbo

white gene




McClintock

Barbara McClintock
(1902-1992)

THE ORIGIN AND BEHAVIOR OF MUTABLE LOCI IN MAIZE
By BarBara McCLINTOCK
DEPARTMENT oF GENETICS, CARNEGIE INsTITUTION, COLD SPRING H.a.ln_Bon, New YorRx
Communicated April 8, 1950

In the course of an experiment designed to reveal the genic composition
of the short arm of chromosome 9, a phenomenon of rare occurrence (or
recognition) in maize began to appear with remarkably high frequencies
in the cultures. The terms mutable genes, unstable genes, variegation,

@)

(b)

Maize variegation

¢ AC = Activator element
¥ Ds = pissociator element
1 C- ¢t =wild-type (purple)
Ds ' c y = colorless
€™ =colorless (unstable)
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McClintock

Maize variegation

Barbara McClintock CLASS | - Retroelements CLASS Il - DNA t
o 2 - ransposons
(RNA intermediate)
(]902- ]992) Endogenous retrovirus (HIV, HERV) DDE transposons (piggyBac, Mariner, Transib)

> EEERE e B <] T >
Ty3/gypsy - BEL transposons Helitrons
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Tyl/copia retrotransposons Polintons / Mavericks
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9 C o lo rat I o n at t h e b a S I S Of t h e DIRS1-like retrotransposons Non-autonomous DNA transposons (MITEs)

dISCOVGI'y Of major genome ™A v rRH M TR P <> (MADE1)
Non-LTR retrotransposons (L1, L2)

sequences, transposable -
elements ("controlling elements”) | g™

Non-autonomous retrotransposons (SINEs)
= (Alu, B2, B4)

Warren, Naville, Chalopin et al. (2015)



Coloration and the History of genetics: a summary (in Vertebrates only)

Table 1 Timeline of some milestones and fundamental discoveries using pigmentation phenotypes

Date Milestone Representative reference

1700s Establishment of laboratory mouse strains with ‘fancy” coat Morse (1978)
color patterns

1902-1904 Demonstration of Mendelian inheritance in vertebrates using Castle and Allen (1903), Cuenot (1904)
the albino locus

1915 Establishment of genetic linkage in mammals using two Haldane et al (1915)
pigmentation loci

1917 Seminal papers on coat color genetics in laboratory animals Wright (1917a, b, c,d)

1920s Natural history studies linking vertebrate pigmentation to Sumner (1921, 1929a, b), Benson (1933), Dice and
environmental variation Blossom (1937)

1948 First mathematical treatment of clinal variation based on Haldane (1948)
adaptive pigmentation traits

1950s First estimate of radiation-induced mammalian mutation rates Russell (1951), Russell and Major (1957)
at six coat color loci

1960s Estimates of spontaneous mammalian mutation rates using Schlager and Dickie (1966, 1969)
coat color phenotypes

1986 Cloning of the first pigmentation gene Shibahara et al (1986)

2000s Linking mutations in pigmentation genes to adaptive

phenotypic variation in the wild

Hoekstra (2006) Genetics, development and evolution of adaptive pigmentation in vertebrates



Introduction

|. Coloration: a great system to study
genotype-phenotype relationships

B a. Coloration in the History of Science

b. Coloration in Vertebrates
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Pigment cells in vertebrates originate from the neural crest

Trunk

Cranial

\::(: Pigment cells

==

Sensory neurons and glia
§

Neurons and glia
of cranial ganglia

A~ —

c[agge and (tg
0%

Connective tissue Sympatho-adrenal cells

Ventral

@MMET Les cellules des crétes neurales : « la seule
WUE chose intéressante » chez les Vertébres ?

Thibault Lorin
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Developmental, cellular and molecular basis of pigmentation in Vertebrates

ot
e Teleost fish ) EQ % Melanocytes (eu-

or pheo-melanin)

- J\;r Amphibians X O @ I(;i::iizges

Xanthophores/
. \\ Lepidosaurians ,‘Kv Y %c% erythrophores

(pteridins,

&P  Mammals % carotenoids)



Developmental, cellular and molecular basis of pigmentation in Vertebrates

%3*5 Leucophore

Cellule N\
iridophore-like §

Cyano-
érythrophore

Chromatophore
fluorescent

Sbe
_ ";T:s:ﬁsh X o '

w Amphibians * ® *2%
— ( Birds x




Coloration is a very diverse trait..

