Primitive Marking Theory

O March, 2008

By Nancy Castle ~ Dun Central Station

Introduction:

This paper hypothesizes that the dun gene doesddoprimitive markings to the coat of a dun dilute
colored horse. Rather, the primitive markingsaready present in the coat of all horses. However
they are not distinguishable from the coat of ninmstes because they are essentially “self-colored”.
They are visually the same color and shade as#ief the horse’s coat at the site of each marking
We can most often see these primitive markings wherorse has a modifier that changes the coat
color, but has little to no effect on the primitinearkings. The dun dilution gene is the modifteattis
most often responsible for visible primitive magn There are also other modifiers that can cause
primitive markings to be visible at times.

| hypothesize that rather than putting the primitive markings on the coat, the dun dilution gene
essentiallydoes not dilute the primitive markings that alreaéyist on every horse

Primitive Markings on Other Species

For as long as wild life has been studied, primittoat patterns have been observed and documented o
many wild species. Various domestic species alse pamitive coat patterns.

Tabby Patterns on Domestic Cats

Geneticists and cat enthusiasts studying cat cdetermined that all cats have one of three tabby
patterns. It can only be seen if the cat has afieothat lightens the rest of the coat while legvthe
tabby pattern fairly unaffected. Sometimes, ightisunlight, the tabby pattern can even be seltysu
on black cats. | theorize the tabby patterns doera of primitive marking in domestic cats.

The photo on the left dfig. 1is a blue lynx point Himalayan mix. His tabbyteat is evident on his
points (face and legs in this photo). The genpamesible for the blue point color of this cat has
lightened the tabby patterning of his body, so thiatnot visible. The tabby patterning on thénpo
areas was not affected significantly, and remadiearly visible.

The photo on the right ¢fig. 1is a red tabby. Her coat has been lightenedhé&uprimitive tabby
pattern remains unaffected enough to be clearlileis
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Fig. 1

Red tabby mix breed

Blue lynx point Himalayan-mix

Primitive Markings on Donkeys
The donkey is another domestic species well knawit$ primitive markings. Most donkeys have very
a distinct dorsal and cross bar pattern. On dankéyhe dark colors, however, these markings neay n
always be clearly visible. IRig. 2, the photo on the left shows a recently rescuéati3 donkey. Due
to his poor coat condition and shedding at the tifnigis rescue, his dorsal was visible in his tdihe
photo on the right ifrig. 2 shows this donkey after shedding and with impros@at condition. His
coat had darkened and, as reported by his resewesfphis dorsal and cross were still subtly visibl

Fig. 2
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Black male donkey (after) — improved coat conditig
Black male donkey (before) — as a recent rescue, and after shedding.
exhibiting primitive dorsal in tail where sheddiisg
still taking place.
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The existence of primitive marking patterns oncakt colors in other species is supportive of kte®ty
that horses of all coat colors have primitive magkpatterns as well. As with cats and donkeys, a
horse’s primitive markings are only visible if thiegtve a modifier that lightens the coat, but dass n
significantly lighten the primitive markings.

Primitive Markings on Horses

| first realized that the dun dilution gene doesditute the primitive markings of a horse wherotined
that many horses identified as bay based dunsduadrrred-brown dorsals, while some had black

dorsals.
Fig. 3

Bay Dun Morab Gelding — Red Dorsal Brown Dun Quarter Horse Mare — Black
Dorsal

| also noted that on the legs of obvious bay dang,primitive leg barring that is present withireth
point of the leg appeared to be black, and anp&gng above the point area appeared to be resder
brown. If the horse had not been diluted by agleme, the area of the leg above the point woul@ hav
been some shade of red or red-brown. Therefoee;dtor of the primitive leg bars within the legimto
vs. those above the leg point indicated to mettiete markings are the same as the base coloe of th
horse. Thus, it appeared that the dun dilutioregeas _not dilutinghe primitive leg bars
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Fig. 4

Leg Barring on Bay Dun Morab Gelding
Note that the upper leg bars are more red or redtr
while those lower within the leg point are black.

If the dun gene is not diluting the base colohatgite of each primitive marking, then a clear based
horse should indeed have a red or red-brown detspg, as that is the base color of a clear cdadgd
along their top line. But why would a bay dun stimes have a black dorsal and sometimes have only
black leg barring, and not both red and black lagibg?

While trying to determine why horses identifiedtlas same base color could have such different
colored dorsal stripes, | considered other possitadifiers that are known, on undiluted bay horses,
change the color of the dorsal area of the horse.

