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Introduction 
 
A team of four high-stepping white horses draws an aristocrat’s ornate carriage.  The handsome prince leads the 
royal procession on his regal white horse.  The valiant knight, in his suit of armor, charges into battle on his coura-
geous white charger. 
 
For centuries these have been the romantic tales of noble white steeds.  But were these fanciful horses white?  Or 
were they mature grays, or even homozygous cream dilutes?  It is very hard to know for sure, but it is certainly 
possible that at least some were white horses with dark eyes, pink skin, and snowy white coats at birth. 
 
The science of genetics has been making great strides in solving coat color mysteries such as these.  Mutations of a 
gene known as KIT have been identified as the causes of several white coat color patterns in horses.  Scientists 
have used mice as a “base” for genetic research for a very long time.  Many horse coat color studies begin by refer-
encing documented studies of mice.  Over 90 mutations of KIT have been documented in mice.  Some of these are 
directly responsible for white coat color and spotting patterns. 
 
KIT is key to other functions besides pigmentation of the hair and skin, such as development of the gastrointestinal 
tract, mast cells, and sperm cells.  A total loss of function of KIT results in embryonic death. 
 
Equine KIT mutations are responsible for several white and spotted coat colors, including the Sabino 1 (SB1) mu-
tation, and the recently identified Dominant White (W) mutations.  KIT is also associated with the Roan pattern of 
white, though the actual mutation for Roan is yet to be identified. 
 
Frame Overo (Overo Lethal White Syndrome) is not a mutation of KIT.  OLWS is a mutation of a gene known as 
EDNRB.  And Tobiano is the result of a chromosomal inversion that is believed to cause a disruption of a regula-
tory element near KIT.  Splash White is another spotting pattern that is still under investigation, as well as other 
possible sabino spotting patterns. 
 
 

Genetics Terms 
  
Before we delve into the intricacies of the SB1 and W mutations, a few genetics terms should first be briefly de-
scribed.  Even a basic understanding of these terms can help the reader understand how it is possible for a single 
gene to have multiple mutations, and why some of these mutations may produce somewhat different, or varied, 
phenotypes. 
 

 
AMINO ACIDS & PROTEINS: 
As many of us have heard before, proteins are the building blocks of life.  At the genetic level, they determine how 
and whether or not a specific mutation of a gene will function.  And the building blocks of proteins are amino ac-
ids. 
 
INTRONS & EXONS: 
You might say that introns are the precursors to exons, in that the intron pre-programs the function of the exon, and 
once its job is finished, it becomes inactive. 

The KIT gene is comprised of 21 exons. 
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TYPES OF MUTATIONS 
 
MISSENSE:  This type of mutation is the result of one amino acid being replaced by another.  The result is gener-
ally that the protein is no longer functional. 
 
NONSENSE:  Nonsense mutations cause a “stop” in the reading sequence, similar to a faulty computer program.  
The computer reads the program up to the “stop” point and can read no further and the program locks up.  In genet-
ics, the “stop”, or inability to continue reading the sequence, results in a loss of function of the protein.  
 
FRAMESHIFT:  A frameshift mutation is caused by either an insertion or a deletion in the gene’s coding.  From 
the point of the insertion or deletion, the translation is completely different from the original.  The earlier in the 
gene this disruption takes place, the more the protein will be altered.  
 
SPLICE SITE:  Splice site mutations are insertions or deletions of intron coding as it is being translated into the 
mature genetic coding of the exon.  Some of the intron code is spliced into the exon. 
 
SPLICE VARIANT (Exon cassette mode):  Certain exons are spliced out, altering the expression of the protein. 
 
 

Sabino 1 (SB1) 
 
In 2005, Samantha A. Brooks and Ernest Bailey published their study for 
the Sabino 1 spotting pattern.  The study showed that the Sabino 1 spotting 
pattern was a mutation of the KIT gene.  
 
Heterozygous SB1 (SB1/sb1) horses have white marking patterns ranging 
from minimal to extensive in expression.   
 
Horses that are moderately expressed have 
markings that can include high leg white, 
extensive facial markings, belly spotting, 
and light to heavy roaning in the coat. 
 
