(15 pts) Part 1. Explain what the following terms means or the biological significance. For each, include a relevant example to which the term applies. For this part, provide answers for 5 of the following 8 terms. (Note: if you explain more than 5 terms, the first 5 will be evaluated).

Crossover: 

Crossovers occur during meiosis I, between nonsister chromatids during tetrad (pairing of homologous chromosomes). Crossovers are a source of genetic recombination. 

Example: Two-point cross (cross between a dihybrid and a tester) results in a phenotypic ratio demonstrating 20% recombination (anything lower than 50% - this would demonstrate linkage and therefore crossovers between two genes.

Three-point-mapping:

Three point mapping is accomplished by crossing a triply heterozygote (heteroz. at three gene locus) with a triply recessive (tester). [the triply heterozygote being obtained by crossing two homozygote individuals for three gene locus, where each individual demonstrate the contrasting phenotypes for each trait – students may add this to their answer – it’s good! (not really needed)]

In this type of cross, the phenotypes of the progeny will reveal the types and proportion of gametes that were produced in the triply heterozygote individual and therefore reveal the location and frequency of crossover events between the genes. Overall, this will permit the calculation of the map distance between three genes. 
Complete linkage:

Two genes that a linked on the same chromosome whereby the distance between the genes do not allow a crossover to occur in between the genes. The genes will be inherited together as a unit (they will assort together during every meiosis). 
Meiosis:

A type of cell division necessary for sexual reproduction.Meiosis produces gametes (ex: sperm and egg). In a diploid organism, meiosis begins with a diploid cell containing two copies of each chromosome and produces four haploid cells containing one copy of each chromosome. Reduction of ploidy number (by half). (other things they may discuss is that is during this time that crossovers and recombinations can occur)
DNA fingerprinting:
DNA fingerprinting is a technique to assist the identification of individuals by their respective DNA profiles. DNA profiles are encrypted sets of markers  (VNTRs and STRs) that reflect a person’s DNA makeup, which can also be used as the person’s identifier.
VNTR:

Variable number of tandem repeats (VNTR). Used as molecular markers (to identify individuals; or for linkage analysis using markers; or for identifying genetic conditions and carriers of the condition). The tandem repeats can vary between 10-100bp and the number of repeats for a given VNTR provide polymorphisms for the marker and therefore different molecular alleles.

These can be detected using RFLP analysis and/or AFLP analysis. 


RFLP:

Restriction fragment length polymorphism is a technique that exploits variations in homologous DNA sequences. It refers to a difference between samples of homologous DNA molecules that come from differing locations of restriction enzyme sites.  In RFLP analysis, the DNA sample is broken into pieces (digested) by restriction enzymes and the resulting restriction fragments are separated according to their lengths by gel electrophoresis.

Examples of use of RFLP: In addition to genetic fingerprinting, RFLP was an important tool in genome mapping, localization of genes for genetic disorders, determination of risk for disease, and paternity testing.


Genetic marker:

A genetic marker is a gene or DNA sequence with a known location on a chromosome that can be used to identify cells, individuals or species, genetic conditions. It can be described as a variation in the DNA (which may arise due to mutation or alteration in the genomic loci) that can be observed. A genetic marker may be a short DNA sequence, such as a sequence surrounding a single base-pair change (single nucleotide polymorphism, SNP), or a long one, like minisatellites (VNTRs) or microsatellites (STRs), or RFLP markers etc....

 (20 pts) Part 2. Read carefully! Part 2 has 4 subparts – A, B, C, D. Each subpart has two (2) questions. Answer one (1) question from each subpart. Each question is worth 5 points. Answer in the space provided.



2.A. Linkage analysis and mapping chromosomes
a. Describe how linkage analysis is performed and how the results are interpreted. 
(5 pts)


a. Linkage analysis is made possible by performing a testcross between a heterozygote and a tester (homozygote recessive) for the genes under consideration. The heterozygote (F1) is produced by crossing individuals of pure lines that display contrasting phenotypes for the trait(s) under consideration.

