Things we need to do a QTL:
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Markers:  Markers are regions on the genome that are different between two strains of animal.  A special type of marker is the SNP (single nucleotide polymorphism).  For example, here is a table of SNP markers (fake) for 4 strains.

	Number
	Location
	Strain A
	Strain B
	Strain C
	Strain D

	1
	Chr1:020
	C
	A
	A
	C

	2
	Chr1:024
	C
	A
	A
	C

	3
	Chr1:040
	C
	A
	A
	T

	4
	Chr1:045
	T
	T
	C
	T

	5
	Chr1:046
	T
	T
	C
	C

	6
	Chr1:049
	A
	T
	A
	G

	7
	Chr1:052
	A
	A
	A
	A

	8
	Chr1:055
	A
	T
	T
	G

	9
	Chr1:058
	G
	G
	C
	C

	10
	Chr1:061
	G
	T
	C
	T

	11
	Chr1:064
	G
	T
	G
	T

	12
	Chr1:066
	G
	C
	A
	C

	13
	Chr1:070
	T
	C
	T
	C

	14
	Chr1:073
	T
	C
	C
	C

	15
	Chr1:078
	T
	A
	A
	A


Before we start our breeding program we need two strains that differ in their Phenotype (observed effect).  Then we need a set of markers that are different between the two strains of the cross.

So let’s look at some phenotypes:
	Phenotype
	Strain A
	Strain B
	Strain C
	Strain D

	Disease 1
	Resistant
	Susceptible
	Resistant
	Resistant

	Disease 2
	Resistant
	Susceptible
	Susceptible
	Susceptible

	Disease 3
	Susceptible
	Resistant
	Resistant
	Resistant

	Disease 4
	Susceptible
	Resistant
	Resistant
	Susceptible

	Disease 5
	Susceptible
	Resistant
	Susceptible
	Susceptible


We start by studying Disease 1.  Only Strain B is Susceptible.  What markers will we have with Strains A, C, and D?  We can color all the markers that match Strain B.

	Number
	Location
	Strain A
	Strain B
	Strain C
	Strain D

	1
	Chr1:020
	C
	A
	A
	C

	2
	Chr1:024
	C
	A
	A
	C

	3
	Chr1:040
	C
	A
	A
	T

	4
	Chr1:045
	T
	T
	C
	T

	5
	Chr1:046
	T
	T
	C
	C

	6
	Chr1:049
	A
	T
	A
	G

	7
	Chr1:052
	A
	A
	A
	A

	8
	Chr1:055
	A
	T
	T
	G

	9
	Chr1:058
	G
	G
	C
	C

	10
	Chr1:061
	G
	T
	C
	T

	11
	Chr1:064
	G
	T
	G
	T

	12
	Chr1:066
	G
	C
	A
	C

	13
	Chr1:070
	T
	C
	T
	C

	14
	Chr1:073
	T
	C
	C
	C

	15
	Chr1:078
	T
	A
	A
	A


Both Strain C and D have long blocks that are the same as Strain B.  Strain A has no long blocks and only a few markers so we would choose to do a cross with Strains A and B and use markers 1,2,3,5,6,8,10,11,12,13,14,15.

We would then do a cross.  Add a section to the Dragon program that would do a cross and generate 400 to 600 F2 subjects.  Each of these would be measured for the phenotype.  Then each would be measured for the Genotype at the markers.  Each marker could have AA, AB, or BB for its genotype and its phenotype would be Susceptible or Resistant.  We would then generate a data table.

And this will output something like this:
	Subject
	Disease 1
	Marker 1
	Marker 2
	Marker 3
	Marker 5
	Marker 6
	Marker 8
	Marker 10
	Marker 11
	Marker 12
	Marker 13
	Marker 14
	Marker 15

	
	
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	
	20
	24
	40
	46
	49
	55
	61
	64
	66
	70
	73
	78

	1
	S
	AA
	AB
	AB
	AB
	AB
	AB
	AB
	AB
	AB
	AB
	AB
	AB

	2
	S
	AA
	AA
	AA
	AA
	AA
	AB
	AB
	AB
	-
	AB
	-
	-

	3
	R
	AA
	AB
	AB
	AB
	AB
	AB
	AA
	AA
	-
	AA
	AA
	AA

	4
	S
	AB
	AB
	AB
	AB
	AB
	AB
	AB
	AB
	AB
	AA
	AA
	AA

	5
	R
	AB
	AB
	AB
	AB
	AB
	AA
	AA
	AA
	AB
	AB
	AB
	AB

	6
	R
	AB
	BB
	BB
	BB
	BB
	AB
	AB
	AB
	BB
	BB
	AB
	AB

	7
	S
	BB
	AB
	AB
	AB
	AB
	AB
	AB
	AB
	-
	BB
	BB
	BB

	8
	S
	AA
	AA
	AA
	AA
	AA
	AA
	AA
	AB
	AB
	AB
	AB
	AB

	9
	S
	AB
	AB
	AB
	BB
	BB
	BB
	BB
	AA
	-
	AA
	AA
	AA

	10
	R
	AB
	AB
	AB
	AB
	AA
	AA
	AA
	AA
	-
	AB
	AA
	AA

	11
	R
	BB
	BB
	BB
	BB
	BB
	BB
	BB
	BB
	-
	AA
	AA
	AA

	12
	R
	AA
	AA
	AA
	AA
	AB
	BB
	BB
	AA
	AA
	AA
	AB
	AB

	13
	S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	14
	R
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	15
	R
	AA
	AA
	AA
	AA
	AA
	AA
	BB
	AA
	-
	AA
	AA
	AA


Where “-“ represents missing data.  In a real data set there would be 400 to 600 rows (one for each subject) and there would be 40 or so markers for each chromosome.  This is the table your new code needs to generate.

I suggest that we DO NOT work with the X chromosome for this model.  It just complicates the picture.  We can return to the X chromosome problem after we get a few working models working.

You would send this to Rqtl and what you get back is a list of the LOD scores for each marker location.

	Marker
	CHR
	Location
	LOD

	Marker 1
	1
	20
	1.01

	Marker 2
	1
	24
	1.02

	Marker 3
	1
	40
	2

	Marker 5
	1
	46
	5

	Marker 6
	1
	49
	7.01

	Marker 8
	1
	55
	2

	Marker 10
	1
	61
	1

	Marker 11
	1
	64
	2.1

	Marker 12
	1
	66
	2.2

	Marker 13
	1
	70
	1.9

	Marker 14
	1
	73
	1.5

	Marker 15
	1
	78
	1.4


We would also do a permutation test (and run 500 to 1000 permutations) to determine the thresholds for 99%, 90% and 37% confidence intervals (as an example).  In this example the 99% threshold is 4.5 so any results greater than LOD = 4.5 would have less than an 1 in 100 chance of occurring by chance.  We can graph the data, but just looking at the table we can see that there is a significant peak at marker 5 and 6:
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Next step would be to run the confidence interval to determine the 95% CI for the QTL.  This we show as a yellow bar below the peak.

The next step would be to go to a genome browser and look at what is in this region of the genome for the subject animal in questions….

NOTE: all this data is fake.  I used a real bone mineral density study to model it, but don’t expect to run the data and have it work.  I suggest you use the sample data sets for the mouse QTL studies.  I have eight with publications and sample R scripts that I’ll upload.

