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Sept. 21, 2006

Lab 4-Design of Primers to Amplify Dog Olfactory Receptor Genes

Overview:


The goal of this project, which will take us through the next three weeks, is to compare the sequences of one highly polymorphic olfactory receptor (OR) gene subfamily in a genetically diverse range of dog breeds.  This week we will make use of the knowledge you’ve gained on phylogenetic relationships and in database searching/sequence alignments to design primers.  Next week, each of you will use your primers in a polymerase chain reaction (PCR) to amplify the corresponding DNA from one dog’s check cells.  In the following week, we will use Williams College’s new DNA sequencer to determine the sequence of your PCR product.


“The detection and recognition of an odorant volatile molecule is a complex mechanism.  It begins in the nasal epithelium, where odorant molecules bind specifically to olfactory receptors expressed by olfactory neurons.”  (Tacher, et al., J. Hered. 96:812-816; 2005)  Olfactory receptors are G-protein coupled proteins containing seven membrane-spanning domains. They are encoded by the largest gene family known in the mammalian genome.  As you learned from your background reading for this lab (Olender, et al., Genomics 83:361-372 (2004), OR genes are found in clusters throughout the mammalian genome.  A large number of OR genes has been cloned and characterized in dog, rat, mouse, and human; sequencing and comparison of the genes has revealed that the genes are most polymorphic (contain the highest proportion of single nucleotide polymorphisms, or SNPs) in transmembrane domains IV and V, which are in fact responsible for ligand recognition and binding (Quignon, et al., Genome Biology 6:R83 (2005).  The color figure attached to this lab shows the positions of some SNPs identified in a comparison of 16 OR genes from 95 dogs, representing 20 different breeds (Tacher, et al.)


Table 3 from the Tacher paper (at the end of this lab handout) lists the polymorphisms found in that study and their relative frequencies.  We are going to focus on one gene, CfOR0184, because of its highly polymorphic nature in a variety of breeds.  Table 2 shows us that this gene is a Class II gene in the family 4D.


Q:  From your background reading, what is the difference between Class I and Class II OR genes?


To find out what other OR genes are in this 4D family, and how closely related they are to CfOR0184, we will need to consult the supplemental material published on-line by Quignon, et al.  Go to http://idefix.univ-rennes1.fr:8080/Dogs/ORrepertoire.html. Under Phylogenetic trees (Additional data files 4 to 20), click on the link to Family 4.  Or, if that website does not respond, we can access the same figure from the journal’s web site, at http://genomebiology.com/content/supplementary/gb-2005-6-10-r83-S6.jpeg.  Finally, if all else fails, you can access the jpg file from the course Blackboard site.   Examine the phylogenetic tree for this family.  Dog genes (Cf=Canis familiaris) are shown in blue and rat genes (Rn=Rattus norwegicus) are in red.  As you will see, there are a number of other dog OR genes in the same clade (group with a common ancestor) as CfOR0184.  We will need to determine how likely it is that our PCR reaction will also amplify these genes.  


At the same time, we will also need to consider whether we will unwittingly amplify genes that are more distantly related.  Keep in mind that if we amplify a large pool of less-related genes, the sequence data we obtain will be very difficult to interpret.  We will talk in lab about what we would have to do to separate out each of these PCR products to be able to sequence each one individually.  Since we do not have time in this course to do that, we will need to design primers to be as selective as possible.  Note that this is exactly the opposite of what we did when we used CodeHop to design degenerate primers; there, we wanted to cast our net as widely as possible to enhance our chances of amplifying the axolotl HRASLS.  Here, in contrast, we want to be as discriminating as possible.


Your job in this lab is to employ the tools you have acquired over the past two weeks to find regions of the CfOR0184 gene that are (relatively speaking) specific to this OR gene or subfamily of genes.  To retrieve the sequences of CfOR0184 and any other genes that you decide you need, you might be able to download the files from the idefix site listed above, if it’s functional.  If it is not (and it rarely is!), go to the course Blackboard site to access the entire sequence file containing all the sequences for every gene on the tree.  


Once you have determined how similar our gene of interest is to its neighbors on the tree, choose one region of the sequence that meets your criteria for a good (i.e., selective) primer.  This primer should be about 20-25 bp long and should end in 2-4 G’s and/or C’s.  Now you need to find a second primer (since PCR requires two primers), and together these primers should allow you to amplify a region longer than 300-500 bp, so we can easily see the product on a gel.   Keep in mind that ideally, both primers should anneal to the template (dog genomic DNA) at approximately the same temperature.  This means they should have similar (within a couple degrees) melting temperatures.   You can determine the Tm of any primer, using the formula Tm=2(A+T) + 4(G+C).  Your primers should have a similar Tm.  If they do not, you can add or subtract a base or two from either of the primers to make them come out similar.