Given that the only gametes the tester can produce contain the recessive alleles, the types and proportion of the gametes produced in the F1 individual will be revealed in the progeny of the cross. Hence, the phenotypes of the progeny will help us determine the frequency of recombination (crossovers) in between genes. 

The frequency of recombination in between genes will provide us with a perspective of the distance in map units (centiMorgan units) between genes. 

b. Describe the process of positional cloning. (5 pts)
1) In positional cloning, you attempt to link a genetic marker to a phenotype through linkage analysis.
2) This process requires that DNA fragments from the closest known genetic marker are progressively cloned and sequenced, getting closer to the mutant allele with each new clone. This process produces a contig map of the locus and is known as chromosome walking. Each contig are aligned to obtain the complete sequence. 
3) For each new DNA clone a polymorphism is identified and tested in the mapping population for its recombination frequency compared to the mutant phenotype. When the DNA clone is at or close to the mutant allele the recombination frequency should be close to zero. If the chromosome walk proceeds through the mutant allele the new polymorphisms will start to show increase in recombination frequency compared to the mutant phenotype. Depending on the size of the mapping population, the mutant allele can be narrowed down to a small region (<30 Kb). Sequence comparison between wild type and mutant DNA in that region is then required to locate the DNA mutation that causes the phenotypic difference.

 2.B. DNA forensics

a. As a CSI (crime scene investigator), you collect hair at a murder scene that presumably belong to the suspect. Describe how you would perform DNA fingerprinting on the sample. (5 pts)
Or

b. Explain the difference between STRs and VNTRs. How are they used to identify individuals? (5 pts)
To perform DNA fingerprinting on the DNA sample, you would subject the sample to DNA analysis to identify the DNA profile or the DNA markers this individual has. This can be performed in different ways. Methods that can be employed include RFLP (restriction fragment length polymorphism), AFLP (amplified fragment length polymorphism) to detect a series of markers such as VNTRs (variable number of tandem repeats) and/or STRs (short tandem repeats). VNTRs and STRs are molecular alleles. Each VNTRs and STRs have multiple alleles (alleles with lengths of different sizes depending on the number of tandem repeats). PCR could also be used to determine the gender of the suspect through the amplification of the amelogenin gene (gene of the X and the Y chromosome – with the sequence being shorter on the X chromosomes. Therefore, females would exhibit one band and males two bands in the PCR analysis.
For RFLP analysis, the DNA would be subjected to restriction digests then probed to detect particular markers. The banding patterns on the Southern Blot would then reveal the DNA profile for given DNA markers (VNTRs and/or STRs).
For AFLP, the DNA would first be subjected to restriction digests, then PCR analysis would be used to amplify fragments of interest. Again, the banding pattern would then reveal the DNA profile for given DNA markers (VNTRs and/or STRs). Students might add that you would have to perform the test to identify a set of multiple markers (not just one) – That’s fine!.
The DNA fingerprint from the sample at the scene would then be compared to suspects. The DNA profile with an identical match (or high percentage match) is a good suspect candidate. Using the knowledge of the frequency of the molecular alleles (markers) in the population, one can then calculate the likelihood of a match. 

b. Explain the difference between STRs and VNTRs. How are they used to identify individuals? (5 pts)

A Variable Number Tandem Repeat (or VNTR) is a location in a genome where a short nucleotide sequence is organized as a tandem repeat (The pattern can range in length from 10 to 100 base pairs (bp)). These can be found on many chromosomes, and often show variations in length between individuals. Each variant acts as an inherited allele, allowing them to be used for personal or parental identification. Flanking the repeats are segments of non-repetitive sequence (shown here as thin lines), allowing the VNTR blocks to be extracted with restriction enzymes and analyzed by RFLP (and Southern blotting), or amplified by the polymerase chain reaction (PCR) technique and their size determined by gel electrophoresis.
A short tandem repeat (STR) in DNA occurs when a pattern of two or more nucleotides are repeated and the repeated sequences are directly adjacent to each other. The pattern can range in length from 2 to 50 base pairs (bp) (for example (CATG)n in a genomic region). A short tandem repeat polymorphism (STRP) occurs when homologous STR loci differ in the number of repeats between individuals. 
By identifying repeats of a specific sequence at specific locations in the genome, it is possible to create a genetic profile of an individual using VNTRs and STRs. When removed from surrounding DNA by the PCR or RFLP methods, and their size determined by gel electrophoresis or Southern blotting, VNTRs and STRs produce a pattern of bands unique to each individual. When tested with a group of independent VNTR and/or STR markers, the likelihood of two unrelated individuals having the same allelic pattern is extremely improbable. 
2.C Elucidating inheritance patterns and phenotypic expression

