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Abstract

The agouti gene encodes agouti signalling protein (ASIP) Whiegulates pheomelanin and
eumelanin synthesis in mammals. To investigaterdleeof agouti in coat color variation of
alpaca, we characterised thgoutigene on 27 black and 12 brown alpaca. The exorstsho
three loss-of-function recessive mutations: g.3836(03.3896G>A and g.3866_3923del57,
involved in eumelanin synthesis. The deletion at position p.C109-Rdell19 eliminates the
two beta sheets and the R-F-F- motif from the adgouactional domain, which are essential
against alfa-MSH. Therefore, the deleted alleleeapp to lose function. The other ANPs
observed at the amino acid position 98 and 118giéme conserved R to C and the R-F-F-
motif into H-F-F-. The R-F-F- motif is importantrfédunctioning at MCRs; the disruption of
this motif may result in a non functional agoutdf@in since the alteration of residues in and
around R-F-F- causes a decrease in agouti prathibiiion of alfa-MSH binding to MCRs
during signal transduction. The three mutations rarelomly distributed among the black
alpaca. In our sample, we observed two genotyge3336C>T/g.3896G>A (10 animals) and
0.3836C>T/g.3866_3923del57 (17 animals). Amongbtimevn alpaca, 2 are homozygous for
the wild allele, 12 are heterozygous for g.3896Gmétation, carriers for black phenotype.

Resumen : Gen Agouti en alpacas negra y marron

El gen agouti codifica la proteina sefialarizadora (ASIP) que legla sintesis de la
feomelanina y la eumelanina en mamiferos. Parasiigae el rol deagouti en la variacion
del color de capa en alpaca, caracterizamos ehgeuti en 27 alpacas negras y 12 alpacas
marrones. El exon 4 presenta tres mutaciones vasegue provocan pérdida de funcion :
g.3836C>T, g.3896G>A y ¢g.3866 _3923del57, involuagdn la sintesis de eumelanina. La
delecidn en la posicion C109-Rdell19 elimina @daminas y el motivo estructural R-F-F-
del dominio funcional del agouti, que son esensifilente al alfa-MSH. Por lo tanto el alelo
gue porta la delecion manifesta la pérdida deifumd.os ANPs observados en la posicion
de los aminoacidos 98 y 118 cambian la region ggada R a C y los motivos estructurales
R-F-F en H-F-F-. La estructura supersecundariafR-€s importante para el funcionamiento
del MCRs; la disrupcion de ese motivo estructpradde resultar en una proteina agouti no
funcional ya que la alteracion de residuos alredgden R-F-F- causa una disminucién en la
inhibiciébn de la proteina aguti en el sitio de m@fa-MS a MCR durante la sefal de
transduccion. Las tres mutaciones en alpacas neggadistribuyen al azar . En nuestra
muestra, observamos dos genotipos: ¢.3836C>T/g@886 (10 individuos) vy
0.3836C>T/g.3866_3923del57 (17 individuos). Ents lalpacas marrones, 2 son
homocigotas para el alelo silvestre, 12 son heigotas para la mutacion g.3896G> A,
portadores del fenotipo negro.
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Introduction

There are two major types of melanin pigment preduby mammalian pigmented cells:
black/brown eumelanin or red/yellow pheomelaninttB@quire the enzymatic oxidation of
tyrosine to form dopaquinone. During pheomelanintisgsis, dopaquinone is produced at
relatively low levels and becomes incorporated istdfhydryl derivates. In contrast,
eumelanin synthesis is associated with a highaltlpaquinone production and subsequent
enzymatic oxidation into indole derivates. Studiased on coat color mutations in mice have
identified several genes that regulate whether moeltes produce pheomelanin or
eumelanin (Montoliu et al., 2011).

A focal point for pigment type switching is the Mabcortin 1 receptor (Mclr), formerly
known as Extention, which encodes a seven-transmarallomain receptor expressed by
hair follicle melanocytes; gain-of-function Mclr tations cause exclusive production of
eumelanin, whereas loss-of-function mutations camsdusive production of pheomelanin.
The Agouti gene encodes the ligand for the Mclr mnd paracrine signalling molecule
secreted by mesenchymal cells in dermal papillg@ufi protein inhibits Mc1r function such
that gain-of-function Agouti mutations cause exilagoroduction of pheomelanin, whereas
loss-of-function mutations cause exclusive produrctiof eumelanin. Other additional
molecules are required for Agouti inhibition of McflLinction, like Attractin (Atrn), which
acts as an accessory receptor for Agouti proteinyilahoganoid (Mgrnl), an intracellular
protein with E3 ubiquitin ligase activity (Montolicet al., 2011).

