The Agouti Pattern Gene
Introduction
The shear breadth of colours and patterns
possible in the domestic dog has fascinated
breeders and scientists alike for hundreds of
years. A virtual rainbow of colours from white to
black, brown, grey, yellow, orange and even a
near mauve colour can be coupled to a
smorgasbord of patterns, including solids,
patches, spots, ticks, and stripes. Every one of
these possibilities is hereditary and defined by a
complex interaction of the products of well over
20 colour and pattern genes in the domestic dog
that can account for this incredible variety.
While some breeds have a fixed colour and
pattern (e.g. the “wolf-sable” pattern of the
Keeshond), others have a small array of allowable
choices. The Pomeranian, however, has one of
the largest complements of colour and pattern
possibilities of all modern breeds, and provides
an excellent platform for the understanding of
how these complex genes give rise to the colours
and patterns we see.
There are many genes that affect the colour of
the pigment in the fur, while others affect its
distribution. By far the most prominent pattern
gene in Pomeranians is Agouti, which controls
the temporal (time controlled) and positional
(ventral/dorsal) distribution of the two major
types of pigment of the hair. Here we examine
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the various alleles (forms of the gene that
produce specific traits) at Agouti, and the
interactions with some other colour and pattern
genes to produce many of the most common
coat appearances in our breed, the Pomeranian.
Melanin—the pigment of the hair
There are two types of melanin, the pigment in
the hair and skin of dogs (as well as other
animals). They are called pheomelanin and
eumelanin. Pheomelanin comprises a certain
molecular structure and gives the appearance of
red, orange, yellow and cream colours in the
coat. Eumelanin has a slightly different structure
and appears black, brown, grey (blue) and a sort
of lavender/lilac in the hair, nose leather, eye
rims, lips, pads of the feet, etc., depending on the
influence of a variety of genes (reviewed in (3)).
Eumelanin is produced by a series of enzymatic
reactions acting on the amino acid tyrosine, by
several enzymes. Pheomelanin is also produced
from tyrosine, but via a different set of reactions,
and only when certain enzymes are not active.
Only eumelanin pigment is deposited in regions
of the skin such as the nose, and therefore we
never see a dog with an orange (pheomelanin)
pigmented nose.
Coats that lack any
pheomelanin or eumelanin pigment will appear
white, and skin that lacks eumelanin pigment will
appear pink.
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Hair pigment is produced in specialized cells call
the melanocytes.
They develop from a
specialized tissue called the neural crest, which
also gives rise to neurons, bone cells, muscle cells
and other important cell types. During fetal
development, the precursor cells to the
melanocytes migrate from the neural crest
outwards to the relevant regions of the skin and
follicles where they will reside and function to
pigment the animal (reviewed in (2)). Often the

greater the distance the melanocyte precursor
cells have to travel, the fewer that will make it
there, and this can sometimes be seen as a
decreased pigment intensity in the legs, belly,
head, etc. compared to the trunk in some solid
dogs, and is likely why some black dogs, for
example, have white hairs on the bottoms of the
feet.

Figure 1. Simplified schematic to describe the interaction of the Agouti signal peptide and β-defensin with the Mc1r
gene product in the production of eumelanin and pheomelanin in the coat. A) In the case of functional agouti alleles,
the agouti signal peptide competes with the β-defensin gene product for interaction with Mc1r. When the agouti
antagonist is bound, eumelanin pigment production is inhibited and pheomelanin pigment is produced. Agouti alleles
differ in the temporal or ventral-dorsal activity of the signal peptide to produce either regions of eumelanin coat and
pheomelanin coat (black & tan) or switching between pheomelanin and eumelanin (wolf or sable coats). B) where
Mc1r has suffered a loss-of-function mutation, eumelanin production is prevented and solely pheomelanin is produced
in the coat (e/e clear orange) regardless of the genotype at agouti or β-defensin (k). C) Where there is a functional Mc1r
and the β-defensin 103 allele is dominant (K), the β-defensin protein binds to Mc1r with high affinity and the agouti
signal peptide cannot bind, so regardless of the agouti allele present, the coat will be solid black. See (1,2) for more
information on these processes.
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Genetic control of pheomelanin/eumelanin
pigmentation: the Agouti signal peptide

molecular changes that account for the
differences in what we see in the coat visually.