Results of experimental crosses can provide clues about processes that underlie genetic inheritance and phenotypic expression. 

a. Explain the genetic basis of dominant epistasis and how it can be detected. (5 pts)

Or

b. Explain the genetic basis of incomplete dominance and how it can be detected. (5 pts)
a. In dominant epistasis, a dominant allele at one genetic locus masks the expression of the alleles of a second locus. For example allele A displays dominant epistasis over gene B (alleles B and b) such that in the presence of the dominant allele for gene A, irrespective of the genotype at the B locus, one phenotype will be expressed.
For example: A-BB, A-Bb, A-bb will all exhibit the same phenotype because the presence of the dominant allele for A masks the phenotype expression of gene B.
This can be detected through a dihybrid cross (F1 :AaBb  X F1: AaBb). The phenotype ratio in the F2 will be 12 A-B-, 3 aaB-, 1 aabb. (Notice that when homozygote recessive a, the expression of the B phenotype is possible).

b. Incomplete dominance, heterozygotes at 1 gene locus express a blended phenotype between both alleles of the gene. For example A1 A1 flowers are red, A2 A2 flowers are white, but A1 A2 flowers are pink. Pink representing a blended phenotype. Neither allele is completely dominant or completely recessive.	
This is detected in a monohybrid cross, whereby a cross between monohybrid produces a phenotypic ratio of 1:2(blended phenotype):1 in the progeny
· P: A1A1 (red)  X  P: A2A2 (white)  F1 descendants
· F1: A1 A2 (pink) X F1 A1 A2 (pink)  selfcross
· F2:  1 A1A1 (red): 2 A1A2 (pink): 1 A2A2 (white)

2.D Biotechnology or mutations

a. Explain the difference between a genomic DNA library and a cDNA library. What factors would lead an investigator to create a genomic DNA library rather than a cDNA library? (5 pts)

Or

b. Write a wild-type DNA sequence with 10 bases and under it write the sequence after a missense-conservative mutation and a frame shift (base insertion). Underline and label both mutations. Briefly describe the difference between both types of mutations (a codon table is provided on the last page of the exam. (5 pts)

a. A genomic library is a population of host bacteria, each of which carries a DNA molecule that was inserted into a cloning vector (plasmid, cloning plasmid), such that the collection of cloned DNA molecules represents the entire genome of the source organism. This term also represents the collection of all of the vector molecules, each carrying a piece of the chromosomal DNA of the organism, prior to the insertion of these molecules into the host cells.
A cDNA library is a combination of cloned cDNA (complementary DNA) fragments inserted into a collection of host cells, which together constitute some portion of the transcriptome (mRNA) of the organism. cDNA is produced from fully transcribed mRNA  (from cells, tissues) and therefore contains only the expressed genes of the particular tissues or cells of that organisms. 
In eukaryotic cells the mature mRNA is already spliced, hence the cDNA produced lacks introns and can be readily expressed in a bacterial cell. While information in cDNA libraries is a powerful and useful tool since gene products are easily identified, the libraries lack information about enhancers, introns, and other regulatory elements found in a genomic DNA library. Hence, investigators interested in studying enhancers, introns and regulatory elements will opt for genomic libraries.
b.  Here is an example of something they may have done:

Wild type sequence:    TTT  CCC  CAG  A
                         (phe)  (pro)   (gln)   

Frame shift mutation   TTA  TCC    CCA GA 
                                       (leu)     (ser)   (pro)   

A frameshift mutation – reading frame shift – is a genetic mutation caused by insertions of deletions of a number of nucleotides that causes a shift in the reading frame of the DNA sequence. Due to the triplet nature of gene expression by codons, the insertion of deletion can change the reading frame (the grouping of the codons), resulting in a completely different translation from the original DNA sequence thus altering the protein sequence. 
 (45 pts) Part 3. Problem Solving Questions. Answer ALL questions. 
3.1 Mutations in the shin gene result in a bone disease called Shingularia. The shin gene is located next to a DNA marker called S50, which exists in three variants of different sizes in humans. Below is a pedigree of a family with Shingularia and a gel showing the Marker S50 size for each person. All bands on the gel are equally intense.















