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ABSTRACT 

The aim of this research was to perform exclusion on a rare form 

of hereditary autosomal dominant polycystic kidney disease (ADPKD). 

To-date, two genes for ADPKD have been identified: PKD I which has 

been localized to the short arm of chromosome 16 and PKD2 which has 

been localized to the long arm of chromosome 4. However, a small 

number of families have been reported that have not shown linkage to 

either of these two loci. thus suggesting the existence of at least one 

additional locus (PKD3). Two families that are affected with ADPKD 

and do not show linkage to PKD I or PKD2 have participated in this 

study. Both families are of Bulgarian origin and between them contain 9 

affected individuals. Even though these families are small. they are large 

enough to exclude a large proportion of the genome as the location of the 

PKD3 gene. The availability of these families and the discovery of other 

non PKD1/PKD2 families has provided a rare opportunity to perform 

exclusion mapping of the PKD3 gene which will eventually lead to 

mapping and cloning of this gene. 

A systematic search of the human genome was performed using 

polymorphic markers (from the Research Genetics screening set version 

4a) which span the human genome at an average distance of 16cM. The 

results were then analysed statistically using the computer programs 

EXCLUDE. LINKAGE and GENEHUNTER. From this study the 

highest Lod score obtained was a multipoint lod score of2.95 on 

22q 11.21 at marker D22S446. Two other regions also produced 

relatively high Lod scores, the first being on 4q22.1 at marker D4S 1647 

iii 



which produced a Lod score of 1.42 and the set "nd region being on 

llpl5.2 at marker DllS902 which produced a Lod score of 1.41. 

These results provide a strong indication as to the location of the 

PKD3 gene however, before linkage can be claimed with any degree of 

certainty the sample size must be increased with the addition of other 

. non PKD t!PKD2 families. This increases the possibility of obtaining a 

Lod score of 3.00 or greater and thus proving linkage to the PKD3 gene. 
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INTRODUCTION AND LITERATURE REVIEW 

1.1 Introduction 

Autosomal dominant polycystic kidney disease (ADPKD) is one 

of the most common genetic diseases. affecting approximately I in 1000 

individuals in Caucasian populations (Dalgaard, 1957). It accounts for 

aprt·-ximatcly 8-10% of all patients requiring haemodialysis (Gabow et 

a! .. 1991). 

The main clinical expression of the disease is multiple fluid­

tilled cysts present in the kidneys and in some cases, also in the liver. 

spleen. ovaries and pancreas. Other symptoms of polycystic kidney 

disease include hypertension, cardiac valve defects, herniae and 

intracranial aneurysms. The phenotypic expression of polycystic kidney 

disease varies quite considerably: some individuals remain mildly 

affected into their 60's and 70's, while others suffer from end stage renal 

failure (ESRF) in early childhood. According to a study by Parfrey eta/. 

(1990) 25% of patients reach end stage renal failure (ESRF) by the age 

of 47, 50% by the age of 59 and 75% of patients by the age of70 

(Parfrey eta! .. 1990). However, not all patients reach ESRF and even 

though cysts may be present, deterioration of kidney function may not be 

obvious (Churchill eta! .. 1984). This wide variation in clinical severity 

is due mainly to the genetic heterogeneity of ADPKD. 



So far, two different genes have been found that are responsible 

for autosomal dominant polycystic kidney disease. The tirst gene, 

PKD I has been mapped to the short arm of chromosome 16 (Reeders. et 

a/ .. "185) and further localised to 16pl3.3 (Somlo eta/., 1992). The 

second of these loci. PKD2. has been mapped to the long am1 of 

chromosl>me 4 at position 4q21-23 (Kimberling, eta/., 1993, Peters et 

a/.. 1993 ). In 1994, the PKD I gene \\US cloned and the entire nucleotide 

sequence identitied (The European Polycystic Kidney Disease 

Consortium, 1994). The product of the PKDI gene. Polycystin, is 

involved in cell-cell and/or cell-cellular matrix interactions. The product 

of the PKD2 gene (Polycystin 2) has recently been determined 

(Mochizuki et al.. 1996) and found to be very similar to Polycystin. The 

role of Polycystin 2 is that it associates with Polycystin as part of a 

common signal transduction pathway (Qian eta/., 1997). The 

kno\\ledge of the structure of both genes and their products is invaluable 

in understanding the pathogenesis of polycystic kidney disease. 

To date. research carried out on polycystic kidney disease has 

focused on PKD I and PKD2. However, studies in different countries 

have revealed the ·xistence of a small number of families affected with 

polycystic kidney disease that do not show linkage to either the PKD I or 

the PKD2 locus (de Almeida et al., 1995, Bogdanova et al., 1995, 

Daoust ct al., 1995). This indicates further locus heterogeneity, and the 

existence of at least one additional gene responsible for polycystic 



kidney disease, (provisionally designated PKD3), In this study, two 

families which do not show linkage to PKDI and PKD2 will be 

analysed. Computer simulations using the package SLINK (Ott, 1989, 

and Weeks ct al., 1990) have shown that the maximum likely Lod score 

that can he obtained using the first family is 1.43 and the maximum Lod 

score that can be reached with the second family is 1.08. Combined, 

these scores gives a total Lod score of2.51 which indicates that these 

families are not powerful enough to perform linkage, however they 

allow the exclusion of a large proportion of the genome as the location 

of the PKD3 gene. Pooling the results of this study with those obtained 

by other groups may provide enough linkage power to map PKD3, thus 

paving the way for refined mapping and the eventual cloning of the 

PKD3 gene. 

The identification of the gene will shed more light on the 

pathogenesis of the disease and provide a better understanding of its 

molecular mechanisms. ADPKD is a complex disorder whose 

phenotype may possibly result from defects in a number of different 

signalling and/or growth regulation pathways. Understanding PKD3 

may result in the identification of a new pathway in the regulation of cell 

growth and differentiation. 



1.2 LITERATURE REVIEW 

1.2.1 Clinical Features 

Polycystic kidney disease is characterised by progressive 

swelling of multiple tubular segments and. as the name suggests. the 

development of multiple fluid filled cysts in the kidneys. These cysts 

vary greatly in size and some may be exceedingly large. They seem to 

be scattered equally in the cortex and medulla of the kidney and 

generally there is no evidence of any intact parenchyma (Wardener, 

1985). In more severe cases, extrarenal cysts may be evident in organs 

such as the liver. spleen and pancreas (Chapman eta/., 1991 ). 

Hypertension is a common manifestation of ADPKD and is an 

important factor in the overall patient mortality (Chapman el a/., 1991 ). 

Studies on the incidence of hypertension in ADPKD patients have 

shown an elevated number of hypertensive patients in this population 

compared to the non-ADPKD population. Higgins ( 1952) reported a 

73% incidence of hypertension among 94 patients and, in another study, 

Hansson eta/., (1974) reported a 75% incidence among ADPKD 

individuals. Recently, it h''' been shown that the incidence of 

hypertension in ADPKD patients increases with age. In a study of 17 

families, 25% of patients aged under 40 years had hypertension, this 

increased to 55% in patients between 40 and 59 years of age, and to 75% 

in patients over the age of 60 (Parfrey eta/., 1995). A classical study 

carried out by Dalgaard ( 1957) reported that 64% of ADPKD patients 
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died of cardiovascular causes and. of these, 52% had increased left 

ventricular mass, a known consequence of prolonged hypertension and a 

risk factor for patient death. 

Liver cysts are frequently found in ADPKD patients, with more 

\\Omen being a!Tected than men (Levey et al .. 1983). The prevalence of 

liver cysts increases \\ith age. with one study it reporting that 18% of 

ADPKD patients under the age of 30 years had liver cysts while 70% of 

ADPKD patients over the age of60 displayed liver cysts (Levey el al.. 

1983). 

Another important clinical characteristic of ADPKD is the 

development of intracranial aneurysms (ICA). There is some variation 

in the reported frequency of I CAs within the ADPKD population. Levey 

eta/., ( 1983) reported 10-30% and a subsequent study by a Japanese 

group found a 41% prevalence of I CAs among 17 ADPKD patients 

(Wakabayashi eta/., I 983). More recently however, Kaehny eta/., 

(1991) reported a 6-10% prevalence of! CAs among 431 ADPKD 

patients. Other characteristics of ADPKD include diverticulosis of the 

colon, herniae and cardiac valve defects. 

Polycystic kidney disease gives rise to considerable morbidity 

and mortality in affected individuals and is an important cause of end­

stage renal failure (ESRF) in both adults and children worldwide (Avner, 

1994 ). Death can be caused by end stage renal failure (ESRF) due to 

compression of the renal parenchyma by the enlarging cysts, or from 



hypertensive cardiac failure (Uidall, 1988). The age of onset of 

symptoms of PKD is generally in the 3'' or 4'" decade and the severity 

varies from patient to patient and more importantly between families 

with difTercnt forms of the disease. ESRF usually develops midlife ie. 

about 55 year"' of age. 

1.2.2 Clinical Heterogeneity 

Studies have shown that there is a great degree of phenotypic 

variation between PKDI and non PKDI individuals. In a study of 

phenotype-genotype heterogeneity in autosomal dominant polycystic 

kidney disease. Ravine eta!. ( 1992) reported that non-PKDI families 

displayed a milder phenotype than families linked to PKD I. Non-PKDI 

patients lived longer with a median survival age of71.5 yrs. (compared 

to 56.0 yrs. in PKD I), had a lower risk of progression to renal failure, 

were less likely to develop hypertension and were diagnosed at an older 

age (median 69.1 yrs. vs. 44.8 yrs.). Non-PKDI patients also showed 

fewer cysts than PKDI patients. In a large European study conducted by 

Peters eta!. ( 1993). it was shown that affected individuals from families 

that were not linked to PKDI were diagnosed at an older age and had 

fewer cysts at the time of diagnosis. These patients were less likely to 

have hypertension, lived longer and had a slower progression towards 

kidney failure than patients with PKDI. These findings also suggested 

that non-PKDI has a less severe phenotype than PKDI thus supporting 



the findings of Ravine eta/. ( 1992). Further evidence to support the 

claim that PKDI is a more severe type of ADPKD thaP non-PKDI was 

presented by Jeffery et al. (1993) who reported that a family of Sicilian 

origin that did not link to PKD I had a milder phenotypic expression than 

families that linked to PKDI. In this family, a 75 year old woman had 

no clinical symptoms and was normotensive; the only member of the 

family to have ele\a,cd blood pressure was a male in his seventies. 

The clinical severity of PKD in families not linked to either 

PKD I or PKD2 varies between the different reports. Daoust eta/., 

(1995) described a family not linked to PKDI or PKD2 that showed 

progression to renal failure similar to that found among patients with 

PKD I. Another paper by de Almeida eta/., (1995) reported a 

Portuguese family not linked to PKDI or PKD2 that showed a slower 

progression to renal failure than that ofPKDI. The clinical severity of 

PKD3 also varies betwee:> individuals within families. with some 

showing a faster rate of progression to renal failure than others (Daoust 

et al., 1995). More recently Turco eta/., (1996) reported a small family 

of Italian origin that did not show linkage to PKD I or PKD2 and 

presented with a mild phenotype. 



1.2.3 Locus Heterogeneity 

1.2.3.1 Linkage To Chromosome 16: The PKDI Gene 

Mutations in PKD I are by far the most common cause of 

ADPKD. It has been estimated that in the European population, PKDI 

accounts for about 86% of the families with ADPKD (Peters et al., 

1992). In 1985. the PKD I gene was localised to the tip of the short arm 

of chromosome 16 (Reeders et al .. 1985). In a study of nine families 

with a mean age at onset of kidney failure of 48yrs, a highly 

polymorphic probe !rom the 3'HVR, 8kb beyond the 3' a-globin region 

was used in the search for the ADPKD gene. All of these families 

showed linkage to this locus with a maximum Lod score of25.85 ate= 

0.05. confidence interval 99%. A subsequent study in Wales involving 

24 families diagnosed with ADPKD. the 3'HVR and alpha-globin 

probes produced a maximum Lod score of 24.18 (6 = 0.03) (Lazarou et 

a/.,1987). Further linkage ofPKDI to this region was proven when the 

24-1 marker which flanks the PKD I gene on the opposite side to the a­

globin gene was discovered (Breuning eta/., 1987). In 1988. Reeders et 

a/. refined the localisation of PKD I. Using 19 affected families, PKD I 

was found to lie proximal to the alpha-globin gene cluster and somatic 

cell hybrid mapping placed it within the region 16p 13.11-16pter. 

Further studies using additional polymorphic markers allowed the 



refined mapping ofPKDI to 16p13.3 (Somlo et al .• 1992, Germino et 

a/., 1992). 

In 1994, the complete structure of the PKD I gene and its protein 

was identified by the European Polycystic Kidney Disease Consortium. 

The PKDI transcript has a length of 14.5 kb and encodes a 4304 amino 

acid protein that contains 14 units of a novel 80 amino acid domain. It 

was proposed by the Consm lium that Polycystin is a multifunctional 

protein that is involved in protein- protein interactions in the 

extracellular compartment. The presence of numerous binding sites on 

Polycystin suggests that it binds to components of the extracellular 

matrix thus mediating cell - cell or cell - matrix interactions. 

1.2.3.2 Linkage To Chromosome 4: The PKD2 Gene 

Initially. in 1987, Reeders eta/. reported among 28 unrelated 

families of northern European decent no evidence to suggest locus 

heterogeneity within the i\DPKD population. In 1988 however, Romeo 

eta/. reported a single Italian family with ADPKD that failed to show 

linkage to the PKDI gene. Using the 3'HVR and 090a probes, Lod 

scores of -2.76 and -2.36 respectively were obtained. Thus linkage to 

the PKD I gene was effectively ruled out. This indicated the existence of 

a second gene responsible for ADPKD. More evidence of genetic 

heterogeneity was revealed by the study of three Icelandic families and a 

large three generation family in Northern Ireland with ADPKD which 



did not show linkage to chromosome 16pl3.3 (Fossdal eta/ .. 1993, 

Wright, eta/., 1993). 

Peters eta/. ( 1993) localized the second gene for ADPKD to 

chromosome 4. Using the polymorphic DNA markers D4S423 and 

D4S231. positive Lod scores were detected in two-point linkage 

analysis. Multipoint linkage analysis was then carried out, producing an 

even higher Lod score and placing the gene centromeric to D4S231. It 

has since been shown by refined mapping that this gene. now known as 

PKD2. lies in the region 4q.21-23 (Kimberling eta/., 1993, Peters et 

a/ .. 1993). 

In I 996 Mochizuki eta/. determined the product of the PKD2 

gene. Using the group of clones cTM-4, the PKD2 protem was 

discovered. It is a 968 amino acid sequence that contains six 

transmembrane domains with intracellular amino and carboxyl termini. 

There is 50% homology between the translation product of PKD2 and 

450 amino acids ofpolycystin. Qian eta/., (1997) described a 

previously unrecognized coiled-coil domain within the C terminus of 

Polycystin and demonstrated that it binds specifically to the C terminus 

of the PKD2 gene product. This suggested that PKD I and PKD2 

interact and may be partners in a common signal transduction pathway 

involved in tubular morphogenesis. 
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I 2.3.3 The PKD3 Gene 

Recently it has been shown that there are definitely more than 

two loci responsible for ADPKD. In 1995 a study of23 affected French­

Canadian families reported one that failed to show linkage to either 

PKD I or PKD2. This led the researchers to acknowledge the existence 

of a third PKD locus (Daoust. eta/ .. 1995). 

This linding \\as supported by de Almeida e/ a/. (1995) who 

reported a large Portuguese family that did not show linkage to PKDl or 

PKD2. Bogdanova eta/. (1995) reported that of22 Bulgarian families 

with ADPKD. 67% were linked to PKDl and 33% unlinked to PKDl. 

Of the six families unlinked to PKD 1. live showed linkage to the PKD2 

locus and 1 family tailed to show linkage to PKD 1 or PKD2. 

More recently. a two generation family of Italian origin has been 

reported to be unlinked to either the PKDI or the PKD2 loci (Turco et 

a! .. 1996). 

1.2.4 Animal Models 

Animal models are often very useful in understanding the 

pathogenesis and morphology of human genetic diseases. Mouse 

models in particular have been helpful in understanding ADPKD. The 

first mouse model to be identified was the cpk (congenital polycystic 

kidney) mutation of autosomal recessive polycystic kidney disease 
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(ARPKD). The disorder in these mice is fatal within 25 days (Fry eta/., 

1985). The gene has been located to the proximal region of mouse 

chromosome 12 (Davisson eta/., 1991 ). A different mutation, pcy, 

(polycystic kidneys) was then discovered in a KK mouse. This gene was 

also inherited recessively and the phenotype and course of the disease is 

similar to that of adult PKD (Takahashi eta/., 19R5). In 1991 Takahashi 

eta/ .. localised this gene to mouse chromosome 9 using linkage studies. 

