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There has been so much written about "the gait gene" that you might think it has been identified by genetic science.
IT MIGHT COME AS A RUDE AWAKENING,but even though we know gait is inherited, we have not identified "the gait gene." We don’t even know if there is "a gait gene" or "a complex of genes" or simply a select group of traits that when inherited together produce gait. It’s a lot like "the pretty gene." We don’t know how it works, but we know it when we see it.
Throwing Us Off Track
NO TELLING HOW MANY UNSCIENTIFIC "gait gene theories" are out there, but several have been circulated as if they were fact. One states that, "There are only two pairs that produce all different gaits. These are the trot/pace pair and a gait gene pair that acts always as a main gene and sometimes as a modifying gene."
Part of the problem here is the basic lack of genetic knowledge on the part of the writer. Genes do come in pairs, we learned that in 7th grade science class, but they do not come in pairs of red/blue or black/white. They come in pairs of red/not-red, or black/not-black. This particular version goes on with some very "ungenetic" discussion of a "T" (trot) gene being paired with a "P" (pace) gene, which is not consistent with the protocol geneticists use in discussing genetic pairs. (This would look more like "P" for pace, and p" for no pace.) It also states that either a horse gets the Pace Gene or the Trot Gene, which doesn’t account at all for horses that do both. Parts of this article seem logical enough, but it hasn’t passed the cientific criteria to be considered a relevant theory. And scientific theory doesn’t throw out the examples that don’t fit a preconceived idea, horses that both trot and pace, especially when there are lots of them. 
Another theory claims that "the gait gene" is recessive. This might not be too far off the mark as a pair of non-gaited individuals can in fact be mated to produce a naturally gaited offspring.
Yet another explains that there are three sets of gait genes, as well as modifiers that can or cannot be inherited together, and stating "it is only the strength of the separate `modifier gene' which produces the four-beat gait." The source of this scientific declaration remains a mystery.
Unfortunately, none of these statements is based on clinical scientific study, but instead on speculation, conclusions drawn by laymen without the actual burden of the cumbersome education required to become a geneticist. It has been a deception and a disservice to the gaited horse industry that everything so authoritatively written about "the gait gene" thus far has been unscientific speculation.
Searching for the Question
IT SEEMS THERE IS NO END TO THE debate over where gait comes from. Opinions are divided as to whether the gait is directly inherited, "hard wired" in as though from a specific gene, or whether it is the result of a combination of inherited structural factors. Alyson Stockham has been a breeder of Peruvian Pasos for the past 25 years. She notes an interesting paradox that lends credence to both theories. "As breeders we spend a lot of time trying to breed out conformational deviations, such as cow hocks or sickle hocks or long, low pasterns, based on some image of perfection of what a horse should look like," she explains. "We might have this mare with a phenomenal gait, but we breed her to a stallion with straighter legs. Her offspring is later bred to another stallion in an attempt to keep `improving' the conformation. While all the parents gait well, we can still wind up with a horse that fits the image better, but just doesn’t gait like her grandma did and we wonder why."
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The real puzzles she points out, "are when we breed like to like and get a horse that either looks different and/or won’t gait well, or a horse that is built just like the one that doesn’t have the gait, but his gaits are fantastic. What’s going on there?" It is a question that fuels the fires of debate.
Liz Graves, noted gaited horse clinician, horse show judge, trainer and author, says "There is no mystery why our horses are gifted with the ability to achieve their gaits. Yes, it is in the genetics in what is passed on in given characteristics, but its occurrence due to a single mystery gene, as of yet, has not been proven to exist."
She goes on to explain that, "variables in skeletal structure, how the nerves fire the muscle to contract and/or expand, tendons and ligaments" are all important components of gait. She feels another very important factor is the amount of energy a horse will naturally put into his gait. "Some gaits require relaxation to bring about a looseness element for that specific gait, while others need more energy to create a desired (muscle) tightening for a more contained-frame gait."
She feels that owners, breeders, trainers and judges need to take responsibility to "learn all the influencing factors of the gaits, make good choices in reproduction, show ring winners, and teachers of horses to make what they do naturally easy and pleasurable for the horse."
