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Abstract:
At the beginning of this experiment, a sample of adult Zebrafish, named the Lary generation, were used in order to observe the differing phenotypes of the embryos of a cross between two Lary zebrafish. These observations helped us in determining the genotype of the Lary adults. By qualitative and quantitative analysis, we were able to discover the genotype of the Lary adults as well as recognize that one of the two observed phenotypes (aka curly tail) of the embryos must be a mutant phenotype and in fact is actually due to a mutation in the Laminin gene. To determine if this is true, we mated two Lary embryos (1 male, 1 female) and used the method of Polymerase Chain Reaction (PCR) to uncover whether the embryos actually do contain a copy of the mutant Lary allele or not. After euthanizing and vortexing the embryos, we were able to extract DNA to use in the PCR reaction for the normal and mutant embryos. We injected the embryos and everything else needed for PCR into a gel and conducted gel electrophoresis. Once observed under UV light, specific bands, such as the mutant, positive controls, and of course the DNA ladder and primer, prominently showed up on the gel. Although, the wells that had the normal embryos expressed faint bands on the gel. Thus in conclusion, with the appearance of the positive control bands, the other highlighted bands prove that the mutant allele was definitely present in the extracted DNA in those wells of the gel. Ultimately, these results support our hypothesis about which embryos contain the mutant allele and the chance of the embryos having that mutant allele. More specifically, our hypothesis, based off of a 3:1 ratio of normal to mutant embryos, reads that half of the normal embryos (1/2 of the progeny) will contain the mutant allele and all of the mutants (1/4 of the progeny) will contain the mutant allele.
	
Introduction:
In the beginning of the Mutant Zebrafish Experiment, we confirmed that there were two different phenotypes easily visible after a cross of Lary adults: the normal and the mutant phenotypes. We assumed that there is a genetic mutation within the Lary adults that leads to the mutant phenotype. To test this idea, we mated two Lary individuals. In addition, we had to determine what the mutant phenotype was which we concluded was the curly tail trait. Afterwards, we were instructed to form a hypothesis of the genotypes of the Lary adults and later quantitatively analyze our predictions of the progeny to see whether it can support our hypothesis or not. 
The true reasoning behind the study was to examine the function and loss-of-function of Laminin due to mutations in the Laminin gene through examination of adult zebrafish and their progeny. Zebrafish are considered ideal models for scientific experiments due to their close homology to humans, the ability of embryos to be genetically manipulated, and the transparent nature of zebrafish thus making development easier to view. Our main focus is on the Laminin gene. Laminin is a group of complex proteins that contain α, β and γ subunits that are combined together in a coiled coil. Additionally, laminins are vital basement membrane components that play a role in cell adhesion, proliferation, differentiation, and cell migration (Matejas 1). Mutations in the Laminin gene, especially the loss-of-function mutation in the Zebrafish’s Laminin gene, can lead to disease and or mutant phenotypes. For example, a mutation in the LAMB2 gene is known to lead to a disorder called autosomal recessive Pierson syndrome. This disorder is characterized by congenital nephrotic syndrome and is associated with mild oligosymptomatic disease variants (Matejas 1). Individuals with this disorder typically display abnormalities with their eyes, weakened muscles, and other neurodevelopmental abnormalities. 
Moving forward, another research group inserted a viral genome into the Laminin C gene of the zebrafish, causing a loss of function of the Laminin C protein. To confirm the loss of this protein’s function and the presence of a mutant gene in addition to determining the genotype of the embryos, both forward and reverse primers will bind at opposite ends of the Laminin C gene containing the viral genome in the zebrafish genome and amplify the DNA; this process is known as PCR (Polymerase Chain Reaction). Depending on if the mutant Laminin allele is present or not, the primers will act in a specific manner thus leading to the possibility of producing a PCR product. If the mutant Laminin allele is present, both the forward and reverse primers will bind and the DNA will be amplified. However, if the mutant Laminin allele is not present, the forward primer will not be able to bind and no PCR product will be made. Electrophoresis allows us to examine bands that show up on the gel to help provide evidence of which embryo contains or does not contain the mutant allele. In turn, this evidence will help confirm or deny our hypothesis for the PCR products. Furthermore, if we assumed the genotypes of the Lary adults were heterozygous and expect a 1:2:1 genotypic ratio for the embryos, then after exposure to PCR and electrophoresis for confirmation, we expect 2/3 of the normal embryos to contain a mutant allele (the heterozygotes) and all of the mutant embryos to contain the mutant allele.