Agouti is the term given to a series of alleles for a
gene that defines the switching between
eumelanin and pheomelanin in the coat. This
switching can occur at different times during the
growth of the hair to produce individual hairs
with both pigments, or direct production of
different pigments at different locations of the
body, for example to produce eumelanin on the
back and pheomelanin on the stomach of one
particular animal.

The order of dominance of the agouti alleles has
been previously described as:

The Agouti gene was identified in dogs and
shown to be involved in pigment switching in
2004 (4). The gene encodes a 131 amino acid
protein that is secreted from cells (4) and
interacts with the Mc1r (E) protein (Figure 1; (5)).
Little published theories in 1957 (6) regarding the
genes involved in canine colour genetics, but the
work contained only observations of dogs and
their offspring rather than DNA studies of the
genes involved.
However, some of his
hypotheses have proven correct. Little predicted
that the agouti locus is made up of 4 possible
alleles, As, producing solid colour, ay producing
fawn/sable, aw for wildtype and at producing
black & tan. Willis expanded upon this, adding ag
saddle tan and a, recessive black (7). Other
researchers used different terms, but this
remains the most common classification.
It is important to remember that, although we
use letters to designate different alleles of a
gene, these alleles actually exist as genetic
sequences at the location for the agouti gene in
the canine chromosome, and each allele varies
from another by specific genetic changes. The
gene sequences produce protein products that
have specific functions in the cell, and genetic
changes in the gene itself, or the region of DNA
nearby that regulates the gene, causes specific
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A s > ay > aw > at = ag > a
Meaning, As is dominant over all of the alleles, ay
is dominant over all alleles except As, for
example, and a is recessive to all of the alleles.
It is clear from 200 years of scientific research,
that animals have two complete copies of each
chromosome (though males have one copy of X
and one of Y), and therefore normally have two
copies of each gene, one inherited from the
mother and one from the father. So in the
hierarchy listed above, it is suggested that a dog
that inherits ay from one parent and at from the
other, for example, will display the phenotype of
an ay sable.
Recent work on the molecular basis of
colour/pattern genetics has shown that, contrary
to the above list, in fact there is no As allele that
produces dominant solid colour at the agouti
locus. Rather, dominant solid eumelanin coats
are produced by a mutation in the β-defensin
103 (“K”) gene, which produces a protein that
binds to Mc1r with high affinity and prevents the
agouti signal peptide from binding and allowing
production of pheomelanin (Figure 1C).
Therefore only eumelanin is produced in the coat
(1). Likewise, ag saddle phenotype has been
recently shown in five different breeds to be
caused by the at allele rather than being separate
agouti allele (8). Therefore, an updated order of
dominance for the agouti series is:

ay > aw > at > a
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Considerable mis-information on colour and
pattern genetics persists online, and one may
find many references to As and ag, despite the
overwhelming evidence that these proposed
alleles in fact do not exist.
The ay Sable
Sable (also termed “fawn” in many breeds) is the
most common coat pattern in modern
Pomeranians. Among the agouti alleles, it
appears to be dominant, meaning that a dog
possessing one copy of ay and one of any other
allele will be a sable, assuming no other gene
(such as e/e “clear orange” solid pheomelanin or
β-defensin (K) dominant solid eumelanin) is
controlling the coat pattern. The ay allele is
thought to be a mutant version of agouti, despite
being dominant and more common than the
non-mutant wildtype allele.
The sable Pomeranian is primarily a red, orange,
or cream coated dog, with some solid black hairs
spread throughout the coat and some hairs that
have the red, orange or cream pheomelanin
pigment near the base and black eumelanin
pigment at the tip. With the ay agouti allele,
there is temporal (time-based) control of the
pigment type, and the pigment type switches
from pheomelanin to eumelanin during
production of the individual hair strands. The
typical eumelanin tipping can be seen in Figure
2A, and is a result of the agouti signal peptide ay
binding to Mc1r for a period of time and then
coming back off at a later time (Figure 1A). The
ay allele does not control the base colour of the
coat (red, orange, cream pheomelanin) or the
colour (black, brown, etc.) of the eumelanin
tipping, rather just the distribution of these two
pigments. The specific colours are controlled by
other genes.
There is a variable extent of sabling in the coat of
individual Pomeranians, from barely any black in
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the coat to dogs where most of the coat has
black tips.
Some have speculated that
heterozygous dogs with the ay/at phenotype
have heavy sabling, while homozygous ay/ay dogs
tend to be less heavily sabled. This would
indicate that at is semi ‘co-dominant’ with ay (i.e.
it has some affect on what the sabling looks like),
rather than being completely recessive. We have
observed this for one dog whose father was a
black & tan, and whose mother was an orange
sable. This heavily sabled female produced two
females when bred to a lightly sabled stud, one
of which was heavily sabled and one was lightly
sabled. The heavily sabled daughter has recently
produced black & tan when bred to a stud of this
pattern, indicating that her mother passed the at
allele and she received ay from her father. It will
be interesting to see if her lightly sabled sister
will produce black & tan when bred to an at/at
stud. However, recent unpublished work has
suggested other genes may in fact control the
extent
of
sabling
in
ay
dogs
(http://homepage.usask.ca/~schmutz/agouti.html),
and this feature may not relate to the presence
of the at allele.
The aw Wildtype Pattern
Most wolves, probably all coyotes and many
other wild animals display a banded pattern in
the coat, with bands of alternating eumelanin
and pheomelanin pigment along the length of
the individual hair strands (9). Visually this
difference from the ay tipping pattern may be
distinguished only upon close examination of the
coat (Figure 2B and C, compare with A). The aw,
or wildtype variant of the agouti signal peptide
binds and is released from the Mc1R receptor
more than once over the course of the hair
elongation phase to produce the alternating
pigment pattern (Figure 1A).
The aw allele is thought to be the normal (nonmutated) version of the agouti gene, given its
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Figure 2. Sabling and banding patterns in Pomeranian coats. A) Black tipping (sabling) on an orange coat of Tinybear’s
y t
Premier Bella, who is a /a at agouti. Owned by Dr. Paul Eckford and Rick Rose, TinyBear Pomeranians. B) and C) The
w
wildtype eumelanin-pheomelanin-eumelanin banding pattern of the a “wolf sable” Ch Pondside Wings of an Angel CD
CGN RN RA RE RAE1 (W-FD/MF), owned and bred by Roberta Malott, Pondside Toys.

