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TRAITS: COAT COLOR (CONTINUED)

TRAIT RESULT

Intensity Loci LINKAGE .

Areas of a dog's coat where dark (black or brown) pigment is not expressed either contain red/yellow

pigment, or no pigment at all. Five locations across five chromosomes explain approximately 70% of red Any pigmented hair

Pigmentation *intensity* variation across all dogs. Dogs with a result of Intense Red Pigmentation will likely fikely yellow or tan

have deep red hair like an Irish Setter or ?apricot? hair like some Poodles, dogs with a result of (Intermediate Red

intermediate Red Pigmentation will likely have tan or yellow hair like a Soft-Coated Wheaten Terrier, and Pigmentation)

dogs with Dilute Red Pigmentation will likely have cream or white hair like a Samoyed. Because the

muta t i ons w e tes t may notd i r e c t l y cause d i f f e r e n c e s In red p igmen ta t i on i n t e n s i t y ,w e cons ide r t h i s t o b e

a linkage test.

A Locus (ASIP)

T h e A Locus con t ro l s s w i t c h i n g b e t w e e n b lack and red p i g m e n t in hair cel ls, b u t i t w i l l on ly be expressed

in d o g s t h a t a re n o t e e a t t h e E Locus and are k k ? a t t h e K Locus. Sab le (a lso called "Fawn?) dogs have a

mos t l y o r ent i re ly red c o a t w i t h s o m e in te rspersed black hairs. Agout i (a lso ca l led ?Wolf Sable?) dogs have

red ha i r s w i t h b lack t ips , mos t l y on t h e i r head and back . Black and tan dogs are most ly black or b r o w n w i t h

l igh te r pa tches o n t h e i r c h e e k s , eyebrows , ches t , and legs. Recessive black dogs have sol id-co lored b lack

o r b r o w n coa ts .

Not expressed (atat)

D Locus (MLPH)

T h eD locus r e s u l t t h a t w e repo r t is d e t e r m i n e d by t w o d i f fe ren t gene t i c var iants t h a t can w o r k t o g e t h e r t o

cause diluted pigmentation. These are the common d allele, also known as ?d1?, and a less common allele

known as ?d2?. Dogs with twod alleles, regardless of which variant, will have all black pigment lightened

(?diluted?) t o gray, or brown pigment lightened to lighter brown in their hair, skin, and sometimes eyes. Not expressed (DD)

There are many breed-specific names for these dilute colors, such as ?blue?,?charcoal?, ?fawn?, ?silver?,

a n d ?Isabel la?. Note t h a t in c e r t a i n breeds, d i lu te dogs have a h ighe r i nc idence o f Color Di lut ion Alopec ia .

Dogs w i t h o n ed al le le wil l n o t b e di lu te, but can pass t h ed al le le on to the i r pupp ies . To v i e w your dog 's d1

and d 2 tes t results, c l i ck t h e ?SEE DETAILS? l ink in t h e u p p e r r igh t hand c o r n e r o f t h e "Base Coat Color?

section of the Traits page, and then click the ?VIEW SUBLOCUS RESULTS? link at the bottom of the page.
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T R A I T S : C O A T C O L O R

TRAIT RESULT

E Locus (MC1R)

The E Locus determines i f and where a dog can produce dark (black or brown) hair. Dogs with two copies

of the recessive e allele do not produce dark hairs at all, and will be ?red? over their entire body. The shade

of red, which can range from a deep copper to yellow/gold to cream, is dependent on other genetic factors

including the Intensity loci. In addition to determining if a dog can develop dark hairs at all, the E Locus can ( e e )
give a dog a black "mask? or ?widow's peak,? unless the dog has overriding coat color genetic factors. Y

Dogs w i t h o n e or t w o cop ieso f t h e Em allele usual ly have a melaniat ic mask (dark fac ia l hair as c o m m o n l y

seen in the German Shepherd and Pug). Dogs with no copies of Em but one or two copies of the Eg allele

usually have a melanistic ?widow's peak" (dark forehead hair as commonly seen in the Afghan Hound and

Borzoi, where it is called either ?grizzie? or "domino?).