Materials and Methods:
Part 1: Setting up the crosses
	To start off the experiment, we mated two adult zebrafish, one male and one female, from the petri dish of embryos given to us. To do this, the zebrafish were placed in mating chambers with a barrier that separates the two the night before mating. The purpose of separating the fish allows them to reduce any stress induced by the removal from their original homes. The barriers also allow us to time exactly when the pair is allowed to mate. Next, the chamber was filled with water and several captured Lary fish were placed into the transfer chamber in order to differentiate between the males and females. Make sure a female and a male are placed on opposite sides of the chamber. A plastic plant was then added to one side of the chamber and then the top was placed on. For 14 hours and 10 hours off, the fish room continued on a light cycle to allow the zebrafish to mate during the lights on phase. Once three days passed, the embryos were ready to be collected via a strainer and then placed in a 28°C incubator. 
However, before the capturing and mating of zebrafish can even begin, we were instructed to determine the difference between the male and female zebrafish. By using a dissecting microscope, we observed that the female zebrafish have round, bulbous bellies with less pigment while the males are more pigmented and have smaller/thinner bellies. After the mating of the zebrafish, we were given 2 petri dishes full of embryos from the mating in order to observe the phenotypes of the embryos. The first dish of embryos were from the first day after birth (24 hours). These fish weren’t as large because they did not have as much time to grow. The second dish was full of embryos that were three days old (96 hours). These embryos were much larger and some were stained with methylene blue. We could easily tell that some were alive while a large amount of them were dead. By analyzing the embryos from the second petri dish under a dissecting scope, we could easily observe two different phenotypes: straight tail and curly tail. Being that there were a numerous amount of straight tailed embryos to curly tailed embryos, we assumed that the straight tail trait was the normal phenotype while the curly tailed trait was the mutant phenotype. In order to cease the swimming of some of the embryos, we added an embryo media which contains a drug that prevents them from moving. Then, we were able to take a digital photo of the embryos. Next, with the use of a plastic pipette, we transferred the normal embryos to one petri dish and the mutant embryos to another dish both containing the embryo media.
Later, we counted the number of normal embryos to mutant embryos (observed) in order to calculate the expected values for each phenotype. Then, we came up with a hypothesis for the genotype of the Lary parents. In order to acquire these genotypes, we performed a test cross between a heterozygous individual and a homozygous dominant individual. Additionally, we quantitatively analyzed our data by performing a chi-square analysis in order to accept or deny our hypothesis.
Part 2: Using PCR to determine genotypes of the embryos
I. DNA Extraction
	To determine the actual genotypes of the zebrafish embryos for the Lary mutation, we used the method of PCR. Although, we must first formulate a hypothesis that predicts how many of the normal embryos and how many of the mutant embryos should contain a copy of the mutant gene. To help postulate our hypothesis, we made a Punnett Square of the Lary to Lary cross which led us to predict 2 (or 2/3) of the normal embryos will contain the mutant allele and the 1 (1/1) mutant will contain the mutant allele. The first step is DNA Extraction. First, we euthanized the normal and mutant embryos by placing them into two separate petri dishes containing egg water plus tricaine followed by sitting on ice for 15 minutes. Next, we placed the normal and mutant embryos separately in their properly labeled microcentrifuge tubes. Next, we removed the excess buffer from the tubes and added 50 microliters of DNA Extraction Buffer to each embryonic tube. Following that, the embryos were incubated in the buffer at 55°C for 30 minutes and we made sure to vortex them 15 minutes in and 30 minutes in. Again, the embryos were incubated at 95°C for 10 minutes. Next, 150 microliters of sterile water was added to each tube and then vortexed. (These finished tubes will be used as the DNA in the PCR reaction).
II. PCR Reaction
          We began by labeling the tubes as normal, mutant, positive control, or negative control. (Make sure to have 7 tubes total.) Added to each tube was the following: 19 microliters of water, 2 microliters of Laminin Primer, 2 microliters of viral primer, 2 microliters of extracted DNA sample (mutant or normal), and 25 microliters of Polymerase Chain Reaction Master Mix (includes DNA polymerase, polymerase buffer, and nucleotides). Next, we mixed the tubes and placed them in the PCR machine to undergo the process of PCR. PCR is the amplification of short DNA fragments which essentially, in three major steps, will create new DNA strands off of template DNA strands. In the first step, the DNA sequence is heated to 90-100°C in order to break the hydrogen bonds between DNA strands. This bond breakage causes single stranded template strands of DNA to be produced. Following this step, the DNA is allowed to cool between 30-65°C in order for primers to attach to the template strands. Next, the DNA is heated once more between 60-70°C in order for DNA polymerase to come in and synthesize new DNA strands from the template strands. The overall product of PCR is two new double stranded DNA molecules that are produced for every one original DNA molecule. PCR was conducted during this experiment in order to have extracted DNA samples to be used in the running of an agarose gel, or gel electrophoresis. Once finished in the PCR machine, the samples were frozen until needed for future analysis. 
III. Agarose Gel Electrophoresis
           In order to run a gel you need to make it. Therefore, make up a 1% agarose solution in 50 mL of TAE buffer (used 0.5 grams of agarose). Once completed, microwave the solution until all of the agarose is melted then allow the agarose to cool for 10 minutes. Add 3 microliters of DNA dye to the gel and then pour the gel in the gel box with the comb in place. Allow efficient time for the gel to solidify before adding anything. As before, centrifuge tubes are labeled for normal, mutant, positive and negative controls, and the gel standard. Then, 15 microliters of PCR reaction mixture and 3 microliters of the gel sample buffer were added to each tube. In the DNA standards tube, 10 microliters of DNA standards plus 3 microliters of the gel sample buffer were added. Then, we loaded the wells of the gel with 15 microliters of each of the mixture and ran the gel at 100 volts for 40 minutes. In total, we pipetted a DNA ladder, two positive controls, one negative control, three normal Lary embryos and one mutant Lary embryos into 8 separate wells in a self-molded agarose gel and ran the gel by the method called gel electrophoresis. After the gel was finished running, we took a picture of the gel. We were able to recognize which bands were positive from the PCR reaction mixture. On the gel, all of the bands that showed along with the DNA ladder and positive control were at 250 base pairs whereas the primers (both forward and reverse) showed up at 245 base pairs. The last row of bands that show up on the gel (245 bp) should be the primers.
Results:
[image: ]Figure 1