A new recessive mutation in the mouse which also causes 

polycystic kidney disease was discovered in 1993 by Atala eta/., and is 

not allelic to any of the previously described mutations. This mutation 

known as jck Uuvenile cystic kidneys) was localized to mouse 

chromosome II (lakoubova eta/., 1995). Further studies on mouse 

models of polycystic kidney disease by Olsson eta! .• ( 1996) revealed the 

mouse homologue of the PKDI gene on mouse chromosome 17. This 

gene however is a single copy gene unlike the PKD I gene which is 

triplicated and clustered on 16p 13.1. The mouse PKD I homologue was 

sequenced in 1997 by Lohning eta/., and the predicted pwtein showed a 

79% similarity to human PKDI. Recent studies have revealed another 

mouse mutation 'kat' (kidney anemia and testis) that causes polycystic 

kidney disease. This mutation mapped to the mouse chromosome 8 

which is homologous to human chromosome 19p (Janaswami eta/., 

1997). 
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Recently a PKD causing mutation has been discovered in the 

rat. This mutation (PKDrl) has been mapped to rat chromosome 5 in a 

region homologous to human chromosome 8 (Bihoreau eta/., 1997). 

1.2.5 Conclusion of the Literature Review 

From the published evidence on both human disease and animal 

models. it can be concluded that threr arc definitely more than two loci 

responsible for ADPKD. To date all research wnducted has been 

focused on the PKDI and PKD2 gene and the identification of their 

respective proteins. No research has been conducted into the third locus 

however. publications in the last few years have revealed the existence 

of families affected with ADPKD but do not show linkage to the PKDI 

or PKD2 gene. As additional non PKDI/PKD2 families are being 

discovered. the need to carry out further research in this area becomes 

more and more urgent. 

1.3 OBJECTIVES 

The major objective of this study is to exclude a large part of the 

genome and to demonstrate chromosomal regions which are likely to 

contain the PKD3 gene. fhe study is divided into the following stages: 

Stage one is an initial genome s.:reening of the first family where a large 

proportion of the human genome will be excluded leaving a number of 

candidate regions. Stage two of the study involves the saturation of 
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these candidate regions with extra markers in an attempt to exclude most 

of them and thus limit the search further. A second PKD3 family of 

Bulgarian origin will also be introduced at this stage. Stage three of this 

study is the setting up of international collaboration in an attempt to map 

the PKD3 gene. 
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2. MATERIALS AND METHODS 

2.1 FAMILIES 

2.1.1 Pedigree Structure 

Both families participating in this study are of Bulgarian origin. 

DNA extn•ction has been done at the laboratory of Molecular Pathology, 

Medical School in Sofia, Bulgaria. The analysis of polymorphic mar~ers 

Ji,,ked to ''1(01 and PKD2 has been conducted at the laboratory of 

Molecular Pathology and subsequently at the Institute of Human 

Genetics at the Medical Faculty of Muenster University. Germany. 

Pedigree one consists of II individuals of whom 5 are affected. 

The second Bulgarian fam!ly consists of 7 individuals with 4 individuals 

being affected. In both these families linkage to the PKD I and PKD2 

genes has been excluded with deeply negative Lod scores. Family I 

produced Lod scores of -7.757 for markers linked to the PKDI gene and 

Lod scores of -2.697 for markers linked to the PKD2 gene. Family 2 also 

showed non linkage to these two genes with Lod scores of -I. 999 to 

markers linked to the PKDI gene and Lod scores of -2.389 to the PKD2 

gene. 
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1:1 1:2 

11:1 11:2 

~ 
111.1 111:2 111:3 111:4 111:5 

IV:1 

Figure 2.1: Diagram of Bulgarian pedigree I 
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Ill: 1 111:2 111:3 111:4 111:5 

IV:1 IV:2 IV:3 

Figure 2.2: Diagram of Bulgarian pedigree 2 
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2.1.2 Clinical Phenotype 

The clinical course of polycystic kidney disease in these two 

families resembles that of PKD I. with a more rapid deterioration of 

kidney function observed in family 2. Two individuals in family I (Ill 

and 113) were in their early to mid 50's at the onset of chronic renal 

failure. both of these individuals had numerous kidney cysts present. 

Three other individuals (Ill I. 1113 and lll5) had normal creatinine levels 

in their late 20's and early 30's however did have numerous cysts present 

in their kidneys. All 5 affected individuals did not show liver cysts. 

Family 2 showed an earlier onset of PKD than that displayed by 

family I. lndividuallll2, developed chronic renal failure in the early 

50's with rapid (6 years) progression to end stage renal failure (compared 

to the average) of 10 yrs. While individuallll4 developed chronic renal 

failure at the even earlier age of 46 and the time taken to reach end stage 

renal failure in this individual was even shorter (5 yrs). 

2.1.3 Linkage Simulations 

Computer simulations were carried out using SLINK (Ott, 1989. 

Weeks el a/., 1990) to determine the power of exclusion of family I and 

the power of linkage of both families combined. thus providing an 

indication of what proportion of the genome could be excluded. 

Conducting I 000 multipoint simulations on family I under the 

assumption of non-linkage, the maximum Lod score obtained for this 
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family was 1.44. These Lod scores were obtained for theta values 0.00 

and 0.05. Simulations were also performed on this family under the 

assumption of an unlinked marker. Using the same number of 

simulations as before (I 000) it was shown that the maximum was again 

1.44 while the minimum and average Lod scores were negative infinity. 

The simulations also gave an indication of the probability of 

obtaining a Lod score greater than 1.00 with family I under the 

assumption of both linkage and non-linkage to a marker. The probability 

of obtaining a Lod score greater than 1.00 under the assumption of 

linkage was 62.8% while the probability of obtaining a Lod score greater 

than 1.00 under the assumption of non-linkage was 3.4%. This indicates 

that, for a linked marker. a Lod score of 1.00 or greater will be obtained 

in 62.8% of cases, whereas, the percentage of false positive results using 

this cut-off point is expected to be quite low 13.4%). 

To determine the power to detect linkage using both Bulgarian 

families, I 000 simulations were performed under the assumption of 

linkage and the maximum Lod score was obtained. At theta 0.05 and 

0.00 the maximum Lod score attainable for family I was 1.44 while the 

maximum for family 2 was 1.08. This proves that the gene cannot be 

linked however, with the two families combined, a reasonable indication 

can be obtained as to where the gene is located. 
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2.2 STRATEGY 

This study involves two non-PKDI/PKD2 families and is based 

on the working assumption that in both families the disease is caused by 

mutations in the same gene. 

This study can be divided into three stages: 

Stage I is the initial screening stage and involves the first 

Bulgarian family only. The DNA for this family was analysed using 234 

polymorphic markers !rom the Research Genetics screening set version 

4a. spanning the entire human genome and spaced on average about 

16cM apart. The genotyping results were analysed using the program 

MLINK of the LINKAGE package (Lathrop eta! .• 1984). This package 

performs two-point analysis producing two-point Lod scores. These two­

point Lod scores were represented graphically in exclusion maps using 

the EXCLUDE program (available from Dr J.H. Edwards). These graphs 

show areas that can be excluded. represented as flat regions on the 

chromosome graph. Multipoint linkage analysis was carried out using 

the Genehunter program (Kruglyak et a! .• 1996). Any region that 

produced a Lod score of I of greater was considered a candidate region 

requiring further investigation. 

The second stage of the study involved a detailed investigation 

of the candidate regions from stage one. The investigation was carried 

out. by saturating the candidate regions with additional markers and 

including the second family in the analyses. The aim of this stage was to 
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exclude these regions or to reconfirm them as possible candidates. As in 

stage one of the study, linkage analysis was performed on the genotyping 

results obtained. Stage two also focussed on genomic regions that could 

not be excluded during the initial screening because of large distances 

between markers. These large distances were investigated by adding 

extra markers and analysing them on the first Bulgarian family. 

The third stage of the study was to set up an international 

network of collaboration between research groups working on non­

PKD I /PKD2 families. 

2.3 LABORATORY PROCEDURES 

The polymorphic markers used to screen the human genome in 

our study belong to the category of microsatellites. These microsatellites 

are short tandem repeats (less than 500bp) with the repeats varying in 

length from I to 5 nucleotides (Weber and May, 1989). Several types of 

microsatellites have been described, such as poly (G) and poly (A), 

however the most common is purine/pyrimidine repeats poly (CA/GT) 

which are thought to constitute 57% of the total purine/pyrimidine 

repeats. The polymorphic nature of these microsatellites is due to the 

number of tandem repeats presented in a block an<' '' ;s widely noted that 

the greater the number of repeats at a locus the more informative the 

marker (Weber, 1990). The mutation rate of microsatellites is between 5 

x 10·' and 10·' (Hearne eta! .. I 992). Microsatellite markers are ideal for 
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linkage studies not only because of their polymorphic nature but also 

because of the possibility to conduct the analyses in PCR format. 

The laboratory procedures used in this study were as follows: 

- Polymerase Chain Reaction (PCR) 

-Size separation of the PCR products by polyacrylamide gel 

electrophoresis (PAGE) 

- Detection of the PCR fragments and assignment of 

polymorphic alleles 

2.3.1 Polymerase Chain Reaction (PCR) 

The polymerase chain reaction is a technique for the in vilro 

amplification of specific DNA sequences. The underlying principle of 

PCR is the simultaneous extension of complementary strands of DNA. 

flanked by two primers, each complementary to part of one of the two 

strands of the DNA fragment being amplified. The extension of these 

primers is performed by DNA polymerase. The primers are arranged so 

that each primer extension directs the synthesis of DNA towards the 

other, resulting in a synthesised fragment of DNA flanked by the two 

primers. Initially. synthesis will go beyond the sequence complementary 

to the primer on the other strand. However, with each cycle, the amount 

of DNA flanked by each primer increases exponentially while the amount 

of longer sequences will accumulate linearly. Thus the predominant 

segment of DNA will be that which is flanked by the primers. DNA 
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amplification will continue until one of the reaction products is 

exhausted. 

PCR is performed in cycles consisting of the following steps: 

denaturation. annealing. synthesis. Denaturation is usually performed at 

high temperatures (usually 94°C). These high temperatures cause the 

double stranded ON A to dissociate into two single strands. The 

annealing temperature of the PCR cycle varies depending on the primers 

being used and is usually around 55°C. This promotes annealing of the 

unique primer sequence to its complementary site on the DNA. The 

extension step (usually performed at approximately 72"C) allows the 

enzyme to replicate the template DNA. The number of cycles required 

for optimum amplification varies, but generally 25-35 cycles are 

sufficient. 

The reagents required for performing PCR are: deoxynucleotides 

(dNTPs). to provide the nucleosides for the synthesis of DNA; DNA 

polymerase; primers; genomic DNA as template and buffer. The dNTPs 

and primers are present in excess so as not to limit the rate of the 

reaction. The reaction buffer that was used in our experiments varied. 

depending on where it was ordered. Two commercial sources were used: 

Molecular Sigma Biology and Perkin Elmer. The buffer ordered from 

Molecular Sigma Biology contained the following components: 
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67mM Tris-HCI (pH 8.8 at 25"C) 

16.6mM (NH4),S04 

0.45% TritonX-100 

0.2mg/ml gelatin 

The buffer ordered from Perkin Elmer contained: 

SOOmM KCI 

IOOmM Tris-HCI (pH 8.3) 

0.1% (w/v) gelatin 

The DNA polymerase most commonly used in PCR is Taq 

polymerase, extracted from the bacterium Thermophylus aquaticus. This 

enzyme is most popular due to its high heat stability. The Taq DNA 

polymerase was supplied by (Molecular Sigma Biology or Perkin Elmer) 

at a concentration of5.5 units per ul. 

The dNTPs (Molecular Sigma Biology.) used were contained in 

separate tubes of dATP, dCTP, dGTP and dTTP each at a concentration 

oflOOmM. 

The Magnesium Chloride (Molecular Sigma Biology and Perkin 

Elmer) was packaged at a concentration of25mM. 

The volumes and final concentrations of the PCR components. 

for a Sui reaction were as follows: 
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Table 2.1: Protocol for a Sui PCR reaction. 

Component Stock Concentration Volume 

11,0 1.64ul 

5.1 "' Buffer SmM MgCI,, IOOuM dNTPs l.OOul 

Primer 
(Forward) 20uM 0.125ul 
(Revers~) 20uM 0.125ul 

Taq 5.5 units/ul O.OSul 

''P(3000Cilmmol) 3.3uM 0.06ul 

DNA 5ng/ul 2.00ul 

Pi petting was performed using a Tri Continent Scientific 

Automated Pipette. The automatic pipette uses capillary tubes 

(Australian Biosearch). The PCR was performed on a Bresatec 

minicycler. 

2.3.2 Methods of labelling the PCR Product 

The two techniques for detection of DNA used in this study were: 

I. Incorporation of radioactively labelled nucleotides into PCR 

products which allows visualisation by autoradiography. 

2. Incorporation of fluorescently labelled primers into PCR 

products with subsequent automated laser detection. 
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2.3 2.1/ncomoration o(a-32p Deoxycvtosine 5'-Triphosphate into PCR 

Products 

The majority of markers in this study were analysed using the 

radioactive labelling technique. This technique involves the 

incorporation of a.-"P Deoxycytosine 5'-Triphosphate C'P) (3000 

Ci/mmol) (Bresatec) into the PCR product. The a phosphate of the 

dCTP is labelled with radioactive phosphorus hence the name a-"P. 

During PCR, the radioactively labelled dCTP molecules are incorporated 

into the DNA as well as the unlabelled dCTP so in a sense they arc 

competing with each other. Incorporation of the labelled dCTP is 

enhanced by the low concentrations of the dNTPs. 

2.3.2.2 Incorporation o(F/uorescently Labelled Primers into PCR 

Products 

Fluorescent labelling was the other method used to detect the 

PCR products. This method involves the use of fluorescently labelled 

primers in the PCR followed by laser detection of the product. 

A primer is labelled fluorescently using a phosphoramidite 

derivative with a six carbon chain and amine group. This amine group 

acts as a linker and can be incorporated at the 5' terminal position of the 

oligonucleotide. The amine group can then react with various activated 

fluorphores and chromophores. The primers used were commercially 
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labelled (Applied Biosystems Inc.) with three fluorescent dyes: FAM, 

TETandHEX. 

The commercially labelled primers were incorporated into the 

PCR products essentially as described in section 3. I with some 

modifications in the protocols as described below. fluorescently labelled 

primers and multiplex amplification of the microsatellites was used to 

analyse chromosomes 15 and 16. Multiplexing increases the output of 

results by reducing the number of individual PCR reactions required. In 

this study. up to 6 microsatellites were amplified in one reaction. The 

multiplex PCR requires a higher concentration of magnesium chloride 

than individual amplification of microsatellites, in order to cater for the 

increased number of primers in the reaction mix. An increased level of 

magnesium chloride in the PCR however. may cause mispriming, thus 

producing high background interference or artifact bands. To counteract 

this effect, Amplitaq GOLD 1M (rerkin Elmer) Taq polymerase was used. 

This specific enzyme requires a longer start time at 94"C which serves to 

1~duce the non-specific backgroung bands caused by mispriming, by 

preventing annealing of primers until the enzyme has become active. 

Amplitaq GOLD I'M also continues to activate during the PCR thus 

maintaining the level of enzyme activity throughout the PCR reaction. 

This ensures the highest yield possible by preventing enzyme degradation 

becoming a limiting factor during the reaction. 
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The multiplex PCR buffer (appendix A) comprised of Amplitaq 

I OX buffer (Perkin Elmer), 25mM magnesium chloride (Perkin Elmer), 

5mM dNTPs, Amplitaq GOLDTM Taq DNA polymerase, primers used for 

each individual reaction and dH,O. This was made up to a volume of 

4.2ul and 0.8ul of 50ug/ml target DNA was added to make a final volume 

of Sui. The multiplex reaction protocols are listed in appendix A. 

2.3.3 Cycling Conditions 

2.3.3.1 Radioactive PCR Cycling Conditions 

In most of our experiments, a touchdown thermocycling 

program was used according to the following conditions: on completion 

of an initial denaturation for 5min at 94"C, 15 cycles were carried out 

with the annealing temperature starting at 63"C for I min and decreasing 

by 0.5"C every cycle. Thus at the end of I 5 cycles, the annealing 

temperature reached 55°C. A further I 5 cycles were performed with the 

annealing temperature kept at 55°C. The first 15 cycles were: 94"C for 

20scc. 63"C for I min (-0.5"C/cycle). 72"C for 30sec. The finall5 cycles 

were: 94"C for 20sec, 55"C for 20sec and 72"C for 30 sec. with a final 

extension performed at 72"C for 5min. The reason a touchdown program 

was chosen as the standard protocol was that the higher annealing 

temperatures in the first half of the program promote more specific 

binding of the primer to the DNA template, while the relatively lower 
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annealing temperature in the second half of the program ensures a high 

product yield. 

