Practical Genetics for Samoyed Breeders and Owners
Health Seminar presented to the Samoyed Club ofrikmeOctober 15, 2002
Jerold S Bell, DVM, Tufts University School of Veigary Medicine

Breeding Samoyeds

As a breed, the AKC registered Samoyed populatasdignificantly declined over the last fifteen ngea
Individual dog registrations were at 8,192 in 198fking the Samoyed the 2®nost populous breed in
registrations. While registrations grew to 8,384990, the breed rank dropped td'36ost populous, due
to the rising popularity of other breeds. By 198KC registrations were less than half, with 4,aB8)s
being registered, and a breed rank df.47The decline in registrations has continued aaetr, with 2,552
dogs registered (8% in 1998 and 1,698 dogs registered "6 2001. These numbers have to be
compared to what is going on with the SCA “breedpodpulation versus the commercial breeding
population. Sometimes the popularity of a breesedaon commercial, puppy mill, or pet-store bregdin
can drop, but the gene pool represented by thevithdil breeder/club member does not change
accordingly.

There are ways to measure the genetic diversityhaatth of a population. One method is to meathee
average inbreeding coefficient for a breed. THmarding coefficient is a measurement of the geneti
relatedness of the sire and dam of a dog. Allviddials inherit pairs of chromosomes, one from the
mother, and one from the father. On the chromosoamne genes; so all genes come in pairs. If beteg

in a gene pair are the same gene (for instancé,cladA”) the gene pair is called homozygous. thfe
two genes in a gene pair are unlike (for instarié@) the gene pair is called heterozygous. If @yd
appears on both the sire and dam'’s side of thegpesliit increases the inbreeding coefficient ef diog.
The inbreeding coefficient also provides a measergraf homozygosity.

The non-variable gene pairs in a breed are all kygmus, and allow the dogs to breed true. Thighg

two Samoyeds bred together always produce a Samayednot a chicken. The variable gene pairs in a
breed produce the variation you see between dogheanbreed. The inbreeding coefficient gives a
measurement of the total percentage of variable geirs that are expected to be homozygous due to
inheritance from ancestors common to the sire amd. dit also gives the chance that any single geiire

can be homozygous.

When computing inbreeding coefficients, you havédotik at a deep pedigree to get accurate numbers.
prefer to use 10-generation pedigrees, which regaircomputerized pedigree database to compute.
Looking at the historical pedigrees of (non-comraycSamoyed breeding dogs, we find that for dogs
born in the decade 1950-1959, the average ten agmelinbreeding coefficient was 17.14% +/- 8.65%.
For Samoyeds born 1970-1979, this number is 12.849.24%. For 1990-1999, the average inbreeding
coefficient is 9.94% +/- 7.64. These numbers shioat your breed is utilizing the diversity of pecig
background available, and not breeding itself entworner of the gene pool. This suggests that hoeed

has acceptable overall breed-wide diversity.

Pedigree Analysis of Individual Samoyed Dogs

Archangel of the North Star has a 10 generatioreting coefficient of 20.78%. He is more tighthed
than the average Samoyed. Studying his pedigmassthat his sire is also his maternal grandsimking
his pedigree a father x granddaughter mating. @as& on the father x granddaughter relationsthifs,
provides an inbreeding coefficient of 12.5%. Tlieitional 8% of the inbreeding coefficient represen
contribution of the other dogs that appear in libéhsire and dam’s side of the pedigree.

The relationship coefficient, which can also be ragpnated by what is called thpercent blood
coefficient, represents the probable genetic liksrizetween the dog whose pedigree is being stuatielda
particular ancestor. It is a measurement of tre¥age percentage of genes the individual and tbestor
should have in common.

