Application of Recombinant DNA Technologies
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Purpose: 
· Emphasize the importance of recombinant DNA technologies in crop improvement.
· Reinforce understanding of DNA separation on an agarose gel.
· Reinforce understanding of the application of restriction enzymes in the analysis of DNA polymorphism.
· Reinforce understanding of polymerase chain reaction (PCR).
References: Genetics, Agriculture, and Biotechnology, Chapters 3, 4, 11, 13 
Background

A molecular marker is part of the DNA of a plant associated with the DNA of a gene of interest. The DNA of a molecular marker may be linked (linked marker) to a gene of interest or part of the gene itself (perfect, direct, or functional marker). 
The two most common types of markers currently used are a simple sequence repeat (SSR) and a single nucleotide polymorphism (SNP). Both types are used as linked markers. SNPs also can be used as a direct marker for some alleles.
To detect molecular markers, thousands of copies of the DNA region that differentiates individuals that do or do not have the allele of interest are made by PCR (see Chapter 4). 
Example of the practical use of SSR markers:
SSRs are used to track alleles that confer partial resistance to the soybean aphid. The Rag1 allele that confers partial resistance to the soybean aphid is linked to an SSR made up of ATT repeats. The SSR in the parent line that was linked to Rag1 had 20 ATT repeats while the same SSR marker in IA3027 that was linked to the susceptible rag1 allele had 26 ATT repeats (Figure 1A). PCR primers were designed to amplify the SSR marker. When the amplified DNA was run on a gel, the band representing the shorter DNA fragment of 20 ATT repeats linked to Rag1 moved faster in the gel than the larger fragment with 26 ATT repeats associated with rag1. Samples (lanes) with one band in the same position as the Rag 1 parent were considered homozygous for Rag1, those with one band in the same position as IA3027 were assumed to be homozygous for rag1, and those with two bands were heterozygous (Figure 1B).
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Figure 1. Molecular analysis of the Rag1 allele. (A) DNA sequences for the Rag1 parent line that has an SSR with 20 ATT repeats linked to the Rag1 allele and the cultivar IA3027 with 26 ATT repeats linked to the rag1 allele. (B) DNA bands for the Rag1 parent that was homozygous for the 20 ATT repeats linked to Rag1 (lanes1 to 4), for IA3027 that was homozygous for the 26 ATT repeats linked to rag1 (lanes 5 to 8) and their progeny (lanes 9 to 34). Progeny homozygous for the SSR with 20 ATT repeats (lanes 10, 25, 32), progeny homozygous for the SSR with 26 ATT repeats (lanes 15-17, 21-24, 27, 33 and 34), and the heterozygous individuals with both SSRs (lanes 9, 12-14, 19, 20, 26, 28, 30 and 31).
Example of the practical use of a SNP within a gene:
The DNA used as a SNP marker cannot be analyzed by gel electrophoresis in the same manner as an SSR because the base pair number and length of the DNA for two alleles will be the same. One method that is used to analyze SNPs is referred to as restriction fragment length polymorphism (RFLP). 
There is a mutant allele in soybean fan3(A29) that controls a reduction in the linolenic acid content of the oil. Reduction of linolenic acid improves the shelf-life of the oil. The allele is one of those used in soybean cultivars to produce oil with low linolenic acid. There is a single nucleotide difference between the fan3(A29) allele in A29 and the wild-type allele Fan3 in the conventional cultivars such as Williams 82. The guanine (G) of the wild-type allele is changed to an adenine (A) in the mutant allele (figure 7A). There is an enzyme found in a bacterium, referred to as a restriction enzyme, that cuts the DNA of soybean containing the wild-type allele, but not the mutant allele, specifically at the location of the SNP. As a result, the DNA of a homozygous wild-type plant has two fragments (bands) when run on a gel, a homozygous mutant plant has one band, and a heterozygous plant has three bands (figure 7B).   
[image: ]Figure 2. Analysis of a SNP for the Fan3 and fan3(A29) alleles in soybean. (A) The Fan3 allele has a G and the fan3(A29) allele has an A. The HpaI restriction enzyme recognizes a GTTAAC sequence in the Fan3 allele but not the ATTAAC in the fan3 allele.  The HpaI restriction enzyme cuts the DNA of the Fan3 at the site marked by an arrow (B). An illustration of the DNA banding pattern after restriction enzyme digestion of DNA from an individual that is homozygous for the Fan3 allele (lane 1), an individual homozygous for the fan3(A29) allele (lane 2), and a heterozygous individual with both the wild-type and mutant alleles (lane 3).  




Applied Learning Activity
1.  Describe the hypothetical DNA sequence of two parents that are polymorphic for an SSR that could be used to track two alleles of a gene of interest. Draw a picture of how the two SSR alleles would look on a gel after electrophoresis. Be sure to label the negative and positive poles of the gel.
	
2.  Describe the hypothetical DNA sequence of two parents that are polymorphic for a SNP that could be used to track two alleles of a gene of interest. What are two major advantages of a SNP in a functional gene compared with a linked SNP?

3.  Describe the DNA sequence at the restriction site for a specific restriction enzyme that you could purchase from a supplier. Illustrate the difference in the DNA sequence of two alleles that can be detected with the use of restriction enzyme. Draw a picture of how the two alleles would look on a gel after electrophoresis. Be sure to label the negative and positive poles of the gel.

4. Below is a gel profile of an SSR marker linked to the Rag1 allele for partial resistance to the soybean aphid resistance for four parents, P1 (lane 1), P2 (lane 2), P3 (lane 3), and P4 (lane 4). P3 was used as the female parent in crosses to each of the other parents (P1, P2, and P4). Lanes 6 through 10 are the gel results for the plants that grew from seed produced by artificial hybridization, some of which may be the result of accidental self-pollination. 

Answer the following questions using the agarose gel picture and the sequence data below.

a. What is the number of the three-base repeats for each parent based on the sequence data?
b.  Describe the relationship between the number of repeats in each parent and the distance its DNA traveled on the gel during electrophoresis.
c. Determine which plants in lanes 6 to 10 are F1 hybrids and which are accidental selfs.
d. Indicate which parents were crossed to create each of the F1 hybrids.
e. If the F1 hybrid for lane 6 is selfed to produce F2  progeny, how many different gel patterns will be observed in the F2 progeny? Describe the gel patterns and their frequencies. 

Agarose gel electrophoresis data (1-10 indicate sample lanes):

[image: ]DNA migration direction
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Sequence Data:

Sequence of DNA fragment in Lane 1
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Sequence of DNA fragment in Lane 2
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Sequence of DNA fragment in Lane 3
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Sequence of DNA fragment in Lane 4
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