prevalence in wild animals (9). The aw banding
pattern is common in domestic dog breeds such
as Siberian Huskies, however, it is rare in
Pomeranians and many other breeds. In German
We would be very interested in seeing more
photos of “wolf sable” dogs and the
corresponding genetic testing to indicate if the
majority of these dogs are in fact ay or aw. If
you have Pomeranians that appear to be wolf
sable and would like to share your test results
or find out where you can have your dogs
tested, please contact Dr. Paul Eckford,
paul@tinybearpoms.com.
Shephard dogs, the aw banding pattern is one
common coat variant, though in this breed,
confusingly, it is termed “sable” rather than
“wolf”. The German Shephard dog “sable”
pattern is the banding pattern described here is
and completely different than the sable pattern
we have described above, which is due to the ay
mutant agouti allele. The Keeshond, a close Spitz
relative of the Pomeranian, is another breed
exhibiting the Agouti wildtype banding pattern,
and in fact is virtually restricted for the aw allele,
given that it is the only coat pattern recognized in
the breed standard.
In the Pomeranian, the rare aw agouti allele has
been shown to exist, and recently a genetic test
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has been developed that may allow breeders to
determine which agouti alleles are present in
their dog. Several testing facilities can detect
Agouti variants in blood samples or non-invasive
buccal cheek swabs for a nominal fee. In
Pomeranians, the coat pattern is termed “wolf
sable” though in order to minimize confusion and
avoid the incorrect implication that this is a
common ay sable type pattern, we prefer simply
the term “wolf”.
Most Pomeranian breed standards describe a
“wolf sable” as a dog with a light grey undercoat
and a deeper shade of steel grey guard hairs
ending in black tippings, but no cream or orange
cast to the base color (Figure 3D). Dogs
considered visually to be a wolf typically have
light silver-cream legs and bellies, but dark silvergrey-black coats, with or without a strong black
muzzle. There is considerable variation in the
colouring of dogs claimed to be “wolf sable”. We
believe that some such dogs are in fact cream
sable ay dogs, with heavy sabling, which would
give the dogs light legs and underbelly, but dark
guard hairs over much of the upper body.
Whether the majority of “wolf sable”
Pomeranians are in fact non-ay, remains to be
seen, though we have seen test results for some
“wolf sable” dogs that do indeed test aw, non-ay.
Given the presumed dominance hierarchy shown
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above, any dog possessing one ay allele would be
described as a sable, while any dog with an
aw/aw, aw/at or aw/a genotype would be a true
“wolf sable”. Recall from above that the agouti
alleles do not appear to control the colour of the
eumelanin and pheomelanin pigments, only their
distribution. Therefore, we believe that in fact it
is possible for one to have orange-based wolf
sable dogs as well as the light silvery wolf sables
described in our standard. It may be the case
that some orange wolf sable dogs with the aw
banding pattern exist and are simply thought to
be standard sable dogs. It would be interesting
to test any “orange sable” dogs that possess a
banding pattern throughout the coat rather than
the standard black tipping to determine the
Agouti genotype.
Secondary genes likely control the intensity of
the pheomelanin (orange, etc.) coat pigment in
both sable dogs and the wolf sable. These genes
remain to be identified. Little (6) suggested the
existence of a “Colour” C gene. This C gene was
thought to exist in several allelic forms and, while
having little effect on eumelanin, would be
responsible for the dilution of pheomelanin
pigment from orange to cream, a pale silvery
colour, or even white with a certain allele, Cch,
called the Chinchilla allele. In laboratory rodents,
indeed the gene tyrosinase (TYR) has been
identified, that is associated with albinism or a
loss of pigment intensity when mutated (10).
This is the gene typically associated with Little’s C
identifier. However in dogs, no mutation in the
tyrosinase “C” gene has thus far been correlated
with lightened pheomelanin coat colour, such as
