Huntington’s disease is a disease caused by degeneration of brain cells (neurons) in certain areas of the brain. This makes the affected person uncontrolled movements, loss of intellectual faculties and emotional disturbance. (National Institute of Neurological Disorders and Stroke, 2006)
Scientists are trying to see what the defective gene does to various structures in the brain by implanting fetal tissue in rodents and nonhuman primates and trying to restore the functions lost by the degeneration of neurons in individuals with HD. (National Institute of Neurological Disorders and Stroke, 2006)
There are efforts to stop or reverse genetic diseases such as HD by using excitotoxicity (overstimulation of cells by natural chemicals found in the brain), defective energy metabolism (a defect in the mitochondria), oxidative stress (normal metabolic activity in the brain that produces toxic compounds called free radicals), tropic factors (natural chemical substances found in the human body that may protect against cell death). (National Institute of Neurological Disorders and Stroke, 2006)
www.ninds.nih.gov

Cystic fibrosis (CF) is a life-threatening disorder that causes severe lung damage and nutritional deficiencies.An inherited condition, cystic fibrosis affects the cells that produce mucus, sweat, saliva and digestive juices. Normally, these secretions are thin and slippery, but in cystic fibrosis, a defective gene causes the secretions to become thick and sticky. Instead of acting as a lubricant, the secretions plug up tubes, ducts and passageways, especially in the pancreas and lungs.

Respiratory failure is the most dangerous consequence of cystic fibrosis. Also, the secretions block pancreatic enzymes that help digest fats and proteins, and they prevent your body from absorbing key vitamins.Treatments for cystic fibrosis are aimed at relieving symptoms and complications.

http://www.mayoclinic.com/health/cystic-fibrosis/DS00287

There are currently to ways to detect genetic mutations that cause diseases. The first way is to find homologues of genes that cause similar diseases in another species, such as mouse, rat or human. This is a valid method since genes present in every species are very similar to each other. Scientists duplicate these genes that may carry similar defects. Inbred strains of mice provide a wealth of information as to where to look in dogs. Likewise the human genome project, whose goal is the unlock the order of each letter along every chromosome, will also be invaluable in canine genetic research. 

Both the wild type and the suspected mutant genes need to be cloned and compared. In the case of PRA in Irish Setters, the culprit gene (rd1) was first identified in mice that had PRA. The defective "letter" in the mouse gene was not the same as in the Irish Setter, but it was the same gene, and the result was PRA in both species. 

Direct tests

In the case of a discovery of an exact mutation, the diagnosis is accurate. For genes with one letter changes there is a simple way determine the presence of mutations by using diagnostic enzymes (called restrictions enzymes) that recognize a string of letters representing the region around the mutation, and the wild type sequence at the site of the mutation 

The portion of the gene surrounding a mutation can be synthesized readily in the laboratory by a process called PCR (polymerase chain reaction). This method allow specific regions of the genome to be amplified from a small sample, and the DNA can be analyzed quickly. DNA samples for individuals can be obtained from any cells. They are most easily obtained by scrapping a few cells from the inner cheek with a small brush. All the ingredients required to make more DNA are put in a test tube and the DNA is made in a PCR machine. The key is the addition of a string of letters that corresponds to your gene to "prime" the synthesis. 

Next, the amplified DNA is purified, and then cut with restriction enzymes. Two enzymes should be used for diagnosis, one for the wild type sequence, and one for the mutant sequence. 

In this diagnosis, if you cut a wild type chromosome with an enzyme that recognizes the wild-type sequence, you get two pieces of DNA from the original one. They can be separated according to size on a gel matrix, and observed under ultraviolet light. 
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	If the animal is free of the mutation you will see only two pieces of DNA. If however, one of the chromosomes carries a mutation, you will see three fragments of DNA, the two from the wild-type chromosome, and a third, larger piece that was not cut by the enzyme. In the example shown here, the left lane contains uncut DNA, while the middle and right lanes have been cut with an enzyme that recognizes the wild-type sequence. The middle lane shows the two bands expected from a dog that is clear, while the right lane shows that dog to be a carrier (3 bands). An affected dog would give only a single band.


The diagnosis should then be repeated with the enzyme that recognizes the mutation. This is essential because digestion with the wild type enzyme can be incomplete, and false products can occasionally be synthesized. Both of these possibilities must be ruled out. If either of these two things occur, the animal should be retested. I would also recommend that if a carrier is identified in a series of animals tested, that he/she be retested, in the unlikely event that samples were mixed up in the laboratory. A carefully designed experiment should also include a negative control to make sure that none of the reagents used in the laboratory are contaminated with product. 

Other defects may involve deletions of one letter or more in the gene. Diagnosis in this case would involve PCR amplification and the identification of the differently sized products. Digestion of these products with restriction enzymes which should give a predicted size pattern of DNA fragments. Additional fragments would be observed in carriers. 

