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Detecting Gene Polymorphisms- PCR-based tests
 We are using PCR to amplify a fragment of the CYP2D6 gene and sequencing the resulting product to detect polymorphisms. Although this DNA sequencing approach is a gold-standard for determining genotype particularly in genes where multiple polymorphisms occur, it is time consuming and expensive. We will use a series of other PCR-based methods to detect specific polymorphisms without sequencing. These illustrate different methods used commercially and in research. 
TAS2R38 gene- PTC Bitter Taste Receptor: Restriction Enzyme-Based Detection
    There are 5 tastes- sweet, sour, bitter, salty and umami. Each is detected by specific receptor proteins. The gene products from TAS1R2 and TAS1R3 detect sweetness as a heterodimer. Gene products from TAS1R1 and TAS1R3 detect glutamate (e.g. MSG) as umami. These are G protein coupled receptors. Sourness and saltiness are thought to be perceived by ion channel proteins. Bitterness is genetically more complex among theses tastes. Bitterness receptors are also G-protein coupled receptors, but humans have approximately 50 genes (TAS2R) as a family of related genes. Many are found in gene clusters. Bitter compounds, often found in plants as a defense chemical associated with toxicity (e.g. alkaloids), bind specific receptors and trigger a bitter taste signal. Different receptors detect different classes of compounds. TAS2R14 detects thujone in absinthe and picrotoxin. TAS2R16 detects (-glucopyranosides such as salicin.  TAS2R7 and TAS2R10 detect strychnine. TAS2R43 and TAS2R44 detect the bitterness in saccharin. TAS2R38 detects the chemical group N-C=S found in phenylthiocarbamide (PTC). The chemical group is also found in glucosinolate compounds in [image: image1.emf]AVI Non-taster
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crucifers such as broccoli and kale. An evolutionary advantage to tasting these compounds may have been to avoid their inhibition of thyroid function in areas with low iodine in the diet. However, with iodine supplemented in many modern diets, glucosinolates are now seen as the healthful part of adding cruciferous vegetables.  This is partially due to their inhibition of cytochrome P450s and induction of phase II detoxification enzymes.  Polymorphisms in any of the taste receptors can influence an individual’s sense of taste and resultant food preferences. 

Target Gene:
Our focus is on the TAS2R38 PTC receptor gene found on chromosome 7. There are 5 different single nucleotide polymorphisms (SNPs) in the TAS2R38 but the three most common are in protein positions 49, 262 and 296. These 3 SNPs are found in 5 haplotypes, 3 that are the most common are: PTC tasters have the haplotype PAV or less commonly (3%) AAV. Nontasters have the haplotype AVI (A=Ala, V=Val, I=Ile). 
Detecting Polymorphism: We will detect the sequence differences at the first and middle positions to distinguish PAV tasters, AAV tasters and AVI nontasters by using a restriction enzyme that overlaps these two regions and so differentially cuts DNA depending upon the allele. After PCR amplification of a 1067 bp fragment of the N-terminal portion of TAS2R38, the PCR product will be cut with Fnu4H that cuts DNA at the sequence GCNGC (N is A, G, C or T).  This sequence overlaps both sites of polymorphisms. At the amino acid position 262, both PAV and AAV tasters contain the cut site (GCTGC) while AVI non-tasters do not (GTTGC). At the amino acid 49 position, we can discriminate the two taster alleles.  PAV tasters contain the Fnu4H cut site (GCAGC) while AVI non-tasters and AAV tasters do not (GCAGG). 
 Thus the restriction pattern of the 1 Kb TAS2R38 PCR product indicates the sequence at both polymorphic sites. A 557 Fnu4H fragment in non-tasters is cleaved to 456 bp and 75 bp fragments in both PAV and AAV tasters. A 363 bp Fnu4H fragment in non-tasters or AAV tasters is cleaved to 336 bp and 27 bp fragments in PAV tasters.   Heterozygosity would display both the cleaved and uncleaved products. We will correlate the genotype with taste ability phenotypes of TAS2R38 ligands PTC and thiourea (PROP) and cruciferous vegetables (eat your broccoli or no desert!) versus non-ligands quinine and saccharine. The simple phenotype of tasting may be modified by other genetic traits. Super tasters have increased taste bud (fungiform papillae) density and have enhanced taste from multiple taste receptors. Similarly, one may lose overall taste sensitivity from other genetic or environmental causes.
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PTC - Phenylthiocarbamide