< V> 2) Melanosomal components.
-

\ “ 3) Regulation of synthesis of
NG these (amount, eu- or pheo-
melanosomal)

[ )
* 6) [Transfer to
keratinocytes,
processing in
these]

1) Development: neural crest
(NC) emergence, melanoblast
determination, migration,

proliferation and differentiation
(or RPE development)

O
2D |
4) Processing and transport 5) Transport of melanosomes
of melanosomal components

to dendrite tips
to melanosomes

Melanosomes



Coloration is a very diverse trait.. encoded by a plethora of genes

Table 1. Summary of the cloned mouse color genes

Symbol (old symbol) MName (old name)
{a) Melanocyte development
Adam 7

Adarmiz 20 (b}

Breal

Eda (Ta)

Ednd (15}
Ednrb (5)

Egir (Dsk5)
Fgfr2

Fribleg

Kir (W)

kil (8l
Kre2-17 ( Dsk2)
Lwxla (dr)

Mealnd { Fa)
Miy (mi}

Paxd (5p)

Sfxnl ()

Snail

SoxI0 ( Down)
Soxif (rg, Decl)

Watl
Watla

A disimegrin and metalloprotease domain 17
A disintegrin and metalloprotease domain
(reprolysin type) with thrombospondin
tvpe 1 motif, 20 (belsed)
Breast cancer 1

Ectodysplasin-A (tabby)
Endothelin 3 (lethal spotting)
Endothelin receptor type B (piebald spotting)
Epidermal growth factor recepror (dark skin 5)
Fibroblas: growth factor recepior 2
Inhibitor of ¥B kinase, y subunit (NEMO)
Kit oncopene (white spotting)
Kit ligand {sreel)
Keratin 2-17 (dark skin 2)
LIM homeobox transcription
factor 12 {dreber)
Musolipss 3 (varitnt-waddles)
Microphthalmis-associated transcription
factor (microphthalmin)
Paired box gene 3 (splotch)
Sideroflexin 1 (Bexed 1ail)
Snail homeolog 2/Slug
SRY-box containing gene 10 {dominant megacolon)
SRY-box contnining pene 18
(ragged, dark coat color 1)
‘Wingless-related MMTVY integration site 1
Wingless-related MMTV integration site 34

() Components of melanosomes and their precursors

Der (5le)

Matp (uw)
Rab3¥ {chi)
i (i)

Tyr (el
Tyrpl ()

Dopachrome tautamerase (alt)
Glyeoprotein (tranimembrang) NMB

Membrane-associated transporier proiein (underwhite)

RABE, member RAS oncopene family (chocolate).
Silver (silver)

Tyrosinase (color, albing)

Tyrosinase-related protein 1 (brown)

{c) Melanosome construction 'protein routing (HP5-related)

Apibl (pe)
Apdd {mh)

Fpsida (B
oo (ema)
Hpsl (epl
Hpsd (eoa)
Hpsd (le)
Hpsd (rud)
Hpsf (ru)
Lyar (bgl

Adaptor-related protein complex AP-3,
B 1 subunit {peasl)
Adeptor-related protein complex AP-3,
& subunit {mocha)
Vacuolar protein sorting 33a (buff)
Cappuccing
Hermansky-Pudlak syndrome | homolog (pale ear)
Hermansky-Pudlak syndrome 3 homolog (cocoa)
Hermansky—Pudlak syndrome 4 homolog (light ear)

Hermansky-Pudlek syndrome § homolog (ruby-eve 2)

Hermansky-Pudlek syndrome § homolog (ruby-eye)
Lysosomal trafficking regulator (beige)

Chromcsome

12
15

11

X
2
14
11
7
X
5
10
15
1

3
1]

1
13
16
15
2

15
11

10

e R R PR
w

[T

Function

Protease, processing various hioactive proteins

Metalloprotease, Melanoblast migration?