The following is a pedigree analysis of Archangethe North Starr. The sire, Bauzuhl of Caribois laa
62.5 percent blood coefficient: 50% as the sira 4B.5% as the maternal grandsire. Muushka and his
dam Williwah have high percent blood coefficierds,they appear three and four times respectivellgan



pedigree. For a dog to be influential in a pedigrié has to appear behind more than one offspring.
Otherwise, you are only linebreeding on the sing 4
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Genetic Diversity Issues

Some breeders concerned with breed-wide genetiergsity propose only assortative mating and
outbreeding to those least related. Assortativéngas breeding based on the phenotype, or appearaf
the dog. Breeders should always use assortativimgniay breeding like-to-like to solidify the traithat
their dogs have, and breeding like-to-unlike tangiin traits that they desire.

Linebreeding is breeding dogs more closely reléaekigher inbreeding coefficient) than the averafythe
breed, and outbreeding involves breeding dogsriglssed than the average of the breed. Linebrgedin
tends to increase homozygosity. Outbreeding témdscrease heterozygosity. Linebreeding can expos
deleterious recessive genes through pairing-uplewhitbreeding can hide these recessives. Outimgeed
can prevent dogs affected with recessively inh@ritisorders due to heterozygosity. It does nohiakte
the recessive gene, as the gene is propagatedriarsa Neither type of breeding alters the fragyeof
individual genes, just how they are distributedhe offspring. Selection, and not the types ofinust
used affect breed genetic diversity.



If two parents are both heterozygous (both Aa)afgene pair, on the average, they would produce 25%
AA, 50% Aa, and 25% aa. (These are averages wiaay fiitters are combined. In reality, any variefy
pairing up can occur in a single litter.) If a |ffio stud dog comes out of this litter, and héh@nozygous

aa, then the frequency of the “a” gene will incee@s the population, and the frequency of the “Ahg

will decrease. This is known as the popular syredsome. Of course, each dog has thousands ofgene
that vary in the breed, and everyone carries soatetatious recessive genes. The overuse of ingivid
breeding dogs contributes the most to decreaseerdiliy (population bottlenecks), and the increased
spread of deleterious recessive genes (the foueffers).

Genetic diversity in a breed means breeder diyersit is the varied opinion of breeders as to what
constitutes the ideal dog, and their selection refetling stock that maintains breed diversity. dime
breeders favor a certain line of dogs, and otheeders favor different lines, then that maintainvermsity.

If someone breeds one line, and wants to outbreddbang in genes from another line, that maintains
diversity. Breeders should select the best froar threeding programs to maintain the quality &f ltiheed.
Selecting mediocre dogs, just because they ardatedeis not desirable. The first and foremostl goa
always to produce quality dogs.

Attempting to continually outbreed to maintain disiéy is a self-limiting practice. If everyone buteds,
then eventually, there will not be any “unrelaténe! to be found. Everyone will have a mixture of
everyone else’s genes. The fallacy of using oettirgy to maintain genetic diversity is the beliedttthe
diversity of a breed must be maintained in evengls dog. Breed diversity requires breeders that
maintain different linebreeding programs of quatliygs. Then a healthy breed-wide mix of linebregdi
and outbreeding involving quality dogs, without @rerabundance of single dog contributions, maistain
diversity. For more information on breeding, sé€éhé¢ Ins and Outs of Pedigree Analysis, Genetic
Diversity, and Genetic Disease Control'akw.compuped.com/bell.asp

Health Concerns

To develop a healthy breeding program, you musbs@o/our breeding stock, and their mates carefully.
As stated above, the primary goal of dog breedirtg imaintain and enhance the quality of the breéal

are not breeding a hip, a thyroid, or an immuneesys you are breeding Samoyeds. Conformation,
temperament, working ability, and health must &l lbalanced in your selection. (See the article,
“Choosing Wisely” in the April 2000 AKC Gazette farmore in depth discussion.)