cream, despite a fairly exhaustive investigation
(11). A membrane protein called SLC45A appears
to be responsible for colour dilution in horses
and affects pheomelanin and eumelanin
differently (12). Like the case with tyrosinase, no
genetic changes in this gene could be correlated
with lightened coat colours in dogs (11).
Therefore, the “C” gene does not seem to be
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related to lightened coat colours in cream, wolf
and other dogs. An intensity, I gene has also
been proposed that can decrease the intensity of
the pigment from orange to cream. While one or
more genes that can cause this effect must
certainly exist to explain the coat colour
differences we observe, it remains to be
identified. For now, it appears that we can
identify a true wolf Pomeranian by their agouti
allele, even if we can’t explain the lightened coat
intensity called for in our standard.
The at Dorsal Eumelanin & Ventral Pheomelanin
Pattern
The second most common coat pattern in
Pomeranians is typically described as black & tan,
in which eumelanin is the sole pigment of the
dorsal regions, including the trunk and top of the
head, and ventral portions, such as the belly and
legs, as well as under the tail, the eyebrows and
cheeks are pigmented with pheomelanin (Figure
4A). This pattern is prominent in many other
breeds, including the Doberman Pinscher and
Rottweiler. While the most common colours of
eumelanin and pheomelanin in this pattern are
indeed black and tan, as we will see in the exotics
section below and in Figure 4, this is but one of
many possibilities.
In stark contrast to the banding or tipping
patterns we see with the ay and aw agouti alleles,
the at allele pattern is characterized solely by
location-dependent switching of eumelanin and
pheomelanin pigmentation rather than temporal
switching in individual hairs. Eumelanin &
pheomelanin patterned at dogs do not possess
any individual hairs with both types of pigment.
It should be noted, however, that an ay sable or
aw wolf in fact does not have banded or tipped
pattern hair in the ventral regions of the body—
the legs and belly, just as in the at-patterned
dogs. The major difference is the dorsal surface
which is either solid eumelanin in at-patterned
© 2012 Dr. Paul Eckford, TinyBear Pomeranians
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Figure 3. Sable, wolf, solid and brindled Pomeranian coats. A) CH Showin’s Wolf Thunder of Alexandroff is a Cream
sable, with a light cream base coat rather than the standard orange, but with typical strong intensity of black nose and
y w
sabling in the coat. Thunder tests a /a and can produce the wolf sable pattern, though this is not evident
phenotypically (visually). Owned by Alexandra Likhoded, Alexandroff Pomeranians. B) Chars Pollywog Parti is an
orange sable parti. Note the pheomelanin and eumelanin pigmentation in the coloured regions. Owned by Darlene
Pruden of Prudens Poms. C) Chocolate orange sable puppy (12 weeks), Finchs Chars Tonka Tuff Tonto X Dee Dee's
Choc-a-holic. Note the typical orange colouring of the legs and brown nose that indicate this brown-based dog will be
an orange, with chocolate sabling through its fur at maturity. Bred and owned by Darlene Prudens, Prudens Poms. D)
Typical silver-grey appearance of a wolf sable Pomeranian, Poccahontas von Camen Iris, owned by Iris MüllerCamenzind. E) CH Damascusroad Walk on the Sea “Walker”, a solid black Pomeranian. Though it can’t be
distinguished by his appearance, Walker is a “dominant black” dog rather than a “recessive black” controlled by
Agouti. This is evident by pedigree analysis or genetic testing. Owned by Dr. Paul Eckford and Charles Rose, TinyBear
Pomeranians. F) The brindle pattern is a series of eumelanin and pheomelanin stripes on a dog that is genotypically
sable (or brindled tan regions of a genotypically black & tan). The brindling pattern is more evident on a puppy than
an adult with a long coat. Shown are Iddy Bidy's Kick'N Up A Fuss (Sasha), owned and bred by Bridget McDonald, Iddy
Biddy Pomeranians, and sired by Beau James Stripe Up The Band (Tigger) shown on the right. Tigger was bred by
Cyndi Wallen of Beau James and is owned by Bridget McDonald, Iddy Biddy Pomeranians.