Development of various organs;

tumor SUppressor
Sweat gland, tooth and hair morphogenesis
Growth and differentiation factor
Growth factor receptor
Growth [actor receptor
Growth factor
IxB kinase. Required for MFuB signaling
Growth lactor receptor
Growth and differentiation factor
Cytoskeleton
Transcription factor

Cation chasnel
Tranicription factor

Transcriprion factor
Tricarboxylate carrier
Transcription [uctor
Transcription factor
Transcription factor

Growth factor’'morphogen
Growth factor/morphogen

Melanosomal enzyme

Apparent melanosomal component
Apparent transporter

Targeting of Tyrpl

Melanosome matrix

Melanosomal enzyme
Melanosomal protein

Organellar protein reuting
Organellar protein routing

Organellar protein reuting
Organelle biogenesis
Organelle biogenesis and size
Organelle biogenesis
Organelle biogenesis and size
Organelle biogenesis
Organelle biogenesis
Organelle biogenesis and size

Bennett and Lamoreux (2003) Pigment Cell Res.

Human symbol Human chr'some Syndrome

ADAMI?
ADAMTE20

BRCAL

EDI
EDNJ
EDNRE
EGFR
FGFR2
IKBEG
Kir
KITLG
KRTIA
LMXIA

MCOLNZ
MITF

PAX3

S5FXNI
SNAR
Saxio
SO0xi8

WNT]
WNTIA

oer
GPNME
MATFP
RAB3E
SiLv
TYR
TYRP!

APIBI [HPS2)
APIDI

FP5354
CNO
HFPS5]
HP53
HP54
HPSS
HPS5
LYST

Ipls
12912

17921

Xgl2-qi3
20q13
13g22
Tpl23
10q26
Xglf
4gq11-gl2
12922
12q11-q13
1q22-23

1p22.3
pla-14

2q38
5g35.3
8411
23g13.1
20q13.33

12g13
1g42

13g31-g32
Tpls

ip

1114
12g13-q14
11q21
Sp23

1315
19pl3.3

12424.31
4ple-pls
10q24
Jg24
12q11-q12
11pl4
10q24.31
lg42

N
N

BC

EDA/HED

HDy, W3S

HD, WSS

N

Cr5, Pi5

IP, HED-ID, EDA-ID
P8

N
1BS
N

N
Wil

W51, W53
N

W52
WES
N

N
N

N
™
DCAS
N
N
OCAl
DCA3

HPS
HPS

HPS
HPS
CHS



Coloration is a very diverse trait.. encoded by a plethora of genes

Differentiation of neural

crest-derived pigment cells
198 genes

Pigment cell specification

(Iridophore-like}”

"'"‘{Cyano-erythrophoresga ‘

* [_Melanocytes |  Iridophores_ Xanthophores/ (Leucophores @
1 Erythrophores
@ Melanophore S | *
devel t i
eve |opmen Me|anogen95IS@ Xanthophore@

regulation development

I | | " .
Components Of Melanosome Melanosome FREn STess

melanosomes biogenesis transport

Lorin et al. (2018) G3



Changes in "coding sequences" = changes in coloration: "direct GP relationship"

gene cx41.8 in zebrafish

Cx§1.8 | MADNSLLGEFLEXVOENSTSVERVNUTILNEFRILVEGTAAR S SNGOEQEDY TCOTREOPGCENVCEORAr P TANIIIWE 80
GJAS | MGONSFLGNPLEEVHERSTVVGRVNLTVLEIFRELVEGTAAR S SWGDEQADFRCDT IQPGCONVCYDOAPPTSHIRINVE 00
cons. M DWS LGNFLEEV. HST VGRVALT.LPIFR.INLGTAAESSWGDEQ DF CDT QPGC.KVCYD.AFPI.HERWNVE