The breeding goal of managing genetic disorderslu@s firstly, the prevention of affected dogs. efh

the goal is to decrease the (carrier) frequenogedéterious genes in the breeding pool. Accordinthe
AKC Canine Health Foundation, the most frequenttgusring genetic disorders across all breeds are;
epilepsy, hip dysplasia, hypothyroidism, cancemgabl heart disease, autoimmune disease, allergies,
progressive retinal atrophy (PRA), patella luxati(slipping kneecaps), allergic (atopic) dermatitis,
cataracts, and other eye diseases.

According to the 1995 Samoyed Club of America NaloHealth Survey, hip dysplasia is the genetic

Disorders of Concern to disorder of the most concern to Samoyed owners and
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The actual frequency of individual disorders contet be
discerned from the published health survey inforomat The most frequent orthopedic disorder rebite
the Samoyed is hip dysplasia, including 27% oflaljs with a reported orthopedic disorder. Hipistias
from the Orthopedic Foundation for Animals (OFAhkathe Samoyed 71among 126 breeds, based on



12,220 radiographs. This places the Samoyed imtidelle of the pack. 9.2% of Samoyeds are rated
excellent, 62.9% good, 15.6% fair, and 11.6% dysfa Of those rated dysplastic, 5.6% were mildly
dysplastic, 5.1% moderately dysplastic, and 0.9%ersdy dysplastic. We consider OFA dysplasia
statistics to be less than the actual frequendpénbreed, as owners tend not to send in radiogreyt
show obvious dysplasia. However, compared to diheeds of the Samoyed’s size and body type, these
statistics are fairly average.

The second most frequent orthopedic disorder redart the survey is arthritis, including 23% of dog
reporting an orthopedic disorder. To evaluate finaperly, we would need to know the average age an
range of ages of dogs reporting arthritis. Othénapedic disorders reported in the health suneupat a
small frequency.

The OFA statistics show 4.3% of Samoyeds with eldgsplasia, ranking them B@ut of all breeds based
on 349 radiographs submitted. 73% of the affecteds have Grade | dysplasia, 27% have Grade Il
dysplasia, and no dogs were found with Grade I8ipisia; the most severe form. Grade | elbow cgspl

is a radiographic disorder, usually showing noicéihsigns. However, whenever dogs with clinidalogv
dysplasia are diagnosed, it is usually found teaegal closely related dogs have Grade | elbow ldgsp

on radiographs. When owners send in radiograpl@/a for hip dysplasia rating, they should alsodsen
in elbow radiographs. It only costs $5 more fa@ évaluation, but can prevent surprises latter on.

Of female reproductive problems, pyometra is thstfrequent listed problem, followed by problemshwi
whelping. These are the most frequent female taptive problems in all breeds, and are probabtyano
greater problem in the Samoyed. What places thisgory so high in the survey is a large portion of
respondents checking off “other” female reproduefivoblems.

There are no specific forms of cancer that are ntedoat a high frequency in the health survey. The
incidence of cancers have to be evaluated comgaredes of onset, to see if any appear at eadjes a
than expected in older dogs.

Among ophthalmic (eye) disorders, cataracts accéamii7% of those responding. Six percent of dogs
with eye problems had progressive retinal atroptiR/), and 2% had other retinal disease. Accorting
the Canine Eye Registry Foundation (CERF), whicmmarizes eye examinations by all American
veterinary ophthalmologists, 10.33% of all Samoybdse cataracts. This is followed by misplaced
eyelashes that can injure the cornea (distichi&siE)%, corneal dystrophy 4.15%, retinal dyspldsi®b%,
persistent pupillary membranes 1.84%, other inbéritisorders 1.32%, PRA 0.61%, and glaucoma 0.17%.