No dark hairs

K Locus (CBD103)

T h e K L o c u s K® al le le ?overr ides? t h e A Locus, mean ing that it p reven ts t h e A Locus geno type from

a f fec t i ng coa t co lor . For t h i s reason, t h e ® allele is referred t o as t h e ?dominant black? allele. As a resul t ,

d o g s w i t h a t leas t one K® al le le wi l l usual ly have sol id b lack or brown coats (or red / c ream coats i f t hey a re N o t expressed (K®K*)

e e a t t h e E Locus) regard less o f the i r geno type at t h e A Locus, a l though several o t h e r g e n e s c o u l d i m p a c t

the dog's coat and cause other patterns, such as white spotting. Dogs with the kYkY genotype will show 2

c o a t co l o r pa t te rn b a s e d o n t h e g e n o t y p e they have at t h e A Locus. Dogs w h o tes t as K®kY may be br indle

ra the r t h a n b lack or brown.

Registration: XTembark
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TRAIT

M Locus (PMEL)

Mer le coa t pa t te rn ing is c o m m o n t o severa l dog b reeds inc lud ing t h e Austral ian Shepherd , Catahoula

Leopard Dog, and Shet land Sheepdog , among many others . Mer le ar ises from an unstab le SINE inser t ion

( w h i c h w e t e r m t h e "M** al le le) t h a t d i s rup ts ac t i v i t y o f t h e p igmen ta ry gene PMEL, leading t o m o t t l e d or

pa tchy coa t color. Dogs w i t h an M * m resu l t a re l ike ly t o b e pheno typ ica l l y mer le o r cou ld be ?non-

expressing? mer le, mean ing that the mer le pa t te rn i s very sub t le o r not at all ev iden t in the i r coat . Dogs

w i t h an M*M® resu l t are likely to be pheno typ ica l l y merle o r doub le merle. Dogs w i t h an m m result have no

mer ie al le les a n d are unl ikely t o have a mer le coa t pat tern.

Note t h a t Embark does n o t cu r ren t l y d i s t i ngu ish be tween t h e recent ly desc r i bed cryp t i c , atypical ,

a t yp i ca i+ , c lass ic , and har lequ in mer le al leles. Our mer le tes t on ly de tec ts the presence, but n o t t h e l e n g t h

o f t h e SINE inser t ion. We d o not r e c o m m e n d mak ing breed ing dec is ions o n t h i s resu l t alone. Please pu rsue

f u r t h e r t e s t i n g fo r a l le l ic d i s t i n c t i o n pr ior t o b reed ing dec is ions .

R Locus (USH2A) LINKAGE

T h e R Locus regu la tes t h e p r e s e n c e or a b s e n c e o f t h e roan coa t co l o r pat tern. Partial dup l i ca t iono f t h e

USH2A g e n e i s s t rong ly assoc ia ted w i th t h i s coa t pat tern. Dogs wi th at least o n eRa l l e l e wi l l l ike ly have

roan ing on o t h e r w i s e un i fo rmly unp igmen ted wh i te areas. Roan appears in wh i te areas con t ro l led by t h e S

Locus b u t n o t in o t h e r w h i t e o r c ream areas created by o t h e r loci, such as t h e E Locus w i th ee along wi th

Di lute Red P igmen ta t i on by | Locus (for example , in Samoyeds) . Mechan i sms for cont ro l l ing the extent o f

roan ing are cu r ren t l y u n k n o w n , and roan ing can appear in a un i form or non -un i f o rm pat tern. Further, n o n -

un i f o rm roan ing may appear as t i c ked , and not obv ious ly roan.T h e roan pat tern can appear w i t h o r w i t h o u t

t i c k i n g .