Linkage tests

The second, and less accurate way to identify mutations is known as linkage. Scattered throughout the chromosomes there exists short repeated groups of letters known as microsatellites (for example CACACACACACA). These can vary in length of repeat from individual to individual and are therefore referred to as simple sequence length polymorphisms (SSLP). Hundreds of these sequences have been isolated for the canine genome as tools for mapping genes. Because SSLPs can vary in length between individuals, they can be used to track defective genes. In order to find a microsatellite locus that is "linked" to a trait, you need a "family" of dogs in a pedigree. The disease status of dogs within this pedigree is made by some biochemical means or by physical examination depending on the defect. For example in the case of copper toxicosis in Bedlington terriers, the animals were determined as affected or unaffected by a liver biopsy, and a quantitative copper assay (Yuzbasiyan-Gurkan, et al., AJVM, 58:23-27, 1997). Knowing the status of the dogs then allows scientist to look for a microsatellite locus that is "linked" to the presence of disease. Hundreds of markers must be examined before a linkage with disease to a microsatellite is found. 
A linked microsatellite is said to co-segregate with the gene. The closer that the marker is linked to the disease, the more accurate the test. This needs to be reproduced with a goodly number of family members. Thus to find a gene with this method is relatively labor intensive. 
Here is how the products of a PCR amplification of an SSLP closely linked to a gene for some genetic disease would look like when separated on a gel matrix. 

Whiteley, M. “Genetic Testing: A Guide for Breeders”.1997. http://www.canine-genetics.com/dnatest.htm.   Jan. 29, 2007

Duchenne muscular dystrophy (DMD) (also known as muscular dystrophy - Duchenne type) is an inherited disorder characterized by rapidly progressive muscle weakness which starts in the legs and pelvis and later affects the whole body. Duchenne muscular dystrophy (DMD) is the most common form of muscular dystrophy. It usually affects only males, but in rare cases it can also affect females. It is an X-linked recessive inherited disease. A milder form of this disease is known as Becker's muscular dystrophy (BMD). In Becker muscular dystrophy, most of the symptoms are similar to Duchenne, but the onset is later and the course is milder.

DNA ANALYSES:
RFLP analysis
When DNA fingerprinting first began, restriction fragment length polymorphism (RFLP) analysis was used, though it has been almost completely replaced with newer techniques. RFLP analysis is performed by using a restriction enzyme to cut the DNA into fragments which are separated into bands during agarose gel electrophoresis. Next, the bands of DNA are transferred via a technique called Southern blotting from the agarose gel to a nylon membrane. This is treated with a radioactively-labeled DNA probe which binds to certain specific DNA sequences on the membrane. The excess DNA probe is then washed off. An X-ray film placed next to the nylon membrane detects the radioactive pattern. This film is then developed to make a visible pattern of bands called a DNA fingerprint. By using multiple probes targeting various polymorphisms in successive X-ray images, a fairly high degree of discrimination was possible. The primary drawback of RFLP is that the exact sizes of the bands are unknown and comparison to a molecular weight ladder is done in a purely qualitative manner. Many labs developed policies that described what they considered a unique band, but it was not standardized and led to DNA fingerprinting coming under harsh attack in People v. Castro 545 N.Y.S. 2d. 985 (Sup. Ct. 1989). RFLP was a very time consuming method which required relatively high quantity of good quality DNA to be used (such as a dime sized blood drop). This made typing degraded samples such as those from evidence that had been exposed to the elements fairly difficult.

PCR analysis
With the invention of polymerase chain reaction (PCR), DNA fingerprinting took huge strides forward in both discriminating power and ability to recover information from very small starting samples. PCR involves the amplification of specific regions of DNA using a cycling of temperature and a thermostable polymerase enzyme along with sequence specific primers of DNA. Commercial kits that used single nucleotide polymorphisms (SNPs) for discrimination became available. These kits use PCR to amplify specific regions with known variations and hybridize them to probes anchored on cards, which results in a colored spot corresponding to the particular sequence variation.

One of the primary complaints against RFLP was that it was slow and required large quantities of DNA to be used. This led to the development of PCR-based methods which required smaller amounts of DNA that could also be more degraded than those used in RFLP analysis. Systems such as the HLA-DQ alpha reverse dot blot strips grew to be very popular due to their ease of use and the speed with which a result could be obtained, however they were not as discriminating as RFLP. It was also difficult to determine a DNA profile for mixed samples, such as a vaginal swab from a sexual assault victim.

AmpFLP
Another technique, AmpFLP, or amplified fragment length polymorphism was also put into practice during the early 1990's. This technique was also faster than RFLP analysis and used PCR to amplify DNA samples. It relied on variable number tandem repeat (VNTR) polymorphisms to distinguish various alleles, which were separated on a polyacrylamide gel using an allelic ladder (as opposed to a molecular weight ladder). Bands could be visualized by silver staining the gel. One popular locus for fingerprinting was the D1S80 locus. As with all PCR based methods, highly degraded DNA or very small amounts of DNA may cause allelic dropout (causing a mistake in thinking a heterozygote is a homozygote) or other stochastic effects. In addition, because the analysis is done on a gel, very high number repeats may bunch together at the top of the gel, making it difficult to resolve. AmpFLP analysis can be highly automated, and allows for easy creation of phylogenetic trees based on comparing individual samples of DNA. Due to its relatively low cost and ease of set-up and operation, AmpFLP remains popular in lower income countries.