Horses that are homozygous for SB1 (SB1/
SB1) are born all or nearly all white, with 
pink skin.  But unlike double cream dilute 
horses and horses that are a combination of 
pinto patterns that can cause blue eyes 
(Splash White), homozygous SB1 horses 

do not have blue eyes.  Their eyes are fully pigmented. 
 
The SB1 spotting pattern is caused by a mutation in intron 16.  This mutation 
splices exon 17 out of KIT completely, as depicted in Fig. 2. 
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Dominant White (W1 – W11) 
 
In November 2007, PLoS Genetics Journal published the study, Allelic Heterogeneity at the Equine KIT Locus in 
Dominant White (W) Horses, authored by several researchers (see Sources and Credits for full listing).  Since PLoS 
Genetics is an open access publication, the full version of this study can be viewed on-line or downloaded free of 
charge.  A link to the published study can be found in the Sources and Credits section. 
 
Additionally, in May 2009, these researchers published their latest study, Seven novel KIT mutations in horses with 
white coat colour phenotypes, in Wiley InterScience Animal Genetics journal.  This study documents the discovery 
of seven additional mutations of KIT for Dominant White spotting patterns, bringing the total to eleven separate 
mutations responsible for Dominant White spotting patterns in eight horse breeds. 
 
The authors of these studies have proposed the following letter/number code designations for the Dominant White 
mutations: 

 

The amount of white expressed on a Dominant White animal can range from less than 50% white in some muta-
tions, to greater than 99% white.  Unless another white pattern gene is involved that causes blue eyes, the eyes of a 
Dominant White horse are expected to have normal pigment.  Dominant White mutations have a dominant mode of 
inheritance, as its name suggests.  This means that if a horse is heterozygous for Dominant White, they are usually 
50% or greater expression of white themselves for most of the documented mutations, and approximately 50% of 
their offspring will inherit their mutation. 
 
 

Franches-Montagnes Horse (W1) 
 
The Franches-Montagnes Horse is a Swiss breed of light draft type, and has been bred for over 150 years.  They 
are usually bay or chestnut.  However, there is one family of white Franches-Montagnes Horses.  This family can 
be traced to a single founding white horse; a mare named Cigale, foaled in 1957. 
 

It has been noted that some white Franches-Montagnes Horses are born with some pigment along their top line, but 
it often diminishes greatly as the horse matures.  This has also been observed in some of the Dominant White Ara-
bian horses. 
 
No photos of white Franches-Montagnes Horses were available for this article.  However, the published study does 
include a few photos of white Franches-Montagnes Horses, including a photo of one white horse as a foal showing 
only partial depigmentation, then again at 4 yrs old showing almost complete depigmentation.  You can find the 
published study and download it free from the PLoS Genetics web site.  A link to the published study can be found 
in the Sources and Credits section of this article. 

W1        Franches-Montagnes Horse 
W2        Thoroughbred 
W3        Arabian 
W4        Camarillo White Horse 
W5        Thoroughbred 
W6        Thoroughbred 

W7         Thoroughbred 
W8         Icelandic Horse 
W9         Holstein Horse 
W10       Quarter Horse 
W11       South German Draft Horse 
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Thoroughbred (W2) 
 
The W2 mutation of KIT was found in a family of Thoroughbreds that has long been known to produce white 
horses. 
 
The W2 mutation is a missense mutation, 
which substitutes one amino acid with another, 
but does not truncate the gene like a nonsense 
mutation.  The W2 mutation found in the fam-
ily of Thoroughbreds was found in Exon 17, 
substituting the amino acid glycine-654 with 
arginine from the point of mutation in Exon 17 
through Exon 21. 
 
Visit the Patchen Wilkes Farm web site at 
www.thewhitefox.com for photos of The White 
Fox, a successful racing son of Patchen Beauty, 
and more information about this family of 
white Thoroughbreds. 
 
 

Arabian (W3) 
 
Like the W1 mutation in the Franches-Montagnes Horses, the W3 mutation of KIT is a nonsense mutation.  How-
ever, the W3 mutation occurs in Exon 4, causing trunca-
tion of KIT from the point of mutation in Exon 4. 
 
