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EQ CASE REPORT

OH S0 RARE:
Dunbars Gold
has not only a
striking brindied
coat but also

an unusual
genetic anomaly.
that led toa
groundbreaking
discovery.

Horses of a different stripe

ome horse lovers gravitate to
e fo pintos. But orses with

rare brindled coats have always fasci
nted breeder Denise Charpiloz of
Vancouver, Washington

Adistinctive striped patten,
brindling appears as darkcvertical
streaks rumning dovwn  lghterc
Ttoccurs in patches as wellasal
e the by, s aiso seen in combi-
naton with other markings,such as
strps and socks. Brindling appears in
soveral breeds, bt finding  horse
with the unusual coatcoloration sn't
casy In the American Quarter Forse
Association’s (AQHA) registry of
nearly ive millon horses,only 17 are
Jisted as brindles

Undaunted by the odds and aded
by the Internet, Charpiloz searched

When routine tests
for registration yield
seemingly impossible
results, a genetic first
is discovered—twice.
By Tom Moates

and in 2000 purchased her first
brindled horse, a weanling Quarter
Horse filly named Sharp One. Known
on the farm as Salsa, she had a red-
dish dun coat with dark stripes.
Charpilloz intended 1o breed Salsa
to produce a brindled foal, but she rec-
ognized that the odds of success might
notbe in her favor. Planned production
s difficult because the genetic basis of

brindling isn't completely understood.
What is known provides some insight
into ehy the pattern seldom occurs.

Agenetic modifier causes brindling
in horses, explains equine color
genetics expert D. Phillip Sponenberg,
DVM, PhD, of the Virginia-Maryland
Regional College of Veterinary Medi-
cine in Blacksburg, Virginia. This
modifier can be passed (o offspring,
but it can be presentin an individual
without being expressed". In other
Words, itis more a genetic predispos
tion than  certainty

In addition, some colors can
brindle and others can't, so even in
families where the modifier s passed
and may be expressed, the charcteris-
tic striping may not be visible because
of the genes responsible fo the color
of the horse’s coat
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‘THE PARENT TRAP:
Initial genetic tests
suggested that Deuce
(tight) was ot related
o either his sire (above)
or his dam (below),
because each carri

two separate sets

of DNA. Subsequent

testing confirmied the
colts parentage.

The quest for color

Hoping o hit the genetic jackpot,
Charpilloz bred Salsa in 2003 0 Quar-
ter Horse stallion FRS Reckless Dan, a
striking gray brindle. The pairing pro-
duced a solid sorrel colt, dubbed Ace,
whowas registered with the AQHA
soon after hi th.

As partof that process, samples of
his mane and tail hair were plucked
and sent 0 the Veterinary Genetics
Laboratory at the University of
California-Davis. DNA testing
confirmed Ace’s parentage: His
DNAwas compared to the samples
on fle from his sire and dam, and
‘his registration was complete.

The nextyear, Charplloz paired
Salsa with a flashy brindled Quarter
Horse named Dunbars Gold, who has
awhite blaze and fourwhite socks,
‘The mare was artificially inseminated
with frozen semen from the stallion.

The resulting foal, born in 2004,
was solid sorrel with hind socks and a
blaze, Officialy named Sharp Barcoder,
the coltwas called Deuce on the farm,
His birth was caught on video by
Charpilloz, who, as before, plucked
mane and tail hair for DNA testing and
AQHA registration.

Afew weaks later, she was quite
surprised and completely stumped
when the laboratory sent her a letter
saying that the DNA results excluded
Dunbars Gold and Salsa as possibly
being Deuce’s sire and darm.

“Pedigree and sampling errors are
not common, says Cecilia Penedo,
PhD, a specialistin genomic research
and development at the Veterinary
Genetics Laboratory. “But what was
particularly unusual about this case
was that we had an exclusion to both
parents, which is rare in horses."

‘The most likely scenario, the labor-
atory suggested, was that Charpilloz.
had inadvertently sent hair samples
from another foal She was certain,
however, that such an error hadn't
occurred. Deuce had been the only
foal born on hr farm that year
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Hoping to clear up the matter, Char-
pilloz took another sample from
Deuce and sent it o the lab for lesting,
‘The results were the same. According
 his DNA, Deuce couldn't possibly
be the offspring of either Dunba
Gold or Salsa.

Confounding findings

Though no one believed that
Charpilloz was attempting fraud, an
investigation was launched fo deter-
mine what might be going on. The
video of Deuce’s birth and first fow
hours of life offered compelling
evidence tha Salsa v
Theoretically, however, he could have
been transferred (o her s an embryo
from another mare.

What abouta mistake with the
semen? *Paternity errors are the most
comman,” Penedo explains, usually
due to mix-ups that occurat a stal-
tion's stable when frozen semen is
being handied.

Acall 10 the farm and a crosscheck.
with other sallions’ DNA often reveal
the true sire. However, Dunbars Gold
was the only stallion on his farm
o have his semen collected and
shipped. It became clear that this
was no simple mix-up.

Penedo dug deeper and discovered
that Dunbars Gold had had trouble
years earlior with his own DNA testing
for AQHA registration. It had taken two,
hair samples and finally a blood sam-
Dle for the lah o acquire the proper in-
formation. Each hair sample, although
careully collected by owner Carole
Dunbar, contained DNA that appeared
o be from two different individuals. It
‘was s i hir from two foals had been
mixed together. Only a blood sample
drawn by a veterinarian produced a
single set of DNA for Dunbars Gold.

