
MCB 142/ICB 163, Fall 2008 © Abby Dernburg

1

MCB 142/ICB 163, Fall 2008 © Abby Dernburg

2

MCB 142/ICB 163, Fall 2008 © Abby Dernburg

3

MCB 142/ICB 163, Fall 2008 © Abby Dernburg

4



MCB 142/ICB 163, Fall 2008 © Abby Dernburg

5

MCB 142/ICB 163, Fall 2008 © Abby Dernburg

6

?

??

?

MCB 142/ICB 163, Fall 2008 © Abby Dernburg

7

MCB 142/ICB 163, Fall 2008 © Abby Dernburg

8



MCB 142/ICB 163, Fall 2008 © Abby Dernburg

9

MCB 142/ICB 163, Fall 2008 © Abby Dernburg

X

10

MCB 142/ICB 163, Fall 2008 © Abby Dernburg

11

+

+

or

12



+

+

or

+

+

X

13

+

+

14

15

MCB 142/ICB 163, Fall 2008 © Abby Dernburg

16



MCB 142/ICB 163, Fall 2008 © Abby Dernburg

17

MCB 142/ICB 163, Fall 2008 © Abby Dernburg

18

MCB 142/ICB 163, Fall 2008 © Abby Dernburg

19

MCB 142/ICB 163, Fall 2008 © Abby Dernburg

20



MCB 142/ICB 163, Fall 2008 © Abby Dernburg

*if A and B are mutually exclusive, you would drop the –(PA x PB) term
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Why might dermoid sinus continue to be a problem 
in this breed, if dogs that show it are never bred?

What can you deduce about the inheritance of the 
ridged-back trait and nose color?

Answer:  The fact that ridgeless puppies emerged from a 

breeding between two ridged parents indicates that the ridge 

is dominant over the ridgeless phenotype, since recessive 

traits can be “hidden” by dominant traits. 

The fact that all puppies had black noses indicates that a 

black nose is likely to be dominant over a liver nose.

What were the likely genotypes of the parents?

Answer:  The parents must both be heterozygous for the 

ridged trait, since they gave rise to homozygous non-ridged 

(recessive) puppies.  The father must be homozygous for the 

liver-nosed trait, if it is indeed recessive.  The mother is very 

likely to be homozygous for the black nosed trait, since 

100% of the puppies inherited a black-nosed allele.

Answer:  It turns out that dermoid sinus is caused by the 

same mutation that causes the ridge.  Dogs that are 

homozygous for the ridged trait have a higher probability 

of dermoid sinus. By selecting for dogs that have a ridge 

but don’t have dermoid sinus, breeders have continually 

selected for heterozygotes for the ridge trait.
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Duplication of FGF3, FGF4,
FGF19 and ORAOV1 causes hair
ridge and predisposition to
dermoid sinus in Ridgeback dogs
Nicolette H C Salmon Hillbertz1, Magnus Isaksson2,
Elinor K Karlsson3,4, Eva Hellmén2,5, Gerli Rosengren Pielberg6,
Peter Savolainen7, Claire M Wade3,8, Henrik von Euler9,
Ulla Gustafson1, Åke Hedhammar9, Mats Nilsson2,
Kerstin Lindblad-Toh3,6, Leif Andersson1,6 & Göran Andersson1

The dorsal hair ridge in Rhodesian and Thai Ridgeback dogs is
caused by a dominant mutation that also predisposes to the
congenital developmental disorder dermoid sinus. Here we
show that the causative mutation is a 133-kb duplication
involving three fibroblast growth factor (FGF) genes. FGFs play
a crucial role in development, suggesting that the ridge and
dermoid sinus are caused by dysregulation of one or more of
the three FGF genes during development.

Dogs with a characteristic dorsal hair ridge seem to have been present
in both Africa and Asia long before European colonization (Fig. 1).
The Rhodesian Ridgeback dog (Fig. 1a), first registered in South
Africa in 1924, is most likely a blend of European dogs (brought to
Africa by early colonizers) and an extinct indigenous breed of Africa,

the ridged Hottentot Khoi dog1. The Thai Ridgeback (Fig. 1b) and the
Vietnamese Phu Quoc dog are two Asian breeds with a dorsal hair
ridge closely resembling the one found in Rhodesian Ridgeback dogs.
Histology of the skin from a ridged dog, taken strictly from the

dorsal median plane, showed cross-sectioned appendages (that is, hair
follicles and sebaceous glands) of normal appearance but lateral
orientation (Fig. 1d). In contrast, skin from the median plane of a
ridgeless dog showed caudally oriented hair follicles (Fig. 1e). Ridge-
back dogs are affected by the congenital malformation dermoid sinus
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Figure 1 Phenotypes of Rhodesian and Thai Ridgeback dogs. (a,b) The
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The laboratory mouse

Mus musculus

The fruit fly

Drosophila melanogaster
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• “The value and utility of any experiment are determined by the fitness of the material to the purpose for 

which it is used...” (Mendel, 1865)

Some organisms are especially well-suited to genetic analysis

The nematode

Caenorhabditis elegans

The zebrafish

Danio rio

The flowering plant

Arabidopsis thaliana

The fission yeast 

Schizosaccharomyces pombe

The budding yeast (baker’s yeast)

Saccharomyces cerevisiae

Single-celled fungi

The bacterium Escherichia coli

Prokaryotes

Plants

Animals
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