dogs, or banded or tipped in wolf and sable,
respectively.
Therefore, the ventral-dorsal
(location-based) switching of pigments likely
occurs the same way in all 3 genotypes, and only
the pigmentation of the dorsal regions differs.
The “saddle tan”, ag agouti allele, as noted
above, does not exist. There are many dogs,
however, that are described as “saddle tan”. This
is a pattern similar to the “black & tan” pattern,
but in which the tan regions have spread out and
the black of the dorsal surface has shrunk to a
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smaller saddle shape. Excellent examples of the
“saddle tan” phenotype can be seen in the
German Shephard dog or the Bassett Hound.
Genetic analysis has shown that “saddle tan”
dogs are genetically black & tan, possessing
either the at/at or at/a genotypes (8). One or
more other genes may control the size of the tan
and/or black regions of the coat in examples of
the black & tan pattern. Indeed we even see
some “black & tan” Pomeranians that have larger
or smaller tan regions, though this is more subtle
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than in other breeds and not to the extent of a
saddle tan appearance.

would bind to Mc1R as normal and produce the
typical agouti pattern for that allele (black & tan,
sable, or wolf).

The rare a Recessive Solid Eumelanin Pattern
Some Pomeranians possess solid, eumelaninbased coats, including solid black or solid brown.
One particular famous solid black Pomeranian
was the stunning CH Finchs You're So Special N
Blk (Denzel), who sired multiple litters here and
produced several solid black dogs, including our
solid black male, CH Damascusroad Walk on the
Sea (Walker, Figure 3E). There are two major
genetic causes of solid eumelanin coats in dogs.
By far the most common is a mutation in the βdefensin 103 (K) gene (Figure 1C), in which the
gene product has a high affinity for the Mc1R
receptor, such that it is never released and never
allows the agouti signal peptide to bind and
switch the cell to pheomelanin production,
regardless of the agouti genotype (1). This
mutation in the “K” gene is dominant and thus
such examples are typically termed Dominant
Black, though more correctly they are dominant
solid eumelanin. Dominant solid eumelanin dogs
can be easily identified in their pedigree, as each
such dog will have at least one solid eumelanin
parent. A solid eumelanin phenotype will never
skip a generation (unless it coincides with the e/e
solid pheomelanin genotype which overrides it).
However, the solid dogs need not all be the same
colour of eumelanin.

Few breeds possess all four agouti alleles, but the
Eurasier, a Spitz-type dog, can have any of the 4
separate alleles as each have been detected in
genetic studies (8). Other Spitz breeds possess
some of the four alleles, though to my
knowledge there has been no exhaustive study of
the existence of all agouti alleles in the
Pomeranian. However, given that other Spitz
breeds can possess all four, this is a possibility for
the Pomeranian. We know that Pomeranians
commonly show both the sable and black & tan
phenotypes, and these two alleles are common.
We have also seen direct evidence that purebred
Pomeranians have tested positive for the aw
allele. The a allele, conversely, is very rare.
Essentially all examples of solid eumelanin
coated Pomeranians are of the Dominant solid
(K) type. I have heard anecdotal accounts of two
sable dogs (presumably both ay/a) producing a
solid black pup, suggesting this allele may in fact
exist in Pomeranians. In discussions with some
European breeders, it has been stated that there
are examples of dogs that have tested positive
for “a”, suggesting that this rare and recessive
allele does exist in our breed. We would be very
interested in seeing any DNA testing results for
dogs that do possess the a agouti allele.
Exotic Colours and Patterns

A second mode of solid eumelanin coat genetics
is the rare “recessive” solid. This is caused by a
single mutation in the agouti gene that results in
an agouti signal peptide that likely does not
interact with Mc1R to induce pheomelanin
pigment production, such that the coat becomes
solid eumelanin pigmented (4). Only a dog that
carries two copies of the a, recessive solid agouti
allele, would be solid. In any case where there
was one copy of the a allele and a functional
copy of any agouti allele, the functional copy
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Many genes exist that modify the colour or
intensity of eumelanin, and or pheomelanin. As
discussed above, some that lighten orange to
cream or white have been proposed but not yet
identified in dogs. Yet something invariably
exists to control the pheomelanin pigment. We
know more about differences in the colour of
eumelanin pigment, however there may be
additional genes that also function in this regard.
Additionally, there are other patterns that can
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Figure 4. The Black & Tan pattern and its exotic variants. A) CH ROM Starhaven Ohso Tan N Dark shows the standard
Black & Tan pattern, with desired dark tan pigmentation. B) A young CH ROM Starhaven Ohso Tan N Dark X
Alexandroff Bulka Black & Tan puppy, showing the pattern with lighter pigment typical of a puppy. This dog is
expected to mature with similar tan pigmentation to his Sire. Bred and owned by Alexandra Likhoded, Alexandroff
Pomeranians. C) Prudens Poker Face demonstrates a Black & Tan patterned dog with light cream pheomelanin
patterning. Compare with A. Prudens Poker Face was bred and is owned by Darlene Pruden of Prudens Poms. D)
Exotics Cocoa Pebbles demonstrates light tan pigmentation on a brown-chocolate rather than a black eumelaninbased dog. Note the brown-chocolate nose and coat. Owned by Darlene Pruden of Prudens Poms. E) Two examples
of the merle pattern superimposed on a Black & Tan base coat. Both Prudens Stone Cold steele and Pom Addictions
Be Dazzeled show heavy merling on the black portions of the coat, with less merling on the tan regions as typical for
this phenotype. Both dogs are owned by Darlene Pruden of Prudens Poms. F) Two examples of Black & Tan Parti, also
termed Tri-colour Pomeranians. Prudens Rose Blossom Special and Wild West Tri'n To Outlaw demonstrate both the
white blaze typical of a parti and white regions of fur superimposed on the Black & Tan base coat. Both dogs are
owned by Darlene Pruden of Prudens Poms.