Here’s the tricky part: determining which strand each primer should correspond to.  Give this a try as a way to check your understanding of PCR, but don’t go crazy over this; we can discuss it as a group if you want help.  Draw a picture of an OR gene, including both strands and labeling the proper ends 5’ and 3’. Now think about PCR, and how DNA replication works.  Feel free to consult the PCR figure.  Decide which strand will correspond to each of the primers, and use that decision to chose primers that fulfill all our desired criteria.  

Once you have found one primer and a region that you think will give a good second primer, test the match by using the web resource Primer3 (http://biotools.umassmed.edu/bioapps/primer3_www.cgi).  Paste the region surrounding your second primer into the box at the top, and enter your first primer in the box below that.  Check off the boxes marked “Use left primer below” and “Pick right primer” and Click on “Pick primers.”  Note that we could have pasted the whole gene into the box and used the set of windows below to specify a desired product size; in this case Primer3 would have chosen a matching set of primers for us, but this pair might not meet our other criteria of excluding closely related OR genes.

Once you have chosen two primers, give the sequences (written 5’ to 3’) to Norm or me so we can order the primers before next week’s lab.

Thought question for homework: The OR genes lack introns.  Given the experiment we have planned for next week, why is this fact extremely fortuitous for us?
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Major Major Specific allele:
alleles allele Frequency in
SNPs Gene in the in the  Breed-specific  the breed (and No. of
Breeds name/position SNPs  Amino acids 95 dogs breed alleles in the 20 breeds) dogs
American cocker -~ CfOR0184,/905 G/T S/1 G G T 0,063 (0,005) 8
spaniel
Boxer -~ CfORO0184 /201 A/T A T T A 0,038 (0,005) 13
Golden retriever ~ CfOR04B08/310 C/T L/F C T T 0,692 (0,037) 13
Great Dane CtOR0011/21 A/C T A C C 0,538 (0,047) 13
CfOR0423/766-767 +/—“ F/— + + — 0,192 (0,010) 13
CfORO0241/517 A/G I/V G A A 0,5 (0,047) 13
Husky CfOR26A01/40 - A/G R/G G G A 0,125 (0,010) 8
- CfOR0011,/320 A/G  Y/C A A G 0,313 (0,016) 8
AX) CfOR0044 /357 A/G A A A G 0,125 (0,005) 8
4 CfOR0058,/396 C/T N C T T 0,563 (0,026) 8
o f ~ CfOR0184,/232 A/G R/G A G G 0,625 (0,026) 8
€ = CfOR0184 /354 G/T L/F T G G 0,625 (0,026) 8
CfOR0237/259 A/G  S/G G G A 0,25 (0,010) 8
Labrador CfOR0469/651 C/T I C C T 0,038 (0,005) 13
Miniature poodle ~ CfFOR26A01 /402 A/G  I/M G G A 0,038 (0,005) 13
Pekingese CfOR0011/430 A/G  T/G G G A 0,25 (0,010) 8
— CfOR0184 /465 A/G S A A G 0,188 (0,010) 8
CfOR0423/783 A/G Q G G A 0,188 (0,010) 8
Saluki CtORO0115/227 A/G  stop/W G G A 0,056 (0,005) 9
CfOR0469/517 C/G R/G C C G 0,167 (0,005) 9
CtOR0469/587 A/C K/T C C A 0,333 (0,016) 9
CtORO0473/249 A/C \Y% C C A 0,167 (0,010) 9
CtOR0500/272 C/T T/M C C T 0,056 (0,005) 9
Yorkshire - CfOR0184/333 C/T F T T C 0,115 (0,010) 13
CfOR0469/817 C/G P/A C C G 0,192 (0,021) 13

“ This SNP introduces a short indel in the open reading frame.




[image: image2.png]Table 2. Characteristics of the 16 analyzed olfactory receptor
genes and number of single nucleotide polymorphism (SNPs)

Number

Gene Localization-class-family Length of SNPs
CfOR04B08 CFA14-ClaslI-14E 975 8
CfOR26A01 CFA18-ClasII-5AS 939 3
CfOR28HO08 CFA20-ClasII-7B 939 3
CfORO0011 CFA21-ClasI-52Q 876 11
CfOR0044 CFA11ClasII-2A 963 6
CfORO0058 CFA18-ClasII-4D 933 6
CfORO115 CFA15-ClasII-6Y 936 8
CfOR0123 CFA25-ClasII-5AL 969 11
- CfOR0184 CFA18-ClasII-4D 915 11
CfOR0237 CFA08-ClasII-15A 945 3
CfOR0241 CFA21-ClasI-511 939 8
CfOR0423 CFA18-ClasII-5N 951 4
CfORO0432 CFA18-ClasII-41 933 7
CfOR0469 CFA21-ClasI-52N 954 7
CfOR0473 CFA21-ClaslI-2G 924 4
CfORO0500 CFA33-ClasII-5U 930 2
Total 15,020 102

“ This value allowed calculating the frequency of SNP: 15,021 bp x 95 dogs x
2 alleles / 3,099 (total occurrence of the minor alleles) = 920,




Source: Tacher, et al., J. Hered. 96:812-816; 2005