The following is specific information on ocular dislers reported in the breed: Juvenile (posterior
cortical) cataracts occur in the Samoyed with agraye age of onset of 6 months to 2 years of @ge.
AKC Canine Health Foundation funded research ptdgeainderway to identify a defective gene, or a
molecular genetic marker for the disorder, to beduss a screening test. If you own a dog thafésted,

or closely related to a Samoyed with juvenile catts, please contact Dr. Vilma Yuzbasiyan-Gurkatihet
Michigan State University School of Veterinary Mede (517-432-0144). You will be asked to provide
DNA for the research through a cheek swab sampléde identity of dogs submitting samples is
confidential.

There is a form of retinal dysplasia occurringhe breed that is incompletely dominant. When a&aah
carries two of these dominant genes, it will behblolind, and a short-limbed dwarf with bowing ofth
wrists. X-linked PRA affects mostly male dogs,they only need one gene to be affected. Females
require defective genes on both their X-chromosomeede affected. Blindness is usually apparent
between 4 to 5 years of age. Uveodermatologic (Mike) syndrome is an immune mediated disease with
uveitis (severe ocular inflammation) that can leathlindness, and whitening (depigmentation) of skie

and hair. Onset is usually 1 to 4-1/2 years of abge mode of inheritance has not been determined.

Of endocrine disorders reported in the Samoyed,otiypoidism is the most frequent. Hereditary
hypothyroidism is an immune-mediated disease, aittoantibodies being produced that are destrutdive
the thyroid gland. Measurable autoantibodies anlg present during the period of thyroid destruatio



(usually sometime between 2-6 years of age). Ahtasiing for thyroglobulin autoantibodies shoulg b
done between these years. After the thyroid glandkstroyed, and the dog has low measurable thyroi
hormone levels, there is usually no more measuiaitigantibodies present. This is often misdiagth@se
idiopathic hypothyroidism, but in most instanceshe end stage of hereditary autoimmune thyroiditis
This is why it is important to screen your dogs ffeeasurable thyroid autoantibodies during the aziti
period to be able to properly diagnose the disgrdad utilize this tool in genetic disease contrdlhe
mode of inheritance of hereditary hypothyroidisns hat been determined.

Michigan State University (one frequently used emite testing facility) reports 7.4% of 299 Samayed
with measurable autoantibodies to their thyroichdla The average for all breeds is 7.9%. Whilel¢ghel

in Samoyed is slightly less than the average dbrgléds, owners should test their breeding stopkewent
it's spread in the population.

Statistical research shows that Samoyed are 12 tmwe susceptible to develop diabetes mellitugaisu
diabetes) than other dogs. The average onsetyeais of age, with a range of 4 to 10 years of age.
Affected dogs can be controlled with insulin regiola. Dr. Rebecka Hess, at the University of
Pennsylvania School of Veterinary Medicine is reseiag the disorder in the breed. If you have an
affected dog, or one closely related to an affedimgl please contact her at (215) 898-9427.

Of gastrointestinal problems, gastric dilation @i)p with or without volvulus, is the most frequent
problem. Not much is known about the genetic fiactovolved with bloat. It is recognized that leyg
barrel-chested breeds are the most prone to tbedéis Dr. Larry Glickman, at Purdue Universityh8ol

of Veterinary Medicine, conducted an AKC Canine Ke&oundation funded study on bloat. He found
that an increased chest depth/width ratio, fastreaind dogs with primary relatives that bloatadehthe
highest risk of bloating themselves. The risk atsmeases, as the dog gets older. A controveiasiabr
Dr. Glickman identified was that using a raiseddidmwl| was correlated to an increased risk of depial
bloat. Irritable bowel syndrome also occurs inbheed.

Hereditary nephritis was reported in the breed9871as an X-linked dominant disorder. Affected esal
start with clinical signs around 3 months of aged aie of renal failure between 1 and 2 years &. ag
Females are less severely affected, but can devetw failure later in life. The original studyciuded
members from one family of Samoyed, and it is gussthat this disorder no longer exists in the
population.

Of temperament problems, aggression is the moguémt, representing 86% of Samoyeds reported with
behavior problems. The remaining 14% representers evith overt shyness. Breeders should recognize
that temperament problems have a strong genetipaoent.

