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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)
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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




"Coloration" or "pigmentation"?




"Structural colors”

~"different layers have

Light reflections from

different path lengths.
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"Chemical” colors...

Pigment-containing layer



"Chemical” colors.... Need structural layers!
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"Coloration" # "pigmentation’

~ “Chemical® colors:
pigments + undertylng:




"Coloration" # "pigmentation”

The Optics of Life

Sonke Johnsen

201
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Genotype-phenotype relationships

(more detail and info here)
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|. Coloration: a great system to study
genotype-phenotype relationships

ll. A case study: clownfish coloration
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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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"l do not hesitate to affirm that some domestic

races of the rock-pigeon differ fully as much

from each other in external characters as do
the most distinct natural genera.”
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Coloration and naturalists' interest... also in plants!

Maize has variedin an extraordinary and conspicuous

manner .. The whole earis variable in shape ... The seeds
are arranged in the earin from 6 to even 20 rows, or are THE
placedirregularly. The seeds are coloured - white, pale-

VARIATION
yellow, orange, red, violet ...

or

ANIMALS AND PLANTS
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Why study coloration?




Why study coloration?

- Aesthetic

- Profitable

- Convenient



Coloration and the History of the comprehension of GP relationship: Mendel
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Seed shape \/
Round Wrinkled
Seed color ‘ )
T Flower position
Yellow Green

Flower color ) a/} Terminal
Gregor Mendel Pod shape / /
(1822-1884) _

"Father of

Stem height
Pod color
modern genetics” / /

Yellow Green Tall Dwarf




Coloration and the History of the comprehension of GP relationship: Mendel

Seed shape

Round Wrinkled

Seed color ] é

Yellow Green
AN
Flower color @\B g] /X)\!

Gregor Mendel Pod shape
(1822-1884)
"Father of

Pod color
modern genetics" /

Yellow Green Tall Dwarf

Flower position

Terminal

Inflated Constricted

Stem height

- Coloration atthe basis of the Mendel's Laws of Inheritance;

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




Coloration and the History of the comprehension of GP relationship: Morgan

1909

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
Thomas Hunt 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-
MORGAN [ S pg— H mbod do aacerlol AL r | N N | - de £ Ao focnbo

(1866-1945)

white gene




Coloration and the History of the comprehension of GP relationship: Morgan

1910

- Coloration at the basis of the
discovery of heredity:
chromosomes carrying
"genes" that allow
inheritance

+ genelic linkage

120 SCIENCE

becoming manifest when conditions favoring
transpiration are marked.” The disease is
therefore not due to the presence of parasitic
organisme, but is what has been rather
loosely called a physiological disorder.

Ix a short paper in the Annales du Jardin
Botanique de Buitenzorg (2d Ser., Supp. 1IL.)
Professor Ramaley enumerates and discusses
the European plants growing without culti-
vation in Colorade. In addition to an an-
notated list of species the author discusses the
region included, and the mode of introduction
and occurrence of the species. Botanists who
have not given attention to these immigrants
will be much surprised at the extent of the
list.

Proressor Samcent continues his studies
of the species of hawthorns in Pennsylvania
in a paper entitled “ Crataegus in Pennsyl-
vania, IL,” published in the Proceedings of
the Academy of Natural Sciences of Phila-
delphia (March, 1910). His first paper on the
Pennsylvania hawthorns appeared about five
years ago, since when much additional mater-
ial has become available for study, resulting
in a thick pamphlet of about one hundred
pages. In this space the author enumerates
and describes 110 species, of which 30 are de-
scribed as new! Think of what the new edi-
tions of the botanical manuals will have to
contain when these new species are added!
We may have to grant the necessity of dis-
tinguishing these forms from onc another in
descriptive botany, but what an amount of
work will have to be done by the taxonomists
of the future in reducing these multitudinous
forms to such categories as will be distin-
guishable by botanists, other than specialists
in the hawthorns!