These conditions are not rigid and where amplification of 

DNA was unsuccessful. they had to be adjusted in order to maximise 

amplification at that particular marker. In the event of a lack of signal, 

the annealing temperature was reduced to facilitate annealing. 

Conversely, if an abundance of background bands -were present as a result 

of a high amount of non-specific binding, the annealing temperature was 

increased. 

As mentioned before, the initial start time or denaturing time 

needs to be longer when using Amplitaq GOLD 1M for multiplex PCR. 

The PCR program for the multiplexing of microsatellites, comprising of a 

total of 30 cycles. was as follows: an initial denaturing time of 15min at 

94"C, and for the first I 0 cycles 94"C for 15sec, 55"C for 15sec and 72"C 

for 30sec. The next 20 cycles comprise of 89"C for 15sec, 55"C for 

15sec, 72"C for 30sec, followed by a final extension time of I Omin at 

72"C. 

2.3.4 Size Separation of PCR Products by Polyacrvlamide Gel 

Electrophoresis (I' AGE) 

Polyacrylamide gel electrophoresis (PAGE) offers high 

resolution of small fragments of DNA (<500bp) and allows the 
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separation of DNA fragments that have a length difference as small as 

2bp. 

Acrylamide is a monomer and in the presence of free radicals 

provided by ammonium persulfate and TEMED (N,N,N,' ,N'­

tetramcthylethylene-diamine), it polymerizes into long chains. These 

long chains arc thrthcr covalently linked when the cross linking agent 

N.N·-mcthylenebisacrylamide is included, thus forming a gel. 

PAGE works on the theory that negatively charged DNA will 

migrate !rom a negatively charged terminal to a positively charged 

terminal. To acheive this, a current must be passed through the gel thus 

causing the DNA to migrate down the gel by passing through the pores of 

the polymer. Length seperation of the DNA bands is achieved because of 

the fact that smaller bands will pass through the pores more quickly than 

larger bands in a given time. As a result of this, smaller bands will move 

further down the gel than the larger bands. 

2.3.5 Preparation and Pouring a Polyacrylamide Gel for Radioactive 

PCR Products 

The gel is poured between two glass plates of different size. The 

larger plate is 37 x 44cm while the smaller plate is 37 x 4lcm. Diversey 

Liquid Pyroneg was used to clean both plates thoroughly in order to 

remove any grease and dust which may cause bubbles when pouring. 
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Once rinsed with water and drip dried, both plates were sprayed and 

washed lightly with 70% ethanol to clean any soap that may not have 

been removed during rinsing. The inside of the front plate (the smaller 

plate) was treated with Sigmacote (Molecular Sigma Biology) which 

serves to cover this surface with silicon. This is necessary to prevent the 

gel from sticking to the smaller plate. 

The plates were placed together with the silanized surface on the 

inside and separated with 0.35mm spacers placed at the long edge of the 

plates. The bottom third of the plates was taped with masking tape and 

the top two thirds of the plates were held tirmly together with "bulldog" 

clamps. In order to lacilitate pouring. a wedge was placed between the 

two plates creating a small gap. 

Fifty live ml of 6% acrylamide 7M urea (Molecular Sigma 

Biology) were mixed in a I OOml beaker with 170ul of 25% ammonium 

persulfatc (Molecular Sigma Biology) and 170ul ofTEMED (Molecular 

Sigma Biology) and drawn up into an 80ml syringe (The protocol for 

preparing 6% acrylamide can be seen in appendix A). In some instances. 

where the size of the product was larger than 300bp. a 4% acrylamide gel 

was used. Conversely \\here product size was less than IOObp. an 8% 

acrylamide gel was used (The protocol for both 8% acrylamide and 4% 

acrylamide can also be seen in appendix A). The mix was immediately 

injected between the plates at the point where the wedge separates the 

plates, by applying constant pressure to the syringe and gradually tilling 
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the space between the plates. After pouring the gel, the wedge was 

removed and a well former inserted at the top between the two plates in 

order to form a well approximately 5 mm deep. The plates were clamped 

at the top and the gel allowed to set for 30-45 minutes. The gel can be 

stored at 4"C up to 72 hours. 

2.3.6 Electrophoresis 

2.3.6.1 Radioactit•e Electronhoresis 

1.3.6.1. 1 Loading and Running a Polyacrvlamide Gel for Radioactively 

Lahelled PCR Products 

The electrophoretic apparatus used was a Hoeffer Pokerface 

Instrument. The gel was placed against a backing plate containing a top 

tank. Two long clamps we'· '!sed to hold the backing plate and the gel 

together. Foam stoppers coated with petroleum jelly were placed at the 

top edges of the plates in order to prevent leakage. This assembly was 

placed in a stand containing a bottom tank. Both top and bottom tanks 

were filled with I X TBE and the well former removed (The protocol for 

I X TBE can be seen in appendix A). The well was throughly tlushed to 

remove any urea that will have gathered during storage. A sharks tooth 

comb was inserted into the well, forming individual wells. The Pokerface 

appatatus was connected to a Biorad 3000Xi power supply and the gel 

was pre-warmed for 30 min. at 1400V. 
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The PCR products were injected from the capillary into 0.65ml 

microcentrifuge tubes (Australian Biosearch) containing 8ul of 

formam ide loading buffer(! ul of l OM NaOH, Sui 5% Bromophenol 

Blue/5% Xylene cyanol). Before loading onto the pre-warmed gel, the 

PCR products were denatured at 94"C for 5 minutes on a heating block 

and snap-chilled on icc. 2ul of each product was injected into a well and 

the gel was run at !400V for the required time. The running time 

depends on the length of the PCR products being separated. 

2 3 6.1.2 Fixim: ll PolVllcrvlllmide Gel 

Atter completing the electrophoretic run, the equipment was 

disassembled by unhooking the electrodes and emptying the buffer from 

the top tank. The long clamps were removed and the backing plate 

separated from the glass plates. With the plates lying flat, they were 

seperated with a wedge inserted between them at one of the top corners. 

The front plate and spacers were removed and the gel was fixed in l 0% 

acetic acid. I 0% methanol. The gel was allowed to air dry for !5-20min 

after which it was litted with blotting paper and covered with clear plastic 

gladwrap. The gel was placed on a Savant SGD4050 slab gel dryer 

(Selby Bio Labs) and left to dry for 30 minutes at 80°C. 
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2.3.6.2 Fluorescent Electrophoresis 

2. 3. 6. 2.1 Preparation and Pouring a Polyacyrlamide Gel ti~r 

Fluorescently Labelled PCR Products 

A detailed a<·count of preparing and pouring a polyacrylamide 

gel is given in the 373 DNA Sequencing System User's Manual 

distributed by Applied Biosystems Inc. 

In brief the glass plates were washed carefully with Alconox and 

allowed to drip dry. The plates were placed face to face and separated 

with 0.4mm spacers. Both sides of the plates were taped as was the 

bottom and the comers to avoid leakage. 

80ml of6% acrylamide-urea (6% acrylamide. 8.3M urea 

[Molecular Sigma Biology] in I X TBE) were poured into a 150m! 

beaker. filtered and degased for 5 min. 400ul of ammonium persulfate 

and 45ul ofTEMED were added to the acrylamide. Using a 60ml 

syringe the aery lam ide solution \\as injected between the plates taking 

care to avoid bubbles forming. The well former was immediately 

inserted between the plates in order to form a well and the gel was left to 

set for 2 hours. 

2.3 6.2.2 The AB/373 DNA Sequencer 

The Al3l 373 DNA sequencer is an automated gel-scanning 

instrument which consists of an electrophoresis module and a Macintosh 
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computer containing the appropriate software for data collection and 

analysis. 

Three different fluorescent dyes are used to distinguish different 

products. When the dye-labelled DNA fragments electrophorese through 

the acrylamidc gel they pass through an argon ion laser beam. This beam 

excites the fluorescence of the dyes which is detected by a photo 

multiplier tube and converts it to an electrical signal. These signals are 

transferred to the computer and stored for analysis. 

3 6 2 3 Loading and Running the !'olwcrrlamule Gel 

Before the gel was run, the tape. clamps and comb were 

removed and the plates cleaned to remove any dried acrylamide. To 

avoid background fluorescence due to particles on the plates. the gel was 

pre-scanned with the laser beam. The top and bottom chambers were 

tilled with I X TBE buffer. Using a transfer pipette. the well was flushed 

and a sharkstooth comb was inserted into the gel to fom1 individual 

wells. 

PCR products were prepared for the electrophoresis as follows: 

O.Sul of the internal lane size standard (ROX 1000 or Tamra. Applied 

Biosystems Inc.) and I to 3ul ofPCR product were added to 2ul of 

deionized formamide and O.Sul of blue dextran (50mm EDTA. 50mg/ml 

blue dextran). These samples were denatured at 95"C for Smin, snap 

chilled on ice and one sample loaded into each lane. The gel was then 
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run for the required length of time at 800V, 40mAmp and 30W with a 

laser setting of 40mW and a photo multiplier tube voltage of 720-760V. 

2.3. 7 Detection and Assignment of Polymorphic Alleles 

2. 3. 7. I A utoradiogranhy 

The dry gel was placed in an X-ray cassette (Amersham 

Hypercassette'"). facing a sheet of Agfa X-ray film and exposed 

overnight. The film was developed using a Curix automatic processor 

(Agfa). In the event of a faint signaL the gel was either exposed for a 

longer time or exposed with the aid of an intensifying screen. In this case 

the film was sandwiched between the gel and the screen and exposed 

overnight at -80"C. The white intensifying screen reflects the radiation 

particles back through the X-ray film thus increasing the intensity of the 

bands on the X-ray film. 

2.3 7 2 Allele analysis 

The alleles were assigned in a "'top-down'' fashion with the 

largest or uppermost PCR fragment being assigned allele number I. The 

genotyping data was then entered into the appropriate pedigree using the 

CYRILLIC programme (Chapman. 1993). 
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2.3. 7.3 Allele Assignment o(F/uorescent PCR Products 

The GENESCAN 672 software package automatically 

recognised the internal size standards labelled with the ROX or Tamra 

dye. All other DNA fragments labelled with the three other dyes are 

sized relative to the lane standard. The PCR fragments are represented as 

peaks. The peak size was determined by highlighting them and recording 

the size displayed by the computer. Allele assignment was performed by 

labelling the peak with the largest size as number I. 

The genotyping information was entered on to pedigrees using 

CYRILLIC (Chapman, 1993). 

2.4 Linkage Analysis 

Linkage analysis aims to extract all available inheritance 

information from pedigrees and to test for co inheritance of polymorphic 

alleles with a particular phenotypic trait. The aim is to discover how 

often two loci are separated by meiotic recombination. The further apart 

two loci are on a chromosome, the greater the chance of a recombination 

occurring between these loci thus separating them. The distance between 

two loci can be represented by a recombination fraction. This 

recombination fraction is denoted bye= kin where 'k' is the total 

number of observed recombinations and 'n' is the total number of 

possible recombinaiion events, with 9 yielding a maximum value of 0.5. 
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A '0' value ofO.OI (I% recombination) is defined as I centimorgan 

(eM). To define the relationship between recombination fraction and 

genetic distance. mapping functions are necessary. The simplest function 

is Haldane· s function. which assumes that crossovers occur at random 

and is denoted by: 

w ~ -l/2ln(l-20) 

where w is the map distance and In stands for the natural logarithm. 

Of course it is now known that the assumption that crossovers 

occur at random is not true and that interference ( the presence of one 

chisma can inhibit the formation of another) occurs. To combat this 

phenomenon several mapping functions have been devised. However. 

the most widely used mapping function is Kosambi's function: 

w ~ l/4ln [(I +20)/(1-20)] 

Where w is the map distance and In is the natural logarithm. 

Two methods are commonly used in linkage analysis: (I) 

parametric methods and (2) nonparametric methods (Kruglyak eta/., 

1996). Parametric analysis, also called co-segregation analysis. allows 

for specification of parameters such as mode of inheritance, phase, 

mutation rate, allele frequencies, degrees of phenocopy and penetrance. 

The greater the degree of specification, the greater the power of analysis 

and the more accurate the results. This gives parametric analysis a 

distinct advantage over non-parametric methods. However if disease are 
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inaccurately specified then the results can be misleading. This type of 

analysis utilizes the Lod score method. Using this method, two-point 

and multipoint Lod scores can be calculated and many computer 

programs are now available that can quickly and accurately carry out the 

computation of these Lod scores (Lathrop eta/., 1984). Non-parametric 

linkage analysis also focusses on at1ected individuals within a pedigree, 

however as the name suggests it does not attempt to model parameters 

such phenocopy, incomplete penetrance or locus heterogeneity. Non­

parametric linkage analysis is performed using two methods. The first 

method breaks the pedigree in nuclear families and applies sib pair 

analysis. The second approach is the affected pedigree member method 

(APM) which focuses on whether affected relatives have the same allele 

at a locus (identity by state, [IBS]) regardless of whether the allele is 

inherited from the same ancestor (identity by descent, [lBO]) (Kruglyak 

eta/., 1996). 

2.4. I The Lod Score Method 

The Lod score is the logarithm of the odds that two genetic loci 

are linked and is based on the likelihood ratio test. The likelihood ratio 

can be called odds for linkage as it indicates, for a given value of9 < 1/2, 

how much higher the likelihood of the data is under linkage than under 

absence of linkage. This is denoted by: 
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L(B) = L(B)!L(l/2). 

However it is more convenient to work with the base I 0 logrithm or the 

Lod score. This is denoted by : 

Z(0) = log10[L(8)/L(l/2)] 

Lod scores are rarely calculated manually because of factors such as 

missing information, incomplete penetrance, unequal male and female 

recombination fractions. Instead, programs are used to carry out this 

process. A Lod score of -2.00 or less for a particular marker is generally 

considered conclusive evidence of non-linkage. On the other hand a Lod 

score of 3.00 or more strongly suggests linkage in 999 cases out of 1000. 

Definite conclusions cannot be drawn if, for a particular marker, a Lod 

score between -2.00 and 3.00 is obtained. In this case further 

investigation is necessary. 

In this study, MLINK of the LINKAGE program (Lathrop el a/., 

1984) was used to calculate two-point lod scores. Firstly a pedigree file 

was set up in which the pedigree is described. This pedigree file contains 

the following information: 

Column I : Pedigree indentifier 

Column 2: Individual's 1D number 

Column 3: The individual's father 

Column 4: The individual's mother 

Column 5: Sex of the individual 
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Column 6: Genetic data 

It must be noted that if the individual is the founder then '0' 

should be placed in columns 3 and 4. The sex of the individual in 

column 5 is shown as 'I' denoting male and '2' denoting female. 

Column 6 and every column following contains the genetic data which 

comprises of the disease and marker phenotyre>. 

This file was then processed using the MAKEPED program so 

that the tile is readable by the LINKAGE programs. A parameter file 

was then set up in which the model parameters for each locus are defined. 

These parameters include number of loci, whether autosomal or X-linked 

markers are being used, recombinations values which allows the user to 

set recombination tractions at which Lod scores can be calculated. This 

is done by using the PREPLINK program. The MLINK program in 

which each locus and the recombintion fractions (8 values) are specified 

is run. This program produces Lod scores at each locus for the range of 8 

values specified. For a more detailed account of the LINKAGE package 

refer to: Terwilliger and Ott, '"Handbook of Human Genetic Linkage", 

1994. 

2.4.2 Multipoint Lod Scores and Genehunter 

Multipoint linkage analysis is the simultaneous analysis of 

several loci. In this study, multipoint analysis was carried out using 
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Genehunter (Kruglyak et a/., 1996). Genehunter is a computer package 

that performs multipoint linkage analysis by calculating Lod scores for 

individual chromosomes rather than just several loci for a particular 

region on a chromosome. 

Genehunter performs several steps to calculate multipoint lod 

scores. Firstly all i•1heritance information is extracted from the pedigree 

by using a mult,point algorithm that determines the probability 

dHrih~t;on over possible inheritance patterns at each point in the 

genome. Secondly. Genehunter performs a rapid multipoint linkage 

algorithm tor Lod score calculations as well as a new approach to 

pedigree analysis called nonparametric linkage (NPL) analysis. This 

provides a unified multipoint framework for both parametric and 

nonparametric linkage analysis. This framework also allows 

reconstruction ofhaplotypes (Kruglyak et al .• 1996). Genehunter is 

particularly relevant to this study because the methods used are 

computational tor pedigrees of moderate size and not for large 

multigenerational pedigrees (Kruglyak et al .• 1996). 

