Allele and genotype frequencies part 1

More math!  Yippee!

For some chromosomal locations, scientists have enough information to be able to put a number on how often certain alleles seem to appear in the population. We can’t say “genes” because many of these locations are non-coding regions.  There is a locus (fancy word for location) on the chromosome, but we may not know yet why the sequence in that area exists, let alone in various measurable ways. We will be doing 2 PCR reactions that let us look at non-coding sequences so that we can get an idea of the type of information specific locations in our genome can give us about being an individual. One of the spots we are checking has only 2 different types of alleles. The other spot has at least a couple dozen versions of alleles. The first lab, Alu, has us investigate a section of chromosome 16. Thousands of years ago someone had a sequence of DNA called “Alu” jump from somewhere in his/her genome into a spot on chromosome 16. This had to happen in the germ line cells because his/her progeny inherited the “mutation.”  This sequence is called “Alu” because when it was first identified, they noticed it had an “alu” restriction enzyme site in it. At that time there really wasn’t an organized way to label genetic markers like they do now. A genetic marker is like an address on a chromosome. The location on a chromosome in a specific area is known and is given an alphanumeric code to let others know where to find it. 

Back to alu…

The segment that jumped is about 300 base pairs long (300 bp). Researchers found sequence that flanks the alu insert (sequence on either side of it) and made primers to match with the site. People who do not have the insert also have the sequence that flanks where the insert went so everybody is able to have a PCR product from this spot. The people who inherited the 300 bp insert will have a band on a gel that is 300 bp larger than the band that does not have an insert. 

This type of situation is often called +/-.  A + allele has the insert, the – allele does not. Since humans have 2 sets of chromosomes, there are at 2 alleles for each spot.  One chromosome came from Mom, the other from Dad. Mom or Dad could have had the insert, or maybe not. When we do this PCR lab you will be able to tell what you inherited, but you will not be able to know if it came from Mom or from Dad. 

The 3 possible genotypes are:

	Homozygous no insert
	- / -
	One band in lane because both alleles will give a result that is the same length.

	Heterozygous, one allele has an insert, the other does not.
	+ / -
	Two bands in the lane because the + allele will give a larger product than the – allele. The + allele has 300 more bp than the – allele.

	Homozygous insert
	+ / +
	One band in lane because both alleles will give a result that is the same length. 


How does DNA travel through a gel?

DNA has a negative (-ve) charge. The smaller the band, the faster it can move. (sound familiar?) So even though you may think that a greater charge means there will be that much more pull on the DNA fragment as it goes through the gel, but the dragging of the DNA through the holes in the gel causes the longer ones to get caught up along the way. I see it like how big trucks on the road take longer to change lanes and should drive slower, yet tiny sport cars just zip in and out of lanes. Small pieces of DNA will zip through a gel and if you run it long enough they will leave the gel and go swimming in the buffer at the end. 

How will you know the size of your band?

We also run a DNA ladder in the gel. It will either be a 50 bp or a 100 bp ladder. The 100 bp ladder has a band every 100 bp from 100 to 1000 bp. The 500 bp and 1000 bp bands are darker so that you can tell which bands are which. Sometimes the 100 bp band will run off the gel so you can not always assume that the band all the way at the end is 100 bp. It may be the 200 bp band. The 50 bp ladder is similar, but it will have bands every 50 bp.  It may be possible that the ladder we use does not follow either of these descriptions, so you may actually be told on the day we inspect the gels which ladder we used. 

Genotype frequencies and Allele frequencies

Allele and genotype frequencies are related to each other because genotype frequencies depend on allele frequencies to be calculated. Yet the allele frequencies are determined based on the genotypes that shows up from the experiment.  Punnett Squares can be used to help get an idea of how the math works.

For genotype frequencies and allele frequencies, we use letters that do not suggest dominance or recessiveness because there is no gene product made from the regions we are researching. For whatever reason, allele letters start at p and go in alphabetical order for the number of possible alleles.  So for Alu, we have two alleles, p and q.

We refer to “p” as the allele with the insert and “q” as the one without. Since this data has been gathered globally, it is actually important that we be consistent with the scientific community and treat the “p” as the + allele and the “q” as the – allele.

	
	p
	q

	p
	pp
	pq

	q
	pq
	qq


For a heterozygous cross, the possible genotypes are pp, pq, and qq. 

Let’s say we have 100 people, 40 are homozygous qq, 50 are heterozygous pq, and 10 are pp. What we need to figure out is how often the “p” allele shows up and how often the “q” allele shows up. 

	
	
	# of people
	# of p alleles
	# of q alleles

	+/+
	pp
	10
	2 x 10 = 20
	0 x 10 = 0

	+/-
	pq
	50
	1 x 50 = 50
	1 x 50 = 50

	-/-
	qq
	40
	0 x 40 = 0
	2 x 40 = 80

	Totals:
	
	100 people
	70 alleles
	130 alleles


# of specific allele


=
allele frequency

Total # of possible alleles

We keep the allele frequency in a # < 1.  This lets us treat the percentages as decimals and come to a total of 1.  Thus 100% of the sum of allele frequencies = 1.

70 p alleles

= 0.35

200 total alleles

130 q alleles

= 0.65

200 total alleles

To check our math, 0.35 + 0.65 = 1

Now we use allele frequencies to calculate genotype frequencies. 

Going back to the Punnett Square, we now apply algebra.

pp becomes p2
Having two possible pq becomes 2pq

qq becomes q2
There is this thing called Hardy-Weinberg equilibrium that says that if their rules apply, then the balance of alleles in a population is such that.

p2 + 2pq + q2 = 1

Again, we’re looking at how often, or the % of time, a particular GENOTYPE is seen in the population.  (What we were looking at was the % of time a particular ALLELE is seen in the population.)

p2 = (0.35)2
= 0.1225

2pq = 2 x 0.35 x 0.65 = 0.455

q2 = (0.65)2
= 0.4225

p2 + 2pq + q2 = 1

0.1225 + 0.455 + 0.4225 = 1

These numbers probably don’t have much meaning at the moment.  One thing they do mean is that given this specific population, people who have both alleles with an insert occur 12.25% of the time. Heterozygotes occur 45.5% of the time. People without an insert at all occur 42.25% of the time. 

So is the population in Hardy-Weinberg Equilibrium? That is actually more complicated than can be easily explained here. We will rely on DNALC’s allele server to help us with this one. In reality, no population can be in Hardy-Weinberg equilibrium because their rules are so strict and unrealistic.  We can use their ideas, though, to figure out how often certain alleles show up in a population. When we do the d1s80 PCR lab we will look more at what happens with the math when the % of a specific genotype showing up is a very very small number. 
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