Cx61.8 21 QIVFESTSLYNOHANN VRN X PR ELODECAQRDGE- - - XY PEDDKNKED - ~ ECCCRN VIEREAILORITRaRuIR 155
GIAS 81 QIIPVETPSLVYNCHAMNTVEMOEX R LEKEAERAKEVRGSGS Y EY PVASKARLSCWEEGNGR I ARQGTLENTYVOSILIR 160

cons, OI.FVSTPSL. YNGHAMN VR .EXR. s G Y .K E G.GR. BG.LE.TYV SILIR
Cx41.8 156 SUMEVERIEIQYETYCVYLSALYVCRKAPRCPHIVECY I SHIPEREVEIVENEAVAAVELELS IVELYHIARKOLRX YVHC 235
GJIAS 161 m‘ml"ilVLT?UWC!hSKPHvaV:IM!MMWKlmr\'- 239
cons. TOMEV. PEL O IYG.7L..L VC. PCPNPVNCY . SRPTEERVEIVENGAVALSLLLE, BLYNL WE. . K.

Cx41.8 236 YEASKQRPNTPSTMPALSPNPSTFNRACTPPPOFRQCLYSPPSSPTLOTHSLLAPTCPPPHDRLAHQONSANMVTERERG 3195
GIAS 240 ~ccaea xrnoar.ucoucpsw.xvoscrn-nnocuxcrccx-n ---------- PPSNNMASQONTONLVTEQURC 303
cons. » a LCTPPPOFNQCL ¢ . PY LA OOM. N.VTE. RG

Cx41.8 316 QD~YLGVNFLS~~FSQTPTETPNSCASPSFLGSDFE-DERRFSKSSCTSSRMRPDDLAY 370
GJIAS 304 QEQTPGEGFIQVRYGQKP-EVPNGVSFGERLPHGYHSDXRRLSKAS «~«SXARSDDLSV 338
cons. Q. G .F., QP EMW . L + DEKRR SK.S S. R DDL.V

Irion et al. (2014) eLife



But.. The GP relationship is more complex than "one gene / one trait"

- One gene / MULTIPLE traits: Pleiotropy of "color genes"

Expression primarily in pituitary gland, secondarily in central
POMC gene nervous system, reproductive and gastrointestinal tracts, spleen
and immune cells, thyroid, adrenal glands, pancreas and skin

MC1-receptor

Melanocortins ~ A A
(ACTH, a-msH, (@ » « @ ¢
B-MSH) UUU
\ Expression in skin, adipose

tissue, reproductive tract, heart,
kidney, liver, muscle, gonads

Yellow-reddish
pheomelanic
pigments

Black eumelanic
pigments

Four other
melanocortin
receptors

TRENDS in Ecology & Evolution



But.. The GP relationship is more complex than "one gene / one trait"

- One gene / MULTIPLE traits: Pleiotropy of "color genes"

- MULTIPLE genes / one trait

Expression primarily in pituitary gland, secondarily in central
POMC gene nervous system, reproductive and gastrointestinal tracts, spleen
and immune cells, thyroid, adrenal glands, pancreas and skin

MC1-receptor

Melanocortins ~ A A
(ACTH, a-MsH, (@) » « @ v
B-MSH) UUU
\ Expression in skin, adipose

tissue, reproductive tract, heart,
kidney, liver, muscle, gonads

Yellow-reddish
pheomelanic
pigments

Black eumelanic
pigments

Four other
melanocortin
receptors

TRENDS in Ecology & Evolution



Coloration is sometimes due to regulatory sequences rather than "genes”

1. Cis-regulatory sequences

B _© Sam Borstein

Cichlid fish

H. sp 'hippo’ H. latifasciatus

P. philander

Santos et al. (2014) Nature Comm.



Coloration is sometimes due to regulatory sequences rather than "genes”

1. Cis-regulatory sequences

2. Non-coding RNAs

A.m.pseudomajus
ROS'el” SULF"

A.m.striatum
ros® EL® sulf®

ros*EL® SULF”




Coloration is sometimes due to regulatory sequences rather than "genes”

1. Cis-regulatory sequences
2. Non-coding RNAs

3. Epigenetics

"Yellow mice are hypomethylated at the
transposable element upstream of the Agouti
gene allowing maximal ectopic expression”

Yellow Slightly Mottled  Heavily Pseudo-
Mottled Mottled agouti



Why study coloration?