2.5 Exclusion Mapping 

Linkage analysis provides the localisation of a disease gene 

relative to marker loci. The focus of such analysis is obtaining a positive 

Lod score for linkage to a particular locus (Z(S) > 3.00). By contrast, 
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exclusion mapping focuses on the probability of the disease gene not 

being at a particular position. The test statistic being applied is : Z'"" = 

log 10 L(9)/L(O = Y,) (Terwilliger & Ott, 1994). 

In this study, exclusion was obtained using the results from both 

two-point and multipoint mapping. The two-point Lod scores will also 

be represented graphically using the computer package EXCLUDE 

(Edwards, 1987). The number of recombinations and meotic events are 

calculated from the two-point Lod scores using the program ZEQ. This 

information, along with map distance and the marker name is set up in an 

execution file. EXCLUDE then runs this program and provides a 

graphical account of the exclusion regions on any given chromosome 

(Edwards, 1987). 
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3. RESULTS 

3.1 Chromosome l 

The analysis of chromosome I included 20 markers over a distance 

of 315 eM, at an average distance of 15 eM. The two point Lod scores 

obtained with the individual markers are shown in table 3.1. 

As shown in the table. the highest two-point Lod score obtained for 

chromosome I was with marker Dl S!86 at lp34.1 with a value of0.727 at 

0 = 0.00. Two other markers, DIS214 (telomeric to DISI86 on lp34.1) 

and DIS 188 (on lp21.3). also produced positive lod scores of0.204 and 

0.236 respectively. All other markers gave deeply negative two-point Lod 

scores at 0 = 0.00 and Lod score values ranging between -2.28 and -0.38 at 

recombination distances 0.1. 

The two-point Lod scores shown in table 3.1 were used to 

construct the exclusion map in figure 3.1. As demonstrated by the map. 

most of chromosome I is excluded apart from the two small areas of non­

exclusion defined by DIS214 and D!Sl86 and representing the 

moderately positive Lod scores obtained with these markers. 

Multipoint linkage analysis was performed using the Genehunter 

program. The results in figure 3.2 provide strong support for the exclusion 

of chromosome I as the possible location of the PKD3 gene in our family. 

This analysis allowed the exclusion of the interval containing marker 

DIS214 which, in the two-point analysis, produced an inconclusive Lod 

score of0.204. The multipoint Lod score obtained for this interval was-
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1.7. The only persisting region of non-exclusion was at lp34.1, around 

marker Dl SI86, where the low positive Lod score of0.727 was confirmed 

in the multipoint analysis. 

To examine this region further, we have analysed the inheritance of 

haplotypes on chromosome I by the members of the family. Haplotype 

analysis identified two recombinations centromeric to DIS 186, in 

affected individuals 112 and 1113 and another recombination in unaffected 

individuallll2 which cannot be placed on either side of DIS 186. None 

of the individuals shows a double recombination. Thus a very small 

interval on I p cannot be excluded as the possible location of PKD3, 

however the probability that it does contain the gene is low. 
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Table 3.1: Two-point Lod scores for all markers used to analyse chromosome I. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

015243 -99 999 -1.442 -0 887 -0.585 -0 388 -0.25 -0.151 -0.082 -0.035 -0.009 0 
15 015214 0204 0.172 0141 0.112 0 085 0.061 0.04 0.023 0.01 0 003 0 
14 015228 -99 999 -2.163 -1 331 -0.887 -0 581 -0.375 -0 227 -0.123 -0 053 -0.013 0 
24 015552 -99 999 -1.177 -0.658 -0.393 -0.233 -0.132 -0068 -0.03 -0 01 -0.002 0 
13 015233 -99 999 0.008 -0 208 0.28 0.299 0.288 0 256 0.21 0.151 0.081 0 
8 015186 0.727 0.65 0.573 0 495 0.417 0.34 0 265 0.193 0.124 006 0 

.... 14 a- MYCL1 -99.999 -0.885 -0.377 -0124 -0.021 0.102 0.141 0.146 0.123 0 074 0 
7 015162 -99.999 -1.442 -0.887 -0 585 -0.388 -0.25 -0151 -0 082 -0.035 -0 009 0 
16 015550 -99.999 -1.575 -1.024 -0 721 -0.521 -0 375 -0.265 -0 '7 -0106 -0.048 0 
13 015207 -99.999 -1.27 -0 746 -0 473 -0 303 -0.189 -0.112 -O.Go9 -0 025 -0.006 0 
14 015188 0.236 0.2 0165 0.132 01 0072 0 048 0 027 0.012 0.003 0 
6 015534 -99.999 -2.163 -1 331 -0.877 -0 581 -0.375 -0.227 -0123 -0.053 -0.013 0 

015305 -99.999 -3.442 -2 285 -1.63 -1183 -0.851 -0.595 -0 392 -0.229 -0.1 0 
25 D1S318 -99 999 -1.245 -0 725 -0.455 -0.289 -0 179 -0.105 -0 055 -0.023 -0 006 
9 ATA4E02 -99 999 -1.442 -0.887 -0.58o -0.388 -0.25 -0.151 -0 082 -0 035 -0.009 
12 015518 -99 999 -1.184 -0.672 -0.411 -0.254 -0153 -0.087 -0.044 -0 018 -0.004 0 
22 015249 -99.999 -1.163 -0.632 -0.354 -0.183 -0074 -0.005 0.032 0044 0.033 0 
17 015549 -99.999 -1.442 -0.887 -0.585 -0 388 -0 25 -0.151 -0.082 -0 035 -0009 0 
9 015103 -99.999 -2.163 -1.331 -0.877 -0.581 -0.375 -0 227 -0.123 -0.053 -0.013 0 

31 015102 -99.999 -2.721 -1841 -1.338 -0.989 0.727 -0 519 -0.351 -0.211 -0 096 0 
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Figure 3.1: Exclusion map of chromosome 1. 
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MULTIPOINT LOD SCORES FOR CHROMOSOME 1 
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3.2 Chromosome 2 

Chromosome 2 was analysed using 22 markers spaced 

approximately 14cM apart and covering a total distance of 323cM. 

The two-point Lod scores are shown in table 3.2. 

Three markers spanning a region of approximately 29cM on 2p 

produced slightly positive two-point Lod scores. The interval was 

detined by markers D2S405 at 2p22.1 and D2S406 at 2pl5, with 

D2Sl77(2pl6.3) bracketed in the middle. The maximum Lod score 

obtained in this interval was 0.204 ate= 0.00 for marker D2S406. 

D2S405 and D2S 177 produced two-point Lod scores of 0.125. 

Strongly negative results were obtained at D2S 131, at 17 eM 

telomeric to D2S405 on 2p24.3, with a Lod score value of -1.84 ate = 

0.1 and -1.34 ate = 0.1 5. Proximally, the region is flanked 

by D2S441, at I 0 eM centromeric to D2S406, where the two-point 

Lod score ate = 0.1 was -CI. 77. Thus the weakly positive region is 

within the D2S405-D2S406 interval, with negative Lod scores on 

either side. Two other markers, namely D2S417(2p 11.1) and 

D2S II 0(2q21.2) also produced marginally positive results ate =0.00, 

with two-point Lod scores of0.177 and 0.204 respectively. D2Sl26 

gave an inconclusive result of0.099. Most other markers on 

chromosome 2 produced Lod scores of- intinity ate= 0.00. 

However, detinite exclusion ate= 0.05 could be achieved at only two 

markers, whereas for most of the remaining intervals the results at this 
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and at higher e values were inconclusive, ranging from -0.145 to-

0.88 at recombination distance 0.1. 

Th~ exclusion map of chromosome 2 is shown in figure 3.4. As 

shown on the map, a minor peak of non-exclusion is located in the 

area around D2S 177, resulting from the consistently positive, 

although low two-point Lod scores discussed above. 

The large peak evident bet"een D2Si25 and D2Sl02 is due to 

the large 43 eM distance between these markers. The two-point Lod 

scores at each of the markers are- infinity at recombination fraction 

zero. however they are only slightly negati\'e, -0.56 to -0.62 ate= 

· .. 05, hence the interval cannot be excluded. 

Multipoint analysis (Fig. 3.5) produced convincingly negative 

Lod scores for most of chromosome 2. The region between D2S405 and 

D2S406 also showed negative multipoint lod scores of -1.5 to -1.3. 

Although these scores do not reach the level necessary for definite 

exclusion, they classify the region among the highly unlikely locations 

of PKD3. 

Negative results were also obtained for the interval defined by 

markers D2S 125 at 2q37.3 and D2S102 at 2qter. The multipoint results 

for this interval were in the range of -0.3 to -1.1 thus placing the region 

2q37.3- 2qter in the group ofnonexcluded regions which however are 

unlikely locations of PKD3. 
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Table 3.2: Table oft\\o-point Lod scores for markers on chromosome 2. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

025207 -99.999 -1.27 -0.746 -0.473 -0 303 -0.189 -0112 -0 059 -0 025 -0006 0 
13 025423 -99.999 -0.36 -0145 -0.053 -0 011 0.007 0011 0.009 0 005 0.001 0 
10 025131 -99.999 -2 721 -1 841 -1.338 -0.989 0.727 -0519 -0.351 -0211 -0096 0 
17 025405 0.125 0104 0 084 0.066 0.049 0.035 0.023 0.013 0.006 0 001 0 
13 025177 0.125 0.104 0 084 0.066 0 049 0 035 0.023 0 013 0.006 0.001 0 
16 025406 0.204 0.172 0141 0.112 0 085 0 061 0.04 0 023 0.01 0.003 0 
10 025441 -99.999 -1.294 -0.766 -0489 -0.315 -0198 -0.118 -0 063 -0 027 -0.007 0 

v. 17 028428 -99.999 -1.27 -0.746 -0 473 -0.303 -0189 -0.112 -0 059 -0 025 -0.006 0 N 

5 025417 0.177 0.148 0.121 0 096 0 072 0 051 0 034 0.019 0 009 0.002 0 
11 025436 -99 999 -1.255 -0 733 -0462 -0 294 -0.183 -0107 -0.057 -0024 -0006 0 
14 025110 0.204 0.172 0141 0.112 0 085 0061 0.04 0.023 0 01 0 003 0 
14 028117 -99.999 -1.255 -0 733 -0.462 -0.294 -0.183 -0107 -0057 -0.024 -0.006 0 
6 028222 -99 999 -2.163 -1.331 -0.887 -0.581 -0 375 -0 227 -0.123 -0.053 -0.013 0 
11 028142 -99 999 -1.442 -0.887 -0.585 -0.388 -0 25 -0.151 -0.082 -0.035 -0.009 
11 028111 -99 999 -0.362 -0.148 -0058 -0.015 0.003 0.008 0 007 0.004 0.001 0 
36 02872 -99 999 -0.573 -0.322 -0.197 -0.121 -0 073 -0.042 -0 022 -0 009 -0 002 0 

[,28155 -3 699 -0 721 -0.443 -0.292 -0.194 -0.125 -0.076 -0 041 -0.018 -0 004 0 
12 028434 -99.999 -1442 -0 887 -0.585 -0 388 -0 25 -0.151 -0082 -0.035 -0 009 0 
7 r2s1:·a 0.099 0121 0121 0.108 0 088 0 065 0.042 0 023 0.01 0 002 0 
18 025427 -99 999 -1 442 -0 887 -0.585 -0 388 -0.25 -0151 -0.082 -0 035 -0 009 0 
24 025125 -99 999 -0.617 -0.36 -0 227 -0145 -009 -0 053 -0028 -0.012 -0.003 0 
43 025102 -99 999 -0.559 -0.321 -0 205 -0.137 -0 093 -0.063 -0.041 -0024 -0.01 0 
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Figure 3.4: Exclusion map of chromosome 2. 
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MULTIPOINT LOD SCORES FOR CHROMOSOME 2 
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Figure 3.5: Graph of multipoint Lod scores for chromosome 2. 
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Figure 3.6: Haplotype of pedigree I for chromosome 2. 
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3.3 Chromosome 3 

A total of 21 markers covering a distance of 278cM and spaced 

approximately l3cM apart were used to analyse chromosome 3. The 

results of the two-point Lod scores are shown in Table 3.3. 

The highest Lod score obtained was 0.683 ate~ 0.00 for 

marker D3Sl269 at 3q2l.2, followed by 0.174 ate~ 0 for D3Sl282 at 

3q26.l. Deeply negative Lod scores were obtained ate~ 0.00 for the 

remaining 19 markers. However, two-point Lod scores were slightly 

positive for a significant number of the chromosome 3 markers ate> 

0.05, resulting in lack of exclusion of 3p26.3 - 3q2l.l, evidenced by the 

map in figure3. 7. 

Multipoint linkage analysis produced negative scores for the interval 

flanked by D3SI266 (3p24.3) and D3Sl284 (3pl2.2), i.e. the largest 

peak on the exclusion map in figure 3.7. The multipoint Lod scores 

ranged between -0.79 and -1.13 for the whole interval, thus placing it 

marginally in category 2, i.e. non-excluded but highly unlikely to contain 

the gene. Multipoint analysis also excluded the interval around 

D3Sl269, the marker which yielded the highest two-point Lod score on 

chromosome 3. At D3S 1269. multipoint linkage analysis produced a 

Lod score of -1.33 and the flanking intervals was definitely excluded 

with Lod score values around -2.00. 
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Table 3.3: Two-point Lod scores for all markers used to analyse chromosome 3. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

D3S1307 -99.999 -0.885 -0.377 -0.124 -0 021 0102 0141 0.146 0.123 0.074 0 
16 D3S1304 -99.999 -1497 -0.913 -0 588 -0.375 -0227 -0123 -0.053 -0.011 -0.006 0 
19 D3S1293 -99.999 0.024 0.221 0.291 0.308 0.294 0 26 0 212 0.152 0 081 0 

D3S1266 -99.999 0 008 0 208 0 28 0.299 0.288 0.256 0 209 0151 0.081 0 
11 D3S1768 -99 999 -0 359 -0.145 -0.053 -0.011 0.007 0 011 0 009 0.005 0 001 0 
18 D3S1766 -99 999 0.008 0.208 0.28 0.299 0.288 0 256 0.209 0.151 0 081 0 
14 D3S1285 -99 999 0.024 0.221 0 291 0 308 0294 0.26 0.212 0.152 0081 0 

V> 13 D3S1284 -99.999 -0.617 -0.36 -0 227 -0.145 -0.09 -0053 -0.028 -0.012 -0.003 0 -.I 
12 D3S1752 -3 87 -0.477 -0.252 -0.148 -0.092 -0.058 -0.036 -0 021 -0.009 -0.003 0 
24 D3S1769 -2.802 0 088 0.275 0.335 0.342 0.319 0 276 0 221 0155 0.081 0 
6 D3S1269 0 683 0.61 0.536 0.462 0.388 0.315 0 245 0.177 0.114 0.055 0 
12 D3S1238 -99.999 -1442 -0.887 -0.585 -0.388 -0 25 -0151 -0.082 -0.035 -0 009 
7 D3S1764 -3 699 -0.721 -0 443 -0.292 -0.194 -0.125 -0 076 -0.041 -0.018 -0004 0 
11 D3S1744 -4.324 -0 537 -0 292 -0.172 -0.103 -0.059 -0.033 -0.016 -0.007 -0.002 0 
9 D3S1763 -99 999 -2.161 -1.331 -0 887 -0 581 -0.375 -0.227 -0.123 -0.053 -0.013 0 

D3S1282 0174 0146 0.119 0 094 0 071 0.05 0.033 0.019 0.008 0.002 0 
9 D3S1754 -99 999 -1.442 -0.887 -0 585 -0 388 -0.25 -0.151 -0.082 -0.035 -0.009 0 
10 D3S1262 -99 999 -2.163 -1 331 -0.887 -0.581 -0 375 ·0.227 -0.123 -0 053 -0 013 
8 GATA6G12 -99.999 -0 654 -0.39 -0.251 -0.163 -0.103 -0 062 -0.033 -0 014 -0.003 0 
4 D3S1314 -99.999 -2163 -1 331 -0.887 -0.581 -0.375 -0.227 -0123 -0 053 -0 013 0 
12 D3S1311 -99.999 -2 534 -1687 -1 215 -0 896 -0 66 -0475 -0.325 -0.2 -0 093 0 
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Figure 3.7: Exclusion map of chromosome 3. 
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MULTIPOINT LOD SCORES FOR CHROMOSOME 3 
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Figure 3. 8: Graph of multipoint Lod scores for chromosome 3. 
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Figure 3.9: Haplotype of pedigree I for chromosome 3. 
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3.4 Chromosome 4 

3.4.1 Stage I 

Stage I of the study on chromosome 4 involved a total of 16 markers 

at an average distance of !ScM apart. These 16 markers covered a total 

of 291 eM. The two-point Lod scores for chromosome 4 are shown in 

table 3.4. 