Betsy McHugh, Paso Fino horse trainer, clinician, horse show judge and experienced competitor thinks the relation to structure may be overrated. She says that many horses of distinctly different form are often able to perform the same basic gait. "It’s not about length of bone or angles," she states. "It’s part of the horse’s basic genetic makeup. He either has the programming that says `gait` or he doesn’t."
Perhaps the truth lies somewhere in between, as Lee Ziegler, gaited horse trainer, clinician, and author maintains. "It is pretty clear that gait comes from both nature and nurture," she asserts. "Some horses are born with a specific, preferred easy gait, others are born with several gait possibilities, and some show none of them, ever."
Lee explains, "Lots of things go into producing gait. Conformation can facilitate certain gaits by facilitating certain body positions in motion. But it is not the final determinant ... if it was, all old long-backed sway-backed horses would be inclined to pace, and they most certainly are not. Muscle and tendon/ligament tone can also facilitate gaits, but it is a part of the horse that can change a lot with exercise or the lack of it, and even with maturity. What a foal starts out with will change a lot as he ages, in terms of elasticity and strength. Nerves play a huge part in gait selection, voluntary actions from the brain and involuntary ones as well. But neural pathways can be enhanced or bypassed through training.
"At one time I felt that tendon/ligament/muscle fibers and their relative elasticity were probably most important in the inheritance of gait. Now I am more inclined to think that there has to be a combination of skeletal proportions, tendon/ligament/muscle fibers and favorable neural pathways for a gait to appear spontaneously (with no training). Once training enters the picture, gait inheritance is much more tricky to determine."
Mary Donald, a breeder of Peruvian Paso horses, trainer, horse show judge and gaited horse clinician agrees. "Everything we are is genetics. Everything we are we inherited from our parents, grandparents and so on," she states. "Ever wonder why a grandson can walk exactly like a grandfather. Same stride, same swing of the body, same movement of the hands ... is it learned or is it genetics? It could be both, as the grandson was built just like his grandfather. So, the structure was there. He also spent time walking with his grandfather, so he also learned how to use that frame of his in the same manner as his grandfather."
Mary goes on to explain that a recent university study compared 117 gaited horses to 123 Thoroughbreds.
"Well, guess what," she says. "They found that the gaited horses had a (genetic) marker that was different from the Thoroughbreds. They haven’t figured out what it is for yet. Could this be the gait gene?"
Mary brings up a factor that is bound to muddy any scientific study of the transmission of gait. "People can do strange things to animals by controlling the breeding," she points out. "They can make them taller (Saddlebreds), shorter (Miniatures), faster (Thoroughbreds), or gaited (Peruvians, Paso Finos, Rockies, TWH, etc.) By breeding [for] certain traits they develop a type. Each type executes its gait slightly differently according to its standard, but still using four legs in a manner that is similar."
In other words, we face a question of gaits, not gait. There are several distinctly different gaits in the various gaited breeds. Could it be that we are looking at different genes for fox trot, versus running walk, versus rack or stepping pace, etc.?
Further complicating the issue is the fact that training, riding, conditioning and shoeing/trimming - good or bad - all affect the execution of any gait. How would a scientific study deal with these environmental influences?
Another question is that if we do identify and map specific "gait genes" will that change the way we breed gaited horses? Brandon Carpenter, gaited horse trainer, breeder and clinician, puts it into perspective this way. "I would like to know if there is a gait gene so more could be done to understand it and its influence. The rub is, I am not sure it would totally revolutionize breeding practices because there are no guarantees when mixing genes. I like to use the following anecdote in my clinics concerning genetics to drive home this point. 
"`In the 1950s Marilyn Monroe and Albert Einstein were attending a party mixer. (It is well documented that the elder Einstein had a real fondness for the beautiful young Monroe). Marilyn flitted her way over to meet Albert since he was a national hero because of his brilliant mind and his scientific accomplishments. After they had conversed for a time, she asked, `Albert, if we were to marry and have children, can you imagine how beautiful and intelligent our children would be?’