- Profitable

- Aesthetic

- Convenient



Why study coloration?

Coloration is a fa

lving tra




Coloration is a fast-evolving trait

Danio choprae™

Dank:llm;t?'

©  2-15 species v wiwior
o 16-60 species
© >200species

Paretroplus (Madagascar) ~
Etroplus (india)
it
Hemichromini
r: Pelmatochromini

mocmomm.
Sleatocmnus
Tilapia zifi
Bathybatini
Trematocarini
Eretmodini
Lamprologini: N. br
Limnochromini
Cyprichromini
Perrisodini 4
Ectodini
Astatoreochromis
Paloolake Makgadikgadi
rophein (Lake Tanganyica)
uke Malawi: M. 2007
Aslalomap«a flavijosephi
Riverine East African Astatotilapia
Lake Victoria: P. nyerere,
Lake Albert/Edward
Lake Kivu
T
50

T T
75 50 25
Divergence time (millions of years)

eyifuebue) aye

&
3
o

od

" Danio erythromicron

} Danio margaritatus

Lake Victoria (~500 species)

a b« c E
£ - Pundamilia nyererei l!

< o

Lake Tanganyika (~250 species)

o

f - Neolamprol

brichardi /‘

Lake Malawi (~500 species)
a c

i<

{9870

galanlhus

RV 5 A4

1958888

TILET,
8566000
TIIIY

Gautier et al. (2018) Current Biol.

Nicaragua
B aarica

H.pachinus  H.cydno H.cydno
alithea alithea

Rivers

Astatotilapia burtoni Oreochromis niloticus

plesseni H et
by
O O .
H.erato Herato  Herato  Herato
microclea  notabilis latvitta  amatireda

o’ e P =

H. hewitsoni  H. sapho H. eleuchia
candidus eleuchia




— Amphiprioninae

M LA

> » >» » » >» » >»>» >»>» >»>» > b b - b

Mlocene

15

Adapted from Litsios ef al. (2012), Litsios, Pearman et al. (2014) and Litsios and Salamin (2014)
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Introduction

|. Coloration: a great system to study
genotype-phenotype relationships

- a. Coloration in the History of Science

b. Coloration in Vertebrates

- Many cell types and genes
- Not only genes
- Fast evolution

© Aleksey Stemmer



Introduction

|. Coloration: a great system to study
genotype-phenotype relationships

* a. Coloration in the History of Science

b. Coloration in Vertebrates

Il. A case study: clownfish coloration
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‘ b. Determinism of clownfish coloration
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Why a new model system ?




Ecology and evolution of clownfish Amphiprion ocellaris
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Lifecycle of clownfish A. ocellaris
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Pigmentary changes during A. ocellaris post-embryonic development
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Cells present in each band in A. ocellaris

Pictures: N. Roux



Cells present in each band in A. ocellaris

Pictures: N. Roux
Leucophore




Cells present in each band in A. ocellaris

- Genetic determinism of white band

—> ldentify new candidate genes for white band development




Comparison white vs. orange skin using RNA-Seq




White skin of A. ocellaris harbors iridophores, not leucophores

Hypodermis N
YPOSRITTIS 4 odlarh

Salis*, Lorin* et al (2019)



RNA-Seq comparison of white vs. orange skin

Log2-fold change

%Q%"
86 genes 8o o

I 1 1 >
10 1000 100 000
Mean of normalized counts (log scale)

Salis*, Lorin* et al. (2019)



RNA-Seq comparison of white vs. orange skin

Log2-fold change
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86 genes 8o o
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Mean of normalized counts (log scale)

Comparable with
zebrafish iridophores

Salis*, Lorin* et al. (2019)



10 most DEGs in white skin

Log2-fold change
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Salis*, Lorin* et al. (2019)
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10 most DEGs in white skin

Log2-fold change
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Functional validation using CRISPR-Cas9 in D. rerio
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Functional validation using CRISPR-Cas9 in D. rerio