A preliminary characterization of full lengémgouti transcripts (i.e. including 5 and 3'UTRs
beside the coding region) from skin biopsies ofthmadloured population of Peruvian alpaca
(Bathrachalam et al., 2010; Bathrachalam et all1120and on exclusively the coding
sequences of the same gene from genomic DNA isbfadben blood samples of Australian
alpaca population have been recently realised yFetehl., 2011). Genomic locus structure,
transcripts and causative mutations of the gendiaa#ly defined by Bathrachalam et al.,
2013.

In this study, we report the identification of mimas that probably affects eumelanin and
pheomelanin synthesis from the black and browrved@ieruvian alpaca.

Brown and black alpacas were sampled from ILPA-R@homsachata Experimental Station,
Instituto Nacional de Innovacion Agraria (INIA), feewhich is located 4300m above to the
sea level.

Characterization of the agouti full length transcript and genomic locus

The combined transcript sequence obtained from BMA purified from lateral skin of
brown alpaca is 822 bp long (excluding poly A talt)is composed of 402 bp open reading
frame (ORF), a 196 bp 5’UTR and a 224 bp 3'UTR (Biglt encodes a putative 133 amino
acid protein.

The amplification of genomic DNA using AF1/AR1 prens displayed a 3945 bp fragment
(GenBank accession no: HQ645014), which containsetltoding exons (2, 3 and 4), in
addition to intronic sequences. The coding exor3 &)d 4 are separated by 1262 and 2281
bp intronic sequence, respectively. Each exonaski&éd by consensus splice donor and
acceptor sites, except for the exon 4, which h&sasplice acceptor site (Fig.2).
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Figure.l. Schematic view of agouti transcript and gene afncplion. Agouti transcript: A
schematic picture represents the strategy followethe full length transcript amplification
(CDS, 3'UTR followed by 5’UTR). The primers (fordaii™> & reverse <m) and its
positions mentioned above to the cDNA structure ased in the CDS and 5'UTR
amplification. Primers and it location mentioneddye to the cDNA structure are used in the
3'UTR amplification. Agouti gene: A schematic picture of the agouti gene amplifamatiThe
primers mentioned in black colour are used in thephfication and the primers mentioned in
the red colour are used in the sequencing of thplified gene.
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Figure.2. The alpaca agouti genomic locus and its transcripismbers above and below the
gene structure are length of exons and introns.ggn8us acceptor and donors splice sites
are identicated. Boxes show coding exons (2, 34araehd 5’'UTR exons (1A, 2A, 3A and 1C).
Transcript C and A are represented under the gendadus. The position of coding exons
(2, 3&4), introns (2&3) and 3'UTR are deduced frauar experiment. The positions of non
coding exons (2A, 3A and 1C) are deduced baseth@mrerisemble 2X alpaca genome. The