exist in conjunction with the agouti patterns in
Pomeranians. Taken together, there are a broad
array of possible choices for each type of agouti
pattern. Here we examine some of these:
The Exotic Sable, ay
The orange-based dog with black nose and black
tipping is the most common sable Pomeranian.
Via unknown genes that control the intensity of
the pheomelanin in the coat, the orange can in
fact vary from deep red to the lightest of cream,
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yet the dog will possess the same, deep intensity
black nose and sabling/tipping to the fur. As
discussed above, some dogs are heavily sabled
and some are very lightly sabled, and this may
related to the at allele, or completely separate
genes. See Figure 3A for an example of a light
cream dog with black points and sabling.
The eumelanin pigment can vary greatly in
Pomeranians. A normal TRYP1 gene, which
encodes for the tyrosinase-related protein 1, is
involved in the production of black eumelanin
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pigment from the amino acid tyrosine (13).
Three different mutations in this protein have
been identified that make it non-functional.
Normally one of the last steps of eumelanin
production involves the conversion from a brown
to a black pigment, and when the TRYP1 gene is
non-functional, this conversion does not take
place. Thus all three identified TRYP1 mutations
can be described as the recessive “b” allele
suggested by Little (6), and the wildtype version
of the TRYP1 gene is the dominant “B” black
allele of the B gene. Sable dogs can possess
mutations in both of their TRYP1 genes and
therefore produce brown rather than black
eumelanin pigment. These dogs will have brown
noses, eye rims and pads on the feet.
Additionally, the sable tipping to the fur will be
brown, rather than black.
There is some
controversy in the breed as to the naming of
some of the brown-based dogs, but we would
describe this type of dog as a chocolate orange
sable, or a chocolate pointed orange sable
(Figure 3C).
Equally possible would be a
chocolate cream sable, or chocolate red sable,
etc.
The MLPH gene was identified as the “D” dilution
gene in Little’s terminology (6), where mutations
cause a defective gene that are inherited
recessively and use the symbol “d” (14,15).
When the MLPH gene is defective, clumps of
pigment can be detected in the pigment
producing melanocyte cells, and lower amounts
reach the hair. In dogs that produce black
eumelanin and have the d/d genotype, the coat
has a bluish-grey to light black appearance due to
the decreased pigment reaching the fur.
Likewise, the nose, eye rims and foot pads
appear blue-grey in colour. As d/d has perhaps
only a small effect on the pheomelanin pigment,
sable d/d dogs have apparently normal
red/orange/cream colours to the coats. These
dogs do possess blue sabling/tipping to the coat
along with the typical blue-grey noses. MLPH
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(d/d) mutations also affect brown-based dogs
(14). In this case, a sable dog would have a very
light brown nose and very light brown tipping to
the sabled fur, but again normal or near normal
intensity of the red/orange/cream coat colour.
Such dogs would be termed beaver orange sable,
etc. according to most colour descriptions.
Other genes can also influence the appearance of
a sable dog, sometimes in drastic ways. The
spotting gene is commonly termed “Pibald” and
“Parti” in Pomeranians, and produces patches of
white on the coat where there is a lack of
pigment. Mutations in the MITF gene appear to
be at least one cause of white spots or patches in
dogs (16). Parti patches can appear on top of
most colours and patterns, including sabled dogs
(see Figure 3B for an orange sable parti), be they
black, brown-chocolate, blue or beaver-based,
and whether they are sabled red, orange or
cream. A white blaze on the forehead is always
preferred.
The grey-white patterning of the merle
phenotype can also affect any colour
combination of sable dog, but merle is always
more visible in the eumelanin-pigmented fur
than the pheomelanin.
Finally, a mutation in the k (β-defensin 103 gene)
produces the kBr allele (17). When a dog has the
phenotype kbr/kbr or kbr/k, and they are a sable,
the dog will appear “brindled”. Brindling is a
series of stripes of eumelanin and pheomelanin,
such as is typical of Boxers, Boston Terriers, etc.
The eumelanin stripes can be black, brown, or
blue, etc., and the pheomelanin stripes can be
red, orange, etc. On short-haired dogs the
stripes are easily visible, whereas in Pomeranians
the stripes tend to be much less distinct (Figure
3F).
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The Exotic Wolf, aw