Log2-fol¢

f Gene log2FC adj. p-value*
fhi2b 5.0 25x 107
oshia  -48  26x107
-4.1 3.1x10
-3.4 3.3 % 105
-3.6 9.7 x10°
2.6 22x10
2.1 45x10°"
-22 88x10"
-2.0 52x10
tpmla 20 51x107¢
T T T Lt
10 1 000 100 000
Mean of normalized counts (log scale)
&
Iridophore
number -
*kk !
A | ek h 1
1

25 =

—
s

roshia & <j\ : i
H EN
| I Nt

(@)}
| -t

%
0
%
0”’6
(o)

fhi2a/b

Salis*, Lorin* et al. (2019)



Introduction

|. Coloration: a great system to study
genotype-phenotype relationships

* a. Coloration in the History of Science

b. Coloration in Vertebrates

ll. A case study: clownfish coloration

a. Clownfish: a new model system

‘ b. Determinism of clownfish coloration

Conclusion
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Structure and putative function of Roshi-a
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roshia
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Lorin et al (in prep.)



Structure and putative function of Roshi-a

Wildtype

roshia

h Ca.rnmne acetylltransferase I ] Aspartyl peptidase l:_-_H-I_f_h-L:e-_:> P j
Domain 1 Domain 2 Domain 3 Domain 4
Carnitine Aspartyl peptidase HIT-like
acetyltransferase

Lorin et al (in prep.)



Structure and putative function of Roshi-a

Wildtype

Roshi-a is a "Long Putative Multifunctional Cytosolic Enzyme"”

roshia

h Ca.rnmne acetylltransferase I ] Aspartyl peptidase l:_-_H-I_T-_h-l:g_‘_. RH j
Domain 1 Domain 2 Domain 3 Domain 4
Carnitine Aspartyl peptidase HIT-like
acetyltransferase

Lorin et al (in prep.)



Roshi has a patchy distribution within animals

—w——e L. oculatus B

gy Gkt Y

.-‘b Teleostei B Q

-—e  a%<

w L

Sarcopterygii

V e

Vertebrata

4 Cartilaginous fish

—=aa- Cyclostomata
‘ Urochordata

i 2 o .. Cephalochordata
[ ———— * Echinodermata
‘;G Hemichordata

s Arthropoda
5 Nematoda

6 Annelida

HEEE M Mollusca

— X Cnidaria
@D rorifera

‘ Ctenophora
j Choanoflagellata

Lorin et al. (in prep.)



Roshi has a patchy distribution within animals
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Roshi has a patchy distribution within animals
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roshi gene tree does not correspond to species tree

Roshi protein phylogeny
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Lorin et al. (in prep.)



roshi gene tree does not correspond to species tree

Roshi protein phylogeny
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roshi gene tree does not correspond to species tree

Roshi protein phylogeny
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Hypothetical scenario for roshs evolution

Roshi acquisition in a fungal
or in an animal ancestor

= 400 Ma
Brachiopod _ S _ Acarian
ancestor Ray-finned corpion ancestor

fish ancestor ancestor

~ 100 Ma ~ 100 Ma

Iridoviruses Hydra
ancestor



Iridophore evolution: monophyly within vertebrates?
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Iridophore evolution: monophyly within vertebrates?
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"Chemical" colors...

Pigment-containing layer



"Chemical” colors.... Need structural layers!
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Developmental, cellular and molecular basis of pigmentation in

Vertebrates
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Roshi a été dupliqué et retenu apres la Ts3R
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Roshi-b a éteé transfére a un virus de maniere horizontale

Séquences de Mégalocytivirus...

- Anémies

- Hémorragies

- Exophtalmie

- Gonflement de la rate
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Patron evolutif suggérant une transmission horizontale du
gene

Transfert :

- de "qui" vers "qui" ?
- "quand" ?

- "comment" ?




Estimation des ages de transfert de rosh/ chez les Animaux
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Estimation des ages de transfert de rosh/ chez les Animaux
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More recently.. "Color” is still a first-considered trait

Nature cover (1981)

Among all possible mutants used to describe the
emergence of a new model system, guess which
one was used?