STR analysis
The most prevalent method of DNA fingerprinting used today is based on PCR and uses short tandem repeats (STR). This method uses highly polymorphic regions that have short repeated sequences of DNA (the most common is 4 bases repeated, but there are other lengths in use, including 3 and 5 bases). Because different people have different numbers of repeat units, these regions of DNA can be used to discriminate between individuals. These STR loci (locations) are targeted with sequence-specific primers and are amplified using PCR. The DNA fragments that result are then separated and detected using electrophoresis. There are two common methods of separation and detection, capillary electrophoresis (CE) and gel electrophoresis.

The polymorphisms displayed at each STR region are by themselves very common, typically each polymorphism will be shared by around 5 - 20% of individuals. When looking at multiple loci, it is the unique combinations of these polymorphisms to an individual that makes this method discriminating as an identification tool. The more STR regions that are tested in an individual the more discriminating the test becomes.

From country to country different STR based DNA profiling systems are in use. In North America CODIS is prevalent, while in the UK the SGM+ system, which is compatible with The National DNA Database is in use. Whichever system is used, many of the STR regions under test are the same. These DNA profiling systems are based around multiplex reactions, whereby many STR regions will be under test at the same time.

Capillary electrophoresis works by electrokinetically (movement through the application of an electric field) injecting the DNA fragments into a thin glass tube (the capillary) filled with polymer. The DNA is pulled through the tube by the application of an electric field, separating the fragments such that the smaller fragments travel faster through the capillary. The fragments are then detected using fluorescent dyes that were attached to the primers used in PCR. This allows multiple fragments to be amplified and run simultaneously, something known as multiplexing. Sizes are assigned using labeled DNA size standards that are added to each sample, and the number of repeats are determined by comparing the size to an allelic ladder, a sample that contains all of the common possible repeat sizes. Although this method is expensive, larger capacity machines with higher throughput are being used to lower the cost/sample and reduce backlogs that exist in many government crime facilities.

Gel electrophoresis acts using similar principles as CE, but instead of using a capillary, a large polyacrylamide gel is used to separate the DNA fragments. An electric field is applied, as in CE, but instead of running all of the samples by a detector, the smallest fragments are run close to the bottom of the gel and the entire gel is scanned into a computer. This produces an image showing all of the bands corresponding to different repeat sizes and the allelic ladder. This approach does not require the use of size standards, since the allelic ladder is run alongside the samples and serves this purpose. Visualization can either be through the use of fluorescently tagged dyes in the primers or by silver staining the gel prior to scanning. Although it is cost effective and can be rather high throughput, silver staining kits for STRs are being discontinued. In addition, many labs are phasing out gels in favor of CE as the cost of machines becomes more manageable.

The true power of STRs is in its statistical power of discrimination. In the U.S.A., there are 13 loci (DNA locations) that are currently used for discrimination. Because these loci are independently assorted (having a certain number of repeats at one locus doesn't change the likelihood of having any number of repeats at any other locus), the power rule of statistics can be applied. This means that if someone has the DNA type of ABC, where the three loci were independent, we can say that the probability of having that DNA type is the probability of having type A times the probability of having type B times the probability of having type C. This has resulted in the ability to generate match probabilities of 1 in a quintillion (1 with 18 zeros after it) or more.

Y-chromosome analysis
Recent innovations have included the creation of primers targeting polymorphic regions on the Y-chromosome (Y-STR), which allows resolution of multiple male profiles, or cases in which a differential extraction is not possible. Y-chromosomes are paternally inherited, so Y-STR analysis can help in the identification of paternally related males. Y-STR analysis was performed in the Sally Hemings controversy to determine if Thomas Jefferson had sired a son with one of his slaves.

Mitochondrial analysis
For highly degraded samples, it is sometimes impossible to get a complete profile of the 13 CODIS STRs. In these situations, mitochondrial DNA (mtDNA) is sometimes typed due to there being many copies of mtDNA in a cell, while there may only be 1-2 copies of the nuclear DNA. Forensic scientists amplify the HV1 and HV2 regions of the mtDNA, then sequence each region and compare single nucleotide differences to a reference. Because mtDNA is maternally inherited, directly linked maternal relatives can be used as match references, such as one's maternal grandmother's sister's son. A difference of two or more nucleotides is generally considered to be an exclusion. Heteroplasmy and poly-C differences may throw off straight sequence comparisons, so some expertise on the part of the analyst is required. mtDNA is useful in determining unclear identities, such as those of missing persons when a maternally linked relative can be found. mtDNA testing was used in determining that Anna Anderson was not the Russian princess she had claimed to be, Anastasia Romanov.

mtDNA can be obtained from such material as hair shafts and old bones/teeth.
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