Cuarnes E. Bessey

Tue UNIvERSITY OF NEBRASKA

SPECTAL ARTICLER
SEX LIMITED INHERITANCE IN DROSOPHILA
Ix a pedigree culture of* Drosophila which
had been running for nearly a year through a
considerable number of generations, a male
appeared with white eyes. The normal flies
have brilliant red cyes.

[N. 8. Vor. XXXII. No.8i12

The white-eyed male, bred to his red-eyed
sisters, produced 1,237 red-eyed offspring,
(F,), and 3 white-eyed males. The occur-
rence of these three white-eyed males (F,)
(due evidently to further sporting) will, in
the present communication, be ignored.

The F, hybrids, inbred, produced:

2,450 red-eyed females,
1,011 red-eyed males,
782 whiteeyed males,

No white-eyed females appeared. The new
character showed itself therefore to be sex
limited in the scnse that it was transmitted
only to the grandsons. But that the character
is not incompatible with femaleness is shown
by the following experiment.

The white-eyed male (mutant) was later
crossed with some of his daughters (F,), and
produced :

129 redeyed females,
132 red-cyed males,

88 white-eyed females,
86 white-cyed males.

The results show that the new character,
white eyes, can be carried over to the females
by a suitable cross, and is in consequence in
this sense not limited to one sex. It will be
noted that the four classes of individuals
occur in approximately equal numbers (25
per cent.).

An Hypothesis to Account for the Results.
~The results just deseribed can be accounted
for by the following hypothesis. Assume that
all of the spermatozoa of the white-eyed male
carry the “factor™ for white eyes“ W”; that
half of the spermatozoa carry a sex factor
“X™ the other half lack it, i. ¢, the male is
heterozygous for sex. Thus the symbol for
the male is “WWX,” and for his two kinds
of spermatozoa WX—W,

Assume that all of the eggs of the red-ayed
female carry the red-eved “factor” R; and
that all of the ege. (after reduction) earry
one X, each, the symbol for the red-eyed
female will Yo therefore RRXX and that for
her eggs will be RX—RX,

When the white-eyed male (sport) is crossed
with his red-eyed sisters, the following com-
binations result:




Coloration and the History of the comprehension of GP relationship

1917

EVIDENCE OF MULTIPLE FACTORS IN MICE
AND RATS

C. C. LITTLE
Harvarp MEDICAL SCHOOL

TaE object of this paper is to record certain data on the
inheritance of two complex charaeters and analyze these
data together with those obtained in certain analogous

ovingrimente he athaow inwvoaotiwatnng MThie 1o Adnna with o

"All indicate thatin mammals the
multiple factor hypothesis is steadily
being strengthened as a scientific theory
(..) of great interest and importance.”

—> Coloration at the basis of the discovery of epistasis




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



Coloration and the History of the comprehension of GP relationship: 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.lmmn, New YoRK
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

c AC = Activator element
w: Ds = pissociator element
i C- g* =wild-type (purple)
' = colorless
Ds cY = colorless (unstable)
c c
{
c+
1 g .
Ds| Ac 1 ﬁ
c c G
ct CU i s
= g 58 o
| Ac Ds' ' \
c LN
i 2 i l“’“““ kA ;.°
o+ R AR
1 . g R SRARGIRL
Dst Ac | . G G o




Coloration and the History of the comprehension of GP relationship: McClintock

Barbara McClintock
(1902-1992)

—> Coloration at the basis of the
discovery of major genome
sequences, transposable
elements ("controlling elements")

Maize variegation

CLASS | - Retroelements

(RNA intermediate) CLASS Il - DNA transposons

Endogenous retrovirus (HIV, HERV) DDE transposons (piggyBac, Mariner, Transib)
P> XN R RH DN » <] >

Ty3/gypsy - BEL transposons Helitrons

- EFEER T RHOIN P RPA REP-HEL JITY]

Tyl/copia retrotransposons Polintons / Mavericks

- EEE N R R P <] Win [ cc R >
DIRS1-like retrotransposons Non-autonomous DNA transposons (MITEs)
< GAG RT  RH ' MT TR » s || > (MADE1)