position of the non coding exon 1A is not knowx). (--

Polymorphisms screening

Initially, we characterized the whole coding seqeenfagouti cDNA in 35 multi colored
(different shades from eumelanin to pheomelanimpW®an alpacas. In which, we observed
10 single point mutations, among those three weuvad to be silent mutations, four were
missense mutations and three were observed in'thER3(Bathrachalam et al., 2010)he
mutations observed in cDNA correlates only with elanic and pheomelanic traits in
general and not with the individual coat color. Eenwe started to analyse tagouti from
genomic DNA of brown and black. The sequence coispar(from ATG to TGA) revealed
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in total 19 single nucleotide polymorphisms (SNBs)l one in-frame 57 bp deletion at the
position g.3866-3923 in the exon-4 (cystine richmdm) (Fig. 3). In which a synonymous
SNP g.102G>A was observed in the exon-2, 6 SNRBEF>C, g.589T>A, g.594G>A,
0.681T>C, g.1000G>A, g.1158C>T and g.1179T>C) warserved in the intron-2, 5 SNPs
(9.1571C>A, ¢g.2375A>G, g.3208C>A, 9.3278T>C and2B>G) were observed in the
intron-3 and 3 SNPs were observed in the exon-dngntimose g.3835C>A was synonymous
and g.3836C>T and g.3896G>A were observed to besyaonymous. Apart from these,
mutations were also identified in the 3'UTR. Amothgse one was a transversion and two
were transition mutations located at 10 (g.3955C>B8 (g.3983A>G) and 77 bp
(9.4022T>C) downstream to the stop codon. The SHR836C>T and g.3896G>A) and an
in-frame 57 bp deletion (g.3866-3923del57) in edoare predicted to independently cause
functional changes to agouti protein. The ¢.386838@I57 would result in a short 114
amino acid containing agouti protein, which lack8 amino acids p.C109_R127del19
(CDPCAFCQCRFFRSVCSCR) from the cysteine (C) ricmdm, which is critical in agouti
function. The g.3836C>T SNP would predict a chanfarginine (R) to C, which would
disrupt the highly conserved region of the protéind the other SNP g.3896G>A changes
the R to histidine (H) in the cystine-rich domaivhich disrupt the highly conserved Arg-
Phe-Phe (R-F-F) motif in the protein, respectively.

Sheep: g.5051G>C
s 8.5172T=A
Dog : 427C>T

Mouse: 11 kb insertion
Sheep: regulatory
mutation

Sheep:5 & 9bp deletion
Rat : 19 bp deletion

Cat: 2 bp deletion

Fox: complete deletion

Horse:11 bp
deletion

Rabbit: 1 bp insertion
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Fig.3. The alpaca agouti gene and polymorphism. Polymerpé identified in the different
coloured alpacas are mentioned on the genomic argdion of the Agouti deduced from our
study. Nonagouti mutations identified in other s$pgcare reported above to the
corresponding position related to the alpaca getnecsure.

Functional analysis and molecular modelling

In silico functional analysis by PANTHER, cSNP of the p.R®% p.R118H supports the
putative functional role of these mutations (p.ROBDbBSPEC =-3.67256; Pgeleterious =
0.66208 and p.R118H, subSPEC-636458; Pyeleterious= 0.96658) and the fact was further
evidenced by SNAP tool (p.R98C, non-neutral; RIEZ, 78% and p.R118H, non-neutral;
RI, 6; EA, 93%). These prediction suggests thantkigation at the position g.3896G>A may
produce a non functional agouti and the g.3836CaTamt may produce agouti protein with
minimal/partial activity. The protein sequencesatfaca agouti with mutation at the position
C98 and agouti sequence (pdb structure 2kza) wdrenited to CPHmodels 3.0 Server
(Lund et al., 2002; Nielsen et al., 2010). The sl angles at this mutated position were
checked using the software Ramachandran PlotH2t0:/dicsoftl.physics.iisc.ernet.in/jp/
There is not much difference in these torsion andletween the mutated and normal
sequence and could possibly have less impact osttbheture and function of the protein.
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The quality of the model was further checked wittHMIIF (Vriend, 1990) which
reaffirmed the quality of the model obtained fro/RKCmodels server (Nielsen et al., 2010).
The original amino acid R97 in 2kza shows hydrogending with C125 but the mutated
residue at this position from the model shows satad hydrogen bonding with two amino
acids such as C125 and R126. Hence, the p.R98@ntasseems to have minimal/partial
effect on the functional property.

Association analysis of g.3836C>T, g.3896G>A and3§66 3923del57 with
phenotypes

A coat color panel comprising 39 DNA samples frorown (12) and black (27) Peruvian
alpacas were genotyped for g.3836C>T and ¢g.3896GNRs and ¢.3866_3923del57. Ten
out of twelve brown animals were heterozygous ®8886C>T, homozygous for the SNP
0.3896G, two animals were homozygous to ¢.3836C @866 3923del57 was not
observed. In black animals we found 2 genetic bemkgd (i) black heterozygous to
0.3866_3923del54agouti allele and (ii) black homozygous to undeletagbuti allele. We
further investigated this variation in the blacklinduals to get more insights, from that we
identified the agouti allele without in-frame deletion present in the38H6 3923del57
animals has (g.3836C and ¢.3896A) disrupted R-Fe@fmThis condition supported that
other allele observed in the g.3866_3923det87'{) black could be non functional. In other
black which is homozygous to the undeletggbuti allele is heterozygous to both the SNPs
(9.3836C>T and g.3896G>A). Further investigatiothwéloning experiment unveiled that
one of the allele with g.3896G>A{) seems to be non functional due to the R-F-F motif
disruption. The other allele seems to have pamtiaimal functionality; this situation could
explain the two genetic backgrounds found in tleeklPeruvian alpaca population.