Brown Agouti and the Dun Dilution Gene

The first modifier | considered was the expressibbhrown agouti (currently being researched by
Michal Prochazka of Pet DNA Services of Arizon&yom my own research, | suspect that the
expression of brown agouti can vary in expressiomflight brown to dark seal brown. | have seen
horses from two dark brown parents who are not beslvn. They have dark shading along their top
lines, extending only part way down their bodiegressing more non-black coloring (red or red-
brown) on their bodies than has generally beerebetl possible on a genetically brown horse. These
horses are most often called “sooty bay” or “daa¢’bbut because their parents are darker, more
typical expressions of brown, these lighter offsgrare most likely a lighter expression of brown.

If correct that a genetically brown horse can lyfight in expression, some horses who appedreto
bay dun are probably light brown dun, and due ¢odéirker top line from their brown agouti, they
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would certainly have black dorsal stripes. Andremeost lighter shade brown horses have higher black
leg points than the average clear bay horse. dthikl easily account for the fact some horses balye
black leg barring, rather than both red and black.

Lighter expressions of brown dun may look very mlikd a bay dun, while the darker expressions of
brown dun may look very similar to grulla.
Fig. 5

Light brown dun This Morgan gelding’s sire
is a grulla and his dam is a very dark seal
brown. Since the only form of agouti he could
have inherited from his parents is a brown Dark brown dun This colt may appear to be a
agouti, he must be brown based, rather than| bagfulla, but he tested “Aa”. His dam is a very
based. His base color is almost certainly gn ~ dark seal brown and also tested “Aa”.
expression of “light brown”.

Counter Shading Dorsal (CSD):

The second modifier that | considered was the esgove of a counter shading dorsal, or CSD. Horses
of any color can have a CSD, and in fact, manydwhave been mistakenly identified as “dun” because
of the presence of a CSD. This is a mistake masinconly made with a buckskin that has a CSD, as
the general phenotype is similar to, though not#ydhe same as, that of a bay dun. On horses of
black base colors (black, brown, bay), their CSD génerally be black in color, though some may be
lighter than true black. On horses of red baserspthe CSD will generally be a darker shade ef th
coat color. If the horse is a red chestnut, th® @8l be a darker red. If the horse is a golden

palomino, the CSD will generally be a darker galdjolden-brown color.

If my theory is correct that the dun gene doeddilate the primitive markings, then it is reasoreatd
expect that when an otherwise clear bay based dige lalso has a CSD, their dorsal color will be
black. This is because the dun dilution gene tdiloting any of the base color pigment, nor tHeOCs
black pigment along the dorsal area.
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Two Types of Dorsal Stripes:

Although | have already mentioned counter-shadimgals (CSDs) above, it is important at this point
the article to differentiate between Primitive Dadssand Counter Shading Dorsals. From my resebrch,
concluded at this time that there are most likest jwo distinct types of dorsal stripes, which are
genetically unrelated to each other.

Counter Shading Dorsal (CSB)This type of dorsal stripe can be present oncaiyr horse, but not all
horses will have a CSD. The CSD has long beercedsd with “sooty”, but many otherwise clear-
coated horses have a CSD and only seasonal saoim#eir coats.

Primitive Dorsal— Primitive dorsals are on all horses. This thetands on the premise that all horses
have a Primitive Marking Gene (PMG). But we getligraon't be able to see the primitive markings
because they are self-colored.

However, we may see them if any of the followinglgp

1) If the horse has the dun dilution gene, we @entBem because the dun gene is not diluting
them.

2) We can see them on some non-dun dilute colarause those horses may have a mutation of the
Primitive Marking Gene (PMG) that is not totallyfseolored, but rather a darker shade. But
they won't usually be as distinct as they are daradilute.

3) We can see them on some horses (foals) temlydvsadause they have a gray gene -- as foals
the gray gene is advancing their color to a moreureadult like color and it is causing the
primitive markings to be much darker and distinatilithe rest of the foal’s coat color matures
and fills in around those markings. Once the ®abfat matures more, filling in more of the base
color, their primitive markings are generally gobhksnding with the surrounding base color.
This may happen more often in some breeds becheagertay have a mutation of the PMG that
is not totally self-colored. They may have a “sfger” PMG, as mentioned above in #2.

4) Some foals, of various non-dun colors, may stievprimitive markings more than others in
their newborn foal coat. The markings are typicallbtle, and are quite obviously self-colored,
with lighter foal coat coloring around the markingshe markings show due to what some call
"foal pangare" being lighter than their base caldirth, while their primitive markings are
already self-colored. This is generally shortdivbecause their coat matures and darkens fairly
quickly. Quite often by the time they are severakks old, the markings are already blending
with their maturing color.