Other disorders reported in the Samoyed includeadés insipidus (non-sugar diabetes), sebaceoundiade
(a skin condition causing symmetrical hairloss)npnic stenosis and atrial septal defect (two coitge
heart anomalies that can cause heart failure)ntitdatremor syndrome (contact Dr. lan Duncan & th
University of Wisconsin (608-265-1129)), and poststemic shunts (blood vessels that bypass thg live
causing stunted growth, abnormal behavior, andisesy.

The fact that we are listing all of these breedted disorders does not mean that the breed iedddth
problems. These are just the problems that breeslesuld be vigilant about, and screen for in their
breeding and pet dogs.

Managing Genetic Disorders

Along with the new tools of genetic tests, thereaisiew philosophy for managing genetic disorders.
Recognizing that breeders own dogs that they fawecpmmendations to eliminate their dogs from
breeding and use other dogs is counterproducthreere are breeding recommendations that both preser
breeding lines, and manage genetic disorders.

Management recommendations for genetic disordelisvaiy due to many factors. These include the
mode of inheritance, the availability of genetistsg the size of the breed gene pool and it's ditygrand



the spread of the defective gene(s) causing tloeras. With disorders caused by simple dominanege
everyone with the gene is affected, so these sHmmilehsier to manage. You want to replace affetegd
in your breeding program with normal siblings, ti@mal parent, or prior born offspring. Ideallyuydo
not want to breed affected dogs and produce mdeetafl individuals. If the disorder shows incontgle
penetrance, where a dog may have the gene, buh@atisorder, selection is more difficult. You sl
follow the recommendations for recessive genesawitltests for carriers.

Managing simple recessive disorders is straightfodwif there is a test for carriers: Breed casriy
genetically normal mates, and replace the caraeent with a genetically normal offspring that elguar
surpasses it in quality. For a testable disordéh a quality dog you are planning on breedingaearier
test result should not alter your breeding decisidhe worse thing breeders can do is to not bopedity
dogs due to a single testable defective gene thatbe eliminated in one generation. With tens of
thousands of genes present in each dog, such icpradll narrow the genetic diversity of the bregehe
pool, possibly increasing the frequency of othdetgious genes in the population. As additioraieagic
tests are developed, the chance of identifyingleteiéous gene in all dogs increases. On the dihed,
with quality carrier offspring, you do not want boeed more carrier offspring than the carrier patieat
you are eliminating, as this will act to increalse frequency of the gene in the breeding population

A problem with recessive genes and disorders ispinead of unapparent carriers. On average, twdsthi
of clinically normal sibs of affected dogs will lwarriers, half of the sibs of the parents of afdctlogs
will be carriers, two grandparents of affected dqgses half of their sibs will be carriers, etc.heélonly
matings that produce dogs affected with a simptesaumal recessive disorder are those where bo#ntsar
are either carriers or affected. Unfortunatelg, ¥hst majority of matings involving a carrier énese bred
to genetically normal mates. These matings willproduce affected dogs, but will multiply and pagate
the defective gene in carrier offspring.

To combat the spread of genetic disorders, margarebers are working to identify the defective gene
that cause them. There are two methods of idémgjfgefective genes. The candidate gene approais |
at genes that have been identified to be involvetthé affected body system in dogs or even othecisp.

If an abnormality is found in both copies of thend@ate gene in all recessively affected dogs, isne
abnormal in all known carriers, and all geneticaltymal dogs have two normal copies of the geren th
the candidate gene is the cause of the disorddth this knowledge, a direct gene test can be nthde
can unequivocally identify affected, carrier, amhetically normal dogs.