Discussion

In this paper, we report the mutations that affesat color in native Peruvian alpaca
population.

In agouti protein, cysteine-rich domain alone idfisient for high-affinity binding and
activity at the respective melanocortin recept®d€Rs) (McNulty et al., 2001; McNulty et
al., 2005; Jackson et al, 2006; Patel et al, 2010he amino acid
deletion/insertion/substitution in this region pbs results in significant functional
alteration. In our population the identified polyrpbisms/deletion at C-rich domain may
have functional importance. The deletion at thatwosp.C109_Rdell9 eliminates the tWo
sheets and the R-F-F motif from the agouti funalaiomain, which are essential to play the
antagonist role againatMSH (McNulty et al., 2005). Therefore, the deletdigle appears to
result in loss of function. The other SNPs obseraedhe amino acid position 98 & 118
changes the conserved R in to C and R-F-F motif H#--F. The R-F-F motif is important
for function at MCRs; the disruption in this motiiay results in non functional agouti
protein. Since, the alteration of residues in amuad R-F-F causes decrease in agouti
protein inhibition ofa-MSH binding to MCRs (Kiefer et al 1998) during 1s&j transduction.
The extensive characterization of loss-of functagouti mutations in mice realised by
Miltenberger et al. (2002) found that one allelataming an*“unpaired cysteine” (C115S),
retained a very small amount of biological activly manifested by the presence of small
amounts of pheomelanin synthesis in the perimamraadyperineal areas. In our previous
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preliminary report, the molecular modelling of alpaagouti domain shows no appreciable
change in the protein structure with p.R98C sulistih (Bathrachalam et al., 2009). Further
analysis with torsion angles did not show muchedéhce between the mutated and normal
sequence, hence this mutation could possibly hes® impact on the structure and function
of the protein. The above mentioned fact for p.R118 further confirmed with the SNAP
prediction (non-neutral) reliability index (6) aedpected accuracy (93%); cSNP subSPEC (-
6.36458) and Rieterious (0.96658). But for the other SNP R98C seems tontaim
partial/minimal agouti function. Since the SNAP giction (non-neutral) reliability index (3)
and expected accuracy (78%); cSNP subSPEC (-3.5 P8R e/eterious(0.66208).

In the brown phenotype#\d™) one allele £) seems to be functional and the othal)(
seems to retain partial/minimal function, sinceythere heterozygous to p.R98C. This
condition portray that the allelic partial dominafftaploinsufficiency could be the possible
explanation for brown phenotype. On the other hamdgenetic backgrounds are observed in
the black phenotypes i.aon-agoutiblack (high eumelanin) with deletion that includbe
R-F-F disruption and the other observed black (lewnelanin) possibly due to partial
dominance/ haploinsufficiency.

We did not observe any homozygous animals fornive-agoutialleles in Peruvian alpaca
population studied. Our cloning experiment cleaeg the mutations (p.R98C & p.R118H) in
black phenotypes are alternatively arranged. aNallele in the black phenotypes possibly
having the partial dominance/ haploinsufficiencfeef on the eumelanin synthesis due to its
minimal function. In the same way, the heterozygoasdition of the mutation (p.R98C)
observed in brown animals could have the same tef&nce, reddish brown animals are
observed to have the wild typ&/@) alleles and the partial dominant mutaticai' on
reddish brown may lead to light reddish brown itet be often recognised or misidentified
by the breeders/farmers as brown.

In conclusion, the characterization of tlagouti gene provides a clear picture about
eumelanic and pheomelanic genetic backgrounds eoizhple role in coat color phenotypic
variation of alpaca. The identification afon-agouti mutation in alpaca represents an
important step in the development of marker assisteeding programme for coat colors.
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Andean highlands.