As can be seen form the table, all markers except two, D4S394 and 

D4S403 which are discussed below. gave deeply negative Lod scores at 

e = 0. At higher recombination fractions, a number of chromosome 4 

markers produced marginally positive two-point Lod score values around 

0.3. 

The map for chromosome 4 (figure 3.1 0) reveals two peaks, one large 

close to the end of the short arm (see below) and three sequential smaller 

peaks further to the centromeric region resulting from the combination of 

inconclusive Lod scores at recombination fraction 0.05 and above plus 

large distances between some of the markers. 

Multipoint linkage analysis provided Lod scores of -1.00 or lower 

for most of the chromosome. Slightly positive values persisted for the 

regions around marker D4S 175 at 4p I 5.1 and marker A TA2E03 at 

4q21.1. 

As mentioned above, two chromosome 4 markers (D4S394 at 

4p 16.1 and D4S403 at 4p I 5.33) produced positive Lod scores above 

1.00. The distance between these two markers is !!eM. This positive 

region is presented in the large peak of non-exclusion in the map on 
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figure 3.1 0. These findings were confirmed by multipoint linkage 

analysis where Lod scores of 1.18 to 1.19 were obtained for the interval. 

These results justified a more detailed analysis of chromosome 4, 

specifically of the D4S394-D4S403 interval in stage 2 of the study. 
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Table 3.4: Table oft\\O-point Lod scores on chromosome 4 for family I for stage I of the study. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

04S412 -99 99 0 008 0 208 0.28 0 299 0 288 0 256 0 209 0.151 0.081 0 
12 04S394 1 426 1 302 1175 1.044 0 91 0.771 0 628 0 481 0.328 0.168 0 
11 04S403 1 408 1 287 1162 1.034 0 901 0 765 0624 0 479 0 327 0168 0 
17 04S404 -99.999 -2 041 -1 456 -1.113 -0 865 -0 668 -0.501 -0 356 -0 225 -0.107 0 
18 048174 -99.999 0 033 0.229 0.298 0 313 0 298 0 263 0 214 0153 0.081 

o-, 5 0451627 -99.999 0 024 0 221 0 291 0 308 0 294 0.26 0.212 0.152 0.081 0 w 
21 045392 -99 999 0 008 0 208 0 28 0 299 0 288 0 256 0 209 0.151 0 081 0 
15 ATA2A03 -99 999 -1 27 -0746 -0.473 -0 303 -0.189 -0112 -0 059 -0.025 -0 001 0 
37 048175 -99 999 -1.721 -1.142 -0 815 -0 592 -0.426 -0 23 -0196 -0115 -0 05 0 
11 0481625 -99 999 -0.885 -0.377 -0124 0 021 0102 0141 0146 0123 0.074 0 
16 0481090 -99 999 -1 255 -0.733 -0 462 -0 294 -0183 -0107 -0 057 -0 024 -0.006 
13 04S243 -99 999 0 024 0 221 0 291 0 308 0 294 0 261 0 212 0152 0 081 
12 04S415 -99 999 0 024 0 221 0.291 0.308 0 294 0 261 0.212 0.152 0 081 0 
10 04S408 -99 999 -0 663 -0 397 -0 257 -0168 -0107 -0 065 -0.035 -0.016 -0 004 0 
16 0481652 -99.999 -0 798 -0.503 -0 337 -0.226 -0147 -0 09 -0 049 -0 021 -0 005 
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Figure 3.10: Exclusion map of chromosome 4 for stage 1 of the study. 
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MULTIPOINT LOD SCORES FOR CHROMOSOME 4 FOR STAGE 1 
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Figure 3.11: Graph of multipoint Lod scores on chromosome 4 for family 1. 
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Figure 3.12: Haplotype of family I for markers used in 
stage I of the study to analyse chromosome 4. 
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3.4.2 Stage 2 

Stage 2 of the study on chromosome 4 involved the investigation 

of the candidate region from sta~e I. The investigation was conducted by 

adding extra markers to this region and by including the second 

Bulgarian pedigree in the study. A total of 4 markers were added to the 

region between D4S394 and D4S403, namely D4S3007 at 4p 16.1, 2.2 

eM telomeric of D4S394; D4S2983 and D4S2944 located inside the 

interval and D4S3048. 3.3 eM centromeric to D4S403 at position 

4pl5.31 ''ee Table 3.5 for distances). One marker (D4S 1647) was also 

added to the large gap of 50cM between ATA2A03 and D4S 175 further 

down the chromosome. 

The two-point Lod scores obtained from the investigation of family I 

with the newly added markers were positive. Two of the 4 markers 

added produced Lod scores greater than 1.00 for family I. Marker 

D4S3007 produced a lower positive Lod score of0.199 at 0 = 0. The 

highest Lod scores of 1.4 were still obtained at D4S394 and D4S403. 

One of the additional markers, D4S3048. which ilanked this region 

ccntromerically, produced a negative Lod score. Thus the interval 

D4S394-D4S403 remained positive in family I with the additional 

markers studied in stage 2. 

Haplotype analysis in family I (figure 3.15) revealed a 

recombination between D4S403 and D4S3048 in individual lll3 (family 

I), thus placing D4S3048 outside the candidate region. No other 

recombinations were revealed by haplotype analysis. 
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Multipoint analysis on family I showed that positive Lod scores 

were obtained for the region between markers D4S3007 ( 4p 16.1) and 

D4S403 ( 4p 15.31 ). These Lod scores ranged from 1.07 to 1.50 with the 

maximum Lod score of 1.50 being obtamcd for several markers n this 

region (namely D4S394, D4S2983, D4S2944 and D4S403). 

In addition to saturating the candidate region with additional 

polymorphic markers, stage 2 of the study involved the analysis of the 

second non-PKD l/non-PKD2 Bulgarian family. 

The only positive two-point Lod score obtained for family 2 was 

0.01 for marker D4S3007 at 9 ~ 0.35. All other markers used to 

investigate family 2 produced negative Lod scores ranging from -0.15 to 

-0.619. 

The investigation of the chromosome 4 candidate region in the 

second family demonstrated that affected individuals I and 2 have 

inherited different haplotypes for the markers in the region. 

The multipoint Lod scores for this family were deeply negative 

thus excluding the whole interval. The Lod scores for the region around 

D4S394 ranged from -0.6 to -1.63 thus making it unlikely that the PKD3 

gene would be located in this region. 

The combined two-point Lod scores for the markers used to 

analyse both families, namely D4S3007, D4S2983, D4S2944 and 

D4S3048, ranged from 0.20 to 0. 79. Markers D4S394 and D4S403 

reduced as a result of the addition of the second family however the Lod 

scores for these markers were still above 1.00 ( 1.309 and 1.20 I 
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respectively). In the case ofD4S2944 the Lod score \\US negative 

inlinity at 8 ~ 0. 

As a result of the addition of the second family the combined 

multipoint Lod scores for the interval D4S2983 and D4S403 were 

negative. with values ranging 1rom -0.1 to -2.8 thus excluding a 

significant part of the candidate region on chromosome 4p. A positive 

multipoint Lod score was retained i(lf a small part of this interval. around 

markers D4S3007 and D4S394. with the highest Lod score of 0.83 at 

D4S3007 (4p16.1 ). 

As mentioned bel(Jrc, marker D4S 1647 at 4q22.1 was added in 

stage 2 to the interval between A TA2E03 at 4p I 5. I and D4S I 75 at 

4q2 I .1. This marker gave a two-point Lod score of I .07 for family I and 

a two point Lod score ofO.OJ lor family 2. The combined Lod score lor 

D4S I 64 7 was 1.08. The markers nanking D4S I 64 7 both produced 

negative two-point Lod scores of negative inlinity at 8 ~ 0. The ;>ositiv c 

Lod score of I .08 for marker D4S I 64 7 is visualised hy the small peak of 

non-exclusion on the map m 1igure 3.13. The exclusion map shows this 

as a small peak. since negative Lod scores were obtained tOr the flanking 

markers at recombination tractions> 0. namely AT A2E03. -0.75 at 8 ~ 

0.05 and D4S I 75. -I. I 42 at 8 ~ 0. I and -0.59 at 8 ~ 0.2. 

Looking at the multipoint Lod scores for each family separately. it 

can be seen that family 1 produced a positive Lod score of I .46 at 

D4SJ647 while the nanking markers produced negative Lod scores. 

Family 2 also produced a positive Lod score of 0.02 which is far Jess than 
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the maximum Lod score of 1.2 that can be attained with this family. The 

tlanking markers also produced positive multipoint Lod scores. however 

these scores (0.02 for AT A2E03 and 0.004 for D4S 175) are only 

marginally positive. 

Multipoint linkage analysis on both Jarr'l"'' combined showed 

that D4S 1647 retained a positive Lod score and even increased slightly 

Jrom the two-point result of 1.08. The combmed multipoint result for 

both families at marker D4Sl647 is 1.42. however the Lod scores for the 

markers tlanking D4S 1647 (namely IITA2E03 and D4S 175) were 

negatiYe infinity. Inside this region the results \vcre positive ranging 

trom 0.08 to 1.42 as mentioned at D4Sl647. 

The results obtained during stage 2 indicate that a strong 

candidate region on chromosome 4 has been excluded as a result of the 

addition of new markers in the region and the addition of the second 

nunily. At the same time, a candidate region of approximately 16cM 

around marker D4Sl647 has been delined.with a maximum Lod score of 

1.42 at D4Sl647. 
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Table 3.5: Table ofl\\o-pointl.od scores on chromosome 4 for family I for stage 2 of the study. 

TWO POINT LOD SCORES FOR MARKERS ON CHROMOSOME 4 FOR PEDIGREE 1 
THETA VALUES 

DISTANCE MAo1KER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
D4S,\007 0199 0151 0 118 0.094 0 071 0 05 0 033 0019 0 008 0 002 0 

2 2 D4S3''4 1 426 1 302 1 175 1.044 0 91 0 771 0 628 0 481 0.328 0.168 0 
1 6 D4S29.'3 1 134 0.942 0 836 0.732 0.599 0 465 0 333 0 209 001 0 027 0 

::::! 8 2 D4S294<; 1 418 1 364 1 192 ~ 058 0 921 0.779 0 634 0 484 0 329 0169 0 
0 6 D4S403 1408 1 287 1 162 1 034 0 901 0 765 0 624 0 479 0 327 0168 0 
3 3 D4S3048 -99 999 -0103 -0 017 0 075 0114 0126 012 0 101 0 074 0.04 



Table 3.6: Table ofl\\o-point Lod scores on chromosome 4 for family 2 for stage 2 of the study. 

TWO POINT LOD SCORES FOR MARKERS ON CHROMOSOME 4 FOR PEDIGREE 2 
THETA VALUES 

DISTANCE MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
D4S3007 0 003 0.003 0 004 O.OC4 0 005 0 007 0 009 0 01 0 008 0.005 0 

22 D4S394 -0.117 -0.101 -008 -0.065 -0.038 -0 014 -0.008 -0 005 -0 003 -0 001 0 
16 D4S2983 -0.546 -0.379 -0 313 -0189 -0.115 -0 068 -0 038 -0019 0 008 0 062 0 
82 D4S2944 -0619 -0 558 -0 385 -0 25 -0.171 -0121 -0087 -0 062 -0041 -0 02 0 _, 
06 D4S403 -0117 -0101 -008 -0 065 -0 038 -0.014 -0 008 -0 005 -0 003 -0 001 0 N 

33 D4S3048 -99 999 -0193 -0152 -0 041 0.013 0.036 0 04 0 033 0 022 0 009 



Table 3.7: Two-point l.od scores for chromosome 4 for lctmily I and family 2 combined in stage 2 of the study. Additional markers 
added to the region are shown in bold. 

TWO-POINT LOD SCORES FOR CHROMOSOME 4 FOR STAGE 2 
THETA VALUES 

DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
045412 -99 99 0 008 0.208 0 28 0 299 0 288 0.256 0.209 0151 0.081 0 

8 6 D4S3007 0 202 0.1543 01235 0 0977 0 0763 0.0581 0.0422 0.0285 00167 0 0071 0 
2.2 045394 1 309 1201 1 095 0 979 0 872 0.757 0 62 0 476 0 325 0167 0 
1 6 D4S2983 0 5877 0 5634 0.5495 0 5432 0.4841 0 3969 0 295 0.1896 0.0942 00254 
8 2 D4S2944 0 799 0.8052 0.807 0.8082 075 0.6586 0 5469 0 4222 0.2889 01483 
0 6 045403 1 291 1.186 1.082 0 969 0.863 0 751 0616 0 474 0 324 0.167 0 _, 

w 3 3 D4S3048 -99 999 -0 2963 -0.1696 0 0334 0.1276 0.162 01599 0 1351 0 0963 0 0498 0 
8.3 045404 -99 999 -2 041 -1456 -1113 -0 865 -0 668 -0 501 -0 356 -0 225 -0107 0 
18 045174 -99 999 0 033 0 229 0298 0.313 0 298 0 263 0 214 0153 0 081 0 

5 0451627 -99 999 0 024 0 221 0.291 0.308 0 294 0 26 0.212 0152 0.081 0 
21 045392 -99.999 0.008 0 208 0 28 0 299 0 288 0 256 0 209 0151 0 081 0 
15 ATA2A03 -99 999 -1 27 -0 746 -0 473 -0 303 -0189 -0112 -0 059 -0 025 -0 001 
13 0451647 1 08 0 985 0 887 0 787 0 685 0 58 0 472 0.361 0.246 0126 0 
37 045175 -99 999 -1 721 -1.142 -0.815 -0 592 -0 426 -0 23 -0.196 -0115 -0 05 0 
11 0451625 -99.999 -0 885 -0 377 -0124 0 021 0.102 0141 0.146 0.123 0 074 0 
16 0451090 -99 999 -1 255 -0 733 -0462 -0.294 -0183 -0107 -0 057 -0 024 -0 006 
13 045243 -99 999 0.024 0 221 0291 0 308 0294 0 261 0.212 0152 0 081 0 
12 045415 -99 999 0.024 0.221 0.291 0.308 0.294 0 261 0 212 0152 0 081 0 
10 045408 -99 999 -0663 -0 397 -0 257 -0.168 -0107 -0 065 -0 035 -0 016 -0 004 0 
16 0451652 -99 999 -0.798 -0 503 -0 337 -0.226 -0147 -0 09 -0 049 -0021 -0 005 0 



CHROMOSOME 4 - SECOND ROUND EXCLUSION MAP 
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Figure 3 .13: Exclusion map of chromosome 4 for the second stage of 

exclusion. 
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COMBINED MULTIPOINT LOD SCORES FOR CHROMOSOME 4 

DISTANCE (eM) 

Figure 3.14: Graph of multipoint Lod scores for family 1 and family 2 combined for chromosome 4. 
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Figure 3.15: Haplotype of pedigree I for all markers used 
to analyse chromosome 4 in stage 2 of the study. 
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3.5 Chromosome 5 

Nine!< en markers spaced at approximately 12cM intervals wcte used 

to analyse chromosome 5. At recombination fraction 0. all markers 

"ithout exception gave deeply negative Lod scores (table 3.8). The 

highest two-point Lod score observed was 0.308 at 8 = 0.2 for marker 

DSS428 at Sq 14.1. The exclusion map in figure 3.17 confirms that most 

of the chromosome is excluded. The peak ncar DSS392 is a result of the 

slightly positive Lod scores of approximately 0.02 at 0 values greater 

than 0.25 f(Jr this marker. 

The peak between GAT A II A II and GABRA I is due to the marginal 

Lod scores of0.016·0.021 at 8 > 0.2 and to the large distance of 47cM 

het"een the two markers. Haplotype examination for GA TA II A II · 

GABRA I (Figure 3.19) revealed that the affected cousins in generation 

Ill have inherited different haplotypes from their afTected parents who are 

sibs. Moreover, an identical haplotype was shared by III I and lll2. one 

of whom is affected and the other unaffected. 