Which mode of inheritance for the disease Shingularia is most consistent with the pedigree and the information on Marker S50? Explain your answer. (6 pts) Note: you may use part of next page to complete your answer.

Mode of inheritance (2 pts):
2 points – for correct mode of inheritance – X-linked recessive
1 points – for autosomal recessive
0 points – any other answer
 
Explanation (4 pts):
Although the pedigree provides evidence that the mode of inheritance could be autosomal recessive, the RFLP results are not consistent with this hypothesis. If this were autosomal, we would expect the children to have inherited a molecular allele (a band) of the marker from each parent. While child II-3 (female) inherits a band from each parent, this is not the case for the male children. The male children inherit a “band” from the mother. Also, in the male children, none have a band that is similar to the father’s.  (continued on next page).
Overall, the mode of inheritance is therefore more consistent the X-linked recessive hypothesis. While female children inherit an X chromosome from her mother and father, male children inherit their X chromosome from their mother. The RFLP results (banding pattern) suggests as much. The afflicted child has one band for the marker (middle band – that seems to be linked to the condition – mom has this band), and the non-afflicted male has the “lower band” and is not afflicted (mom has this band as well). As such, the “middle” band is linked to the condition. When we verify the female child (II-3), she has two bands, a band)”big band” similar to her dad’s and the “middle band” (linked to the condition) from her mom. Given that she has inherited an X from dad (that does not have the marker associated with the condition), makes her a carrier (a heterozygote) and therefore not afflicted. Finally, the mother is a carrier, the female child (II-3) is a carrier, and the male (II-2) is neither a carrier nor afflicted by the condition.

4 pts – provided the key points for the explanation (arguments for X-linked recessive) – Excellent answer
3 pts – missing a key point but otherwise on the mark. 
2.8 pts – if argued in favour for autosomal recessive and X-linked recessive. Give the full 2.8 pts if the argument for X-linked recessive discussion and if major evidence in favour for the hypothesis is provided. If not, lower the mark to 2 – 2.5 (your discretion)
2.5 pts – made arguments in favour of the autosomal recessive hypothesis only - no statements regarding X-linked recessive hypothesis.
1 pt – concluded and argued any one of the following: mitochondrial, sex-limited, sex-influenced inheritance
0.5 pts – if concluded, but not argued, any one of the following: mitochondrial, sex-limited, sex-influenced inheritance. 

 
3.2 A researcher wants to clone a gene that produces yellow tomatoes rather than red tomatoes. The yellow phenotype (allele r) is recessive to the red phenotype (allele R). He knows that the gene is on chromosome 7 of the tomato genome and he uses RFLP analysis to find the position of this gene on this chromosome. After testing a number of restriction enzymes for chromosome 7, 2 probes were found to detect fragment length polymorphism that varies between the “noon sun” variety of tomatoes (yellow coloured and of genotype rr) and the “hot red” tomatoes (red coloured and of genotype RR). Probe #3 detects a polymorphism in fragment length generated by the restriction endonuclease PstI while probe #5 detects a polymorphism in fragment length generated by the restriction endonuclease BamHI as indicated:

	Variety,  Genotype		Colour		Probe #3 		Probe # 5	
	Noon sun   (rr)			yellow		PstI = 8 kb		BamHI = 5 kb
	Hot red    (RR)		red		PstI = 6 and 2 kb	BamHI = 7 kb

Our researcher crosses a pure line « noon sun » tomato with a pure line « hot red » tomato to obtain an F1 heterozygote. He then crosses individuals of the F1 with individuals of the pure line “noon sun” tomatoes and examines the colour and the restriction length polymorphisms of 100 fruits of the F2. His results were the following:

	Number of Individuals
	Colour
	DNA fragment size that hybridized with probe #3 (digestion with PstI)
	DNA fragment size that hybridized with probe #5 (digestion with BamHI)

	41
1
4
6
3
6
39
0
	Red
Yellow
Red
Yellow
Yellow
Red
Yellow
Red
	6, 2
6, 2
6, 2
6, 2
8, 6, 2
8, 6, 2
8, 6, 2
8, 6, 2
	5
5
7, 5
7, 5
5
5
7, 5
7, 5




a) Draw the map of the gene and the markers (indicate the map distance between the markers and gene on the map)? Explain your answer. (6 points) Note: Draft space is available on the following page (page 12). Please transfer your answer in this space.



			            13 mu		8 mu
marker for probe #3 (8,2,6) ------------- R gene ----------------- marker for probe #5 (7,5)


6 points – correct gene order (probe #5 may be first, as long as R gene is in the middle), correct distance between genes in m.u. or cM (centiMorgan) (not in %)
5 points – correct order, but map distances in between incorrect genes/markers (and must be expressed in m.u. or cM – not in %)
4 points – correct order, but map distances other than what is in the answer (and must be expressed in m.u. or cM).
2.5  points – R gene is not in the middle, but the distance between one of the markers and the R gene is correct.
2 points – R gene is not in the middle, neither distance between the R gene and either marker is correct.
1 point – attempted something – all incorrect
0 point – nothing!

Deduce 0.5 point if map distance expressed as a percentage (%)


b) What are the genotypes of the pure line « noon sun » tomato and the pure line « hot red » tomato used to obtain the F1? (Indicate the markers as well) (3 points)


genotype of the pure line « noon sun » tomato:    8   r    7  /  8   r   7   (1.5 point)

genotype of the pure line « hot red » tomato:     6.2   R    5  /  6.2   R   5   (1.5 point)

Note: the gene/markers must be in order, the slash sign must be in the correct location, and must demonstrate gene/markers on each chromosome. (-0.5 point for each “infraction”)

Give only 1 point in total if the students provided rr (on the first line) and RR (on the second line) in their answer only – did not provide any information about the markers.




c) What is the genotype of the F1 individuals? (Indicate the markers as well) (3 points)


   (1.5 points)           6.2    R    5  /  8   r    7       (1.5 Points)



Note: the gene/markers must be in order, the slash sign must be in the correct location, and must demonstrate gene/markers on each chromosome. (-0.5 point for each “infraction”)

Give only 1 point in total if the students provided rr (on the first line) and RR (on the second line) in their answer only – did not provide any information about the markers.













3.3 Assume that The Canadian National Zoo hired you as a genetic consultant. While going through the records of New Guinea Hens, you found out that when true breeding yellow and brown birds were allowed to mate, all progeny resulting from this mating had gold plumage, a novel phenotype that was not observed previously among these birds in the Zoo. Male and female F1 individuals with the novel gold phenotype were allowed to mate and produce offspring (F2). Among the 323 offspring, 85 yellows, 166 gold and 72 browns were present. 
What is the most likely explanation for these results? In your answer, perform a statistical analysis to convey your explanation. (8 points) 

There are only two possible answers – each are likely explanations based on statistical analysis. Whichever one the students came up with are equally deserving of a correct answer – as long as the statistical analysis is done correctly.
· Answer #1 – Incomplete dominance (1 gene, 2 alleles)  (2 points)
· Chi-square number = 1.3  (or any number that is very close)  (4 points for correct answer; 1.5 points for chi-square  work shown with incorrect number; 0 point for no chi-square work)
Df = 2    p values is between 0.1 and 0.5  (higher than 0.05)
· Therefore, based on statistical analysis, the observations are consistent with the hypothesis of incomplete dominance. (2 points for correct conclusion with a chi-square analysis shown; 1 point for an incorrect conclusion with a chi-square analysis shown; 0 point for no conclusion; 0 point for offering a conclusion without performing a chi-square)
· Answer #2 – Recessive epistasis  (2 points)
· Chi-square number = 3.58  (or any number that is very close)  (4 points for correct answer; 1.5 points for chi-square  work shown with incorrect number; 0 point for no chi-square work)
Df = 2    p values is between 0.5 and 0.90  (higher than 0.05)
· Therefore, based on statistical analysis, the observations are consistent with the hypothesis of incomplete dominance. (2 points for correct conclusion with a chi-square analysis shown; 1 point for an incorrect conclusion with a chi-square analysis shown; 0 point for no conclusion; 0 point for offering a conclusion without performing a chi-square)