145 offspring born from

4 white sires x 36 white dams,

4 white sires x 39 pigmented dams,

9 pigmented sires x 70 pigmented dams
4 black sires x 25 black dams,

2 black sires x 20 brown dams,
3 brown sires x 25 brown dams.
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MELANOGENESIS

Melanin pigments can be classified into two major
groups:
brown to black insoluble EUMELANINS

alkali-soluble yellow to reddish-brown
PHEOMELANINS.

Both pigments derive from the common precursor
DOPAQUINONE
formed via the oxidation of L-tyrosine by tyrosinase.
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EUMELANINS are black or brown nitrogenous
pigments, insoluble in all solvents, which arise by
oxidative polymerization of 5,6-dihidroxyindoles
derived biogenetically from tyrosine via
dopaquinone

PHEOMELANINS are alkali-soluble, yellow to
reddish brown pigments, containing sulfur in
addiction to nitrogen and arising by oxidative
polymerization of cysteinyldopa via 1,4-
benzothiazine intermediates

/@/Y“’ZH Tyrosinase CoH
——
TYROSINE / DOPAQUINONE \c:m.

ys
_ HO. COzH
/
pees i
DOPACHROME qulcom \
Dopachrome CYS-DOPA

/ \ Tautomerase HO. CoH
H H HO ﬂ K/S

DHI DHICA ALANYL-HYDROXY-
Tyrosinase? BENZOTHIAZINE

TRP-17

Pmel17?

Tyrosinase? Oxidase
Polymerase

DH!- ENRICHED EUMELANINS:

Dark brown/ black; insoluble B EELANIN
DHICA-ENRICHED EUMELANINS: Light yellow/red; alkali soluble
Light brown; alkali soluble

Fig. 1. The melanin synthetic pathway.
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MELANOGENESIS IN PROGRESS
BROWN ALPACA
STAGE Il AND lli

Melanosomes
in Motion
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THE SWITCHING FROM
PHEOMELANOGENESIS TO
EUMELANOGENESIS IS CHEMICALLY
CONTROLLED BY THE CYSTEINE
CONCENTRATION.

Dopaquinone plays a pivotal roles on chemically controlling
melanogenesis :

sulfyydryl compounds are absent,
it undergoes intramolecular cyclization to form

CYCLODORPA,

which is rapidly oxidized by redox reaction with
dopaquinone to give DOPACHROME (and DOPA).

Dopachrome then gradually rearranges to give mostly 5
,6-DIHYDROXYINDOLE (DHI) and a trace of 5,6-
DHIHYDROXYINDOLE-2-CARBOXYLICACID
(DHICA).

Oxidation of these dihydroxyindoles leads to the
production of EUMELANINS;

intervention of cysteine
gives rise preferentially to the production of
CYSTEINYLDOPA isomers.
Cysteinyldopas are then oxidized through redox reaction
with dopaquinone to

CYSTEINYLDOPAQUINONES thatgive rise to
PHEOMEI ANINS
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Cysteinyldopa formation is preferred over cyclodopa formation
as long as cysteine concentration is higherthan 0.13 uyM

Dopachrome production becomes faster than cyclodopa
production when the cyclodopa concentration is higherthan 0.7
HM

Pheomelanogenesis is preferred over eumelanogenesis as long
as cysteinyldopa concentration is higher than 9 uM

Tyrosinase activity is lower when pheomelanogenesis proceeds
compared with eumelanogenesis

The switching to pheomelanogenesis is accompanied by a
marked decrease in the melanin content of hair

THE PRODUCTION OF EU AND
PHEOMELANINS IS UNDER CONTROL
OF TWO INTERCELLULAR SIGNALING
MOLECULES:

o — MSH (a — melanotropin)

ASP (Agouti signal protein)
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o - MSH AND ASP HAVE
ANTAGONISTIC ROLES
AND POSSIBLY
ANTAGONISTIC
MECHANISMS OF
ACTION IN
MELANOCYTES.

a-MSH (melanotropin)

* Increases the synthesis of
eumelanins in melanocytes

* Promotes the differentiation of
melanoblasts into mature
melanocytes
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Encoded by the PROPIONMELANOCORTIN GENE
(POMC)