The W3 mutation of KIT is found in a small family of 
Arabian horses.  The founding stallion of this line of 
Dominant White Arabians, R Khasper, was born from 
solid parents.  They did not have extensive white pattern-
ing themselves.  R Khasper was found to be heterozygous 
for W3, yet neither parent is white.  It has been concluded 
that the mutation took place spontaneously in R Khasper, 
making him the founding horse of this line of white Ara-
bians. 
 
As of January 2008, out of a total of 25 foals, he had sired 
12 white offspring.  This is well within the approximate 
50% white production that would be expected of a Domi-
nant White horse. 
 
R Khasper has some pigmented hairs in his forelock and 
mane, as well as on his ears.  He also has pigmented skin 
spots. 

Patchen Beauty and white colt. 
Photo copyright and courtesy Patchen Wilkes Farm 

www.thewhitefox.com 

 

R Khasper (R Classic Touch x PBS Enlacia) 
Dominant White Arabian Stallion 

Owned by Maple Ridge Farm 
http://mapleridgefarm.homestead.com/rkhasper.html 

Photo copyright of Tamars Ventures 
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One of his white offspring, Khokopelli, was born with a significant amount of pigment along his top line. 

 
Tamara Dirrim of Tamars Ventures, Hamilton, Indiana is the 
breeder/owner of two of R Khasper’s white offspring.  Kholor By 
Design (R Khasper x PCC Xeresh) was foaled 2004.  He was born 
almost completely white, except for a small amount of pigment on 
his ears, in his forelock and the poll area of his mane, and a small 
chestnut-colored mark on his forehead at the base of his forelock.  
By two years of age, all pigment seemed to have disappeared. 
 
Kholor By Design also has areas of blue in both eyes.  R Khasper’s 
paternal grand sire is Khemosabi, believed by some to have the 
Splash White gene, which can cause blue or partial blue eyes.  An-
other possibility is that it is an as yet unidentified Sabino-type gene 
that may sometimes causes blue or partial blue eyes.  Whichever the 
case may be, it is suspected that R Khasper may have inherited this 
gene in addition to the W3 mutation, and that he passed both on to 
Kholor By Design, resulting in Kholor By Design expressing enough 
of this other gene to cause partial blue areas in his eyes. 
 
Tamars Ventures is also the breeder/owner of Khey To My Heart (R 
Khasper x WinTeal), a 2005 white mare.  Khey To My Heart was 
born with a little more pigment than her half brother, and has re-
tained more of it into her 2nd and 3rd year.  She also exhibits pig-
mented skin spots like her sire, R Khasper.  Khey To My Heart does 
not have any blue in her eyes like her half brother, Kholor By De-
sign. 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Khokopelli  (R Khasper x Toiriffic Star) 
Dominant White Arabian Colt 
Owned by Maple Ridge Farm 

http://mapleridgefarm.homestead.com 
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TOP:  Kholor By Design (R Khasper x PCC Xeresh) 
Foal Photo 

Dominant White Arabian Stallion 
Owned by Tamars Ventures 

www.tamarsventures.com/Design.html 
Photo copyright Nancy Castle 

 
BOTTOM LEFT: Kholor By Design 

2 Yr Old Photo 
Dominant White Arabian Stallion 

Owned by Tamars Ventures 
www.tamarsventures.com/Design.html 

Photo copyright Tamara Dirrim 
 

BOTTOM RIGHT: Khey To My Heart  (R Khasper x WinTeal) 
Dominant White Arabian Mare 

Owned by Tamars Ventures 
www.tamarsventures.com/ArabianMares.html 

Photo copyright Nancy Castle 
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Camarillo White Horse (W4) 
 
The W4 mutation of KIT, 
found in the Camarillo 
White Horses, is a mis-
sense mutation in Exon 
12.  Beginning at the 
point of mutation in 
Exon 12 through Exon 
21, the amino acid alin-
ine is substituted with 
valine. 
 
