RNAi, Penetrance and Expressivity

Genetics 322, Fall 2008

INTRODUCTION 

In 1990, a strange thing happened when Rich Jorgensen and his colleagues tried to produce petunias with dark purple flowers by introducing a purple pigment gene into the flower.  They reasoned that extra copies of a purple pigment gene would produce extra pigment and help produce a darker colored flower.  However, they were surprised to 

produce flowers that appeared variegated, spotty, or even completely white.  What seemed to be happening was that the introduction of the extra copies of the pigment gene somehow triggered a mechanism that was inhibiting the function of both the introduced copies of the gene and the copies that naturally occur in the petunia. 

In 1995, while working on the free-living nematode worm Caenorhabditis elegans (C. elegans), Susan Guo and Ken Kemphues were trying to shutdown expression of a gene called par-1by using RNA complementary to the messenger RNA (mRNA).  The RNA used in this method was named antisense RNA, since its sequence is complementary to that of the “sense” strand of mRNA.  This technique of reducing gene function had been 

conceived and developed in other systems as a tool for researchers to deduce gene function.  Indeed, when Guo and Kemphues injected antisense RNA into C. elegans worms, the expression pattern of par-1was disrupted. Scientists reasoned that the antisense RNA was able to bind to the complementary sequence of the mRNA and somehow inhibit translation.  However, this theory was soon refuted when a control 

experiment yielded unexpected results.  Unaccountably, the injection of only “sense” RNA also appeared to reduce gene function.  Obviously this contradicted the aforementioned theory since injected “sense” RNA was not complementary to mRNA, and thus could not bind to it. 

In 1998, Andrew Fire and Craig Mello solved this mystery when they discovered that the technique scientists were using to produce single-stranded RNA also produced some double-stranded RNA (dsRNA).  They deduced that the results of the “sense” and “antisense” RNA injection experiments could be explained if dsRNA was, in fact, the cause of the reduction in gene function observed in both experiments.  They eventually discovered that the cells of C. elegans possess molecular machinery that uses dsRNA to interfere with gene function.  Thus, the RNA interference technique was renamed RNA interference, or simply RNAi. 

Scientists studying many different organisms, including petunia, soon discovered that this system of inactivating gene expression was a highly conserved mechanism.  Furthermore, they found that the function of virtually all genes could be down-regulated through the RNAi mechanism simply by introducing dsRNA that corresponds to the DNA sequence of the gene. This was a revolutionary finding that gave scientists a powerful 

new tool to study gene function.  Scientists could now quickly and easily “knockdown” the function of genes for which no mutation had been identified. Coupled with DNA sequence yielded from the successful genome sequencing projects in organisms such as worms, flies, and several mammals, RNAi has allowed scientists to conduct genome-wide screens to systematically study the function of genes.  These experiments have vastly increased our understanding of the gene function of many previously unknown or poorly understood genes. 

Since its inception as a tool for scientists to explore the function of genes, RNAi researchers have begun to understand why the RNAi mechanism evolved in nature.  RNAi is believed to defend cells from viruses and silence the activity of “jumping genes” called transposons.  In addition to protecting the integrity of DNA, the RNAi system also plays a role in organizing chromosomal DNA, guiding DNA methylation, and silencing certain regions, such as heterochromatin.  Finally, recent evidence even 

implicates the RNAi mechanism in controlling aspects of development in 

multicellular organisms, such as C. elegans. 