Exotic Recessive Solid Eumelanin, a

A “wolf sable” itself is typically classed as an
exotic coat colour. Parti and merle patterns can
be imposed on the wolf pattern, just as the sable
example above. As described above, a wolf,
according to the breed standards is very light
silver with darker silver. I suspect that we could
have other types of “wolf”, including blue or
brown-based, though I have seen no evidence for
this.

As described earlier, most solid eumelanin dogs
are K dominant eumelanin, though it is
anticipated that a small proportion may in fact be
the recessive a type. Sometimes a is referred to
as recessive black, but in fact, like other agouti
alleles, a itself has nothing to do with the colour
of eumelanin, rather it simply specifies the
pattern, which is solid. So presumably like the
dominant eumelanin phenotype, possibilities
would include black, blue, chocolate (brown) or
beaver (sometimes called lilac or lavender).
White is a complete lack of pigment and is
generally thought to be caused by a gene that
dilutes down the pheomelanin pigment in e/e
solid pheomelanin dogs. However, some dogs
appear to be white but are not e/e. Rather they
appear to be solid eumelanin-based dogs. It is
not clear at this time what causes either type of
white dog to have a complete lack of fur
pigment, but retain nose colour such as black.
Recessive solid eumelanin-based dogs would be
affected by both Parti and Merle patterns.

The Exotic Eumelanin & Pheomelanin, at
Though the pattern is generally described as
Black & Tan, there are a multitude of colour
variations for this pattern (Figure 4). The Black
(Figure 4A-C) can in fact be substituted for any
eumelanin shade described above, including
blue, chocolate/brown (Figure 4D), and dilute
chocolate (typically termed Beaver). The tan
pheomelanin is typically described “rust” or
“tan”, but in fact it can also vary from a deep and
rich red colour, to orange (Figure 4A), to cream
(Figure 4C-D) and even a light, silvery colour in
the so-called Black & Silver. It appears that any
possible shade of pheomelanin can be paired
with any eumelanin shade.
As with sable and wolf, the Parti and Merle
patterns can be superimposed on the eumelanin
& pheomelanin base pattern (Figure 4E-F). Black
& Tan Parti Pomeranians are also often termed
“tri-colour” (Figure 4F).
Finally, the brindle pattern described above can
also be seen in dogs with the eumelanin &
pheomelanin. Interestingly, the brindling stripes
of eumelanin and pheomelanin appear only in
the ventral regions of pheomelanin colouring, i.e.
the stripes are only on the tan portions of a Black
& Tan.
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Conclusion
The Agouti locus is one of the most important
pattern-defining genes of the canine genome,
and is responsible for many of the major patterns
in Pomeranians. Agouti controls the distribution
of the two major types of pigment, pheomelanin
and eumelanin in the coat. Multiple genes
control the colour and intensity of the pigment in
the coat in conjunction with the agouti patterns,
and with other genes, such as Parti and Merle to
produce a broad array of possible exotic coat
colours and patterns in the Pomeranian.
Proposed changes to the breed standard in
Canada would not only allow every colour and
pattern combination (except for Merle, which
would be expressly disqualified), dogs of nonstandard colour and pattern are anticipated to be
permitted to compete on an equal basis with
© 2012 Dr. Paul Eckford, TinyBear Pomeranians
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standard colours and patterns.
This may
encourage more examples of exotic colours and

patterns in the show ring. © 2012 Dr. Paul
Eckford, TinyBear Pomeranians.
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