The Camarillo White 
Horses can trace their 
white roots to the pre-
sumed founding stallion, 
Sultan, foaled in 1912 on 
the Miller and Lux Cattle 
Ranch and purchased by 
Adolfo Camarillo of 
California in 1921.  
There are fewer than 20 
living Camarillo White 
Horses today. 
 
Sultan was bred to Mor-
gan mares, producing a 
number of white foals.  
The Camarillo horses 
became very well 
known, appearing at fes-
tivals and in parades. 
 
Ynez Parker LaDow, 
great-granddaughter of Adolfo Camarillo and secretary of the Camarillo White Horse Association, stated that at 
least one American White Horse mare (from the American Cream and White Horse registry) owned by a Camarillo 
White breeder has been tested, but was found not to have the W4 mutation.  This would indicate that the Camarillo 
White and the American White breeds do not have the same genetic source for their white coat patterns. 
 
The gene responsible for the white coat of the American White Horses has not been identified at this time. 
 

 
 
 
 
 

Camarillo White Horses 
Photos courtesy Camarillo White Horse Association 

www.camarillowhitehorses.org 
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Thoroughbred (W5) 
 
May 2009 brought new discoveries of W mutations in horses to our attention.  Wiley InterScience Animal Genetics 
Journal published a study that identified seven new mutations of KIT for white phenotypes in horses.  Included 

among these latest discoveries was the W5 mu-
tation in another Thoroughbred family.  From 
this family, the study included six white horses; 
two nearly white horses, four horses with sa-
bino-type patterns, and ten solid horses. 
 
The ten solid horses did not have the mutation.  
Three of the four horses with sabino-type pat-
terning were found to be heterozygous for W5.  
The two nearly white and all six of the white 
horses were also heterozygous for W5. 
 
A frameshift mutation in Exon 15 of KIT, re-
sulted in a deletion that stops the production KIT 
protein at that point. 
 
Puchilingui is one of the Thoroughbreds from 
this family, and probably the most prolific and 
well known, found to be heterozygous for the 
W5 mutation.  He has sired a number of off-
spring with the W5 mutation.  Horses from this 
family that are heterozygous for the W5 muta-
tion have been shown to express a wide range of 
phenotype, from sabino-type patterning to com-
pletely white. 

 
Visit the True Colours Farm web site to view more photos of Puchilingui and his W5 descendants. 
http://www.angelfire.com/on3/TrueColoursFarm/index.html. 
 

Puchilingui (Native Royalty x Carolinaway) 
Dominant White Thoroughbred Stallion (W5) 

http://www.angelfire.com/on3/TrueColoursFarm/index.html 
Photo courtesy of True Colours Farm 

 
Puchilingui passed away January 2008. 

 
 
 
 

T C F Nightlight 
Smoky Black filly 
Granddaughter of 

Puchilingui 

 
 
 

Dodge’s Snow Bird 
Bay mare 

Granddaughter of 
Puchilingui 
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Photos of W6—W11 horses were not available for this article.  Refer to the published study, “Seven novel KIT mu-
tations in horses with white coat colour phenotypes” Wiley InterScience Animal Genetics, May 15, 2009. 
 

Thoroughbred (W6) 
 
A second Thoroughbred family in this study included one horse that was almost completely white.  An exchange 
of one amino acid for another in Exon 5 resulted in this nearly all white phenotype.  Other horses from this family 
were not available for testing.  

 
 

Thoroughbred (W7) 
 
The third Thoroughbred family documented in the May 2009 study consisted of a solid colored dam and her nearly 
all white filly.  The filly was heterozygous for a mutation of Intron 2 of KIT, whereas the solid colored dam did not 
have the mutation.  The filly expressed some pigmentation around her ears, and along the top of her neck and back. 
 

 

Icelandic Horse (W8) 
 
Seven horses from an Icelandic family were available for study; a partially white horse, the solid colored parents 
and four solid colored maternal half-siblings. 
 