If there are no candidate genes, or none prove fauplved in the genetic disorder, then a linkagalysis
approach may be fruitful. There are genetic marlspread across all of the chromosomes of the tfaa.
marker is found to be present twice in affectedsjamce in carrier dogs, and none in normal ddgs) t
the marker may be linked to the defective gene.thWilinked marker, the defective gene has not been
identified, but a marker that lies close to it be thromosome has. With a linkage-based tesg ttear be
false positive and false negative test resultsedéimg on whether a chromosome crossover between th
marker and the defective gene has occurred. ¢f dloicurs, then the linkage test will not be able to
accurately test for the defective gene in the ddgscendents.

Understanding the types of genetic tests that eadadle will allow breeders to use them properkre
there tests available that identify the dog’s ggpet(affected, carrier, normal), or just it's phgme
(affected or not affected)? What is the minimuna agcessary for an accurate test of the phenosymd (
as hip radiographs, eye examinations, thyroid antbadies, etc.)? For linkage-based tests, whahes
predicted frequency of false results?

If there is a direct gene test, then you as a lereenly have to know the results of your breeding,cand
that of the proposed mates. For a phenotypic liedtage test, or if there is no test for carrietfsen
knowledge of the test results or carrier or affécttatus of relatives is important. Especially amant is
full-sibling information for prospective mates atinebir parents.



Without tests for carriers of recessive disordeggtive risk pedigree analysis can be used to coenpsk
factors for producing carrier and affected offsgrinif a
) | B e 1 B researcher determines the average risk of beirgréec

rriom e meme

of a specific defective gene for the breed, thezeters
should attempt matings with risk factors below this

H e B ‘Q average. Breeders can compare the carrier risk of
/ ° prospective mates, and factor this into their birgged
. : .1257.063/,125 decisions.
A ,,’éﬁfjd " Affected Risk = 0.78% Relative risk analysis requires openness betwedh bo
& H@uncomn Carrier Risk = 17.97% breeders and owners about confirmed affected amigca
7 dogs, and works best with an open health registity.

allows breeders with higher risk breeding dogsotedr
their risk, and provides an objective comparisoags. The downside of this analysis is that filias
risk to whole families, and not to just the indivads who may be a carrier. Therefore, it's usecs!
against carrier and normal dogs. However, witl@test for carriers, it is the only objective tawhilable
to assist breeders with high carrier-risk dogs.

The Canine Health Information Center (CHIC) has nbesstablished by the AKC Canine Health
Foundation, and the Orthopedic Foundation for AmémaEach parent breed club will determine the
testable disorders for the breed, in an open, mi-spen on-line registry. The beauty of the CHIGgram

is that for a dog to get CHIC certification, it grilas to complete all the required genetic testst pass all

of them. CHIC certification is a statement of liealonsciousness, not perfection. Breeders camlsea
online for the test results of prospective mates éine compatible with their own dogs.

Hip Dysplasia as an example of a Polygenic Disorder
Polygenic disorders are more difficult to manageantisimple one-gene disorders. For selective pressu
against polygenic disorders, they have to be censitlas threshold traits. A number of liabilitynge
must combine together to cross a threshold causingdisorder to be expressed. If we consider a
theoretical situation where five genes must comhbimecross a threshold to produce a dog with hip
dysplasia, a mating between a dysplastic dog with
dysplasia liability genes, and a normal dog witfe¢ghgenes [N Threshold Traits
would be expected to produce a higher than averatgeof = 2‘
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dog with a polygenic disorder, then BOTH parentsininave
contributed liability genes to the mating.
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Breeders need to break down what you see in thegiyiee By b L 4 !
into traits that may be more closely related toivitdial e i ‘( & ,{( ‘ «‘
genes. For canine hip dysplasia, the pelvic radjsly can g : ‘ ‘ ; :
tell you much about why a dog received a fair vergonod B4
rating, or why it was rated as dysplastic. If gm@blem is mild laxity, in an otherwise superiorgdo
breeding to a dog with tight hips may provide atdretesponse. |If the problem is a shallow acetahuyl
then breeding to a dog with deep hip sockets mayige the genes necessary for better hip confoomati