Mechanism of action
bind to receptor that couple to heterotrimeric
guanine nucleotide-binding proteins
(G Proteins)

Activate adenylyn cyclase

RECEPTOR = Mc1r
MSHR mRNA expressed in melanocyte

MC3R

MCRS MCIR

Expression melanocytes  adrenal brain brain ubiquitous
adipose pancreas rnuscle

placenta adipose tissue
/
o-MS} ACTH
v-MSH
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Mc1r (melanocortin-1-
receptor)

MC1R (Extention) is a single exon gene encodes the G-
protein coupled receptor (seven transmembrane
protein), specifically expressed by melanocytes,
that plays a crucial role in melanogenesis
stimulation upon binding to its physiological ligand
ASIP/a-MSH.

A functional MC1R allele can lead to eumelanin
production depending upon which allele is present
at the ASIP (Agouti) locus.

Gain-of-function Mc1r mutations cause
exclusive production of eumelanins
through the increased accumulation of
cyclic adenosine monophosphate (cCAMP)

Loss-of-function mutations cause
exclusive production of pheomelanins
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a — MSH
Mc1r
Stimulation of_"PKA pathway

Stimulation of expression of the Transcription Factor AP-1

up regulation of MIFT stimulation of expression
and function of melanogenic
enzymes,
I including tyrosinase

binding to the M-box

!
stimulation of Tyr, Trp1, Trp2

EUMELANINS

ASP (Agouti)

ASP (Agouti) encodes for a small
secreted factor (agouti signalling
protein) that influence functions as a
paracrine regulator of hair
pigmentation.

* Produced by Dermal Papillae Cells
« Paracrine factor
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ASP regulates :

- melanoblast differentiation

- melanogenesis

Gain-of-function ASP mutations
cause exclusive production of
pheomelanins.

Loss-of-function mutations cause
exclusive production of eumelanins.
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Melanogenesis

ASP IS ANTAGONIST OF a — MSH SIGNALING
MEDIATED BY THE Mc1r

Inhibit the a — MSH binding to the Mc1r
Acts through a receptor from the Mc1r
Decreases eumelanin synthesis
slight inhibition of tyrosinase activity

almost complete loss of Trp1 and Trp2
expression

Mc1r ASP INTERACTION

Mutually exclusive binding of the
melanocortin-1-receptor (MC1R) by
the agouti signalling protein or the
a-melanocyte stimulating hormone
(a-MSH) signals the hair-bulb
melanocytes to synthesize either
pheomelanin (yellow-red pigments)
or eumelanin (dark pigments),
respectively.
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1
Pheomelanin Py
P N
B I TYR
Dopaquinone : €— Tyrosine
¥ 1vrp2 €-==-- -i
K TYRP! €==mmmmmm J
@ @ Modified from
HTRF Resource Library

Structure of alpaca agouti genomic locus

ATG TGA
-Who'—éhaoﬂm > wﬁ--
& IntronII = Intron III = =
c 1262 bp 0 2281 bp B =
— e o™
3955 bp
Organism GenBank accession Total length in base
name number pair
Human gi:224809234 3793
Rat gi:62750360 6239
Sheep £i:186703017 5191
Bovine gi: 1841897 5139
Pig 2i:60280616 4826
Rabbit gi:164512185 4590
Dog gi:74034289 4480
Horse gi:14599451 4002
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Alpaca agouti protein structure and mammalian agouti amino acid
sequence alignment (cystine-rich domain)