At the time, i seemed (0 resolve the
problem, but now Penedo wondered
Whether there wasn't something more
involved. She decided 1o retest the
stallion’ original blood and hair sam-
ples using the latest technology.

his dam,
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Chimerism
in people

Chimerism—carrying two complete
sets of DNA—hes been reported in oy
about 30 people, and al of ose discov-
eres have been acoidental

0ne of the mos cited cases was pub-
lished in 2002 in The New England our-
nal of Mediine. It began when *Jane," a
52-year-old voman from Boston, needed
akidney transplrt, Hor three adt sans
were evaluated as possible donors, but
test results suggested that o did not
have DNA that matched .

Surprised by the findings, Jane's
medial team decided 0 test DNA from
ather tissues,incluging her thyoid gand,
mouth and hair What hey discovered
was astonishing: Jane's body was made
up of two genetically disin types of
cals. The ovary that produced the egg for
one son had DNA that matched her

blood. The eggs for her ot sons came
from the otery with DNA tht differed
from her bood, hence the corfusion in
the tissue-type testing

Reseatchers speculate hat Jans vias
conceived at the same time as a fraternal
tin, and the two embiryas fused. The
end resultfor Jane was encouraging—
because of her varied genetic makeup,
the pool of potertia Kdhney donors in her
immediate family wes greaty increased.

A first for horses

‘The discovery that Penedo made
was starting, The stalion's biood con-
tained sex-linked markers typical fora
female. There was no evidence i his
blood of a Y-chromosome, which is
associated with male characteristi
Next, Penedo retested the stallion’s
‘hair samples, one root at a time, and
found that some hairs yielded results
for a female while others yielded re-
sults fora male. Most confounding, a
number of single strands showed two
Separate DNA types.

Penedo began to suspect tha this,
stallion with a rare coat pattern had an
oven rarer condition: He was chimes
meaning that he possessed (o com-
plete—and different—sefs of DNA.
Exactly how this happens hasn't been
proved, but the phenomenon has been
documented in a variety of species,
including mice, cats, goats, catile and
people (see “Chimerism in People”at
Teft). As far as Penedo knew, Dunbars
Gold was the first horse of this kind to
be identified

Two become one

Normally at the moment of feri
zation, an egg becomes a single cell
carrying DNA, halffrom the mother
and halffrom the father, The single
cell then divides into two cells that
are exactly the same. They
fourand keep dividing, The resultis
amorula-—a mass ofidentical, unspe-
cialized cells.

As the morula develops, the cells
are assigned specific tasks. Some be-
come organs, others form bones and
still others turn into components for
vital body luids. Yet no mater what
their function, all of the cells possess
the same DNA.

‘This doesn', however, appear (0 be:
the case with individuals who are
chimeric. It's hypothesized that in
their carlest moments of development,
two morulae—each with characteristic
'DNA—unite. Then when the cells
begin (o specialize, those with one.

pit into
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From ancient times

in Greek mythology, a Chimera s a
fire-breathing monster with the head of a
fion, the body of a goat and the tail of
serpent. Sighting a Chimera was a sign of
storms, shipwrecks and natural disasters,
particularly volcanoes.

s

while those with the second set of
DNA develop into others. Cells from
both morulae can also be involved in
the development of the same structure
or tissue.

Tests done on Dunbars Gold showed
that his biood cells contained female
DNA. But the DNA in his skin and hair
was both male and female, which ex-
plained why his hair samples seemed
o be from two different horses. It
‘could also account for his brindled
coat. In some species, dual DNA is
responsible for unusual coat color.
Male tortoiseshell cats, for example,
are often chimeric

Perhaps Dunbars Gold is brindled
because of DNA for twa distinct hair
colors, one chestnut and the other
chestnut dun, Penedo thought. But
given the brindling in his family—
adaughter and a full brother are
also brindled—it is possible that the
stallion’s unusual color is unrelated
0 his chimerism.

But what about mom?
Penedo’s discovery certainly ex

plained the difficulty in establishing
Deuce's paternity, but what about the
issue of his maternity? Noting Salsa’s
similarly brindied coat, Penedo pon-
dered the possibility that she, too, was
chimeric. Was the DNA from her hair

sample different from the DNAshe
was passing to her foals? The odds that
it was were astronomical

Penedo ran the same series of tests
on Salsa and, in a stunning turn, iden-
ified the second chimeric horse in
history. The lab tested Salsa’s blood
and found that it carried two sets of
DNA. Her mane and tail hair had a sin
gle set, but her brindled body hair con-
tained two sets—one in the dark areas
and one in the light. Her reproductive
organs also were chimeric, producing
eggs with two distinctive sets of DNA.
Ace, her first foal, was produced from
an egg with DNA that matched one set
of DNA in Salsa’s hair samples. Her
second foal, Deuce, was produced from
the other set of DNA.

Atlast, all the evidence was in place
and the mystery was solved. Identify-
ing the various DNA sets carried by
his sire and dam allowed Deuce's
parentage to be traced to Dunbars.
Gold and Salsa.

either Penedo nor Sponenberg.

Knows of other chimeric horses,
but that may be because no one has
thought to look. Both experts stress
that not all brindled horses are
chimeric, although most chimeric
harses probably are brindied. This
‘could account for the difficulty in
breeding for the rare coloration.
“When the olor s produced by
embryo fusion, it's impossible to
breed for,” says Penedo. “But you
canttell simply by looking, or even
by simple pedigree, what causes the
brindling in a specific horse.

No health consequences are ass
ciated with the genetic rarity that
Dunbars Gold and Salsa share. As
for Deuce, he's a healthyyoung horse
with new owners and a lifetime of ad-
venture ahead of him. No matter what
he accomplishes, however, his mere
existence set in motion one of the most
interesting and remarkable discover-
ies In equine genetics. And that's quite
an accomplishment. &
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