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Exclusion of EDNRB and KIT as the basis for white spotting in
Border Collies
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Abstract

Background: White spotting patterns in mammals can be caused by mutations in the genes for
the endothelin B receptor and c-Kit, whose protein products are necessary for proper migration,
differentiation or survival of the melanoblast population of cells. Although there are many different
dog breeds that segregate white spotting patterns, no genes have been identified that are linked to
these phenotypes.

Results: An intercross was generated from a female Newfoundland and a male Border Collie and
the white spotting phenotypes of the intercross progeny were evaluated by measuring percentage
surface area of white in the puppies. The Border Collie markings segregated as a simple autosomal
recessive (7/25 intercross progeny had the phenotype). Two candidate genes, for the endothelin B
receptor (EDNRB) and c-Kit (KIT), were evaluated for segregation with the white spotting pattern.
Polymorphisms between the Border Collie and Newfoundland were identified for EDNRB using
Southern analysis after a portion of the canine gene had been cloned. Polymorphisms for KIT were
identified using a microsatellite developed from a bacterial artificial chromosome containing the
canine gene.

Conclusions: Both EDNRB and KIT were excluded as a cause of the white spotting pattern in at least
two of the intercross progeny. Although these genes have been implicated in white spotting in other
mammals, including horses, pigs, cows, mice and rats, they do not appear to be responsible for the
white spotting pattern found in the Border Collie breed of dog.
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Figure 1
A Newfoundland female (a) was bred to a Border Collie
male (b) to produce animals for the intercross.
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Figure 2
Amino-acid sequence alignment of mammalian endothelin B
receptors using the ‘pretty’ function from the GCG
Wisconsin package. Accession numbers for sequences used
for comparison: bovine EDNRB, S63513; human EDNRB,
JQ1042; rat EDNRB, I57950; canine EDNRB, AF276427.

1-50 
Human_EDNRB   MQPPPSLCGR ALVALVLACG LSRIWGEERG FPPDRAT.PL LQTAEIMTPP 
canine_EDNRB  MQPLLSWCRR ALVALILACS GAGVQGEERG FPPARATVPL WGPGEITTPP 
Bovine_EDNRB  MQPLPSLCGR ALVALILACG VAGIQAEERE FPPAGATQPL PGTGEMMETP 
Rat_EDNRB     MQSSASRCGR ALVALLLACG LLGVWGEKRG FPPAQATPSL LGTKEVMTPP 
Consensus     MQPLPSLCGR ALVALILACG LAG--GEERG FPPARAT-PL LGTGEIMTPP 

51-100 
Human_EDNRB   TKTLWPKGSN ASLARSLAPA EVPKGDRTAG SPPRTISPPP CQGPIEIKET 
canine_EDNRB  TEASWSKGPN ASVPWSSAPP QMPKGGRTAG GPPRTLTPPP CEKSIEIKET 
Bovine_EDNRB  TETSWPGRSN ASDPRSSATP QIPRGGRMAG IPPRT..PPP CDGPIEIKET 
Rat_EDNRB     TKTSWTRGSN SSLMRSSAPA EVTKGGRVAG VPPRSF.PPP CQRKIEINKT 
Consensus     T-TSWPKGSN ASLPRSSAP- -VPKGGRTAG -PPRT--PPP CQGPIEIKET 

101-150 
Human_EDNRB   FKYINTVVSC LVFVLGIIGN STLLRIIYKN KCMRNGPNIL IASLALGDLL 
canine_EDNRB  FKYINTVVSC LVFVLGIIGN STLLRIIYKN KCMRNGPNIL IASLALGDLL 
Bovine_EDNRB  FKYINTVVSC LVFVLGIIGN STLLRIIYKN KCMRNGPNIL IASLALGDLL 
Rat_EDNRB     FKYINTIVSC LVFVLGIIGN STLLRIIYKN KCMRNGPNIL IASLALGDLL 
Consensus     FKYINTVVSC LVFVLGIIGN STLLRIIYKN KCMRNGPNIL IASLALGDLL 

151-200 
Human_EDNRB   HIVIDIPINV YKLLAEDWPF GAEMCKLVPF IQKASVGITV LSLCALSIDR 
canine_EDNRB  HIIIDIPITV YKLLAEDWPF GVEMCKLVPF IQKASVGITV LSLCALSIDR 
Bovine_EDNRB  HIIIDIPINT YKLLAKDWPF GVEMCKLVPF IQKASVGITV LSLCALSIDR 
Rat_EDNRB     HIIIDIPINA YKLLAGDWPF GAEMCKLVPF IQKASVGITV LSLCALSIDR 
Consensus     HIIIDIPINV YKLLAEDWPF G-EMCKLVPF IQKASVGITV LSLCALSIDR 