Golden.. a pigmentary mutant!



More recently.. "Color” is still a first-considered trait
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emergence of a new model system, guess which
one was used?

Golden.. a pigmentary mutant!



Distribution de roshi chez les Eumycetes
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Quels sont les modes de transfert envisagés pour roshi ?

1. Les HGT sont moins fréquents mais tout de méme possibles chez les
Eucaryetes

2. Les HGT "inter-Animaux” sont rares

3. Les mécanismes de transfert reposent probablement sur des vecteurs viraux

Waddington et al. (2015)
a. Roshi-b transfere horizontalement a des Iridovirus Biol. Letters

v
" b. Roshi présent chez des Acariens
" c. Ecologie compatible (aquatique)



Quels sont les modes de transfert envisagés pour roshi ?

1. Les HGT sont moins fréquents mais tout de méme possibles chez les
Eucaryetes

2. Les HGT "inter-Animaux” sont rares

3. Les mécanismes de transfert reposent probablement sur des vecteurs viraux

4. Au sein des Champignons, les transferts horizontaux sont possibles



La peau blanche a une "identité d'iridophores"”

) o

‘Genes specific to
iridophores in D. rerio

Higdon et al. (2013) Plos One
237

DEGs in A. ocellaris DEGs in A. nc!aﬂarfs]
white skin orange skin

Salis*, Lorin* et al. (in prep.)



La peau blanche a une "identité d'iridophores"”

>

enes specific to Higdon et al. (2013) Plos One
iridophores in D. rerio

DEGs in A. ocellaris DEGs in A. ocellaris
white skin orange skin

Salis*, Lorin* et al. (in prep.)



Roshi et d'autres genes invitent a envisager l'évolution des
iridophores chez les Vertébrés sous un nouvel angle
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Wallace et la "coloration animale”

Une classification revisitée sur l'exemple des poissons coralliens

CAMOUFLAGE
("Protective colors”)

Spécialisé

Hippocampus bargibenti
(Randall et al. 2005)

Countershading

Chaetodon lunula
(Hamilton et al. 1971)

Coloration trompeuse

Dascyllus aruanus
(Phillips et al. 2017)

Transparence

2

Larve d'Acanthurus triostegus
(Holzer, Besson et al. 2017)

Cryptisme
Assortiment a l'arriére-plan

Généraliste

Antennarius commerson
(Randall et al. 2005)

Mascarade

Juvénile de Platax orbicularis
(Randall et al. 2005)

COULEURS SEXUELLES
("Sexual colors")

Dimorphisme sexuel

Femelle (en haut) et méle (en
bas) de Poisson-perroquet

COULEURS D'AVERTISSEMENT
("Warning colors”)

Organismes naturellement
protégés

Aposématisme

Pterois volitans
(Nelsen et al. 2014)

Mimétisme mullérien

Meiacanthus
atrodorsalis

Plagiotermus
laudandus
(Randall et al. 2005)

Organismes non-protégés

Mimétisme batésien

Meiacanthus nigrolineatus (peu
comestible, a gauche) et
Ecsenius gravieri (inoffensif)
(Randall et al. 2005)

COULEURS DE COMMUNICATION
INTRA- OU INTERSPECIFIQUE
("Typical colors®)

Communication intraspécifique
(hors sélection sexuelle)

Compétition intrasexuelle

Chaetodon lunula
(Hamilton et al. 1971)

Signaux de regroupement

Myripristis murdjan
(McRobert et al. 1998)

Communication
interspécifique

Confusion de prédateurs

Halichoeres brownfieldi
(Lénnstedt et al. 2013)



Les cellules pigmentaires proviennent de la créte neurale
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Peau orange en microscopie
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Pipeline utilisé pour l'analyse des difféerences d'expression
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La peau blanche a une "identité d'iridophores"”

Higdon et al. (2013) Plos One
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La peau blanche a une "identité d'iridophores"”

Enrichment plot for iridophore markers - Higdon et al. (2013)
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Megalocytivirus (Iridoviridae)
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Internal membrane
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