H Locus (Harlequin)

Th is pa t te rn i s r e c o g n i z e d in Great Danes and causes dogs t o have a wh i te coa t w i t h pa tches o f darker

p igment . A d o g w i t h an Hh resu l t w i l l be har lequ ini f t hey are also M * m or M * M * at t h e M Locus and are n o t

€ e a t t h e E locus. Dogs w i t h a resu l t o f hh wil l n o t be har lequin. This t ra i t is t hough t t o be h o m o z y g o u s

lethal ; a l i v ing d o g w i t h a n HH g e n o t y p e has never been found .

Registration: embork

RESULT

N o mer ie a i l e l e s (mm)

L i k e l yno impacto n

c o a t pattern (1 )

No harlequin alleles

(hh)
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C o c o s (HPS3)

Dogs w i t h t h e coco g e n o t y p e wi l l p roduce dark b r o w n p i g m e n t instead of black in both t h e i r ha i r and skin. No co al leles, n o t

Dogs w i t h t h e Nco geno type will p roduce b lack p igment , but can pass t h e co allele o n t o the i r pupp ies . expressed (NN)

Dogs t h a t have t h e coco geno type as wel l as t h e b b g e n o t y p e at t h e B locus are genera l l y a l igh te r b r o w n

t h a n dogst h a t h a v e t h e B b bo r B B geno t ypesa t t h eB l o c u s .

BL o c u s(TYRP1)

Dogs w i t h t w o cop ieso f t h e b al le le produce b r o w n p i g m e n t instead o f b lack in both the i r ha i r and skin.

Dogs w i t h o n e copy o f t h eb al le le wi l l p roduce b lack p igment , b u t can pass the 6a l l e l e o n t o the i r pupp ies .

E Locus ee dogs that ca r ry t w ob al le les wi l l have red or c ream coa ts , but have b r o w n noses , eye r ims, and

f o o t p a d s ( s o m e t i m e s re fer red t o as "Dudley Nose" in Labrador Retr ievers) . ?Liver® or ?chocolate? is t h e

pre fe r red co lo r t e r m fo r b r o w n in mos t breeds; in t h e Doberman Pinscher i t is referred t o as ?red?.

Likely b lackcolored

nose/feet (Bb)

S a d d l eTan(RALY)

T h e "Saddle Tan? pa t te rn causes t h e b lack hai rs t o recede in to a ?saddle? shape on t h e back, leav ing a tan

face, legs , and belly, as a d o g ages. T h e Sadd le Tan pat tern is charac ter is t i c o f breeds l i ke t h e Corgi,

Beagle, a n d German Shepherd . Dogs t h a t have t h e ll g e n o t y p e at t h i s locus are more likely t o b e mos t l y

b lack w i t h tan po in ts o n t h e eyebrows , muzzle, and legs as c o m m o n l y seen in t h e Doberman Pinscher and

t h e Rottwei ler . Th i s g e n e mod i f ies t h e A Locus a t al lele, so dogs t h a t do not express at are n o t in f l uenced

by t h i s gene .

Not expressed (I!)

SL o c u s (MITF)

T h e S Locus de te rm ines wh i te spo t t i ng and p i g m e n t d is t r ibu t ion . MITF cont ro ls w h e r e p i g m e n t is

p r o d u c e d , a n d a n inse r t i on in t h e MITF g e n e causes a loss o f p igment in t h e coa t and skin, resu l t ing in

w h i t e ha i r a n d / o r p ink skin. Dogs w i t h t w o cop ies o f t h i s var ian t wil l l ikely have b r e e d - d e p e n d e n t w h i t e

pa t te rn ing , w i t h a near ly whi te , par t i , o r p iebald coat . Dogs w i th one copy o f t h i s var iant wil l have more

l imi ted wh i te spo t t i ng a n d may b e cons idered f lash, par t i o r p ieba ld . This MITF var ian t does not exp la in al l

wh i t e spo t t i ng pat te rns in dogs a n d o t h e r var iants are current ly being researched. Some dogs may have

smal l e m o u n t s o f w h i t e o n t h e paws, ches t , face, o r tail regard less o f the i r S Locus geno type .