Non-LTR retrotransposons (L1, L2)
RT Gy REL
Penelope-like retrotransposons

ar 5N

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

Warren, Naville, Chalopin et al. (2015)



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!
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Developmental, cellular and molecular basis of pigmentation in Vertebrates
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Developmental, cellular and molecular basis of pigmentation in Vertebrates
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Developmental, cellular and molecular basis of pigmentation in Vertebrates

ke
_— : Teleost fish * @ '

‘*I Amphibians * @ *257

&P  Mammals X

rll - »' okt 1
Picture: Germain Boussarie



Developmental, cellular and molecular basis of pigmentation in Vertebrates

Cellule 3
iridophore-like

Cyano-
érythrophore

Chromatophore
fluorescent

Erythro-
iridophore



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
WDE chose interessante » chez les Vertebres ?




Colorationis averydiverse trait

A/ \ N 2) Melanosomal components.

\ % 3) Regulation of synthesis of
NC these (amount, eu- or pheo-
melanosomal)

[ L
® |6 [Transferto
keratinocytes,
processing in
these]

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

proliferation and differentiation
(or RPE development)

O
4) Processing and transport 5) Transport of melanosomes
of melanosomal components to dendrite tips

to melanosomes



Colorationis averydiverse trait.. endoded 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



Colorationis averydiverse trait.. endoded 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

Lorinetal. (2018) G3



Changesin"coding sequences"” = changesin coloration: "direct GP relationship"

Example.: gene cx41.8in zebrafish

Cx81.8 | MADNSLLGEFLEEVORNSTSVERINUTI LN NIV ECTANR S SNGOEQEOY TCOTREORGCENVCIOIAY P TANTIENE 60
GJAS | MGOWSFLGNFLEEVHERSTVVRRVNLTVLE L FRALVEGRAAR S SWGDEOADFRCDT IQPGCONVCYDOAFPTSHIRIWVE 00
cons. M DWS LGSFLEEV. HST VGRWALT.LEIFR.LVLGTAAESSWGDEQ DF CDT QPGC.NVCYD.AFPI.HER.NVE

Cx61.8 21 QIVEESTRSLLYNOHANN VR E EX PR X ELODECAQRDGE - - - KY PEDOKNKED - - ECCORRVIEREAILOm ISR 155
GJIAS 81 QIEPVETRSLVYNCHAMNTVENOEK R LEEAERAKEVRGSGS Y EY PVASKARLSCHEEGNGR I ARQOTLENTYVESILIR 160
cons. OI.FVETPSL. YNGHAMN VR .EXR. . . G P .K E G.GR, L.G.LE.TYV SILIR

Cx61.8 156 SUMEVERITIQYLTYCUFLSALYVCKAPPFCPHIVNCY I SHITEREVERVFNEAVAAVSLEIS IVELYHIARKOLRX YVHC 235
GJAS 161 TIMEVCEIVEOYREYCIPLTTLHVCRRSPCPHPVRCYVERY PRENVETVPREAVAACSLEL ELARLPHLOWR Y 1 RORFV~- 239

cons. OBV REL OX 1YG.7L..L VC.  PCPNPVNCY. SRPOEERVIEIVENGAVAL SLLLE. BLONE X . K.

Cx41.8 236 YKASKQRPNTPSTMPALSPNPSTFNRACTPPPOFNQCLYSPPSSPTLOTHSLLEPTCPFPHDRLAHQONSANMVTERERG 31%
GJAS 240 weecas n-noauxco:.scrsvcxvoscrn*mruocmxcrccx-ru ---------- PESNNMASQONTONLVTEQVRC 303
cons. > . JLCTPPPOFNQCL ¥ . PY LA OON. N.VTE. RG

Cx41,8 316 QD~YLGVNFLS~~FSQTPTETPNSCASPSFLGSDFE-DERRFSKSSCGTSSRMRPDDLAY 370
GJIAS 304 QEQTPGEGFIQVRYGQKRP-EVPNGVSPGHERLPHGYHSDNRRLSKAS « «~SXARSDDLSV 338
cons. Q. L s QP EMN . L + DERR SK.S §. R DDL.W

Irion et al. (2014) eLife



But.. The GP relationshipis 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 relationshipis 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



Colorationis sometimes due to regulatory sequences rather than "genes"

1. Cis-regulatory sequences

B _© Sam Borstein

H. sp 'hippo’ H. latifasciatus

P. philander

Santos et al. (2014) Nature Comm.