Multipoint linkage analysis provided evidence of definite exclus;on of 

a very large proportion of chromosome 5 (Fig. 3.18). The two regions 

mentioned above. i.e around DSS392 and the interval flanked by 

GATAIIAII and GABRAI. produced Lod scores of -0.98 and -1.64 

respectively. These findings classify both intervals among the genomic 

regions which have not been definitely excluded but are highly unlikely 

to contain the gene. 
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Table 3.8: T\\O-point Lod scores for markers used to analyse chromosome 5. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

055392 -99 999 -0 306 -0.1 -0 017 0.016 0 027 0 025 0 017 0 009 0.002 0 
10 055406 -3 398 -0 463 -0 229 -0119 -0 06 -0 028 -0 011 -0 003 -0.001 0 0 
10 055807 -3 097 -0 163 0.067 0168 0.214 0 227 0 216 0187 0141 0078 0 
12 055416 -99 999 -0 885 -0.377 -0.124 0.021 0102 0141 0146 0.123 0.074 0 
25 055426 -99 999 -1 442 -0.887 -0 585 -0.388 -0 25 -0151 -0 082 -0 035 -0.009 
13 055407 -99 999 -3 442 -2 285 -163 -1.183 -0 851 -0.595 -0 392 -0.229 -0.1 0 
20 055424 -99.999 -2 549 -1 7 -1 226 -0.905 -0666 -0 48 -0 328 -0.201 -0 093 0 

-.1 12 055428 -99 999 0024 0 221 0.291 0 308 0294 026 0 212 0152 0 081 0 
"' 6 055815 -99 999 -2.549 -1.7 -1 226 -0 905 -0666 -0 48 -0.328 -0 201 -0.093 0 

7 055409 -99 999 -0 573 -0 322 -0197 -0121 -0.073 -0 042 -0.022 -0.009 -0.002 0 
6 ATA40107 -99 999 -2 534 -1 687 -1 215 -0 096 -066 -0 475 -0 325 -0.2 -0.093 0 

055421 -99 999 -2 573 -1.721 -1 242 -0 917 -0 675 -0 486 -0.331 -0.203 -0.093 0 
11 055818 -99 999 -2 575 -1 723 -1 244 -0 919 -0677 -0.486 -0 332 -0 203 -0.094 0 
9 055816 -99 999 -1 573 -1 021 -0 719 -0.519 -0 374 -0.264 -0177 -0106 -0048 
9 055210 -99 999 -2 549 -17 -1.226 -0 905 -0666 -0 48 -0 328 -0.201 -0.093 0 

14 055820 -99 999 -1442 -0 887 -0 585 -0.388 -0 25 -0.151 -0 082 -0 035 -0 009 
10 055415 -99.999 -0 885 -0.377 -0.124 0 021 0102 0.141 0.146 0123 0 074 0 

GATA11A11 -99 999 -0 306 -01 -0017 0 016 0 027 0.025 0 017 0.009 0.002 0 
47 GABRA1 -99 999 -0 885 -0 377 -0124 0 021 0.102 0141 0146 0123 0.074 
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Figure 3.17: Exclusion map of chromosome 5. 
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Figure 3.18: Graph ofthe multipoint Lod scores for chromosome 5. 



055392 
055406 
055807 
055416 
055426 
055407 
055424 
045428 
055815 
055409 

ATA4010 
055421 
DSSS18 
055816 
055210 
055820 
055415 

TA11A11 
GABRA1 

55392 
55406 
55807 
55416 
55426 
55407 
55424 
45426 
55815 
55409 

TA4010 
55421 
55818 
5$816 
55210 
55820 
55415 
11A11 

ABRA1 

11 

GA 

~-----

' ·-r 0 
111 113 

?12?? 1 4 
?jJ?? 2 3 

1 1 1 1 
3 2 2 4 
51 3 4 
51 3 4 
1 3 2 J 
4 3 1 5 
2 1 1 3 
2 1 1 3 
3 4 3 5 

~ ~ I. ; ~ 2 1 1 3 
2 3 1 4 
1 1 2 3 ;+--i 

1111 1112 
2 1 1 1 
3 2 1 2 
1 1 1 1 
2 4 2 2 
1 3 1 3 
1 4 1 4 
3 3 3 3 
4 1 4 5 
1 3 1 1 
2 1 2 3 
4 3 4 5 
3 3 3 1 
2 3 2 1 
1 1 1 1 
2 1 2 1 
1 2 1 3 
6 5 6 7 
4 2 4 1 
2 1 2 2 

----() 
12 

5$392 , ? 
55406 1 3 
55807 1 2 
55416 1 2 
55426 1 2 
55407 1 2 
55424 3 4 
45428 2 3 
55815 1 4 
5$409 1 3 

TA4010 2 4 
55421 1 3 
55818 1 2 
55816 1 1 
5$210 1 3 
55820 2 
55415 6 
11A11 , 

ABRA1 5 

--~ -~----8 
?12?? 3 3 

4 1 1 4 
3 2 1 4 
4 1 1 4 
1 1 3 4 
6 1 2 6 

3 1 4 
3 1 3 
1 1 3 
1 1 2 
4 1 3 
3 1 3 
1 1 2 

.1.~: ·~-04!~!---~ 
1113 1115 
1 3 

?14?? 

3 4 
4 4 
1 4 
1 2 
3 1 
4 1 
1 1 

?12?? 
4 3 
3 1 
1 1 
1 3 

! i ,I 

4 2 

6 
IV 1 

1114 
2 3 

?j4?? 

3 1 
?14?? 

1 4 
1 6 
3 4 
4 1 
1 1 

?12?? 

4 1 
3 3 

1 , 
3 
1 
3 
3 
6 

Figure 3.19: Haplotype of family I for chromosome 
5. 

82 



3.6 Chromosome 6 

3.6.1 Stage 1 

A total of 15 markers at an average distance of approximately 

16cM were used to analyse chromosome 6. The list of markers and two­

point Lod scores is shown in Table 3.9. 

The highest I.od score for this chromosome 'Vas 1.4 at marker 

D6S271 on 6p2l.l. This marker was flanked by D6S285. telomeric. at a 

distance of 39cM v.hich gave a l.od score of - inlinity ate~ 0 and -0.36 

at 0 ~ 0.05 and D6S257 at 6p 11.1. 19cM centromeric. with a Lod score 

nf0.174 at recombination distance zero. A Lod score around 0 (0.068) at 

0 ~ 0.00 was obtained !()r D6S264 on 6q27. For the remaining markers 

on this chromosome. deeply negative two-point Lod scores were 

obtained ate ~ 0 and. for most markers. also at higher theta values. 

'1 he map in tigure 3.20 shows two peaks of non-exclusion on 

chromosome 6. The larger peak is at marker D6S271 and corresponds to 

the highest Lod score of 1.4 observed on this chromosome. The smaller 

peak visible between D6S477 and D6S259 is due to the large distance of 

30cM between these markers and to the slightly positive two-point Lod 

scores at 0 values:-- 0.15 (for D6S477) and >0.05 (for D6S259). 

Multipoint linkage analysis definitely excluded the short ann of 

chromosome 6. The 6pter region gave multipoint scores ranging from -

0.58 to -2.50. The positive results in the interval D6S271 - D6S257 

(6p2l.l - 6pll.l) were confirmed. with the Lod scores values peaking at 
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1.19 lor D6S271. These findings placed the short ann of chromosome 6 

among the candidate regions which require further investigation. 
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Table 3.9: Two-point Lod scores for ('hiOmosome 6 tor lamily 1 in stage 1 of the study. 

THETA VALUES 
DISTANCE (eM) MARKER a 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

068477 -99 999 -0 27 -0 047 0 05 0.095 0112 011 0.096 0 072 0 04 0 
30 068259 -99.999 0 008 0 208 0.28 0.299 0 288 0 256 0 21 0151 0 081 0 
5 068285 -99.999 -0 36 -0145 -0.054 -0.011 0 007 0 011 0.009 0 005 0.001 0 
39 068271 1.408 1.287 1162 1 034 0.901 0 765 0 624 0 479 0 327 0.168 0 
19 068257 0.174 0.146 0119 0.094 0.071 0.05 0 033 0019 0.008 0.002 0 

00 9 068254 -99.999 0.008 0 208 0.28 0 299 0.288 0 256 0 21 0.151 0.081 0 v. 
16 068252 -99 999 -1.184 -0 672 -0.412 -0.254 -0153 -0 087 -0.004 -0.018 -0 004 
16 068474 -99 999 -2.163 -1 331 -0.877 -0.581 -0.375 -0 227 -0.123 -0.053 -0 013 
13 068262 -99 999 -3 442 -2.285 -1.631 -1.183 -0 852 -0 595 -0 392 -0 229 -01 0 
16 ATA1F08 -99 999 -3.721 -2 54 -1 861 -1.861 -1 028 -0.741 -0 506 -0.308 -0142 0 
22 068255 -99 999 -3 828 -2.655 -1 979 -1 979 -1 143 -0 848 -0 597 -0.377 -018 0 
7 068305 -3 875 -0 897 -0.619 -0 465 -0 465 -C 283 -0 22 -0163 -0.11 -0 056 0 

11 068264 0 068 0 065 0.06 0.051 0051 0 031 0.021 0 012 0 006 0 001 0 
8 068503 -3 875 -0 897 -0.619 -0465 -0 4135 -0 283 0.22 -0163 -0.11 -0.056 0 
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Figure 3.21: Graph of multipoint Lod scores on chromosome 6 for family 1. 
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3.6.2 Stage 2 

In the second stage. 4 markers were added to the region between 

D6S271 and D6S257. namely D6SI650. D6SI669. D6S466 and 

D6S 1661. at an average distance of 2. 7cM. Both family I and family 

2 were genotypcd for these markers. The combined two-point Lod 

scores are shown in table 3.1 0. 

The results of the 1\\o-point Lod scores for the additional markers 

t<>r family I ranged from -0.27 to 0.89 for 0 = 0. The maximum Lod 

score for this family remained at D6S2271 and one of the new markers. 

D6SI669. produced a Lod score of0.89 at 8 = 0. Com·ersely D6SI661 

produced a negative Lod score of -0.27. 

The analysis of marker haplotypes for this region in family I. 

re\ealed a crossover between D6S271 and [)1650 in individuallll3 

"hich was not detectable in the !irst stage of the screening due to the fact 

that both affected individuals in generation II are uninformative for the 

proximal flanking marker D6S257 (Fig. 3.25). 

Multipoint analysis of this region for family I showed that the 

majority of this region was excluded for the !irst family. The maximum 

Lod score gained was 1.49 at marker D6S271. thus confirming the 

positive Lod score achieved at this marker in stage I. However D6S257. 

which also gave a positive Lod score in stage I, became negative. All 

new markers added to this region produced negative results ranging from 

-1.59 to -3.05 thus excluding most of this region for family I. 
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The addition of the second family did not increase the Lod scores 

for D6S271. In this family, the values for the new markers in the 

telomeric part of the interval were moderately positive (around 0.50). 

whereas the most centromeric new marker, D6S 1661 produced slightly 

ncgati\e values ranging from -0.037 to -0.313 for (J = 0.00 to 0.1. 

Analysis ofhaplotypcs for family 2 show a crossover between markers 

D6S466 and D6SI661 in individual3. Individual! who is affected. does 

not display the same haplotype as the other affected individuals thus 

suggesting that the gene is not in this region for family 2. 

Multipoint analysis on the second family shows that the Lod scores 

fc>r this region range trom -1.84 to -4.30. The negative Lod scores allow 

exclusion of this region for family 2. 

The lack of linkage of family 2 to the candidate region between 

6p21.1 and 6p II. I. together with the recombination event detected in the 

distal part of this region in family I. both suggested a false positive 

finding in the intial stage of the study. Multipoint linkage analysis for 

both families combined produced negative results for the entire interval 

spanned by the newly added markers, in the range of -3.5 to -5.9 thus 

definitely excluding most of the region. The positive Lod score of 1.19 

at marker D6S271 from the first stage declined to 0.5 in the second stage 

due to the addition of the second family and the negative Lod scores 

obtained for this family at D6S271. The Lod scores between this marker 

and its flanking markers, namely D6S285 and D6S 1650, remained 

positive, ranging from 0.3 to 0.9. 
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Table 3.10: Table of Lod ~cores for markers on chromosome 6 l<x t~unil) I in stage 2. 

THETA VALUES 
DISTANCE (eM) MARKER 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

065477 -99 999 -0 27 -0 047 0 05 0 095 0112 011 0 096 0 072 0 04 0 
30 065259 -99.999 0 008 0 208 0.28 0 299 0 288 0 256 0 21 0 151 0 081 0 

065285 -99 999 -0 36 -0145 -0 054 -0011 0 007 0 011 0 009 0 005 0 001 0 
39 065271 1.408 1 287 1.162 1 034 0 901 0.765 0 624 0 479 0 327 0 168 0 
23 06S1650 0.202 0183 0154 0122 0 093 0.067 0 044 0 025 0011 0 003 0 
1 3 06S1669 1 08 0 932 0 862 0.732 0.559 0 465 0 333 0 209 0101 0 027 0 

:£ 48 06S466 0 538 0 501 0 438 0.396 0 322 0 284 0.198 0 098 0 042 0 098 0 
1 8 06S1661 -001 -0 019 -0 026 0 067 0109 0122 0117 0 099 0 074 0 04 
08 065257 0174 0146 0119 0.094 0 071 0 05 0 033 0 019 0 008 0 002 

065254 -99.999 0 008 0 208 0.28 0 299 0 288 0 256 0 21 0151 0 081 0 
16 065252 -99 999 -1184 -0.672 -0.412 -0 254 -0153 -0 087 -0 004 -0 018 -0 004 0 
16 065474 -99 999 -2 163 -1.331 -0 877 -0 581 -0 375 -0 227 -0123 -0 053 -0.013 0 
13 065262 -99 999 -3 442 -2.285 -1 631 -1183 -0 852 -0 595 -0 392 -0 229 -01 0 
16 ATA1F08 -99 999 -3 721 -2 54 -1.861 -1 861 -1 028 -0 741 -0 506 -0 308 -0.142 0 
22 065255 -99 999 -3 828 -2 655 -1.979 -1 979 -1143 -0 848 -0 597 -0 377 -0 18 0 
7 065305 -3 875 -0 897 -0 619 -0 465 -0 465 -0 283 -0 22 -0163 -011 -0 056 
11 065264 0 068 0 065 0 06 0 051 0 051 0 031 0 021 0 012 0 006 0 001 
8 065503 -3 875 -0 897 -0 619 -0.465 -0 465 -0 283 0 22 -0 163 -0 11 -0 056 



Table 3.11: Table of Lod scores for markers on chromosome 6 for family 2 in stage 2. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

23 D6S1650 0202 0.183 0.154 0122 0 093 0 067 0 044 0 025 0 011 0 003 0 
1 3 D6S1669 1.08 0.932 0 862 0.732 0 559 0 465 0 333 0 209 0101 0 027 0 
48 D6S466 0.538 0.501 0 438 0.396 0 322 0.284 0198 0 098 0 042 0 098 0 .., 
1 8 D6S1661 -0 01 -0019 -0.026 0.067 0.109 0122 0 117 0 099 0 074 N 004 



Table 3.12: Tahk of two-point l.od scores lc1r markers u. -1 to analy sc chromosome 6 for famil) I and fanl!l) ::! comhincd in stage 2 
of the stud~. Additional markers added to the candidate r,· •ion are in bold. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

068477 -99 999 -0 27 -0047 0 05 0 095 0 112 011 0 096 0 072 0 04 0 
30 068259 -99 999 0 008 0 208 0.28 0 299 0 288 0 256 0 21 0151 0 081 0 

068285 -99 999 -0 36 -0.145 -0.054 -0011 0 007 0 011 0 009 0 005 0 001 0 
39 068271 1 408 1 287 1162 1.034 0 901 0.765 0624 0 479 0 327 0168 0 
23 D6S1650 0 22 01487 01175 0.0979 0.0787 0 0603 0 0434 0 0285 0 016 0 0064 0 
1 3 D6S1669 0 5842 0.5576 0 5495 0 5432 0.4841 0.3969 0 2949 01896 0 0942 0 0254 0 
48 D6S466 0 4899 0.1789 0.4724 0 3851 0.3 0 2196 0 1467 0 0851 0 0384 0 0096 0 

-.o 18 D6S1661 w -01684 -0.1566 -0.1336 0 0062 00776 01089 0114 0 101 0 0754 0 0409 0 
08 068257 0174 0146 0.119 0 094 0 071 0.05 0 033 0 019 0 008 0 002 0 
9 068254 -99 999 0 008 0 208 0 28 0 299 0 288 0 256 0 21 0 151 0 081 

16 068252 -99 999 -1 184 -0672 -0 412 -0 254 -0153 -0 087 -0.004 -0 018 -0004 0 
16 068474 -99 999 -2 163 -1 331 -0.877 -0 581 -0.375 -0 227 -0 123 -0 053 -0 013 0 
13 068262 -99 999 -3 442 -2.285 -1 631 -1.183 -0 852 -0 595 -0 392 -0 229 -01 0 
16 ATA1F08 -99 999 -3.721 -2.54 -1.861 -1.861 -1 028 -0 741 -0 506 -0 308 -0142 
22 068255 -99 999 -3 828 -2 655 -1 979 -1 979 -1 143 -0 848 -0 597 -0.377 -018 0 
7 068305 -3 875 -0 897 -0619 -0 465 -0.465 -0 283 -0 22 -0163 -011 -0 056 0 
11 068264 0 068 0.065 006 0.051 0 051 0 031 0 021 0 012 0 006 0 001 
8 068503 -3 875 -0 897 -0619 -0.465 -0 465 -0 283 0 22 -0 163 -0 11 -0 056 0 
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Figure 3.24: Graph of multipoint Lod scores for chromosome 6 for family 1 and family 2 combined. 
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3. 7 Chromosome 7 

Sixteen markers at an average distance of 18 eM were used to 

analyse chromosome 7. Positive two-point Lod scores \\ere obtained with 

-1 of these markers (table 3.13), located at different positions along the 

length of the chromosome and none of them adjacent. Slightly positive 

l.od score ,·alues (between 0.1 and 0.45) at recombination fraction zero 

were observed f(>r D7S550 and D7S669 at positions 7q36.3 and 7qll.21 

respective!~. At the same theta value, the l.od score for D7S 1808 was 

0. 75. The highest lod score t(>r chromosome 7 was 1.057 at the marker 

D7S531 (position 7p22.3). 