"He looked at her with his frizzy hair and prune-wrinkled face and said in his heavily accented English, `Yah, but zey could be dumb and ugly too.'"
Finding a Pair of Genes
THE PATH TOWARD ISOLATING A GENE CAN TAKE YEARS. It certainly takes talented and dedicated researchers, state-of-the-art techniques and money. Funding can be the single biggest obstruction towards genetic research. Unless it is a popular enough question to qualify for university funding, or private investment, gaps in research can result.

Genes are isolated by DNA sequencing in which enzymes are used to separate a DNA chain into gene-sized segments that are dyed so that they can better be observed, and then replicated (grown) in viruses or bacteria for further study. It is time and labor intensive. As individual genes are isolated and dentified the genome, or gene map, of the species under study takes form. The first genome sequenced was that of a virus with 5,368 base pairs of genes, a very little critter compared to a horse with an estimated 30,000 genes (similar to a human or other mammals).
Sheila Archer is phenotypic geneticist whose field is determining heritability of a trait by its phenotypic expression - the translation of the genes into traits, such as color, size or in this case style of movement. When queried about the possibility of finding a single marker for gait she replied, "I am pretty sure it will turn out to be `markers' - meaning it’s a polygenic trait. (The result of two or more interactive genes to create the phenotype of `gait.') I can see several key genes being involved, spread out over different chromosomes."
This is not inconsistent with the predictions of the non-scientific community. Because training, riding, tack, etc. can all affect gait, Ms.Archer goes on to stipulate, "My major concern would be regarding the study design - which horses were selected to be sampled. The horses would all have to be naturally gaited.
"If a number of breeds were compared, especially genetically different groups (eg. Icelandic vs. Paso Fino), the shared `key’ gene(s) should show up."
This is basically the approach the Kentucky Naturally Gaited Horse Association (KNGHA) has undertaken. Since 2000, their plan has been to record as much information as possible about as many varied qualifying gaited horses as they could register, and within three to five generations, start deciphering the numbers. Spokesman Brian Helson stated, "it could take 20 generations before we find the common link or links that can be labeled as `the gait gene.' But we are hoping something shows up within the next five years or so."
And thanks to a group of pig scientists, their hopes may well have been answered.
When Pigs Gait?
AT FIRST I THOUGHT HE WAS JOKING, but E. Gus Cothran, PhD. Veterinary Science, Equine Blood Typing and Research Laboratory, at the University of Kentucky isn’t known for kidding about equine genetics.
"Within two or three years, it’s possible that breeders will be able to buy a test for gait genes, like the DNA type tests we have now," he said in a recent telephone interview. Comments like that are enough to make you stand back and stare at the telephone receiver. But then he relayed the story, and the science, behind that bombshell.
"We’re talking about healthy genetic improvement and it’s important to point out that in our efforts with horses we’re talking about healthy genetics.
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"I was approached by someone from the biotechnology company,Sygen, to help them develop a proposal for the equine industry to take advantage of state funds allocated to help boost the industry," he explained.
That someone was Dr. Alan Emsley, New Species Technical Director for Sygen. As part of the information-gathering effort, a group met at Dr. Cothran’s house, including representatives from KNGHA and the Chief Technology Officer of Sygen. Dr. Emsley recalls, "I had spent time with Gus picking his brain, explaining that Sygen is here in Kentucky, the horse capital of the U.S. and that over the last forty years, we have developed powerful genetic tools. So what can we do here for the equine industry?"
He points out, "We’re about healthy genetic improvement and it’s important to point out that, in our efforts with horses, we’re talking about healthy genetics. We thought we might find some resonance here in Kentucky to our interest in applying these molecular genetics tools on top of quantitative genetics skills developed over a very successful 40 years of swine breeding. The state wants to stimulate this tremendous equine economic engine, so we looked around and asked `who are the customers for the value that sound genetic decision-making could create?’"
"I spent time talking with several breed organizations, some of them gaited," he explains. "Gus was the agent for helping me reach many key people. I give him full credit here, for being a beloved partner to the horse industry."
Dr. Cothran has since worked closely with KNGHA. Dr. Cothran said that if they can come up with a standard for gait, "we’ll come up with the tools to select for it."