Photos depicting examples of the above colors pritinitive markings and dorsals will be shown
throughout this article.
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Buckskin with Primitive Dorsal and Counter Shadiborsat

Fig. 6

Left: Primitive dorsal in summer coat on a buckskin §&ar gelding. A very dark shade of gold.
Right: The black counter shading dorsal on the samedbutiMorgan gelding in winter coat.

In summer coat, the buckskin Morgan geldingrig. 6 appears to have a primitive dorsal. This gelding
has no dun parent, so we know he is a buckskirt.hBulorsal is shaped like that of a dun dilutesbs
dorsal. Itis wider over the hips and narrowsta®ars the tail. This is a primitive dorsal onam-dun
dilute horse. He also has a seasonal CSD, asawellseasonal wither patch, resembling that oha du
dilute horse's wither patch.

This horse’s varying seasonal dorsal appearancé&ivgeem to indicate that a non-dun horse can have
both a primitive dorsal, and a seasonal CSD.

Dun Dilution Plus Other Dilutions and Primitive Mdmngs

While studying the different colors of dorsal ségpon bay based and brown based dun dilute hdrses,
also observed the color of the dorsal stripes arskins (bay base colored horses with one cream gene
and at least one dun gene). Those who appeatsid@ssentially clear bay based also had red or red-
brown dorsal stripes. In heterozygous form thawrrelilution gene dilutes red pigment to gold.
However, when combined with a dun gene, the creame gloes not appear to dilute the primitive
markings to any discernable degree. This coulgtatd that the dun dilution gene is able to restric
dilution effects from the primitive marking areasot only does the dun gene appear not to dilige th
primitive markings itself, it also seems to prevtrd cream gene from diluting the primitive marlang
Perhaps the dun dilution gene has some abilitggtrict dilution at the site of the primitive mangs.
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Or, primitive markings themselves are resistarth&odilution effects of the dun dilute gene, aslasl
those of the cream gene when horse has both aethéna;d a cream gene.

Fig. 7
Red dorsal on a dunskin Morgan filly. Red dorsal on a dunalino Morgan mare.
The dorsal appears to be undiluted by the  The dorsal appears to be undiluted by the
cream gene. cream gene.

While studying photos of some horses, | observatdther dilution genes such as the champagne and
silver dilution geneare able to dilute the primitive markings at leasstone degree, however. Why the
cream dilute gene appears not to be capable dirdjlithe primitive markings when combined with a
dun gene, while the champagne and silver dilutemeg can, is a question for which this theory fuds n
developed a logical answer yet. Perhaps it isedlto the incomplete dominance of the cream dilute
gene, compared to the simple dominance of the diihgron genes? This would be a question for
which the geneticists would be much more likelh&ve an answer.

Variations in Expression of Primitive Dorsals, dvidltiple Mutations of the Primitive Marking Gene
Theory

Many dun dilute colored horses have primitive magkiin varying degrees. While the dorsal and leg
barring is always expected to be present, thersareral other primitive markings that some dun
dilutes exhibit and others do not seem to exhddrty discernible degree.

At this time, | suggest that the proposed Primitdaking Gene has likely mutated a number of times
during the evolution of the equine species. Assgnthis is the case, it would explain why some dun
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dilutes will have prominent dorsal barbs, whileasthwill not, for example. It could explain whynse
dun dilutes have very distinct and numerous leg,bahile others have but a few.

Other coat color modifiers may also be respondinisome of the varied expressions as well. Heavy
pangare on red or bay base colored dun dilute sonsg lighten the lower legs and their leg barthab
leg barring may be minimal and pale to virtuallyhrexistent.

If only dun dilute horses had true primitive maxgsnit would seem logical to expect that when lced
non-dun dilute mates, a heterozygous dun coloresehexhibiting multiple vivid primitive markings
would regularly produce dun dilute offspring alsthibiting multiple vivid primitive markings. And
that when bred to non-dun dilute mates a heterarygaon dilute with minimal primitive markings
would regularly produce dun dilute offspring withrmmal primitive markings. From my observations,
this does not always seem to be the case, however.

The following are photos of the front legs of twalffsiblings whose common parent is the sire, a
heterozygous (Dd) grulla Morgan stallion. Theindaare two different chestnut mares. The grulla

Morgan sire has been reported by former ownerse lonly had minimal expression of leg barring.
Fig. 8

The grulla gelding has very distinct His half sister, a bay dun mare,
and numerous leg bars. has very minimal barring.

The bay dun with minimal leg barring shows no erimkeof pangare that might have affected the
expression of leg barring, nor any other modifiettis appears to be visibly affecting the legs.

