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Abstract 
The role of the agouti gene in white phenotype was explored in mice. The agouti signalling 
protein (ASP) can inhibit the differentiation of melanoblasts through the inhibition of the 
alfa-MSH-induced expression of microphtalmia (MITF) and its binding to a M box 
regulatory element. The level of microphtalmia in the cells is reduced. To investigate the role 
of agouti in this phenotype we characterised the transcript structures an relative mRNA 
expression levels in 13 white alpaca. The reverse transcription analysis of mRNA purified 
from skin biopsies revealed the presence of three transcripts with different 5’untranslated 
regions (UTRs) and color specific expression. One of the transcripts, possibly originating 
from a duplication event (intra-chromosomal recombination) of the agouti gene is 
characterised by a 5’UTR containing 142 bp of the NCPOA6 gene sequence. Furthermore, 
the raltive level expression analysis of mRNA demonstrates that the agouti gene has up-
regulated expression in white skin, suggesting a pleiotropic effect of agouti gene in the white 
phenotype.  
 
Resumen : Recombinación cromosómica del gen agouti en alpacas blancas. 
Fue explorado en ratones el rol del gen agouti en el fenoripo blanco. La protein 
señalarizadora agouti (ASP) puede inibir la diferenciacion de los melanoblastos a traves de la 
inhibición de la expresion alfa-MSH inducida de macroftalmia (MITF) y su union al 
elemento regulador Mbox. El nivel de macroftalmia en las células se reduce. Para investigar 
el rol del agouti en este fenotipo, caracterizamos las estructuras transcriptas a una relativa 
expresion del mRNA en 13 alpacas blancas blancas. El analisis de transcripción reversa del 
mRNA purificado a partir de las biopsias de piel, revelaron la presencia de tres transciptos 
con diferentes regiones no traducidas del extremo 5’ (5’UTR) y expresiones de color 
específicas. Uno de los transcriptos, posiblemente procedente de un evento de duplicación 
(recombinación intra-cromosómico) del gen agutí se caracteriza por un 5’ UTR que contiene 
142 pb del gen NCPOA6. Por otra parte, el análisis del nivel relativo de expresión del mRNA 
demuestra que el gen agouti tiene sobre expresión reguladora en piel blanca, lo que sugiere 
un efecto pleiotrópico del gen agouti en el fenotipo blanco. 
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Introduction 
 
White indicates absence of pigmentation. Because the melanocytes, the cells that produce 
pigments, are found not only in the hair but also in the eyes, the inner ear and in other internal 
organs, a first distinction is required between a complete absence of pigmentation and a 
partial presence of pigmentation, confined to the hair follicle. The first type of white is 
refferred to as Oculocutaneous Albinism (OCA), which is present which is present in animals 
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with hearing as well as vision problems, can result from two genetic mechanisms: “tirosinase 
negative” albinism (OCA 1): derives from a mutation and loss of functions of the wild alleles 
at the tirosinase structural locus (albino), which is the key gene for the synthesis of all 
pigments (from thyroxine to DOPA quinone); “tirosinase positive” albinism derives from a 
mutation of associated loci, such as pink eyed (OCA 2), TYRP1 (OCA3) and MATP (OCA4) 
(King and Oetting, 2006).  
The non-albino uniform white, typical of several species of mammals is obtained through a 
mutation with loss of function of genes involved in prenatal migration of melanoblasts, from 
the neural crest to the hair follicle of the animals and compromising local development 
(Montoliou et al., 2013). Twenty two of these genes have been identified and cloned in 
mammals so far (Baxter et al 2004). Most mutations associated with white in these loci are 
fatal. On the other hand, in the cases for the loci MITF (microftalmia), C-Kit (Dominant 
White Spotting) and Steel it is possible to obtain completely white live animals. These could 
be the genes responsible for uniform white in mammals. 
Agouti gene encodes a 131-amino acid protein containing a signal sequence, the agouti-signal 
protein (ASP). ASP, which is produced in the dermal papilla cells within the hair follicle, acts 
on follicular melanocytes to switch them from eumelanin to pheomelanin production. 
Some studies suggest that ASP can regulate melanoblast differentiation acting through a 
receptor distinct from the Mc1r. ASP inhibits a specific melanogenic transcription factor, 
microphthalmia, and its binding to an M box regulatory element. Besides ASP inhibits alfa-
MSH-induced expression of microphthalmia gene and reduces the level of microphthalmia in 
the cells (Aberdam et al., 1998)  
In mice, it has been reported that the opposite orientation of an inverted duplication of agouti 
and its association with difference in the ventral pigmentation (Chen et al., 1996). A 
duplication encompassing the ovine agouti and AHCY coding sequence and the ITCH 
promoter causes the white phenotype in sheep (Norris and Whan 2008).  In pig a large 
duplication involving the KIT locus causing dominant white coat phenotype has originated by 
homologous recombination (Marklung et al., 1998; Giuffra et al., 2002). 
In this study, we report on the agouti genomic and transcripts structures and relative mRNA 
expression levels that probably affects white phenotype in native Peruvian white alpaca 
(Bathrachalam et al., 2013).  
Skin biopsies from white and colored (brown and black) alpacas were collected from ILPA-
Puno, Quimsachata Experimental Station, Instituto Nacional de Innovacion Agraria (INIA), 
Peru which is located 4300m above to the sea level.  
 