These two-point Lod scores are reflected in the map shown in 

tigure 3.27. where multiple peaks of non-exclusion can be seen. In 

addition to the peaks expected on the basis of the linkage results described 

above. the map indicates that the region flanked by D7S657 at 7q21.13 and 

D7S630 at 7q21.11 cannot be excluded either. The latter peak results from 

the large 30 eM distance between the flanking markers, as well as by the 

two-point Lod scores in the range of 0.1 to 0.3 observed for marker 

D7S657 at recombination fraction values of 0.1 and over. 

As indicated. the highest Lod score on this chromosome was 

obtained for D7S531. the most telomeric marker on 7p. The next marker 

D7S517, located at a distance of 6 eM, gave negative Lod scores (minus 

infinity ate= 0 and -1.164 at 0.05). 

Multipoint linkage analysis (figure 3.28) resulted in marginally 

positive Lod scores for the interval ranging from 0.12 to 0.2 with the 
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maximum of0.2 obtained at D7S531. The Lod score l(>r the tlanking 

marker (D7S517) was negative thus excluding the position at this 

marker. 

llaplotype analysis in family I (Fig. 3.29) demonstrates a 

crossover between D7S531 and D7S517 in individual III. Furthermore. 

the affected indi' idLals in generation Ill have inherited the haplotypes 

of their unat'fecte.: "'randmother. rhesc results make it highly unlikely 

that the PKD3 gene is in this region. 

Multipoint analysis also resulted in negati\'C Lod scores t<>r the 

intervals around D7S 1808 and D7S669. The value of -1.16 for D7S 1808 

does not allow definite exclusion but places the interval in the group of 

regions which are highly unlikely to contain the gene. A multipoint score 

of -0.23 was obtained for D7S669 which thus remains a region which has 

not been excluded. 

The two-point Lod score of0.2 obtained for D7S550 was replicated 

in the multipoint linkage analysis. The closest marker to D7S550 is 

D7S640. at a distance of 44 eM. Given the large size of the interval and 

the slightly positive Lod scores (both two-point and multipoint) obtained 

for D7S550. the 7qter region has not been excluded. 
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Table 3.13: Two-poiut Lod scores for markers used to analyse chromosome 7. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

075531 1 057 0 935 0 808 0 679 0 548 0419 0 294 0 18 0 086 0.022 0 
6 075517 ·99 999 -1184 -0672 -0 412 -0 254 -0 153 -0 087 -0445 -0 018 -0.004 0 
9 075513 -99 999 0 033 0229 0 298 0 313 0.298 0 263 0 214 0153 0.081 0 
19 075493 -99 999 -0 885 -0 377 -0124 0021 0 10~ 0 141 0 146 0123 0.074 0 
8 0751808 0 757 0 678 0 598 0 567 0437 0.3b7 0 279 0 204 0.132 0 064 0 
8 075516 -3 097 -0163 0 067 0168 0 214 0 227 0 216 0 187 0.141 0 078 0 
10 075817 -99 999 -2 163 -1 331 -0 887 -0 581 -0 375 -0 227 -0123 -0 053 -0 013 0 

0 2 075484 -3 699 -0 721 -0443 -0 292 -0194 -0.125 -0 076 -0041 -0 018 -0004 0 
075510 -99 999 -0 885 -0 377 -0124 0 021 0 102 0141 0146 0123 0.074 0 

11 075519 -99 999 -1442 -0 887 -0.585 -0 388 -0 25 -0151 -0 082 -0 035 -0009 0 
11 075502 -99 999 -0 885 0 377 -0124 0021 0 102 0141 0 146 0123 0.074 0 
11 075669 0.456 0 399 0 345 0 291 0.24 0191 0 146 0 104 0 066 0.032 0 
17 075657 -99.999 0 037 0 232 03 0 315 0 299 0 264 0 214 0153 0.081 0 
33 075530 -3.574 -0 599 -0.333 -0197 -0116 -0066 -0035 -0 017 -0 006 -0001 0 
5 075640 -99.999 -2163 -1 331 -0 887 -0 581 -0 375 -0 227 -0123 -0 053 -0013 0 

44 075550 0.204 0172 0 141 0112 0.085 0061 0.04 0 023 0 01 0 003 0 
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Figure 3.28: Graph of multipoint Lod scores for chromosome 7. 
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Figure 3.29: Haplotype of family I for chromosome 7. 
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3.8 Chromosome 8 

A total of 12 markers spaced 12cM apart were used to analyse 

chromosome 8. At theta zero. moderately positive two-point lod scores of 

0.22 and 0.2 were obtained for D8S279 at 8q21.3 and D8S556 at 8q23.3 

respectively (Table 3.14). All other polymorphic markers on chromosome 

8 showed deeply negative Lod scores at this recombination fraction. A 

slightly positive Lod score of0.3 was obtained for D8S284 (8q24.3) at 

recombination fraction 0.2 and over. 

Figure 3.30 shoy,s the exclusion map of chromosome 8 based on the 

t\\o-point l.od scores. As can be seen on the map. the whole chromosome 

has been excluded apart from 8qter. These findings are replicated in the 

multipoint linkage analysis results where Lad scores well below -2 were 

obtained for most intervals, thus definitely excluding a very large 

proportion of chromosome 8. In the multipoint linkage calculations, the 

region telomeric to D8S284 remained slightly poitive (Z = 0.2). allowing 

us to classify this small interval as non-excluded but unlikely to contain 

PKD3. 

From the haplotype in figure 3.32 it can be seen that none of the 

markers show a common allelic inheritance. A recombination occured 

for marker D8S284 at individuallll4, thus excluding the position at the 

marker itself. However because of the slightly positive Lod scores at 

the larger e values and the slightly positive multipoint results, the 

region telomeric to D8S284 could not be excluded. 
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Table 3.14: Table oft\\o-point Lod scores for chromosome 8. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

085504 -99 999 -1 294 -0 766 -0489 -0 315 -0198 -0.118 -0 063 -0 027 -0 007 0 
D8S277 -99 999 -3 442 -2 285 -1.63 -1 183 -0 851 -0 595 -0 392 -0.229 -01 0 

11 D8S550 -99 999 -3.442 -2 285 -1 63 -1.183 -0 851 -0.595 -0 392 -0.229 -01 0 
20 D8S258 -99 999 -1.442 -0 887 -0 585 -0.388 -0 25 -0151 -0.082 -0 035 -0 009 0 
20 D8S283 -4 017 -1 016 -0.718 -0547 -0.427 -0.335 -0 259 -0.191 -0127 -0.065 0 
12 D8S285 -3 942 -0 954 -0.666 -0 504 -0 393 -0.309 -0 239 -0.177 -0119 -0.06 0 

0 
v. 20 D8S279 0 222 0187 0.154 0.123 0 093 0.067 0044 0.025 0011 0.003 0 

12 D8S270 -99 999 -2 534 -1 687 -1.215 -0 896 -0.66 -0 475 -0 325 -0.2 -0 093 0 
12 D8S556 0 204 0172 0.141 0.112 0 085 0 061 0 04 0 023 0 01 0 003 0 
12 D8S514 -99 999 -1 294 -0.766 -0.489 -0 315 -0198 -0118 -0 063 -0027 -0 007 0 
14 D8S284 -99.999 0 043 0 238 0 305 0.319 0 302 0 226 0 215 0.153 0 082 0 
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Figure 3.30: Exclusion map of chromosome 8. 
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Figure 3.32: Haplotype of family I for chromosome 8. 
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3.9 Chromosome 9 

Chromosome 9 was analysed using II markers at an awrage 

distance of approximately 15cM. Ate= 0, all except two markers gave 

negative two-point lod scores of less than -2.00. D9S741 (9q 12) and 

D9S 158 (9q34.3) gave sightly positive Lod scores of 0.177 and 0.125 

respectively. These results are listed in table 3.15. 

The exclusion map in figure 3.33 shows a broad peak on 9p and 

exclusion of the rest of the chromosome. The peak on 9p. between 9p24.2 

and 9p21.3 at markers D9S 178 anJ D9S741. is the result of the large 

distances between the markers in this interval ( D9S 178-22 cM-D9S 156-18 

cM-D9S741) and of the marginally positive two-point Lod scores at higher 

theta values for D9S 178 and the Lod scores around 0.177 to 0.07 for all 

values of the recombination traction for marker D9S741. 

Further examination using haplotype analysis showed that for 

marker D9S741 no recombinations could be detected and the same allele 

was inherited by all affected individuals. Likewise for marker D9S 158, a 

recombination could not be detected and all individuals inherited a 

common allele. Because of this lack of recombination. together with the 

weakly negative Lod score this region could not be excluded from the 

study. 

Multipoint linkage analysis resulted in deeply negative values for a 

large proportion of chromosome 9. The three re,dons that could not be 

definitely excluded are defined by markers D9S741. D9S 158 and D9S319 

- D9S301 respectively. The region D9S319 (9p21.3)- D9S301 (9ql2) is 

109 



l OcM centromeric to D9S74l and produced Lod scores ranging from -1.32 

to -1.98 thus allowing us to classify this region as being very unlikely to 

contain the PKD3 gene. The two other regions defined by markers 

D9S74l and D9S 158 showed positive two-point Lod scores. With 

multipoint analysis they became negative ( -0.6/ f0r D9S741 and -1.15 for 

D9S 158). Although suc'h values GO not allow the definite exclusion of 

these regions. they can be considred very unlikely to contain the PKD3 

gene. 
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Table 3.15: Table of two-point Lod scores for markers used to analyse chromosome 9. 

THETA VALUES 
DISTANCE (eM) MARKER 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

098178 -99.999 -0 339 -0.104 0.004 -0 059 0 086 0 093 0.067 0.038 0 009 0 
22 098156 -99 999 -0406 -0.184 -0 085 -0.036 -0012 -0002 -0 001 0 0 0 
18 098741 0177 0.148 0.121 0 096 0.072 0 051 0.034 0019 0 009 0 002 0 
10 098319 -99.999 0.008 -0 208 0.28 0 299 0 288 0.256 0 21 0151 0.081 0 

::: 11 098301 -99 999 -1 313 -0.782 -0 502 -0 325 -0 206 -0.123 -0 065 -0.028 -0 007 0 
22 098303 -99 999 -1442 -0.887 -0.585 -0.388 -0 25 -0.151 -0 082 -0.035 -0.009 0 
7 098167 -99 999 -127 -0746 -0.473 -0 303 -0189 -0.112 -0059 -0 025 -0.006 0 
16 098197 -99.999 -1.442 -0 887 -0 585 -0 388 -0 25 -0.151 -0.082 -0 035 -0 009 
11 098299 -99.999 -2 721 -1.841 -1 338 -0 989 0 727 -0 519 -0 351 -0211 -0 096 0 
36 098159 -99 999 -2 549 -17 -1.226 -0 905 -0666 -0 48 -0 328 -0 201 -0.093 0 
18 098158 0125 0.104 0084 0.066 0.049 0 035 0 023 0.013 0 006 0.001 0 
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Figure 3.33: Exclusion map of chromosome 9. 
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3.10 Chromosome 10 

Chromosome I 0 was analysed with a total of 19 markers spaced 

approximately I OcM apart. 

From the two·point Lod scores in table 3.16 it can be seen that the only 

positive finding was at marker D I OS 187 (I Oq25.1) where a Lod score of 

0.204 was obtained at 8 ~ 0. All other markers gave negative Lod scores 

below -2.00 at()~ 0 and below -1.00 at higher values of the recombination 

fraction. thus suggesting that the majority of chromosome I 0 can be 

excluded. This is retlected in the exclusion map shown in figure 3.36. 

Conclusive evidence that the entire length of chromosome I 0 can 

be definitely excluded was provided by the multipoint linkage analysis 

(figure 3.37). All multipoint lod scores for chromosome 10 were below-

2.00 except for a small region of7cM near marker DIOS249 at position 

10pl5.3. where the Lod scores ranged from -1.3 to -1.7. Haplotype 

analysis (figure 3.38) shows that for marker DIOS187 (which gave a 

weakly positive two-point Lod score) it is not clear whether it is a common 

allele that has been inherited because the marker is uninformative. 

Multipoint Lod scores for this region did fall below -2.00, thus excluding 

this region as the location of the PKD3 gene. 
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Table 3.16: Table of two-point Lod scores for chromosome 10. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

0108249 -99 999 -0 885 -0.377 -0.124 0.021 0102 0.141 0146 0123 0074 0 
13 0108189 -99 999 -1442 -0.887 -0 585 -0.388 -0.25 -0151 -0 082 -0 035 -0.009 0 
10 0108465 -99 999 -1294 -0.766 -0 489 -0 315 -0198 -0.118 -0.063 -0 027 -0.007 0 
11 0108191 -99 999 -2163 -1.331 -0 877 -0.581 -0 375 -0.227 -0123 -0 053 -0.013 0 
8 0108466 -99 999 -2163 -1.331 -0 877 -0.581 -0 375 -0 227 -0.123 -0.053 -0.013 0 
10 0108245 -99.999 -1442 -0.887 -0 585 -0.388 -0 <.5 -0.151 -0082 -0 035 -0.009 0 
5 010889 -99.999 -1 405 -0 858 -0 562 -0.371 -0.238 -0.144 -0.078 -0.033 -0 008 0 

o; 11 0108183 -99.999 -2163 -1 331 -0877 -0.581 -0.375 -0.227 -0123 -0.053 -0 013 0 
11 0108220 -99.999 -1442 -0 887 -0.585 -0 388 -0.25 -0.151 -0 082 -0.035 -0.009 0 
10 0108464 -99.999 -3.442 -2 285 -1.63 -1183 -0 851 -0 595 -0 392 -0 229 -0.1 0 
14 0108676 -99.999 -1.255 -0 733 -0.462 -0294 -0.183 -0.107 -0 057 -0024 -0.006 0 
10 0108109 -99.999 -1.442 -0 887 -0.585 -0 388 -0.25 -0.151 -0.082 -0.035 -0 009 0 
17 0108677 -99.999 -1.271 -0.746 -0.473 -0 303 -0.189 -0.112 -0.059 -0025 -0.006 0 
11 0108254 -99.999 -0.549 -0.303 -0.181 -0.109 -0.064 -0.036 -0018 -0.007 -0.002 
8 0108187 0 204 0.172 0.141 0.112 0.085 0061 0.04 0.023 0.01 0.003 
5 0108209 -99 999 -0.655 -0 39 -0.251 -0.163 -0.103 -0 062 -0 033 -0.014 -0003 
7 01081213 -99.999 -2.163 -1 331 -0.877 -0.581 -0375 -0 227 -0123 -0 053 -0 013 0 

10 0108186 -99.999 -2.163 -1 331 -0.877 -0.581 -0.375 -0.227 -0123 -0 053 -0.013 0 
15 0108212 -99.999 -1294 -0.766 -0.489 -0 315 -0198 -0.118 -0 063 -0 027 -0 007 0 
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Figure 3.37: Graph of multipoint Lod scores for chromosome 10. 
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Figure 3.38: Haplotype of family I for chromosome I 0. 
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3.11 Chromosome II 

A total of 13 markers at average intervals of 12 eM were 

investigated on chromosome II. 