PCR Primers (termini of above 1067 bp PCR product):
 

For:5’CATCCCTCTAAGTTTCCTGCCAGA



Rev:5’TTGGGATAATGGCAGCTTGTCCCTC
                Annealing at 58oC

References:
TAS2R38 gene in OMIM: http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=607751
Wooding, S. 2006. Phenylthiocarbamide: A 75-Year Adventure in Genetics and Natural Selection. Genetics 172: 2015–2023 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1456409
Alcohol dehydrogenase (ADH) and Aldehyde Dehydrogenase (ALDH): Alle-Specific PCR and multiplex PCR
Participation in PCR is optional
  Ethanol is detoxified in humans by two sets of enzymes. One is a cytochrome P450 (CYP2E1) that requires induction of expression and so is slow to respond to occasional alcohol consumption. Another is a pair of enzymes, alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH), that catalyze a stepwise oxidation of ethanol to acetylaldehyde to acetic acid. There are families of ADH and ALDH genes in humans, but differences in tissue expression, subunits and enzyme kinetics of the encoded enzymes allow us to focus upon one polymorphic gene in each family.  We will look at polymorphisms in ADH2 and ALDH2. Polymorphisms in these genes can create a phenotype in which the acetyladehyde intermediate builds up in the bloodstream and its toxicity causes redness in the face, headache and abdominal cramps. People carrying these polymorphsims are less likely to abuse alcohol since drinking it makes them feel uncomfortable.  Some people possess the ADH2*1 allele with Arg at position 47. The ADH2*2 allele has an Arg47His substitution (CAC to CGC) that increases the enzymes rate, and so produces acetylaldehyde faster than normal. The ALDH2*1 allele that has glutamate at aa position 487. Some people possess the ALDH2*2 allele has a substitution of Glu487Lys (GAA to AAA) that severely decreases its enzyme activity. Such decrease also causes a buildup of acetylaldehyde. This is similar to the effect of ALDH enzyme inhibitors (disulfram-AntabuseTM) that used to cure alcoholism that make alcohol consumption very unpleasant.
Detecting Polymorphisms: A. Tamakoshi et. al. (2003), designed a set of primers that allow PCR to differentially amplify different size PCR fragments depending upon which allele is present. This creates an allele-specific PCR. In the figure from their paper below, a polymorphism is at one position (X or Y) in two alleles of the same gene. Allele-specific primers (R1 and F2) are designed such that the 3’ ends match only one of the alleles (R1 has X at the 3’ end and F2 has Y at its 3’ end). PCR is very sensitive to a mismatch in the 3’ end of a primer because the DNA polymerase can not extend from a non-base paired 3’ nucleotide. Common primers (F1 and R2) are located outside of the polymorphic region. All 4 primers are used to PCR from genomic DNA. 
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Fig. 1. Basis of polymerase chain reaction with confronting two-pair
primers (PCR-CTPP).
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Regardless of genotype, PCR in anyone’s DNA should amplify a “common” band of c bp in length. If someone is homozygous for the X allele, they would amplify a fragment that is a bp long. The F2 primer could not fully basepair with the template and so no product of b bp length would be amplified. The reverse holds true for someone homozygous for the Y allele- only product of b bp length is seen. Heterozygous individuals show both bands of a and b bp plus the common band. The authors designed primers for ADH2 and ALDH2 such that all 8 primers (4 for each gene) are added to one PCR reaction and all 6 different PCR products are of dissimilar sizes and all can be distinguished. This is called multiplex PCR. The characteristic bands sizes are shown below:
ADH2
Common band at 459 bp

Arg 47= 219 bp

His 47= 280 bp (fast allele)

ALDH2
Common band at 176bp

Glu 487= 119 bp

Lys 487= 98 bp  (slow allele)

PCR Primers (Tamakoshi et. al. 2003): Underlined are the polymorphic sites.