Characterization of the agouti full length transcript and genomic locus  
 
The combined transcript sequence initially obtained from total RNA purified from lateral skin 
of brown alpaca is 822 bp long (excluding poly A tail). It is composed of 402 bp open 
reading frame (ORF), a 196 bp 5’UTR and a 224 bp 3’UTR (Fig.1). It encodes a putative 133 
amino acid protein, which is 83 and 85% identical to the ovine and bovine proteins, 
respectively.  
The amplification of genomic DNA displayed a 3945 bp fragment (GenBank accession no: 
HQ645014), which contains three coding exons (2, 3 and 4), in addition to intronic sequences 
(Fig.2A). The coding exons 2, 3 and 4 are separated by 1262 and 2281 bp intronic sequence, 
respectively. Each exon is flanked by consensus splice donor and acceptor sites, except for 
the exon 4, which has only a splice acceptor site (Fig.2). 
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Figure.1. Schematic view of agouti transcript and gene amplification.  Agouti transcript: A 
schematic picture represents the strategy followed in the full length transcript amplification 
(CDS, 3’UTR followed by 5’UTR). The primers (forward & reverse ) and its 
positions mentioned above to the cDNA structure are used in the CDS and 5’UTR 
amplification. Primers and it location mentioned below to the cDNA structure are used in the 
3’UTR amplification. Agouti gene: A schematic picture of the agouti gene amplification. The 
primers mentioned in black colour are used in the amplification and the primers mentioned in 
the red colour are used in the sequencing of the amplified gene. 
 

 

 
Figure.2. The alpaca agouti genomic locus and its transcripts. Numbers above and below the 
gene structure are length of exons and introns. Consensus acceptor and donors splice sites 
are identicated. Boxes show coding exons (2, 3 and 4) and 5’UTR exons (1A, 2A, 3A and 1C). 
Transcript C and A are represented under the genomic locus. The position of coding exons 
(2, 3&4), introns (2&3) and 3’UTR are deduced from our experiment. The positions of non 
coding exons (2A, 3A and 1C) are deduced based on the ensemble 2X alpaca genome. The 
position of the non coding exon 1A is not known (---). 
 
 
Characterization of 5’UTR in black, brown and white alpaca 
 
We identified in total three different 5’UTRs from the skin of alpaca i.e. 136, 142 and 196 bp 
long, respectively (Fig.1). Interestingly, among the transcripts identified, one is observed to 
be common in all the three phenotypes, which has the 5’UTR of 196 bp (GenBank accession 
no: HQ645017). Nucleotide analysis of the 5’UTR revealed the presence of 4 upstream open 
reading frame (uORF).  In which, uORFs (1, 2 and 3) appear to be in the same reading frame 
as the start codon of the agouti ORF, whereas the codon 4 is not (Fig.1). Translation starting 
at these upstream start codons could potentially results in 4 short peptides, which range in 
size from 14 – 27 amino acids which terminates before the main agouti ORF, none of which 