 
3.4 Consider the following cross:
Parent (female)  AB/ab C/c     X      Parent (male)  Ab/aB  C/c
Note: The distance between gene A and B is 10 cM. Allele A is dominant over allele a; Allele B is dominant over allele b; Allele C is dominant over allele c.

A) How many different types of gametes can the female parent produce? List each and their proportion. (total 3 pts)
· The female can produce 8 different types of gametes (1 pt for statement or 1 pt if they listed a total of 8 gametes below).
· In addition, give 2 points for the correct proportions for each gamete; 0.5 points for incorrect proportions; 0 points if no proportions.

AB  C     (0.45 * 0.5) =  0.225  or 22.5%
AB  c    (0.45 * 0.5) =  0.225
ab  C     (0.45 * 0.5) =  0.225
ab  c     (0.45 * 0.5) =  0.225
Ab  C   (0.05 * 0.5) =   0.025  or 2.5%
Ab  c   (0.05 * 0.5) =   0.025
aB  C	(0.05 * 0.5) =   0.025
aB  c    (0.05 * 0.5) =   0.025

B) How many different types of gametes can the male parent produce? List each and their proportion. (total 3 pts)
· [bookmark: _GoBack]The female can produce 8 different types of gametes (1 pt for statement or 1 pt if they listed a total of 8 gametes below).
· In addition, give 2 points for the correct proportions for each gamete; 0.5 points for incorrect proportions; 0 points if no proportions.
Ab  C    (0.45 * 0.5) =  0.225  or 22.5%
Ab  c    (0.45 * 0.5) =  0.225
aB  C     (0.45 * 0.5) =  0.225
aB  c      (0.45 * 0.5) =  0.225
AB  C     (0.05 * 0.5) =   0.025  or 2.5%
AB  c      (0.05 * 0.5) =   0.025
ab   C      (0.05 * 0.5) =   0.025
ab   c      (0.05 * 0.5) =   0.025
  

C) If these two individuals were to have a child, what are the chances that the child will exhibit the dominant phenotype for the three traits? (3 pts)

The chances of having child with the dominant phenotypes is 0.391875 (I will accept 0.39, 0.392, 0.3919).  
3 points – correct answer	
2 points – for 0.36 or for 0.0375 (or 0.038)
1 point – for any other answer with work shown
0 point – any answer – no work!

No need to check the work. If they have the correct answer, we will know if they did it correcty!


3.5 Consider the following F1 individuals in different species and the F2 ratios produced by selfing:
	F1	Phenotypic ratio in the F2
1) Cream	12/16 cream; 3/16 black; 1/16 gray
2) Orange	9/16 orange; 7/16 yellow
3) Black	13/16 black; 3/16 white
4) Solid red	9/16 solid red; 3/16 mottled red; 4/16 small red dots


If each F1 were testcrossed, what phenotypic ratios would result in the progeny of the testcross? (2.5 pts each; total 10 pts)

	F1 x tester	Phenotypic ratio of test cross?

1) Cream x tester		2 cream : 1 black : 1 gray  (2.5 points)
	
2) Orange x tester	3 yellow : 1 orange  (2.5 points)
	
3) Black x tester		3 black : 1 white (2.5 points)

4) Solid red x tester               2 small red dots : 1 solid red : 1 mottled red (2.5 points)

Note: give 0.5 pts per answer if the student provided incorrect answers but did not show work. 
Note 2: give 1 pt per answer if the student provided incorrect answers and showed work.


