Finding the Gene for Weimaraner Hypomyelination -

the “Shakey Puppy” Syndrome 
by Babetta Breuhaus, DVM PhD


Weimaraner hypomyelination is an inherited, autosomal recessive defect that results in delayed myelination of the nerves of the central nervous system.  Myelin is important because it insulates nerve axons, allowing fast and efficient transmission of impulses.  Not all nerves are myelinated, and indeed, development of myelin occurs late in fetal development, or even after birth, depending on the species.  Formation of myelin is a complex process, requiring many steps.  Myelin disorders have been described in several species in addition to dogs (humans, pigs, calves, sheep, cats, mice), and can be caused by a variety of factors, including nutrition, viral infection in utero, and heredity.  Recovery rates (or lack thereof) depend on the cause of the decreased myelin production.  Hypomyelination has been described in several breeds of dogs. So far, a genetic defect has been found in all breeds studied, although the exact gene mutation appears to vary among breeds.  In Springer spaniels, the mutation is X-linked.  Studies in Weimaraners so far have suggested that the mutation involves a single autosomal gene.  The defect is recessive, requiring inheritance of the defect from both parents for manifestation of clinical signs.  It appears that the genetic mutation is the same in the Chow Chow breed as it is in the Weimaraner.  


Weimaraner puppies with this disorder appear completely normal at birth.  They begin to show signs at 1-2 weeks of age, presumably because it is at this time that myelination is developing in normal puppies.  Affected puppies begin to show tremors, particularly in the hind legs, around the time that puppies first begin to move around the whelping box. The tremors cause the puppies to bob up and down as they try to move, looking like “low rider” cars.  More severely affected puppies may have trouble nursing due to their tremors.  From the time signs are first noticed, affected puppies tend to get worse before they get better.  Affected pups may need help as they are started on weaning formula, because the shaking tends to cause them to move backwards, away from the food dish.  They need to be fed by themselves, away from competition and shoving by the other puppies.  Steadying their rear ends as they eat, with a hand supporting the crotch, is helpful. When urinating and defecating, they also tend to shake backwards into their own messes, requiring frequent cleaning or “mini-baths”.  Affected puppies should be kept on soft surfaces (eg carpet instead of concrete) so that they do not get rub spots or sores on their feet or legs.  They have difficulty moving forward on the slippery surface of newspaper; rubber matting gives better traction and can be hosed or mopped.


The good news is that these puppies do eventually improve, and can lead happy healthy lives.  Some pups are improved enough by 8 weeks to be able to go to their new homes on time.  Others require a little more time than that.  However, most pups do improve and can be essentially normal by 4-6 months.  In general, residual signs (if any) apparent at 1 year of age will probably remain.  Many of these dogs appear completely normal to the untrained eye.  However, if watched closely, they may continue to exhibit a mild tremor in the hind legs, particularly when excited or after hard physical exertion.  Affected pups make good pets, but also are quite capable of pursuing athletic endeavors, including obedience, tracking, agility and hunting.  The author knows of several affected dogs that have finished bench championships (neutered after finishing), have placed in field trials and/or have earned titles in the sports listed above.  Two articles published previously in the WCA magazine have described clinical signs and special needs of these puppies in greater detail (“A Tale of Two Kates”, August 1998 and “What are the ‘SHAKES’?”, May 2000).


The exact cause of the myelin disorder in Weimaraner puppies is not yet known.  What is known is that myelin formation is decreased in the central nervous system in affected Weimaraner puppies, but not in peripheral nerves.  Myelin is made by cells called oligodendrocytes in the central nervous system, whereas different cells (Schwann cells) make myelin in the peripheral nervous system.  It is likely that Weimaraner hypomyelination is caused by abnormal oligodendrocyte development or function.  It has been shown that oligodendrocytes are decreased in number in affected puppies, and it has been suggested that this is caused either by oligodendrocyte dysfunction or by hypertrophy of the other cells of the central nervous system, the astrocytes.  It has been suggested that “recovery” is caused either by compensation (and extra myelin production) by the oligodendrocytes that do exist, or by eventual development of more oligodendrocytes.  Studies of affected Weimaraner puppies are few, but studies of older, “recovered” shakey pups are non-existent.  A single study reported in two affected adult Chow Chow dogs that had improved showed an increased number of myelinated nerves, but there were still many hypomyelinated nerve axons present.