MDVTRLL LATLLVCLC FLTRCS HLAPDE KPFRDEGSLRSNSSENLLDFESVSIVALNEXSKKISEKEAERKKKSS SKEKRAP TKKVRQ PFRFPLL
I II

Signaling peptide Basic amino - terminal domain

100 110 120 130

......... [ TR NN RY (R [
VATRDSCKPPAPAHCDPCAFCQCRFFRSVCSCRVLSPTq

f
hes
iy

30

Cystine rich corboxy terminal domain

[ 1

Sheep
Cow
Pig
Alpaca
Cat
Horse
Mouse
Rat
Dog
Fox
Human

hkhkk Kk kkk kk kkk hkhkk khhkhkkkk k Kk khkk%x *

Structure of alpaca agouti genomic locus and polymorphisms

Mouse:11 kb insertion
Sheep:regulatory
mutation

Sheep: 5 & 9bp deletion
Rat : 19 bp deletion

Cat: 2 bp deletion

Fox: complete deletion
Rabbit: 1 bp insertion

Sheep: g.5051G>C
JE5172T=A
Dog : 427C>T

Horse: 11 bp
deletion

-
~

Ly DA€UYy o <0y

T URRQAAA EA%K R AER

%) ':‘t<<:£§.r.’.c"% o B ®k & F oo

8 Bgigsst BERER & g2 d
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&0 i 505D LDk shek BS. &0 &b 6D 60 5550 50

1 T Lod4 o4 ]|

H S O 5 I I R
-— - - ——ffm i i 3 b
77

3
=
i
=
1

2- amino acid changing 1- inframe deletion
In total - 20 SNPs ~ g.3836T>C p.R98C (a™) g.3866-3923 del (a257)
g2.3896G>A p.R118H (af)
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LOSS-OF-FUNCTION
MUTATIONS IN ASP

g.3836C>T (ah7),
g.3881G>A (a"),

in-frame 57 bp deletion
(9.3866_3923del57) (a2>7br)

in-frame 57 bp deletion
(9.3866_3923del57) (a2572F)

* 114 amino acid containing agouti
protein, which lacks 19 amino
acids (p.C109_R127del19) from the
cysteine (C) rich domain, which is
critical in agouti function.
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g.3836C>T (ah"),

- change of arginine (R) to C, which
would disrupt the highly conserved
region of the protein.

- ahT may produces agouti protein
with minimal/partial activity.

g.3881G>A (a")

« Change the R to histidine (H) in the
cystine-rich domain, which disrupt
the highly conserved Arg-Phe-Phe
(R-F-F) motif in the protein
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Agouti genotypes of the two non-agouti mutations and an in frame
deletion observed in exon-4 and allelic situation of the animals
examined in the present study

Phenot 2.3836C>T | g.3896G>A 33‘23;6?;7 Allege | Number of
enotype e ele .
.R98C .R118H Animals
P P p.C109 _R127del i
¢ A = [ af \
Black C _ Yes \\aﬂ‘i?} 17
N’
P .
c A = H
Black ‘/ = \ 10
T G - \att ]
S
72\
c G -
Brown [ 2
[ G - \ a])
s
c G - A
Bro T G _ \\ahT } 9
S~—

Genetic interaction (Epistatic) of agouti and MCIR

Dominant agouti (A) induces

Pheomelanin synthesis

Session 43

b

2

L3 Micir/estension
oo DL L

-

&

. i -._.-i
AsIP -
a4

goul

MO extorsion

e

‘ ‘ | Dominant MCIR (E) induces
' Eumelanin synthesis

27
Theatre 8



64 th EAAP Annual meeting, 25-30 August, 2013, Nantes, France
Symposium on South American Camelids and other Fibre Animals

The agouti and MCIR genotypes in brown and black phenotypes

Genotype
Phenotype
Agouti (Ligand) MCIR (Receptor)
a?3’p /g¥, o fa"T E/E, E/e Black
A/A, A /atT E/e Brown
BLACK ALPACA

Mc1r—- ASP EPISTATIC INTERACTION

Loss-of-function ofis Agoiti mutation(s)
!

Loss of ASP ability to block the ability of

melanotropin (a — MSH) to activate Mc1r

J
Mc1R is activadet

Wild (“normal”) allele in Mc1r is expressed
High level and expression of MIFT
High expression of Tyr, Trp1 and Trp2
l

Black eumelanogenesis
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BROWN ALPACA
Mc1r—- ASP NO EPISTATIC
CODOMINANT INTERACTION

Normal (“wild”) allele in both, ASP and Mc1r
l

No epistatyc interaction between ASP and
Mc1r

l

Mixed melanogenesis

.\

Brown is the “normal” (“wild) phenotype in
alpaca

BROWN IS THE  “WILD”
PHENOTYPE IN ALPACA FOR
Mc1r AND ASP

BROWN IS DOMINANT ON
BLACK PHENOTYPE

BLACK PHENOTYPE IS UNDER
CONTROL OF AN ALLELIC
HETEROGENEITY
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