The partially white horse was described as having “… a mottled phenotype with substantial residual pigmenta-
tion.”  Only the partially white horse was found to have a mutation near the end of Intron 15 of KIT.  Neither par-
ent was found to have the mutation, indicating that the partially white horse is the result of a spontaneous mutation, 
not inheritance.  The partially white horse was heterozygous for the W8 mutation. 
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Holstein Horse (W9) 
 
An exchange of one amino acid for another in Exon 12 of KIT was identified in an all white Holstein Horse.  The 
white horse was found heterozygous for W9.  No solid colored horses from this family were available for study.  

 
 

Quarter Horse (W10) 
 
In a family of 27 Quarter Horses a mutation of Exon 7 of KIT was identified in ten horses.  Five of the 27 horses 
were described as white, five were described as spotted, and 17 horses were described as solid colored.  All five of 
the white horses and all five of the spotted horses were heterozygous for the W10 mutation.  None the 17 solid col-
ored horses had the mutation. 
 
Like the W5 mutation, horses with a W10 mutation exhibit a wide range of phenotype.  One of the spotted horses 
pictured from the left side in the published study appeared to have an apron blaze extending partially over the left 
side of the face below the eye.  All four legs expressed white patterning similar to sabino-type patterning.  A me-
dium sized white spot is shown on the abdomen, and a smaller white spot appears on the side of the haunches.  
This horse’s phenotype might be easily mistaken for sabino, splash, or even frame overo. 
 

 

South German Draft Horse (W11) 
 
An all white South German Draft Horse and three of his white offspring were found heterozygous for mutation of 
KIT at Intron 20.  Four solid offspring and one leopard spotted offspring (leopard pattern inherited from the dam) 
did not have the W11 mutation. 
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Homozygous Embryonic Lethal 
 
All of the white horses found to have one of the eleven Dominant White mutations were heterozygous for their re-
spective mutations.  As discussed earlier, KIT is responsible for the development of other functions in addition to 
pigmentation, such as development of the gastrointestinal tract, mast cells, and sperm cells.   
 
Heterozygous W horses produce less of the KIT protein compared to solid colored horses with only wild type (ww) 
KIT alleles.  This leads to the conclusion that one wild type allele produces enough KIT protein for the heterozy-
gous Dominant White horse to be viable, healthy, and fertile enough to survive and reproduce. 
 
Based on studies of mice with W mutations, it is predicted that Dominant White mutations in horses leads to em-
bryonic death when homozygous.  The embryo cannot survive due to insufficient production of the KIT protein.  
Deficiency of KIT protein production prevents the proper development of cells that are vital to survival of the em-
bryo. 
 
Theoretically, it may be possible for some of the W mutation to produce viable homozygous W offspring.  For ex-
ample, missense mutations might possibly produce viable homozygous W offspring if the substitute amino acid is 
closely related enough to the one it replaced, thus producing enough KIT protein for proper development of vital 
life functions when homozygous.  Further study or breeding results could shed more light, but based on what is 
known about W mutations in mice, it is predicted that homozygous W would result in embryonic death. 
 
 

What’s In A Name:  Dominant White vs. Sabino 
 
Until these studies, most of the white patterns recently identified were considered by horse enthusiasts and breed-
ers to be sabino patterns.  Nearly white and all white horses were believed to be maximum sabino, while horses 
with less depigmentation were given labels such as moderate or minimal sabino.  It has been the belief of horse 
enthusiasts that true “white” horses were always completely white with no retained pigment, and that if a horse 
retained some pigment of the skin and/or hair, it was genetically some form of sabino if it were not the result of 
other known white spotting patterns (tobiano, frame overo, splash white, etc.) 
 
However, these beliefs and categorizations of the various phenotypes were not based on scientific/genetic evi-
dence.   It has long been established in studies of mice that certain white spotting patterns are identified as Domi-
nant White, even where some degree of pigment is retained.  The amount of retained pigment could range widely 
from about 50% to nearly all white.  Additionally, W mutations in mice have been documented to be embryonic 
lethal when homozygous. 
 