Dr. Emsley recounts the meeting at Dr. Cothran’s house as a "delightful time. This is a story of people who are devoted to their horse and want to bring some science to what they are doing. They said, `we’re at the beginning of organizing our breed and we want to do it right.’"
Dr. Emsley’s quest for a horse industry application for the technologies that Sygen offers found him driving all over the state of Kentucky. "Sometimes it was a real estate office, sometimes it was a trailer," he said. "I started driving in January (2005) and want to salute everyone we talked to that gave me the time of day. By April I knew I had something to build upon."
Dr. Cothran explains, "The technology that the Sygen people are talking about does not have to be specific for a single gene. We’ll utilize the entire genome. Right now we are trying to put together funding for an entire equine genome sequence - maybe $30 million. The hope is that one of the sequencing labs will be willing to pay for that part of the effort, not the government. They would pay about half and we’ll have to get the other half from industry.
"Now is the time," he stresses, "for comparative biology reasons, and horses are the one member of their order that is likely to be mapped."
Dr. Cothran’s tempo picks up as he continues. "It is almost certain that we will have a genomic sequence, the question is will it be detailed enough for what we’re trying to get? What Sygen is talking about is getting a large number of markers spread throughout the genome in blocks (smaller than a chromosome). Some cases might be an entire small chromosome. Then we look for associations or differences between the blocks by comparing markers in each one. That will tell us how to look for genes associated with gait, even the likelihood of a gait gene.
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"Heritability has been studied, and we know that gait has an heritable component simply from the fact that we have breeds that are essentially fixed for gait," Dr. Cothran continues. "Of course biomechanics are involved, but it is possible that ‘gait’ could be one single gene having a major effect. It’s not going to be that all the basic gaits are one gene," he explains. "It could be a single gene with modifiers, then phenotype can enter into how it’s expressed."
Enthusiastically remarking on how fast things have happened in the field of DNA sequencing, he admitted, "two years ago we would not be realistically thinking of a horse genome, three years ago we wouldn’t have believed it. Now I think within five years (it is) almost a certainty."
Most of that has to do with technology and money. "The new technologies that are on the forefront right now could mean that we could do it in our own lab. We already have technologies that have brought (the cost) down to about a 1/10 of what it was last year. The sequencing labs could start testing this technology on things that have already been sequenced, like humans, then suddenly cost is not an issue."
Dr. Emsley refers to the process as a three-legged stool: Sygen, working with University of Kentucky equine scientists, represents the technology leg of the stool, horse owners constitute the data leg (gene pool and target to be researched) and funding agencies represent the final leg. 

"It’s going to take effort and time to pull it together," he says. "It’s still a work in progress."

With the three legs of the stool coming into place, the first concern for Sygen would be defining the traits to be measured. "No matter what attribute you try to find the answer to, first you must define clearly what you wish to measure and then ensure you have a good, repeatable measure of that attribute," he continues. "Two different people observing the same trait should come up with the same measure. That says something important about measurement,"he cautions, "but still says nothing about the genetics of that trait."
The next step, he says, is to compare differences between groups of animals and ask the question, "Is the difference between groups associated with genetic differences between those groups. We’re equipped to ask the questions - `How big is the genetic influence? How can we more reliably characterize a group of horses as being `gaited' '?" And while Dr. Emsley acknowledges that traits are influenced by environmental factors, he doesn’t hesitate to add, "I don’t need a setting in which there are no environmental influences. I just need to be able to measure them or manage them."
The gaited horse industry is at a juncture where speculation is no longer acceptable regarding "gait genetics." We’ve known all along that the trait for gait was inherited, and that certain outside influences were involved. But now we have the technology and the collective information to quite literally search the equine genome for any specific genes that relate to gait.
"Sygen," says Dr. Emsley, "very much wants to promote sound pleasure horse breeding. We’ve got two of the three legs, the source of data and the science group. A source of funding is the third leg and my quest at this point is trying to define what this might be. What form it will take is beyond my crystal ball."
For more information about the Equine Genome Project visit www.uky.edu/Ag/Horsemap/.
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