In the first part of the experiment, our goals were to determine the mutant phenotype and then using that information to determine the genotypes of the Lary parents. We did this by counting the number of normal and mutant phenotypes for a total observed count. The majority of the embryos were straight tail (Fig. 1) therefore we said that the dominant trait was the straight tails and the recessive trait was the curly. Then, we postulated a hypothesis of the Lary parent’s genotypes by using Punnett squares and test crosses. We used an “S” to represent the normal phenotype and an “s” to represent the mutant phenotype.  Number of Observed/Counted Embryos
26=straight tail
9=curly tail
Total=35

In order for the mutant phenotype to be presented, we hypothesized that the Lary parents must be heterzygous. 
[image: ]Here is a punnett square of the exact cross that will yeild a 3:1 phenotypic ratio, a ratio that we basically observed from the embryos. 







To be able to prove if our hypothesis about the genotypes of the parents was correct, we chi-squared our data. We already acquired our observed numbers, now to find our expected. If we expect a 3:1 phenotypic ratio, then we must multiple the totals for each observed phenotype by either 75% (dominant) or 25% (recessive):
(0.75)(35)=26.25 expected straight tail embryos
(0.25)(35)=8.75 expected curly tail embryos
Now to plug them into the chi square chart:
	Phenotype
	Observed(O)
	Expected (E)
	(O-E)
	(O-E)2
	(O-E)2/E x 100

	Normal
	26
	26.25
	-0.25
	0.0625
	0.24

	Mutant
	9
	8.75
	0.25
	0.0625
	0.71



0.24 + 0.71 = 0.95 = x²
For Degrees of Freedom, the degree is always one less of the total number of phenotypes present in the experiement. Therefore, there are only two expected/observed phenotypes in the cross thus making the degrees of freedom 2-1=1. By looking at the chi quare analysis chart, our results falls under the 20%-50% category which tells us our results are nonsignificant and we can infact accept our hypothesis. Additionally, our results are in fact due to chance.
Although, to further test whether the Lary parents’ genotypes were in fact heterzygous, we performed a test cross between a homozygous dominant Lary and a heterzygous Lary: 
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This test cross shows that the parents could not be homozygous dominant and hetezygous because this cross does not yeild any mutant phenotypes in the progeny. Therefore, the genotypes of the Lary parents must be hetereozygous in order to produce the mutant phenotype (need pure recessive to express mutant phenotype).
To test our hypothesis of which embryos contain the mutant allele, we ran our PCR products through a gel by electrophoresis:  
[image: ]
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LEGEND
1: DNA Ladder/Standard
2-3: Positive Control
4: Negative Control
5-7: Normal Embryos
8: Mutant Embryo
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1+3: Positive Control
2: DNA Ladder
4: Negative Control
5-7: Normal Embryos
8: Mutant Embryo
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By reviewing the gels, the first gel image supports our hypothesis that we predicted 2 out of 3 of the normal embryos would contain a copy of the mutant allele, thus showing a band on the gel and also that the mutant embryos contain a copy of the mutant allele and will show a band on the gel as well. Moreover, our positive control bands showed up on the first gel which proves the PCR was working correctly. 