L i k e l yt o have f i t t i et o

n o w h i t ei n c o a t ( S S )

Regist rat ion: Yembark
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TRAITS: OTHER COAT TRAITS

T R A I T RESULT
v i r

Furnishings (RSPO2) LINKAGE

Dogs with one or t w o copies of the F allele have ?furnishings?: the mustache, beard, and eyebrows Likely fumished

characterist ic o f breeds like the Schnauzer, Scott ish Terrier, and Wire Haired Dachshund. A dog with t w o I (mustache, beard,

alleles wil l not have furnishings, which is sometimes called an ?improper coat? in breeds where and/or eyebrows) (FF)

furnishings are part of the breed standard. The mutation is a genetic insertion which w e measure »

indirect ly using a linkage tes t highly correlated with the insertion.

Coat Length (FGFS)

The FGF5 gene is known to affect hair length in many different species, including cats, dogs, mice, and

humans. In dogs, the T allele confers a tong, silky haircoat as observed in the Yorkshire Terrier and the

Long Haired Whippet. The ancestral G allele causes a shorter coat as seen in the Boxer or the American

Staffordshire Terrier. in certain breeds (such as Corgi), the long haircoat is described as ?fluff.?

L i k e l yl o n g coa t ( T T )

Shedding (MCS5R)

Dogs wi th a t least one copy o f the ancestral C allele, like many Labradors and German Shepherd Dogs, are Likely l igh t shedd ing

heavy or seasonal shedders, while those with two copies of theT allele, including many Boxers, Shih Tzus ( c t )

and Chihuahuas, tend to be lighter shedders. Dogs with furnished/wire-haired coats caused by RSPO2

(the furnishings gene) tend to be low shedders regardless of their genotype at this gene.

Hairlessness (FOXI3) LINKAGE

A dupl icat ion in the FOXI3 gene causes hairlessness over most of the body as well as changes in tooth

s h a p e a n d n u m b e r . T h i s m u t a t i o n o c c u r s in P e r u v i a n I n c a O r c h i d , X o l o i t z c u i n t l i ( M e x i c a n Ha i r l ess ) , a n d V e r y u n l i k e l y t o b e

C h i n e s e C r e s t e d ( o t h e r h a i r l e s s b r e e d s have d i f f e r e n t m u t a t i o n s ) . D o g s w i t h t h e N D u p g e n o t y p e are l i ke l y h a i r l e s s ( N N )

to be hairless while dogs with the NN genotype are likely to have a normal coat. The DupDup genotype has

never been observed, suggest ing that dogs w i th that genotype cannot survive to birth. Please note tha t

th is is a linkage test, so it may not be as predictive as direct tests of the mutation in some lines.

Hairlessness (SGK3)

Very unl ikely t o be

Hairlessness in the American Hairless Terrier arises from a mutation in the SGK3 gene. Dogs with the ND hairless (NN)

genotype are likely to be hairiess while dogs with the NN genotype are likely to have a normal coat.

Registration: embark
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TRAIT RESULT

Ocu locu taneous A lb in i sm Type 2 (SLC45A2) L I N K A G E

Dogs w i t h t w o cop ies DD o f th is de le t ion in t h e SLC45A2 g e n e have ocu locu taneous alb in ism (OCA), a lso

k n o w n as Doberman Z Facto r A lb in ism, a recess ive c o n d i t i o n charac ter ized by severely reduced or a b s e n t

p i g m e n t in t h e eyes, skin, and hair. Af fec ted dogs somet imes suf fer f rom v is ion problems due t o lack of eye

p i g m e n t (wh i ch he lps d i r e c t and abso rb a m b i e n t l igh t ) and are prone t o sunburn . Dogs w i t h a s ing le c o p y

o f t h e de le t i on ND will n o t b e a f fec ted b u t can pass the muta t ion o n t o the i r o f fspr ing . This par t icu lar

muta t ion can be t raced b a c k to a s ing le wh i te Doberman Pinscher born in 1976, and it has only been

observed in d o g s descended f r o m t h i s indiv idual . Please note tha t t h i s is a l inkage test , so it may not be as

p r e d i c t i v e as d i r e c t t e s t s of t h e muta t ion in some lines. ? ?