B. 
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showed any identity with previously known proteins. The comparison of common 5’UTR 
with 2X genomic sequence (Ensembl) showed, the corresponding sequences are from the 
intron less exon (1C), which is located approximately 19.5 kb upstream to the main ORF 
(Fig.2). The second transcript which is specific to black has the 5’UTR of 136 bp (GenBank 
accession no: HQ645015) and predicted to have only one uORF (Fig.1). The predicted uORF 
is not in-frame with the agouti ORF and it could produce a short peptide of about 52 amino 
acids and doesn’t show any identity with any previously reported proteins. Sequence 
comparison of black specific 5’UTR with the genomic sequence of alpaca revealed this 
5’UTR results from three non coding exons (1A, 2A and 3A) splicing and thus designated as 
transcript A. We are unable to locate the non coding exon-1A on the available alpaca 
genome, non-coding exons 2A and 3A are separated by 310 bp intronic sequence and the non 
coding exon-3A and coding exon-2 are separated by approximately 19 kb intronic sequence 
(Fig.2). Apart from the common and black specific transcripts, a 5’UTR specific to white 
phenotype of 142 bp (GenBank accession no: HQ645016) and no uORF was predicted as in 
the common and black specific 5’UTRs. Furthermore, blast analysis of the white specific 
5’UTR showed high identity (89%) with human nuclear receptor co-activator 6 (NCOA6) 
mRNA and thus it was designated as transcript-D (NCOA6-Agouti chimera) (Fig.3). 
Interestingly, comparison with the published genome sequences of human and alpaca 
revealed the presence of an inversion in the 5’UTR of white specific transcript D. Further 
analysis with the alpaca genome confirmed the location of this 5’UTR sequence between 
NCOA6 and gamma-glutamyltransferase 7 (GGT7) which is located approximately 600 kb 
downstream to the agouti locus (Fig.2), this findings suggest that white alpaca may have 
agouti gene duplication as reported in the mouse (Chen et al., 1996) and sheep (Norris and 
Whan 2008). Thus, in accordance with the data suggesting that these three transcripts may 
represent different sites of transcription initiation evidenced by the differences in the 5’ 
UTRs. 

 

Figure.3. Agouti and NCOA6 gene on alpaca genome and its homologous recombination. A. 
Structure and location of Agouti and NCOA6 gene on alpaca genome (2X). B. Possible 
mechanism of intra-chromosomal homologous recombination of agouti and NCOA6 gene. C. 
Schematic picture of agouti–NCOA6 chimera after the homologous recombination. D. Agouti 
transcript with 132 bp of NCOA6 as a 5’UTR and its possible location on genome after 
recombination, (--) unknown sequences. 
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Agouti expression in white, black and brown phenotypes 
 
Semi-quantitative RT-PCR was conducted to study the relative level expression pattern of 
agouti mRNA in different phenotypes. An agouti fragment of 230 bp was amplified with the 
primers AF3/AR4 in each of the total RNA (white, black, brown) and a 252 bp fragment of 
GAPDH gene was also amplified and the expression levels were compared between the 
phenotypes. Analysis of variance showed that the agouti expression significantly varies with 
coat color. The expression of agouti mRNA was high in white (0.93), moderate in brown 
(0.62), and low expression level was detected with the black (0.58) skin biopsy (Fig.4). 
 
 

 
Figure 4. 5’RACE amplification of agouti transcripts from skin. A representative banding 
pattern of agouti transcripts resulting from 3 independent experiments on different colours 
i.e. brown, black and white. (C) Common transcript observed in all the three colours; (A) 
Black specific transcript; (D) white specific transcript. 
 
Discussion 
 
The comparative sequence analysis with human and alpaca genome shows the alpaca agouti 
gene is embedded in a conserved syntenic block, which contains RALY, IF2S2, XPOTP1, 
Agouti, AHCY, ITCH, PIGU, NCOA6 and GGT7.  
RT-PCR and RACE experiments show that in alpaca, the agouti gene produce three (A, D 
and C) approximately similar sized transcripts in skin. All the 3 transcripts posses a common 
224 bp 3’UTR bearing the canonical polyadenylation signal indicating that this region may 
play a role in the regulation of agouti expression at transcriptional level. The main 
characteristic of Transcript-C resides in its 4 uORFs. This is quite an uncommon situation, as 
less than 10% of known mammalian genes have uORFs in their 5’UTR (Geballe and Morris 
1994, Hinnebusch, 1990). The putative peptides encoded by the 4 uORFs have lengths 
ranging from 14-27 amino acids and show no homology with any known protein sequences. 
The black specific 5’UTR (transcript-A) has a single uORF that can produce a short peptide 
of about 52 amino acids and in the white specific 5’UTR none was predicted. This condition 
suggests that the different transcripts identified might play critical roles in regulating the 
expression of the gene at the translational level.  
An inversion in 5’UTR observed with the white specific transcript and the over expression of 
agouti mRNA opens a new window for the white phenotypes. The genomic location of the 
white specific 5’UTR lies approximately 600 kb downstream to the agouti gene. This 
condition supports the fact that the white alpaca seems to have duplication of agouti gene 
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locus by means of a possible intra-chromosomal homologous recombination event; it is 
further evidenced by the presence of the common transcript-C observed in the white 
phenotypes.   
In conclusion, the characterization of transcripts provides another level of information about 
agouti gene regulation in alpaca pigmentation. A novel duplication of agouti gene evidenced 
by NCOA6-agouti transcript could have pleiotropic role in white phenotypes as in mouse and 
sheep.  
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