Colorationis sometimes due to regulatory sequences rather than "genes”

1. Cis-regulatory sequences

2. Non-coding RNAs /Epigenetics

A.m.pseudomajus
RoS'el® SULF"

A.m.striatum
ros® EL® sulf®

ros*EL® SULF”




Why study coloration?

- Profitable

- Aesthetic

- Convenient



Why study coloration?

Coloration is a fa
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Colorationis a fast-evolving trait
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Introduction

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

- a. Colorationinthe History of Science

b. ColorationinVertebrates

- Many celltypes and genes
- Notonly genes
- Fast evolution

© Aleksey Stemmer



Introduction

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

* a. Coloration inthe History of Science

b. Colorationin Vertebrates

ll. A case study: clownfish coloration

a. Clownfish: anew model system

‘ b. Determinism of clownfish coloration

- " © Aleksey SteThe]
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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

=y Phase pélagique
= Recrutement

" : Y o Reproduction
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Pigmentary changes during A. ocellaris post-embryonic development

Stade1

Stade 2

Phase pélagique

Phase larvaire

Stade 3

Stade 4

Stade 5

Stade 6

Stade 7

00
Q" OBSERVATOIRE
OCEANOLOGIQUE
de Banyuls/Mer
1882

Roux et al (in prep.)



Introduction

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

* a. Coloration inthe History of Science

b. Colorationin Vertebrates

ll. A case study: clownfish coloration

a. Clownfish: a new model system

‘ b. Determinism of clownfish coloration
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Cells presentin each bandin A. ocellaris

Pictures: N. Roux



Cells presentin each bandin A. ocellaris

Pictures: N. Roux
Leucophore




Cells presentin each bandin A. ocellaris

- Genetic determinism of white band

—> Identify new candidates of white band




Comparison white vs. orange skin using RNA-Seq




Comparison white vs. orange skin using RNA-Seq
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White skin of A. ocellaris harborsiridophores, notleucophores

Hypodermis N
YPOSRITTIS 4 odlarh

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



RNA-Seq comparison of white vs. orange skin

Log2-fold change
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Salis*, Lorin* et al. (in prep.)



RNA-Seq comparison of white vs. orange skin

Log2-fold change
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86 genes 8o (o]
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o
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10 1000 100 000

Mean of normalized counts (log scale)

Comparable with
zebrafish iridophores

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



10 most DEGs in white skin

Log2-fold change

2 83 genes
0-
Gene log2FC adj. p-value |
fhi2b -5.0 2.5x 107"
2 86 génes ' roshia -4.8 2.6 x 10'106
& : fhi2a -4.1 3.1x10%
gonmb  -3.4 3.3x10%
: apodia -3.6 9.7 x 10°%
o ada2b -2.6 22x10%
Lo alk 21 45x107
9 drd5 27 8.8x 107
gja5a -2.0 52x1071
O, tromi1a -16
e 4 -2.0 51x10 |
T T T -
10 1 000 100 000

Mean of normalized counts (log scale)

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



10 most DEGs in white skin
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10 most DEGs in white skin

Log2-fold change
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Functional validation of new candidate genes using CRISPR-Cas9 in D. rerio
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Functional validation of new candidate genes using CRISPR-Cas9 in D. rerio
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Introduction

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

* a. Coloration inthe History of Science

b. ColorationinVertebrates

ll. A case study: clownfish coloration

a. Clownfish: a new model system

‘ b. Determinism of clownfish coloration

Conclusion
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Evolution of GP relationships
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Structure and putative function of Roshi-a
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Structure and putative function of Roshi-a