The classifications of white spotting patterns documented in mice have, therefore, been applied to the recently 
identified white spotting patterns in horses.  KIT mutations that cause depigmentation generally ranging from ap-
proximately 50% depigmented to all white phenotypes, and are also predicted to be embryonic lethal when homo-
zygous, are classified as Dominant White.  Mutations that are viable in the homozygous state are categorized as 
Sabino. 
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Other White Patterned Horses of Interest 
 
The White Horse Ranch of 
Nebraska produced white 
horses for many generations.  
Founded in 1917 when broth-
ers Cal and Hud Thompson 
purchased the white stallion, 
Old King and crossed him 
with Morgan mares.  The reg-
istry has changed names many 
times, including The American 
Albino Horse Club, American 
Albino Association, Inc., In-
ternational American Albino 
Association, Inc., International 
American Albino Association, 
Inc., and The American White 
Horse & Creme Horse Regis-
try.  Although the American 
White Horses have not been 
studied at this time, odds favor 
yet another W mutation of KIT as the cause of these horses’ white coat color as well. 
 

 
In addition to the R Khasper (W3) 
line, the Arabian breed has some other 
interesting bloodlines that produce 
nearly white horses sometimes.  They 
are generally referred to as Maximum 
Sabino, though the genetic control for 
these patterns is not known at this 
time. 
 
HAAP Snowy River and Windsong 
Firefrost are two stallions from a fam-
ily of Arabians, unrelated to the R 
Khasper family, that are nearly white.   
 
Windsong Firefrost, bred by Stephanie 
Wind of Element Arabians, along with 
several other Element Arabians 
horses, have been tested for the SB1 
mutation.  All of the horses, including 
Windsong Firefrost, tested N/N for the 
Sabino 1 mutation – no mutation for 
Sabino 1 was detected.  
 
 

Another family of Thoroughbreds that is currently known to produce sabino-type patterning and white or nearly all 
white foals includes the stallion, Airdrie Apache.  This stallion is chestnut with white patterning and heavy roaning 
of his coat.  He and some of his offspring can be seen on his owner’s web site. http://www.painteddesert.net 
 
NOTE:  Two additional families of Thoroughbreds were mentioned in the May 2009 study.  Mutations for their 
white pattern phenotypes have not been identified yet.  The identities of these families were not published. 

Abraham's Sweetheart's Crystal Jewel with her 2008 colt, Gavilan 
Photos courtesy Ynez Parker LaDow 

Windsong Firefrost 
Photos courtesy Element Arabians 

http://www.elementsarabians.com/frost.html 
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Summary 
 
Equine KIT now has more documented mutations than any other gene in mammals, besides those documented in 
mice. 
 
In addition to Sabino 1 and the eleven Dominant White mutations, KIT is also believed to be responsible for 
(classic) roan, and tobiano is known to be a chromosome inversion near KIT that may disrupt the regulatory se-
quence for KIT. 
 
It is important to note that in mice there are over 90 documented mutations of the KIT gene.  How many will be 
found in horses?  How many of these will be responsible for white spotting patterns?  And how many will be des-
ignated as Dominant White or Sabino?  Only time and more research are likely to answer these questions. 
 
 

Documented KIT Mutations Chart 
 

 Mutation  Type Location 

W7 (Thoroughbred) Splice site Intron 2 

W8 (Icelandic Horse) Splice site Intron 15 

Sabino 1 (various breeds) Splice variant Intron 16 

W11 (South German Draft Horse) Splice site Intron 20 

W3 (Arabian) Nonsense Exon 4 

W6 (Thoroughbred) Missense Exon 5 

W10 (Quarter Horse) Frameshift Exon 7 

W4 (Camarillo White Horse) Missense 
*(alanine/valine) 

Exon 12 

W9 (Holstein Horse) Missense 
*(glycine/arginine) 

Exon 12 

W1 (Franches-Montagnes Horse) Nonsense Exon 15 

W5 (Thoroughbred) Frameshift Exon 15 

W2 (Thoroughbred) Missense Exon 17 

Tobiano (various breeds) Chromosome Inversion  

*Although both W4 and W9 are missense mutations in Exon 12, they are not the same mutation. 
The W4 mutation involves a substitution of different amino acids than the W9 mutation.  The exchange 
of the different amino acids is noted in their respective “Type” columns. 
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