Fig. 9is a dunskin (dun gene and cream gene on a baycbhas) yearling Morgan, produced by the bay
dun Morgan mare ifrig. 8. His sire is a cremello who does not have a diumioh gene. The photo
shows that this colt exhibits much more distincewel numerous leg bars than his dun dilute dams Th
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could indicate that the yearling colt inherited atation of the Primitive Marking Gene for more
pronounced and numerous leg bars from his non-genrather than a mutation that produces fewer leg
bars from his dam.

Fig. 9

While | cannot be certain of the reason why hdifisgs with the common parent as their only sowfce
their dun dilution would exhibit such vastly diféert expressions of leg barring, the theory thahges

the grulla gelding’s chestnut dam had and passedratation of a primitive marking gene that causes
more numerous leg bars should be considered.

Primitive Markings On Non-Dun/Non-Gray Horses:

During my research, | noted many horses of nondilute colors with markings that appeared to be
similar to those seen on dun dilute horses. Phuatésals of various colors with markings similar t
those seen on dun colored horses were presenieé. td hey are generally not very distinct and are n
longer visible once the young coat has matured gintw lose the “foal pangare”. Are these actually
primitive markings?
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The theory presented in this article indicates they are indeed primitive markings. Their patseane
so similar to that of the markings seen on duntelihorses, that is seems logical to conclude that
primitive markings are present on all horses, lpeitret always visible on all colors all of the time

The following photographs are examples of non-cblored foals exhibiting primitive markings while
very young.

NOTE: The following horses do ndtave a dun dilute parent.

Fig. 10
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Fig. 11

NOTE: The above colt may also have a CSD, or neagy light brown foal. Adult photos were not
available for study to determine his exact matwieic(bay w/CSD vs. light brown).
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Fig. 12

Top Left: Dark/black dorsal on the bay Morgan stallion pi¢ured in the Top Right photo.
NOTE This bay Morgan stallion most likely has a bld28D. But based on the expression of primitive
dorsals on his get and grand get, even withoutG8®, he probably would have displayed a visible
primitive dorsal darker than his body shade.

Bottom Left: Red primitive dorsal on a palomino grand son othe bay Morgan stallion.
Bottom Right: Red primitive dorsal on a bay daughter of the bg Morgan stallion.
NOTE Both foals’ primitive dorsals are red, whichtlee same as their base colors along their top
lines.
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Below are photos showing primitive rib markingsadun dilute horse, and a non-dun dilute horse.

Fig. 13

Primitive Rib Marks on a grulla Morgan gelding.

Primitive Rib Marks on a bay Quarter Horse stallion
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Primitive Markings On Gray Horses (Foals):

| observed in photos many times that non-dun dilodés who have a gray gene can exhibit very “dun-
like” markings, including distinct dorsals and dhst leg bars. These are most likely primitive
markings. Observers who study horse colors hatedntbat newborn foals with a gray gene are born a
much more mature coat shade than non-gray foatsit avould appear that the presence of a gray gene
seems to “bring out” the primitive markings on soioals.

| suggest that some breeds of horses probablydésteonger” or darker expression of the primitive
markings. If my hypothesis is correct, these hots®/e a mutation of the Primitive Marking Gend tha
creates darker primitive markings than other bredflsen within a breed there are likely individuats
bloodlines that probably have a darker expressigmimitive markings than other bloodlines.

From my observations of photos, dun dilute foag bars are generally not extremely vivid and
pronounced at birth, while primitive leg bars omsdun dilute gray foals generally appear to beequit
pronounced. However, if a dun dilute foal also hagtay gene, their leg bars would indeed tenceto b
more pronounced at birth.

Examples of gray horses with primitive markingscas

“SC Spring Odessy- Bay/Brown based Arabian fillySince | do not yet have permission from the
owner to include photos of this filly in an articleam providing a link to the web site where a ohof
the very young filly can be viewed. See the seqamato on the page.
http://www.angelfire.com/wa2/sevencedarsarabianssmiatm|

The dun dilution has never been documented in théenm Arabian horse, so it is reasonably safe to
assume this filly is not a dun dilute. She didenhher dam’s gray gene, however. Her gray gene i
most likely responsible for her primitive markingsshow so distinctly at such a young age. Leg
barring on very young dun dilute foals is rarelydsok and distinct.
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Fig. 14

“Sertao”— Buckskin Gray Lusitano foalThe sire tested to be a perlino (photos | resshowed him
to be a double cream dilute), but also sires gralsfout of non-gray mares. This foal's dam is a
chestnut. Sertao was born with visible black lagibhg, wither and neck stripes, and a dorsalthén
photo of Sertao at 1.5 months lying down, it appeiais foal may also have had a ventral stripee 4
month-old photo of Sertao is not as clear as idmdlthe graying of the coat, especially on the fés
evident. The owner did report that the leg barwas no longer visible on Sertao after shedding the
foal coat.

