Methods
Two-locus analysis
After recognizing that various loci showed evidence of linkage in different subpedigree sets, we investigated how these loci could segregate in pairs. This is feasible via the two-locus analysis option of Superlink-online [Silberstein2006]. Unfortunately, analysis of more than two loci simultaneously is not implemented. Due to computational limitations, we have to use only one microsatellite per locus. 
Two basic methodological issues in two-locus analysis are what penetrance functions to use [Strauch2003] and what LOD scores to treat as significant [Terwilliger1993]. For the choice of penetrance functions, we used functions that are a composite of the functions that give high scores at single loci. Terwilliger et al. [1993] suggested adding 0.5 to the LOD score threshold. A more general approach suggested in [Ott1999] is to add 0.3 for each extra free parameter. In doing two-locus analysis we are choosing pedigree subsets for each locus and a mode of inheritance for each locus. We consider this to involve four choices, so it is appropriate to add 1.2 to the LOD score threshold one would use for single-locus analysis with no extra parameters. Since the current typically used threshold is 3.0-3.3, this suggests that a threshold of 4.2-4.5 should be used for significance. Terwilliger et al. [1993] pointed out that the two-locus LOD score is especially compelling when it exceeds the sum of the scores at the two loci.
We used three different types of penetrance function in two-locus analysis. The first type of penetrance function was used exclusively for analysis of the two weakly linked loci on chromosome 15. The mode of inheritance in this model is a weakly epistatic model in which an individual is likely affected when that individual has a total of at least two disease-associated alleles at the two loci combined.  The corresponding penetrance function is shown in Table dom.and.  Though in this case the matrix is symmetric, the columns represent increasing counts of the disease allele for the first locus (around 34.78 Mbp, chromosome 15), and rows represent increasing counts of the disease allele in the second locus (around  45.69 Mbp). Superlink’s implementation of two-locus analysis does permit the loci to be linked. In the case of chromosome 15, we were led to use a two-locus epistatic model because a one-locus additive model gave mildly interesting scores (See Results) suggesting that disease-associated alleles for both loci entered both subpedigree sets of interest.
The second type of penetrance function was used when the optimal subpedigree sets for the two loci being tested were disjoint (e.g., ACD and B).  For this type, we included two penetrance classes in our model.  Individuals were assigned to a penetrance class based on their position in a pedigree. All individuals in the subpedigree set optimal for the first locus were assigned to penetrance class 1.  Similarly, all individuals in the subpedigree set optimal for the second locus were assigned to penetrance class 2.  Within each penetrance class, the corresponding disease-associated allele was assumed to explain the phenotype.  This led to penetrance functions similar to that shown in Table logical.or, which is the penetrance function used for the locus on the p-arm of chromosome 2 (marker D2S405) and the locus on chromosome 15 with additive inheritance (marker D15S537). The reason to use two penetrance classes when the subpedigree sets are disjoint is that there is not compelling evidence that disease alleles for more than one locus entered either of the disjoint sets. 
The third type of penetrance function was used when the optimal subpedigree sets for the two loci were not disjoint.  When the subpedigree sets are not disjoint, this suggests that: in the subpedigrees unique to locus 1, only disease-associated alleles for locus 1 entered, in the subpedigrees unique to locus 2, only disease-associate alleles for locus 2 entered, and in the subpedigrees shared by the two loci, disease-alleles for both loci entered. Therefore, we included three penetrance classes in our model.  For the disjoint parts of the optimal subpedigree sets, we assigned two penetrance classes analogously to the case in which the optimal subpedigree sets were entirely disjoint. Individuals in the intersection of the optimal subpedigrees were assigned to a third penetrance class. 
Within this third penetrance class, both disease alleles were relevant.  The resulting penetrance functions are similar to that shown in Table intersecting, which shows the penetrance function used for the locus on the p-arm of chromosome 2 and the locus on the q-arm of chromosome 3. It so happened that in such cases the best model for the single loci were recessive, but we had no intuition for how to set the middle value in the table corresponding to individuals that inherit one disease-associated allele at each locus. In an epistatic model, one disease-associated allele would lead to a high penetrance value, as worked for chromosome 15 where each individual locus is dominant. For the pairs of recessive loci, the epistatic model worked poorly, so in  Table intersecting, the middle value for class 3 is low, and that is what we used in the analyses shown in Results.