Likely n o t a lb ino (NN)

C o a t Tex tu re (KRT71)

Dogs with a long cost and at least one copy of the T allele have a wavy or curly coat characteristic o f

Pood ies and B ichon Frises. Dogs w i t h t w o cop ies o f t h e ancestra l ¢ allele are l ike ly t o have a s t ra igh t coa t , ? _ L ike ly cu r f y coa t (TT)

b u t t h e r e a re o t h e r fac to rs tha t can cause a cur ly coat , f o r example i f t hey at least o n eF allele fo r t h e

Furnishings (RSPO2) gene then they are likely to have a curly coat. Dogs with short coats may carry one or

t w o cop ies o f t h eT allele b u t sti l l have s t ra igh t coats.

Registration: embark
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Muzzle Length (BMP3)

Dogs in medium-length muzzle (mesocephalic) breeds like Staffordshire Terriers and Labradors, and long

muzz ie (do l i chocepha l i c ) breeds l ike Wh ippe t and Coll ie have one, o r m o r e c o m m o n l y two, cop ies o f t h e

ancestral ¢ allele. Dogs in many short-length muzzie (brachycephalic) breeds such as the English Bulldog, ?_ Likety medium or tong

Pug, and Pekingese have two copies of the derived A allele. At least five different genes affect muzzle muzzle (CC)

length in dogs, with BMP3 being the only one with a known causal mutation. For example, the skull shape

o f s o m e breeds, inc lud ing t h e do l i chocepha l i c Sco t t i sh Terrier o r t h e brachycepha l i c Japanese Chin,

a p p e a r t o be caused by o t h e r genes. Thus, dogs may have shor t o r l ong m u z z l e s due t o o t h e r g e n e t i c

f a c t o r s t h a t a re n o t y e t k n o w n t o sc ience .

TalLength(1)

Whereas most dogs have twoCa l l e l e s and a long tail, dogs with oneG allele are likely to have a bobtail,

w h i c h is a n unusua l ly shor t o r absent tal l . This muta t ion causes natural bobta i l in many b reeds inc lud ing

t h e P e m b r o k e Welsh Corgi , t h e Austral ian Shepherd , a n d t h e Bri t tany Spaniel. Dogs w i t h GG geno types L ike ly n o r m a l - f e n g t h

have n o t b e e n observed , sugges t i ng t h a t dogs w i t h the GG geno type do not surv ive t o bi r th. t a i l (CC)

Please note t h a t t h i s m u t a t i o n does not exp la in e v e r y natural bobtai l ! Whi le certa in l ineages of Boston

Terr ier, Engl ish Bul ldog, Rottwei ler , M in ia tu re Schnauzer , Caval ier King Charles Spaniel, and Parson Russel l

T e r r i e r , and Dobermans are b o r n w i t h a natural bob ta i l , these breeds do n o t have t h i s muta t i on . Th i s

s u g g e s t s t h a t o t h e r u n k n o w n gene t i c mu ta t i ons can also lead t o a natural bobta i l .

H ind D e w c l a w s (LMSR1)

C o m m o n in c e r t a i n b reeds such as t h e Sain t Bernard, hind dewc laws are extra, non func t iona l d i g i t s L ike ly t o have h ind

loca ted midway b e t w e e n a dog 's paw and hock. Dogs w i t h at least one c o p y of t h e T al le le have abou t 4 d e w c l a w s (CT)

5 0 % c h a n c e o f hav ing h ind d e w c l a w s . Note t h a t o ther (current ly u n k n o w n t o science) mu ta t i ons can also

c a u s e hind dewc laws , so s o m e CC or TC dogs wi l l have h ind dewc laws .