      ADH2 F1: 5’GGGCTTTAGACTGAATAACCTTGG


His R1: 5’AACCACGTGGTCATCTGTGC

Arg F2: 5’GGTGGCTGTAGGAATCTGTCA

R2: 5′AGGGAAAGAGGAAACTCCTGAA

     ALDH2 F1: 5′TGCTATGATGTGTTTGGAGCC


Glu R1: 5′CCCACACTCACAGTTTTCACTTC

Lys F2: 5′GGGCTGCAGGCATACACTA

R2: 5′GGCTCCGAGCCACCA

PCR reaction: 95C for 10min; 95C for 1min, 63C for 1min, 72C for 1min; 72C for 7min.

A caution with this approach is that if PCR conditions are too permissive (e.g. annealing temperature too low) both allele-specific primers will be able to amplify bands. This would cause most people to be apparent heterozygotes.
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Serotonin Reuptake Receptor 5-HTTLPR gene: VNRT variation detected by PCR
Participation in PCR is optional
   Serotonin is a neurotransmitter. It is stored in vesicles in neurons and released into the synapse when the cell receives appropriate stimulation. Serotonin in the synapse binds a serotonin receptor (5-HT) on another nerve cell that stimulates that cell. Serotonin is removed from the synapse by serotonin reuptake receptors/transporters (5-HTT) on the cell from which it was released. This reuptake provides for transient signaling and allow recycling of the serotonin. Serotonin controls appetite and mood in the brain. In C. elegans, it control muscles in feeding, and function in the gastrointestinal tract has been conserved throughout animals. Its most commonly thought of in its link to mood in humans. Several types of antidepressants and antipsychotics work by controlling the serotonin levels. MAOIs work by preventing the turnover of serotonin in the cell and so increase serotonin levels in the storage vesicles. Tricyclic antidepressants and SSRI drugs inhibit the reuptake receptors and so prolong the serotonin signaling. Drugs like MDMA (ecstasy), amphetamine, and cocaine also act through inhibiting reuptake. Thus, small differences in the activity or expression of 5-HTT can be expected to have a large effects upon mood.
     There are variants in the 5HTT protein within the human population that have been the subject of studies looking at depression and other mood disorders. The gene encoding the serotonin reuptake receptor 5-HTT has a polymorphism that is a 44 bp deletion approximately 1 kb upstream of the HTT gene promoter. This region is referred to as the HTTLPR. The deletion removes two copies of a GC-rich 22/23 bp repeated sequence (VNRT) and has been shown to remove transcriptional repression of HTT gene transcription and thus is expected to increase expression of the reuptake receptor. Paradoxically, the short form has been linked to a higher susceptibility to depression, compared to the long form. A 2003 paper showed linkage between people with the short form being more susceptible to depression after emotionally stressful events.