Results
Two-locus analysis
Table 2-locus runs shows LOD scores generated by combining pairs of high-scoring loci.  Next to each LOD score is the subpedigree set used in the test.  The penetrance functions used to model the mode of inheritance at each pair of loci are described in Methods.  These penetrance functions depend on the subpedigree set that is optimal at each locus in the pair, and the penetrance functions used to evaluate the individual loci.  These subpedigree sets are shown in the row and column labels of Table 2-locus runs.
By the heuristics discussed in Methods, the entries in Table 2-locus runs with LOD scores above 4.5 show significant evidence for linkage, whereas those with scores below 4.2 show only weak evidence.  There are no entries with scores in the grey zone of 4.2-4.5.  Analyzing the data on chromosome 15 as two weakly linked loci yields a LOD score of 6.17 on subpedigree set BCE, which is much higher than either single-locus LOD score or their sum. This strongly suggests that there are two distinct stuttering loci on chromosome 15 (one previously described and one new) and that they interact. Unfortunately, when we analyze chromosome 15 in conjunction with a locus on anaother chromosome, we have to represent chromosome 15 by a single additive locus. Despite this limitation, the 2p locus also has notably high LOD scores when combined with loci on 15.  The high-scoring combination, with a LOD score of 6.57, is the pairing of a marker on 2p (D2S405) with a marker on 15 (D15S537).




Tables
Table dom.and. The pentrance function used to analyze the two weakly linked loci on 15.
	First Locus \ Second Locus
	Zero Disease Alleles
	One Disease Allele
	Two Disease Alleles

	Zero Disease Alleles
	0.01
	0.01
	0.01

	One Disease Allele
	0.01
	0.99
	0.99

	Two Disease Alleles
	0.01
	0.99
	0.99



Table logical.or. An example of a penetrance function with two penetrance classes.
	First Locus \ Second Locus
	Zero Disease Alleles
	One Disease Allele
	Two Disease Alleles

	Penetrance Class One

	Zero Disease Alleles
	0.01
	0.01
	0.01

	One Disease Allele
	0.01
	0.01
	0.01

	Two Disease Alleles
	0.8
	0.8
	0.8

	Penetrance Class Two

	Zero Disease Alleles
	0.01
	0.6
	0.99

	One Disease Allele
	0.01
	0.6
	0.99

	Two Disease Alleles
	0.01
	0.6
	0.99



Table intersecting. An example of a penetrance function with three penetrance classes.
	First Locus \ Second Locus
	Zero Disease Alleles
	One Disease Allele
	Two Disease Alleles

	Penetrance Class One

	Zero Disease Alleles
	0.01
	0.01
	0.01

	One Disease Allele
	0.01
	0.01
	0.01

	Two Disease Alleles
	0.8
	0.8
	0.8

	Penetrance Class Two

	Zero Disease Alleles
	0.01
	0.01
	0.99

	One Disease Allele
	0.01
	0.01
	0.99

	Two Disease Alleles
	0.01
	0.01
	0.99

	Penetrance Class Three

	Zero Disease Alleles
	0.01
	0.01
	0.99

	One Disease Allele
	0.01
	0.01
	0.99

	Two Disease Alleles
	0.8
	0.8
	0.99






Table 2-locus runs. Results for pairwise analysis of loci.
	
	2p (ACD)
	3p (ACE)
	3q (ADE)
	15 (B)
	15 (E)
	15 (BE)

	2p (ACD)
	-
	-
	-
	-
	-
	-

	3p (ACE)
	4.75 ACDE
	-
	-
	-
	-
	-

	3q (ADE)
	4.10 ACDE
	3.99 ACDE
	-
	-
	-
	-

	15 (B)
	5.28 ABCD
	4.98 ABDE
	4.55 ABDE
	-
	-
	-

	15 (E)
	5.59 ACDE
	3.50 ACE
	2.90 ADE
	6.17 BCE
	-
	-

	15 (BE)
	6.57 full
	5.54 ABCE
	4.76 ABDE
	-
	-
	-
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