Since Weimaraner hypomyelination is inherited as a simple autosomal recessive trait, “normal” littermates of affected puppies may be completely normal or may be unapparent carriers.  Currently there is no way to tell the difference, except by trial breedings.  If a genetic test were available to identify carriers, breeders could identify non-carrier puppies in their litters, allowing them to continue their lines and still eliminate this problem from the breed.  A genetic test for Weimaraner hypomyelination would also allow retention of the good traits of known carriers in the breed, without perpetuating the problem (ie carriers could still be bred, and puppies with other desired traits that do not carry the “shakey puppy” gene could be kept for breeding stock).  This approach also helps prevent narrowing of the overall gene pool.


So how does one go about developing a genetic test?  There are two main approaches.   One is called the “candidate gene” approach.  This approach requires that the same genetic defect exists, and that the gene has been found, in some other species.  Then DNA is analyzed in the same gene region.  This approach is generally faster, but requires knowledge of the genetic location in another species or breed.  The other approach is called linkage analysis.  Linkage analysis looks at the DNA of affected littermates, their parents and grandparents, looking for areas where affected dogs are similar and, at the same time, different from non-affected dogs.  This approach usually takes longer and requires DNA from a larger number of known affected and carrier dogs.  However, linkage analysis is becoming more efficient as the known canine genome expands.  


The Weimaraner Club of America is in a very good position to begin to find genetic causes of various problems.  Over the past few years, many Weimaraner owners and breeders have submitted DNA cheek swabs to Dr. John Angles for his immune problem study, whether their dogs had immune problems or not.  They also filled out a history sheet, indicating other problems their dogs had experienced.  The result is that The WCA currently has an important resource available to it:  a large database of Weimaraner DNA representing a variety of problems.  When we first became interested in finding the gene that causes hypomyelination, we searched the database and found that it already contained DNA from 7 affected dogs.  We began to solicit DNA from litters of puppies that had shakey littermates.  To do the linkage analysis, we need DNA from the littermates, their parents, and, preferably, their grandparents if still alive.  Dr. John Angles (currently at the veterinary school in Dublin, Ireland), myself (associate professor of veterinary medicine at North Carolina State University), and Drs. Ian Duncan and Fangyan Li (at the veterinary school in Wisconsin) have subsequently been pursuing DNA from litters of Weimaraners that had puppies affected with hypomyelination.  We currently have DNA from 8 litters of such puppies, their parents and grandparents.  With this DNA in hand, we have submitted a grant to the American Kennel Club to find the gene responsible for Weimaraner hypomyelination.  The first step, the pre-proposal, was approved, resulting in the AKC inviting us to submit a full proposal, which has been submitted for funding.  


The time to find a genetic marker for this problem is now, while there are so many known affected puppies and proven carriers (dogs or bitches that have produced shakey puppies) available.  The more DNA we can show that we already have in hand, the better the funding chances of the full AKC proposal.  If you have a Weimaraner that had a shakey start, or one that has produced a shakey puppy, and are willing to participate in this study, please contact one of the three of us (contact information listed below).  DNA is harvested by simply swabbing the dog’s cheeks with a special swab that we can send you.  (Dr. Breuhaus is the main contact for swabs, with DNA being stored at NCSU.)  Identity of dogs and pedigree information are needed for interpretation of the DNA results, but are kept strictly confidential.


Contact information:

Dr. Babetta A. Breuhaus, DVM PhD
North Carolina State University

College of Veterinary Medicine

4700 Hillsborough St

Raleigh, NC 27606

Office phone:
919-513-6247

FAX: 

919-513-6336

Office email:
betta_breuhaus@ncsu.edu

Home phone:
919-362-1154

Home email:
kelly.turner@worldnet.att.net

Dr. John Angles, BVSc, DACVIM, DECVIM-CA
Ralston Purina Lecturer in Medicine and Genetics

Small Animal Clinical Studies

University College Dublin

Ballsbridge, Co Dublin 4   IRELAND

Office phone:
+353-1-668-7988, ext. 2632

FAX:

+353-1-667-5401

Email:

john.angles@ucd.ie

Drs. Ian Duncan, BVMS, PhD, FRCVS, FRCPath and Fangyuan Li, MD PhD
University of Wisconsin-Madison

Department of Medical Sciences

School of Veterinary Medicine

2015 Linden Drive

Madison, WI53706

Office phone:
608-263-9829

FAX:

608-265-2474 or 608-265-8020

Email:

lif@svm.vetmed.wisc.edu