Minisatellites and Microsatellites are small sequences that occur in tandem repeats around the genome. These repeats are hypervariable and accumulate differences in the number of repeats between people faster than single base pair deletions or insertions. Microsatellites or Short Tandem Repeats (STR) are short repeats (3-4bp) while minisatellites or Variable number of Tandem Repeats (VNTR)  are longer repeated units. Many of the repeated regions do not affect gene expression and are used for forensic identification. However, when they fall within genes or promoters for genes, the variation in the number of repeats can influence gene expression or function. For example, Huntington’s Disease results from an increased number of repeats in a microsatellite in the coding region. Unaffected individuals have less than 28 copies of the CAG trinucleotide repeat. Affected individuals have over 40 copies that are translated to produce additional glutamines. There are a number of diseases where variable number of repeats in exons, introns, promoters and 3’ UTRs affect gene expression.
Detecting Polymorphisms: Detecting insertions or deletions is straightforward. PCR primers are designed to match the DNA sequence that surrounds the VNTR repeated region. The difference in size of the amplified product reflects the number of repeats and so will detect the polymorphsism. The long form of the HTTLPR is the reference form and its PCR product is 528 bp in length. The short form with the 44 bp deletion creates a PCR product is 484 bp long.  Heterozygotes will show both bands. The PCR detecting the size polymorphism can not detect other SNPs that fall within the repeated region or the rest of the gene.
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FIG. 1. A: Organization of the human 5-HTT gene and ts 5'-flanking regulatory region on chromosome 17q11.2. Soiid and hatched
boxes depict coding and noncoding regions, respectively. B: h5-HTT gene 5'-flanking regulatory region. The 5-HTT gene promoter is
defined by a TATA-lie motif, and several potential binding sites for transcription factors, including AP1, AP2, and SP1, are present in
the 5'-flanking region (EMBL/GenBank accession no. X76753). The position of the 5-HTTLPR is indicated by a shaded box. C:
Nucleotide sequence flanking the 5-HTTLPR (underlined sequences represent PCR primer sequences). The 5-HTTLPR is defined by
a length variation of a repetitive sequence comprising GC-rich, 20-23-bp-long repeat efements (I-XVI). The repetitive sequence
displays a tetrastrand-like structure, silences transcriptional activity in nonserotonergic cels, and contains positive response slements.
The polymorphism is generated by a deletion (indicated in lowercase letters) with an overall length of 44 bp, involves repeat unit 6-
8, and is located close to a “hot spot” for deletion mutagenesis (TGCAGCC). D: PCR amplification products (iong 5-HTTLPR/short
5HTTLPR (L/S] = 484/528-bp fragments) generated with primers flanking the 5-HTTLPR (also see C) from genomic DNA of Caucasian
individuals. Allele distribution was as follows: a, d, and e = L/S; b and ¢ — L/L; f = S/S. The reaction products were electrophoresed
through 3% agarose and visualized by UV illumination in the presence of ethidium bromide.
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Association with traits-the difficulty of complex traits and environment: The HTTLPR polymorphism has been known for some time and many studies attempted to find linkage between it and depression with no success. The 2003 study was hailed as a breakthrough since it looked at environmental influences upon the phenoytype. While it too found no association between the short HTTLPR allele and depression, it found that when only people with four or more traumatic events in their lives were considered, homozygous short allele individuals had a 43% chance of experiencing a depressive episode; in contrast, homozygous long allele individuals had half that chance of a depressive episode. Popular press reports on this paper ignored many of the reservations that the authors expressed and dubbed the HTT gene as “the depression gene” touting it as a target for new drug development. Subsequent studies have built upon this research in looking at brain activity of individuals with different genotypes. A recent paper in June 2009 revisited the association by doing meta-analysis of the many studies done since the 2003 report. Such pooling of data over more than 14,000 individuals and study variables allows more sensitive statistical analysis than individual studies that often had select types of participants.  The result of the meta-analysis showed that although stress full events were clearly associated with later depression, the HTTLPR genotype had no predictive value for the chances of experiencing depression. The paper did not dismiss that the polymorphism may have some effect, but indicates that the environmental factor of previous emotional stress did not explain the variability by itself. 
Primers (Heil et. al. 1996)5’-GGCGTT5’-GGCGTTGCCGCTCTGAATTGC
Forward: 5’- GGCGTTGCCGCTCTGAATTGC   

Reverse: 5’-GAGGGACTGAGCTGGACAACCCAC
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