Sertao’s birth color was not atypical of a buckdkial shade and with a double cream dilute parent w
know Sertao had to have a cream gene. With no Rrsmwrce of dun dilution, it is unlikely this faal

a dun dilute. Sertao’s primitive markings as ayweung foal were certainly visible because of ghay
gene.
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Spanish/lberian Breeds and Dun Dilute Colors:

During the course of developing this primitive magktheory, | noted that there are particular bseefd
horses that regularly exhibit primitive markingsee in the absence of a dun dilution gene. This
appears to be quite common in the Spanish breRBE&; Andalusian, and Lusitano. | have seen this in
other breeds that have gray as well.

Although | have seen a few dun dilute colored larsit horses, it appears to be fairly uncommon. 1Othe
than the few dun dilute colored horses just memetilpmost of the Lusitano horses with primitive
markings that | have seen at this time have eliteen buckskin with a CSD, or those with primitive
markings that were temporarily visible as foals thua gray gene. | have not seen any PRE or
Andalusian horses that were undeniably dun diluthia time; only those that were buckskin with a
CSD, or those with temporary primitive markingd@els due to a gray gene.

The dun dilution gene does not appear to be vannoon in these particular Spanish/lberian breeds at
this time. As owners and breeders become moreeagfaiolor identification and take advantage of
available dun dilute gene testing, and with corgthuesearch by UC Davis, more dun dilute colored
horses in these breeds may eventually be identified

Conclusion/Summary

In summary, | believe that all horses have primeitmarkings, as the possible result of a Primitive
Marking Gene. These primitive markings will only Bisible to the eye if a horse has very specific
modifiers that allow the expression of the markit@gshow, such as the dun dilution gene, or asas s
with gray foals, or as seen on various shadeswbam foal coats.

There may be multiple mutations of this theorizeithRive Marking Gene, accounting for some of the
variations of expressions. And other coat colodiimers may also affect the expression of the piirai
markings.
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Photo Credits

Fig. 1 Left: Brother —blue lynx point Himalayan-mix neutered malehoto contributed by Jackie
Wyandt.
Right: Yeller —red tabby mixed breed. Photo contributed by Nabastle.

Fig. 2 Otto — “black” male donkey. Photos contributed by Lisgddrt.

Fig. 3 Left: Firestorm —bay dun Morab gelding. Photo contributed by Katogrey.
Right: Cr Lobstick Ray —brown dun Quarter Horse mare. Photo contributeddmn Cameron

Fig. 4 Firestorm — bay dun Morab gelding. Photo contributed by Kditgrey.

Fig. 5 Left: AlpineMist Dreamaker — light brown dun Morgan gelding. Photo contributsdForrest
and Traci Stanley.
Right: Ragtime Up In Smoke -dark brown dun Morgan colt. Photo contributed anby Nard.

Fig. 6 CJ’s Sparkling Gem —buckskin Morgan gelding. Photos contributed bykiag/yandt.

Fig. 7 Left: DM Aimee Farrah —dunskin Morgan filly. Photo contributed by Mariliander Wekken
Right: King's Mystical Vision — dunalino Morgan mare. Photo contributed by SHeilaax.

Fig. 8 Left: Storm Quest —grulla Morgan gelding. Photo contributed by Jadkigandt.
Right: Amberfield’s Jazztime Moro —bay dun Morgan mare. Photo contributed by Jackie
Wyandt.

Fig. 9 Amberfield’s Dun Dreaming —dunskin Morgan colt. Photo contributed by Judyrkiém.

Fig. 10 DM Prairie Smoke’N — smoky black Morgan colt. Photos contributed by iifarVander
Wekken.

Fig. 11 Delmaytion Top King foal —bay or light brown foal. Photo contributed by daAdlliams.

Fig. 12 Delmaytion Top King, get and grand get -bay Morgan stallion, palomino colt, and bay filly.
Photos contributed by Carol Williams.

Fig. 13 Top: Storm Quest -grulla Morgan gelding. Photo contributed by Jadkigandt.
Bottom: Go Junior Cowboy —bay Quarter Horse stallion. Photo contributed bigabeth Saben,.

Fig. 14 | Sertao —buckskin gray Lusitano foal. Photos contributecDaniel andMarie-Claire Le
Stunff, Francg
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