	Phenotype
	Total Number of Embryos from Gels
	Number of Embryos with Positive PCR
	Number of Embryos with Negative PCR

	Normal
	6
	4
	2

	Mutant
	2
	2
	0

	Summary of PCR results from both gels


	
CONTROLS:
	Gel
	Positive Control
	Negative Control
	Embryos Present?

	Gel 1
	2 present
	None present (absent)
	No

	Gel 2
	None present (absent)
	1 present
	No



Discussion:
	The purpose of this experiment was to determine the genotype of the Lary parents by examining known phenotypes of the zebrafish progeny and then discovering which embryos will carry a copy of the mutant allele. My group hypothesized that the curly tail was the recessive phenotype due to a loss-of-function mutation in the Laminin C gene of the zebrafish. For the mutant phenotype to be present, the individual zebafish must carry two copies of the mutant allele thus dawning them homozygous recessive or “ss”. In order for an embryo to contain both mutant alleles, each Lary parent must contain a recessive or mutant allele which would be passed on to their offspring. Based off of this conclusion and from all of our Punnett Squares, testcross, and chi-square analysis, the Lary parents are in fact heterzygous “Ss”. There is no other way, based off of this data, that the Lary parents could be of another genotype. A testcross, however, would be the best way of interpreting if that statement is truly correct or not, which in this case, confirms that the curly tail is the mutant phenotype “ss”. Once again referring to our test cross of a heterzgous parent to a homozygous parent, yeilding all dominant phenotypes and dominant genotypes, presented in the Punnet square, concludes that a mutant allele is essential to produce a mutant phenotype. Additionally, our chi-square analysis for all of our progeny suggessted that our expectance ratio for mutant alleles was higher than our ratio for normal alleles, thus suggesting that more of the progeny should yeild a mutant allele and represent those results as bands on our two gels.
Through the PCR reactions and the gel electrophoresis, we were able to confirm, as a group, our hypothesis that 2/3 of the normal embryos, the two heterzygotes, will carry a copy of the mutant allele while both of the mutants will have the mutant allele. The first image of the gel completely satisfied our predictions, however the image of our second gel showed otherwise. If we interpret our second gel correctly, we can see that the negative control band is faint and was the only band that distinctly showed up on the gel. This means that there was contamination present among our experiment and therefore we cannot trust our results from that run. This result could have occurred due to improper extraction of DNA of the embryo samples or possibly even improper setup of the reaction tubes. There is a possibility that we did not fill the wells of the gel enough or with the proper sample. On our second gel, we did accidentally place the DNA Standards in the second well of the gel instead of the first therefore the positive control samples were placed in the first and third wells separated by the ladder. This action could have caused a problem to arrise within the gel thus allowing just a faint band in the negative control lane to appear. On the other hand, not only did the negative control band appear on the gel but the positive control wells did not present bands in their lanes. The positive control lanes lets us know if PCR has worked correctly or not because the wells were filled with all of the correct PCR mix/ components. Furthermore, this means that PCR did not work correctly and did not carry out fully if no bands were present in those lanes.
If any changes could be made to the experiment, the class should be given the total number of embryos from the cross, more specifically class data should be shared to yeild larger numbers of embryos for each phenotype. That way, when calculating our expected results using larger class data and comparing them to the total observed for each phenotype, we could have proposed a more accurate chi-square analysis which would seem as a much more realiable number then a single group’s count. Additionally, finding a way to load the gel a bit more efficiently would probabaly make a substainstial difference when interpreting the results of electrophoresis. My group was having some issues locating the wells on the gel and smoothly injecting the samples via micropipetters after the addition of the TBE Buffer. Overall, the experiment was highly enjoyable and interactive and it completely opened my eyes to how in depth the world of genetics can be and how every miniscule detail is important in expression, function, etc of any organism.
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