Registration: tembork
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TRAITS: OTHER BODY FEATURES (CONTINUED)

TRAIT RESULT

BlueEyeColor (ALX4) LINKAGE

Embark researchers discovered this large duplication associated with blue eyes In Arctic breeds like

Siberian Husky as well ast r r -co lored (non-merle) Australian Shepherds. Dogs with at leasto n e copyo f the Less likely t o have biue
duplication (Dup) are more likely to have at least one biue eye. Some dogs with the duplication may have
only one blue eye (complete heterochromia) or may not have blue eyes at all; nevertheless, they can still eyes (NN)

pass the duplication and the trait to their offspring. NN dogs do not carry this duplication, but may have a

b lue eyes due t o o t h e r fac to rs , such as merle. Please note tha t t h i s is a l inkage tes t , so i t may not be a8

p r e d i c t i v e as d i r e c t t e s t s o f t h e muta t ion in some lines.

BackMuscling &Bulk,LergeBreed (ACSL4)

TheT allele is associated with heavy muscling along the back and trunk in characteristically ?bulky? large-

breed dogs including the Saint Bernard, Bernese Mountain Dog, Greater Swiss Mountain Dog, and Likely normal muscling

Rottweiler. The ?bulky? T allele is absent from leaner shaped large breed dogs like the Great Dane, Irish (cc)

Wol fhound , and Sco t t i sh Deerhound, w h i c h are f ixed for t h e ances t ra l C al lele. Note tha t t h i s muta t ion d o e s

n o t seem t o a f f e c t musc l i ng in smal l or even mid -s i zed d o g breeds w i th notable back muscl ing, i nc lud ing

the American Staffordshire Terrier, Boston Terrier, and the English Bulldog.

Registration: embark
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T R A I T S : B O D Y S I Z E

TRAIT RESULT

Body Size (IGF1)

Smaiier (11)

T h e f a l le le is assoc ia ted w i t h smal ler body size.

Body Size (IGFR1)

i n t e rmed ia te (GA)

T h eA al le le i s assoc ia ted w i t h smal ler body size.

B o d y Size (STC2)

Larger (TT)
T h eA al le le i s assoc ia ted w i t h smal ler body size.

Body Size (GHR - E191K)

Smaliter (AA)

The A allele is associated with smaller body size. O K

BodyS i ze (GHR - P177L)

T h eT a l l e l e i s assoc ia ted w i th smal ier body size.

Registration: embark
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T R A I T S : P E R F O R M A N C E

TRAIT RESULT

Altitude Adaptation (EPAST)

Normal altitude
This mutation causes dogs to be especially tolerant of low oxygen environments (hypoxia), such as those

found at high elevations. Dogs with at least one A allele are less susceptible to ?altitude sickness.? This

mutation was originally identified in breeds from high altitude areas such as the Tibetan Mastiff.

tolerance (GG)

Appetite (POMC) LINKAGE

This mutation in the POMC gene is found primarily in Labrador and Flat Coated Retrievers. Compared to

d o g s w i t h no cop ies o f t h e muta t ion (NN), d o g s w i th o n e (ND) or t w o (DD) cop ies o f the muta t ion are m o r e ?_-Norma l f o o d

l ike ly t o have h igh food mot i va t i on , w h i c h c a n cause t h e m t o eat excessively, have higher body fat m o t i v a t i o n (NN)

percen tage , a n d b e more prone t o obes i ty . Read m o r e abou t t h e g e n e t i c s o f POMC, and learn how you can

contribute to research, in our blog post (https://embarkvet.com/resources/blog/pomc-dogs/). We

measu re t h i s r e s u l t us ing a l inkage test .

Registration: rembork