Some breeders and owners ask about the differesiveebn OFA certification (the ventrodorsal pelvic
radiograph) and PennHip certification (hip disteattadiograph). The OFA provides information oa th
anatomy of the hip joint, bony arthritic changes,veell as passive laxity in the hip extended vieWhe
PennHip method isolates and provides an objectieasarement of laxity as a major factor for the
development of hip dysplasia. Both methods harelai low levels of false positive and false negati
results. While PennHip will certify at an earlyeagand OFA will only provide preliminary certificah
before two years of age, both have similar accuna@ach age group in predicting later hip dyspladihe
OFA method provides a grading and allows the owoevaluate all aspects of the hip conformatioh. |
there is a problem with hip joint laxity, the PerpHinethod will allow breeders to select for tighteps
through their selective breeding.



There is no OFA excellent gene that breeders ciaetsior. Different dogs have fair, good, excet|eor
dysplastic hips due to different genetic reasoBsg.evaluating a pelvic radiograph with your vetarian
and selecting for the components of the hip thadnamprovement, you increase the likelihood of
improvement in your matings. You should also cdesiwhether there are any clinical signs of himpai
(either presently, or during the growth period df ® eighteen months), and palpable hip laxity emd
anesthesia to fully evaluate the hip status of@g do

Environmental factors can affect the expressiorpalygenic disorders, and this is also true with hip
dysplasia. We know that rapid weight gain at anyeage can produce “sloppy” hips; where the
maturation of the ligament and muscle components dot keep up with bone growth. By switching from
puppy food to adult food after 14 weeks of ageusing large breed puppy food, dogs grow at a slpwer
and more uniform rate. The adult size and stabfii@ dog is genetically predetermined. How faslbg
reaches its adult size can influence the expresHibip dysplasia.

The most important factor in selecting against gehic
disorders is utilizing the breadth of the pedigre®lost Depth versus Breadth
breeders select for depth of pedigree; normal limnged of Pedigree

dogs with normal parents. The status of the tfittetes of _i _i .‘ -‘

the prospective breeding dogs, and littermates hefr t
range of genes carried. A normal dog from nornoal, g .i i 1111
mostly normal litters, provides the best evidenta tow [y .{”{.{ LS & S S S
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parents provides the most information on the pdssi
genetic load for disease susceptibility genes. nibidogs
with affected littermates probably have a higheneaiie
load for the disorder. v

A “vertical mating” system is a method to controlygenic disorders, recessive disorders withoetsa for
carriers, or disorders without a known mode of iitaace. A dog of quality with high carrier riskauld

be bred to a dog with lower carrier risk, resulting carrier risk in the offspring lower than teerage of
the breed. Replace the higher-risk parent withuality, lower-risk offspring. Repeat the procesghe
next generation. The number of breeding offspshguld be limited from such matings. By breeding
once and replacing, you are not propagating argkdimating defective genes into the populatiororest
semen and DNA from quality stud dogs for future wéen a genetic test may become available. Even if
the dog turns out to be a carrier, his semen canskd on a normal bitch, and the line carried ot wi
genetically normal offspring. A vertical matinghsene retains the good genes of a line, reducesatinier

risk with each generation, and does not add t@teeall carrier risk in the population.

As stated earlier, the Samoyed breed is diversd, ratatively healthy compared with other breeds.
Samoyed breeders should concentrate on mainta@midgnhancing the quality of the breed, and avwd t
popular sire syndrome. Breeders should use getesis to identify carriers or high-risk dogs, waok
breed away from defective genes, and prevent timraduction of the genes in future breedings. tEac
breeder must assess their own breeding stock, eedndine their own rate of progress. A healthyebieg
program does not continually multiply carriers, sle®t limit the genetic diversity of the gene pauid is
geared toward producing quality, genetically nord@gs.