Wildtype

Roshi-a is "Long Putative Multifunctional Cytosolic Enzyme"

u Carnitine acetyltransferase I ]  Aspartyl peptidase I:_ HITike — A e ” ]

Domain 1 Domain 2 Domain 3 Domain 4

Carnitine acetyltransferase Aspartyl peptidase HIT-like

Lorin etal. (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 has a patchy distribution within animals
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roshi gene tree does not correspond to species tree

Roshi protein phylogeny

L. oculatus
D. rerio
1 {
] 1
A. mexicanus
o.9g [ I nigroviridis
0.66
L O. niloticus

— P formosa
0.49]
= O. latipes

Species phylogeny

L. oculatus —eemmge

D. rerio << xf"c“ﬂomew.gii
A mexicanus @<
T. nigroviridis < —
O. niloticus « 1
P. formosa * 4
O. latipes -te - B‘Efter?a

Lorin et al. (in prep.)



roshi gene tree does not correspond to species tree

Roshi protein phylogeny Species phylogeny

L. oculatus L. oculatus —eemmge
. X Actinopterygii
—  D. rerio D. rerio << e
1)
— M
L A mexicanus A. mexicanus @<
ods — T nigroviridis T. nigroviridis <@fq —
0.66
| G O. niloticus « |
1 P. formosa
— P.formosa X *
0.49 o Iat.ipes b Bilateria
- 0. latipes : e h/

Metazoa

[ A
Protostomata

e

A

Lorin et al. (in prep.)



roshi gene tree does not correspond to species tree

Roshi protein phylogeny
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Hypothetical scenario for rosh/ evolution
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Roshi (among others) invite to reconsider the supposed monophyly of
vertebrate iridophores
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Roshi a été dupliqué et retenu apres laTs3R
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Roshi-b a ete transfereé a un virus de maniere horizontale

Sequences de Mégalocytivirus...

- Anémies

- Hémorragies

- Exophtalmie

- Gonflementde larate
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1 : Salmo salar -l -5

o0 - Oncorhynchus mykiss et L

o7, ~ Oreochromis niloticus  <{ie -5

- Poecilia formosa e -

- Tetraodon nigroviridis ~ <@fQ =0

Percomo rp h a’ Takifugu rubripes <ot —ﬂ
(100Ma)  roshi-b aqliges —- B

Virus

Kurita and Nakajima (2012) Viruses



Patron évolutif 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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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 Eucaryotes

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 Eucaryotes

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”)

Cryptisme

Assortiment a l'arriére-plan

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)

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

Epidermis

Dermis

T ED e

=TT P N |

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



Pipeline utilisé pour l'analyse des différences d'expression

¢ ~
Whole-individual RNA @O
along seven o - + L] =
developmental stages ( )
- C, . Skin and muscle
v N RNA of adult fish
AN e
i
Paired-end lllumina sequencing
Genome-guided De novo transcriptome
transcriptome assembly assembly

. ﬁ Reference transcriptome
Orange skin RNA White skin RNA
Read
Single-end lllumina mapping Single-end lllumina
sequencing sequencing

Differential expres-
sion analysis

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



La peau blanche a une "identité d'iridophores"

roshia
fhi2a
gpnmb
apodila

si:dkey-30¢15.17
zgc: 110789

prifdc1
tfec
pcdh18
pnpda
tpdd2
slc2a9

Higdon et al. (2013) Plos One
: l " Genes specific to
iridophores in D. rerio

19 fmn2

DEGs in A. ocellaris

DEGs in A. ocellaris
white skin

orange skin

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



La peau blanche a une "identité d'iridophores"

Enrichment plot for iridophore markers - Higdon et al. (2013)

Enrichment score

Higdon et al. (2013) Plos One Ranked
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Salis*, Lorin* et al. (in prep.)



Megalocytivirus (Iridoviridae)

External membrane

Internal membrane
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