201-250 
Human_EDNRB   YRAVASWSRI KGIGVPKWTA VEIVLIWVVS VVLAVPEAIG FDIITMDYKG 
canine_EDNRB  YRAVASWSRI KGIGVPKWTA VEIVLIWVVS VVLAVPEAIG FDMITIDYKG 
Bovine_EDNRB  YRAVASWSRI KGIGVPKWTA VEIVLIWVVS VVLAVPEAIG FDIITSDHIG 
Rat_EDNRB     YRAVASWSRI KGIGVPKWTA VEIVLIWVVS VVLAVPEAIG FDVITSDYKG 
Consensus     YRAVASWSRI KGIGVPKWTA VEIVLIWVVS VVLAVPEA-G FDIITSDYKG 

251-300 
Human_EDNRB   SYLRICLLHP VQKTAFMQFY KTAKDWWLFS FYFCLPLAIT AFFYTLMTCE 
canine_EDNRB  RYLRICLLHP TQKTAFMQFY KTAKDWWLFS FYFCLPLAIT AFFYTLMTCE 
Bovine_EDNRB  NKLRICLLHP TQKTAFMQFY KTAKDWWLFS FYFCLPLAIT ALFYTLMTCE 
Rat_EDNRB     KPLRVCMLNP FQKTAFMQFY KTAKDWWLFS FYFCLPLAIT AIFYTLMTCE 
Consensus     -YLRICLLHP TQKTAFMQFY KTAKDWWLFS FYFCLPLAIT AFFYTLMTCE 

301-350 
Human_EDNRB   MLRKKSGMQI ALNDHLKQRR EVAKTVFCLV LVFALCWLPL HLSRILKLTL 
canine_EDNRB  MLRKKSGMQI ALNDHLKQRR EVAKTVFCLV LVFALCWLPL HLSRILKLTL 
Bovine_EDNRB  MLRKKSGMQI ALNDHLKQRR EVAKTVFCLV LVFALCWLPL HLSRILKLTL 
Rat_EDNRB     MLRKKSGMQI ALNDHLKQRR EVAKTVFCLV LVFALCWLPL HLSRILKLTL 
Consensus     MLRKKSGMQI ALNDHLKQRR EVAKTVFCLV LVFALCWLPL HLSRILKLTL 

351-400 
Human_EDNRB   YNQNDPNRCE LLSFLLVLDY IGINMASLNS CINPIALYLV SKRFKNCFKS 
canine_EDNRB  YDQNDPNRCE LLSFLLVLDY IGINMASLNS CINPIALYLV SKRFKNCFKS 
Bovine_EDNRB  YDQHDPRRCE FLSFLLVLDY IGINMASLNS CINPIALYLV SKRFKNCFKS 
Rat_EDNRB     YDQSNPQRCE LLSFLLVLDY IGINMASLNS CINPIALYLV SKRFKNCFKS 
Consensus     YDQNDPNRCE LLSFLLVLDY IGINMASLNS CINPIALYLV SKRFKNCFKS 

401-443 
Human_EDNRB   CLCCWCQSFE EKQSLEEKQS CLKFKANDHG YDNFRSSNKY SSS 
canine_EDNRB  CLCCWCQSFE EKQSLEEKQS CLKFKANDHG YDNF~~~~~~ ~~~ 
Bovine_EDNRB  CLCCWCQSFE EKQSLEEKQS CLKFKANDHG YDNFRSSNKY SSS 
Rat_EDNRB     CLCCWCQSFE EKQSLEEKQS CLKFKANDHG YDNFRSSNKY SSS 
Consensus     CLCCWCQSFE EKQSLEEKQS CLKFKANDHG YDNFRSSNKY SSS 

Figure 3
Segregation of EDNRB compared with the segregation of the
white spotting phenotype. Genomic DNA digested with
PvuII was probed with a radioactively labeled fragment of
EDNRB DNA which detected a PvuII restriction fragment
length polymorphism (RFLP) between the Border Collie and
Newfoundland grandparents. BC, DNA from the Border
Collie grandparent; N, DNA from the Newfoundland
grandparent. F1, DNA from the first generation hybrids of
the Newfoundland × Border Collie cross; F2, DNA from the
progeny of intercrosses between the F1 hybrids; s, white
spotted; ns, not white spotted. The presumed genotypes for
the EDNRB locus are shown below the lanes.

BC N F1 F2 F2 F2 F2 F2 F2

1/2 3/4 1/4 3/4 1/4 1/2 3/4 2/3 2/3
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Figure 4
Segregation of KIT compared with segregation of the white
spotting phenotype. Segregation of KIT was followed by
detection of a simple-sequence repeat polymorphic
difference between the Newfoundland and Border Collie
grandparents. BC, DNA from the Border Collie
grandparent; N, DNA from the Newfoundland grandparent;
F1, DNA from the first generation hybrids; F2, DNA from
the second generation intercrosses. s, white spotted; ns, not
white spotted. The presumed genotypes for the KIT locus
are shown below the lanes.

BC N F1 F1 F1 F1 F1 F2 F2 F2 F2 F2 F2 F2 F2 F2 F2
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