In this protocol, students will employ RNAi to knock down gene function in C. elegans. The double stranded RNA will be delivered to the worms via E. coli containing plasmids expressing dsRNA (double stranded) constructs. dsRNA complementary to two genes, dpy-11 (Dumpy) and bli-1 (Blister) will be fed to wild type worms, and penetrance and expressivity will be compared in RNAi treated worms, and worms with null mutations at those same loci.
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RNAi Experimental Protocol
E. Coli Strains:

   HT115(DE3)/pL440(bli-1) - blister

   HT115(DE3)pL440(dpy-11) - dumpy

   HT115(DE3) - empty RNAi feeding vector (control)

C. elegans Strains:

    dpy-11(e224)V – Dumpy reference strain

    bli-1(e769)II – Blister reference strain

    rrf-3(pk1426)II – RNAi-sensitive worms

1. Streak E. coli strains to single colony on LB +Ampicillin (100µg/mL) + Tetracycline (100µg/mL) plates.  Incubate at 37°C overnight.
2. For each E. coli strain, inoculate one colony to flask with 100mL LB broth + Ampicillin (100µg/mL).  Shake at 37°C overnight, 2000 rpm.
3. For each E. coli strain, transfer 4mL of overnight culture to flask with 100mL LB broth + Ampicillin (100µg/mL).  Shake at 37°C, 2000 rpm, f, 2000 rpm,or 2 hours (approximately 0.2 – 0.6 OD for semi-log phase).  
4. Add IPTG (1mM) to each flask to induce dsRNA transcription.  Shake at 37°C, 2000 rpm, f, , , or 4 hours.  
5. To concentrate cells, centrifuge cultures at 3000 rpm for 10 minutes.  Resuspend each culture in 4mL M9 buffer with Ampicillin (100µg/mL) and IPTG (1mM).
6. For each culture, aliquot 250µL to NGM-lite +Ampicillin (100µg/mL) + IPTG (0.4mM) plates.  Let plates dry at room temperature overnight.
You start here (but understand above)…

7. Transfer three L4 rrf-3 worms to HT115(DE3)/pL440(bli-1), HT115(DE3)/pL440(dpy-11) and HT115(DE3) seeded plates.  Incubate at 18°C until offspring reach adult phase (approximately 4-6 days), as phenotypes should be observable in adult worms.  (Note: rrf-3 strain is sensitive to temperatures over 20°C.)  
8. For each C. elegans reference strain, transfer three L4 worms to control plates. Incubate at 18°C until offspring reach adult phase (approximately 4-6 days), as phenotypes should be observable in adult worms.  

Penetrance and Expressivity

Penetrance describes the proportion of individuals with a particular genotype that also express an associated phenotype. 
Expressivity refers to variations of a phenotype in individuals carrying a particular genotype. 
RNAi changes the expression of the gene, rather than the genotype. Geneticists have expanded the concepts of penetrance and expressivity to include the ability of dsRNA to alter phenotype. That is, it is useful to determine the percentage of subjects treated with dsRNA that display the phenotype (penetrance), and the variation observed (expressivity).

Penetrance
1. Determine the penetrance of mutant and RNAi treated plates. Remember, penetrance only considers whether individuals express the trait or not. Thus, this result will be expressed as a percentage. Observe at least 25 worms on each, or as many as are on the plate, if <25 are present. Record your results in your notebook, and on the class “overhead” sheet.

Expressivity

Expressivity can be qualitatively or quantitatively characterized. We will use a “semi-quantitative” method. We will use a 5-point measurement system. You will select the characteristics to “measure”…length, width, number of blisters, etc.

5 – super strong

4 – strong

3 – average

2 – weak

1 – super weak/absent

1. Observe the mutant phenotypes.  Is there a range of expression? If you see a range, set the “average” to a value of three. If there is no range then all subjects are valued “3”.

2. Observe the RNAi phenotypes. Is there a range of expression? If you see a range, is it greater, or smaller than you observed in wt. 

3. Set your scale…use the observation (mutant or RNAi) with the widest range to set the limits of your scale.

4. Observe at least 25 worms on each, or as many as are on the plate, if <25 are present. Record your results in your notebook, and on the class “overhead” sheet.

Widen your thinking: mutant alleles that yield less than 100% penetrant results alter Mendelian ratios. Consider a recessive allele that is 80% penetrant when homozygous. What phenotypic ratio would you expect in a population an F2 population of 500 segregating for such an allele?