Two-point linkage analysis showed that for 10 of the markers. 

negative Lod scores of -2 or less were obtained at 0 = 0. For higher 

recombiantion fraction values. these markers gave Lod scores ranging 

between ·0. 9 and 0.6. thus making the exclusion of a large proportion of 

chromosome I 0 inconclusive. Three adjacent markers spanning 18cM on 

tho long short arm of chromosome II gave two-point Lod scores above 

1.0. These included DIIS875 at llpl5.3. Dl JS902 at I Jpl5.2 and 

D I I S904 at I I pI 4.2 with Lod scores at 8 = 0 respectively I .I. I .3, I .4. 

The map in figure 3.39 illustrates these findings. 

Multipoint analysis provided further support to the interval between 

D I I S875 and D I I S904 as a candidate PKD3 region. The highest 

multipoint Jod score of 1.4 were obtained at Dl JS875 and Dl JS904 while 

Dl JS902 gave a Lod score of 1.3. The markers flanking this positive 

region. namely markers Dl JS988 at I Jpl5.5 and Dl JSJ392 at I Jpl4.1. at 

distances Dl 15988-12 cM-Dl JS875 and Dl JS904-JO cM-Dl JSJ392 

produced negative lod scores.( figure 3.40). The markers D I I S875. 

Dl I S902 and D I I S904 and their corresponding positive Jod scores are 

shown by the peak. 

Investigating this region further using haplotype analysis it can be 

seen that a conserved region may exist between markers DIIS988 and 

D II S904 among affected individuals. This is difficult to determine 
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however because the phase is unknown for marker D II S875. A 

recombination may have occured between D II S 1984 and D II S988 in 

individual II I however this cannot be claimed for cenain because the phase 

is unknown for marker D II S !984. This region corresponds to the positive 

region defined above bt the markers DIIS875. DIIS902 and DIIS904. 

These findings require further investigation of chromosome II. 

specitically of the DII S875-D II S904 interval as a candidate region for the 

PKD3 gene. 
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Table 3.17: Table of t\\o-point Lod scores for markers used to analyse chromosome II. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

01151984 -2 495 0 394 0.577 0 629 0 622 0 579 0 508 0 414 0 298 0 161 0 
4 0115988 -3 096 -0163 0067 0168 0.214 0 227 0216 0.187 0 14 0 078 0 
12 0115875 1145 1 321 1.191 1 057 0 92 0.779 0 633 0 484 0.329 0169 0 
4 0115902 1 381 1 263 1142 1 017 0 888 0.756 0618 0 475 0.325 0.167 0 
14 0115904 1 408 1 287 1.162 1 033 0.901 0.765 0624 0 478 0 327 0.168 0 

N 10 01151392 -2.795 0115 0 322 0 399 0 418 0.403 0 362 0 301 0 219 0.119 0 
N 

20 01151985 -2 495 0 394 0 577 0 629 0 622 0.579 0 508 0 414 0 298 0161 
16 01-15937 -2 495 0394 0 577 0 629 0 622 0.579 0 508 0 414 0 298 0.161 
6 01151396 -2 495 0 394 0.577 0 629 0 622 0 579 0508 0.414 0 298 0.161 0 
12 0115876 -99 999 -0.884 -0.376 -0124 002 0102 014 0.145 0122 0.074 0 
8 01151391 -3 096 -0.163 0 067 0168 0 214 0 227 0 216 0.187 0 14 0 078 0 
10 0115976 -99 999 -0884 -0 376 -0124 002 0102 0.14 0.145 0.122 0 074 0 
39 0115968 -99.999 -0.617 -0 359 -0 227 -0144 -0 09 -0 053 -0.028 -0 012 -0 003 0 
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Figure 3. 3 9: Exclusion map of chromosome 11. 
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Figure 3.40: Graph of multipoint Lod scores for chromosome 11. 
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3.12 Chromosome 12 

Chromosome 12 was analysed using a total of II markers spaced 

approximately !ScM apart. 

Table 3.18 shows these markers. the distances between them and 

the two-point lod scores obtained. Two markers. namely DI2S269 at 

12p 13.1 and D 12S392 at 12q24.33. gave slightly positive Iod scores of 

0.204 at 0 ~ 0. All other markers gave deeply negative Lod scores at 

recombination distance 0 and less than -I at higher theta values. 

Figure 3.42 shov.s the graphical representation of these lod scores. 

The map presents a single peak of non-exclusion on the long arm of 

chromosome 12, near D 12S392. This peak is the result of the large 

distance of 56cM between PAH and D 12S392 as well as of the marginally 

positive Lod scores obtained at D 12S392 with all theta values. 

The examination ofhaplotypcs in pedigree I (figure 3.44) shows 

that the two siblings llll and 1112, one affected and the other unaffected. 

have inherited the same haplotype from their affected father and that, in 

addition. this haplotype originates from the unaffected paternal 

grandmother. The other two affected sibs in generation lll also do not 

share identical haplotypes. 

In confirmation to these observations. multipoint linkage analysis 

r~sults in deeply negative Lod scores for nearly the entire length of 

chromosome 12 (fig. 3.44), including one of the regions which gave a 

slightly positive two-point Lod score, namely that around marker 

Dl2S269. The second such region, near Dl2S392, showed multipoint Lod 
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scores ranging from -0.2 to -0.7 which do not allow the ddinite exclusion 

of this large interval but place it in the category ofregwns which arc 

unlikely to contain the PKDJ gene. 
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Table 3.18: Table of two-point Lod scores li.>r markers used to analyse chromosome 12. 

THETA VALUES 
DISTANCE(cM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

D12S372 -99 999 -1 271 -0 746 -0 473 -0.303 -0189 -0 112 -0 059 -0 025 -0 006 0 
7 D12S274 -99 999 -1 575 -1024 -0 721 -0.521 -0 376 -0 265 -0 177 -0 106 -0048 0 

18 D12S391 -99 999 -1 239 -0 72 -0 451 -0 285 -0 176 -0103 -0 054 -0 023 -0 005 0 
17 D12S269 0 204 0172 0141 0.112 0 085 0.061 0 04 0 023 0 01 0 003 0 
27 D12S61 -99 999 -2 163 -1 331 -0.877 -0.581 -0 375 -0 227 -0123 -0 053 -0 013 0 

N 3 GATA5A09 -99 999 -2 163 -1 331 -0 877 -0.581 -0 375 -0 227 -0123 -0 053 -0013 0 
00 

33 D12S375 -99 999 -3 442 -2 285 -163 -1.183 -0.851 -0 595 -0 392 -0 229 -0.1 0 
10 D12S379 -99.999 -2 442 ·1 586 -1108 -0 786 -0 551 -0 373 -0 237 -0.132 -0 Ob4 0 
9 D12S101 -3942 -0 954 -0 666 -0 504 -0 393 -0 309 -0 239 -0177 -0119 -0 06 0 
9 PAH -99 999 -2 549 ·1 7 -1 226 -0 905 -0 666 -0 48 -0 328 -0 201 -0 093 0 

56 D12S392 0.204 0172 0141 0112 0 085 0061 0 04 0 023 0 01 0 003 0 
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Figure 3.42: Exclusion map of chromosome 12. 
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Figure 3.43: Graph of multipoint Lod scores for chromosome 12. 
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Figure 3.44: Haplotype of family I for chromosome 
12. 
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3.13 Chromosome 13 

3.13.1 Stage I 

Stage I of the study on chromosome 13 involved the analysis of6 

markers spaced approximately 1/cM apart. Table 3.19 shows the two­

point Lod scores t(>r each of these markers. It can be seen that there is a 

large region \\here positive two-point Lod scores were obtained. The 

region is tlanked centromerically by markers DI3S325 at 13ql4.11 and on 

the telomerie side and by D 13S 173 at 13q33.1. This region includes two 

more markers. namely DI3S317 ( l3q' '.I) and DI3S225 (13q32.3). The 

t\\o-point Lod scores for this region range from 0.7 to 1.4. This region is 

shown graphically as the large peak of non-exclusion in the map in tigure 

3.45. 

The remaining markers on chromosome 13 gave deeply negative 

t\\o-point Lod scores and allowed the exclusion of the rest of the 

chromosome. 

All atTected members of Family I have inherited identical 

haplotypes tormed by the four markers !rom the positive region which 

span a distance of 57 eM (figure 3.45 ). 

Multipoint linkage analysis confirmed these positive tindings and 

produced a plateau on the graph (figure 3.46). with a Lod score of 1.4 for 

the entire length of the interval DI3S317, DI3S225 and DI3SI73. Marker 

DI3S325, where a two-point Lod score of0.7 was obtained, gave a 

multipoint score of0.3. This region was therefore considered a possible 

candidate region and was investigated further. 
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Table 3.19: ~h\(1-pnint Lod scores for markers used to anal: sc chromosome 13 !'or famil: 1 in stage 1. 

THETA VALUES 
DISTANCE (eM) MARKER 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

D13S221 -99 999 -0 549 -0 303 -018 -0109 -0 094 -0 036 -0 018 -0 007 -0 002 
19 D13S220 -99 999 -2 573 -1 72 -1.242 -0 917 -0 675 -0 486 -0 331 -0 203 -0 094 0 
8 D13S325 0 727 0 65 -0 573 0 495 0417 0.34 0 265 0 193 0 124 0 06 0 

47 D13S317 1 408 1 287 1162 1 034 0 901 0 765 0 624 0 479 0 327 0168 0 
w 26 w D13S225 1 107 1.008 -0 907 0 803 0 697 0 589 0 478 0 365 0 248 0127 0 

14 D13S173 1 426 1 302 1 175 1 044 0 91 0 771 0 628 0 481 0 328 0 168 0 

., 
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Figure 3.45: Exclusion map of chromosome 13 for stage 1 ofthe study. 
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Figure 3.46: Graph of multipoint Lod scores on chromosome 13 for family 1. 
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Figure 3.47: Haplotype of family I for markers used to 
analyse chromosome 13 in stage 1 of the study. 
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3.13.2 Stage 2 

Stage 2 of the study of chromosome 13 \\as conducted hy including 

the second Bulgarian PKD family and adding t<.mr new pol~ morphic 

markers to the positive region. This created a higher density map of the 

region with a total of8 markers at an average distance of9cM. 

The li>ur ne\\ markers. namely DI3S321 at 13ql4.3. DI3S792 at 

1.1q21.33.1li3S795 at 13q31.1 and DI3S797 at 13q33.1 all produced 

positi\c two-point re:-,ults fiJr family I. The maximum Lod score of these 

new markers was 1.40 at 0 ~ 0 li>r marker lli3S797 while the other 

additional markers produced Lod scores ranging from 0.2 to 0. 7 at 0 = 0. 

Haplotype analysis of family I sho\\s a recombination has occured 

ii>r marker D 13S221 at individuallll4 and that a conserved region for the 

rest of the markers may occur among affected individuals. This cannot be 

claimed for certain because of the uncertainty of inheritance of alleles for 

individual112 for his parents. If the assumption is made that this 

individual inherits the correct alleles lrom the affected lather then a 

common allele pattern can be determined. 

Multipoint analysis of this region for family I yielded positive Lod 

scores ranging lrom 1.25 to 1.50. All markers between and including 

D I 3S792 and D 13S 173 produced Lod scores greater than I.Oll. thus 

defining a positive region between 13q21.33 and 13q33.1 li.>r family I. 

Two-point analysis of the second tamily with the newly added 

markers to this region produced negative Lod scores. These scores ranged 
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trom -0.458 to -1.04 at 0 = 0 thus suggesting excluswn <1f the region in 

family 2 as a candidate r~gion. 

Further examination of this region using haplot) pc analysis of 

family 2 shows the affected first cousins. individuals lll2 and lll4 have 

inherited different haplotypcs. lndividuallll3. who is una!Tectcd. has 

inherited part of the proximal and the distal haplotype which is identical to 

that of the affected cousin. individuallll4. Finally. the two affected 

stblings. 1V2 and 1V3. have inherited different h.1plotypes thus excluding 

this region f(Jr family 2. 

Multipoint analysis on this region t(x t\unily 2 st•o•.v that the Lod 

scores for this region arc deeply negative. All new markers added to the 

region produced negative Lod scores ranging !rom .1.24 to -4.85. thus 

confirming the findings !rom haplotype analysis and showing that this 

region can be excluded t<>r family 2. 

lfthe two-point Lad scores for both families combined are 

examined it can be seen that only one of the new markers. Dl3S797 at 

13q33.1. produced a positive Lad score. namely 0. 75 at 8 = 0. The rest of 

the markers added to this region produced negative Lad scores in the range 

of -0.14 to -0.76. The two large peaks in figure 3.48 represent the positive 

l.od scores of 1.4 for the markers D 13S317 and D 13S 173. these peaks 

however have been narrowed with the addition of the extra markers. 

Multipoint Lod scores for both families combined show that the 

Lod scores obtained in stage 2 had reduced from what they v.cre in stage 1 

due to the addition of the second family. As mentioned above the 
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multipoint Lod scores for family 2 are deeply negative thus causing the 

overall Lod scores to reduce. The maximum combined l.od score f(,r this 

region was 0.24 at D 13S 173 which is a reduction tfom the result of 1.4 

achieved in stage I of the study. All other markers that showed positive 

findings in stage I of the study became negative due to the addition of the 

second family. These negative Lod scores ranged from -0.08 to -2.82. 
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Table 3.20: T\\u-point Lod scores for markers on chromosome 13 used to anal) sc famil) 1 in ~tagc 2. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

0135221 -99 999 -0.549 -0.303 -0.18 -0.109 -0 094 -0 036 -0 018 -0.007 -0 002 
19 0135220 -99 999 -2 573 -1 72 -1.242 -0 917 -0 675 -0 486 -0 331 -0203 -0.094 0 

142 0135325 0.727 0 65 -0 573 0 495 0 417 0 34 0 265 0193 0124 006 0 
12 9 0135321 014 0145 0 208 0 28 0.299 0288 0 256 0 21 0.151 0 081 0 
73 0135792 0721 0.634 0.59 0.489 0 388 0 291 02 012 0 056 0.014 0 

:;;: 12 6 0135317 1 408 1.287 1.162 1.034 0901 0 765 0 624 0 479 0 327 0.168 0 
0 

23 0135795 1 08 0 845 0.75 0 628 0 505 0.385 0 269 0 165 0 08 0.022 0 
24.3 0135225 1107 1 008 0 907 0 803 0697 0 589 0 478 0 365 0 248 0.127 0 
4.6 0135797 1 408 1 346 114 1 016 0 887 0 755 0 617 "0475 0 325 0.168 0 
6 0135173 1.426 1 302 1 175 1 044 0.91 0 771 0 628 0 481 0 328 0.168 0 



Table 3.::! I: T\\O-point Lod scores for n1ark.crs on chromosome 13 used to analyse family::! in stage::!. 

THETA VALUES 
DISTANCE (eM) MARKER 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

D13S321 -0 905 -0 834 -0735 -0 468 -0 303 -0.195 -0 122 -0 072 -0 039 -0 016 0 
7.3 D13S792 -1.171 -0869 -0.78 -0 497 -0 32 -02 -C 118 -0 061 -0 026 -0 006 0 
14.9 D13S795 -1 223 -0 98 -0 88 -0 577 -0 38 -0.243 -0146 -0 078 -0 034 -0 008 0 
28 9 D13S797 -0 65 -0 641 -0 453 -0 296 -0192 -0 117 -0 064 -0 027 -0 005 -0004 0 ... 



Table 3.22: Shm' s th~ two point Lod scores for all markers used to anal) se chromosome 13 fur famil) I and family 2 in stage 2. 

THETA VALUES 

DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
0135221 -99 999 -0 549 -0 303 -018 -0109 -0 094 -0 036 -0 018 -0 007 -0.002 0 

19 0135220 -99 999 -2 573 -1.72 -1 242 -0 917 -0 675 -0.486 -0 331 -0 203 -0.094 0 
14 2 0135325 0727 0 65 -0 573 0 495 0 417 0 34 0 265 0 193 0124 0.06 0 
12 9 0135321 -0 7658 -0.6897 -0.5269 -0.1873 -0 004 0 092 01344 01375 01123 01652 0 

:;;: 7.3 0135792 -0 45 -0.2354 -0 1901 0 0089 0 0687 0 0914 0 0828 0 0584 0.0303 0 0083 0 
N 12.6 0135317 1 408 1 287 1162 1.034 0.901 0 765 0 624 0 479 0.327 0168 0 

2.3 0135795 -01432 -01355 -0.1299 0 0511 01255 01415 0 1233 0 087 0.0463 0 0139 0 
24 3 0135225 1 107 1 008 0 907 0 803 0 697 0 589 0478 0 365 0 248 0.127 0 
4.6 0135797 0 758 0 7046 06861 0 719 0 6956 0 6375 0 5535 0 4473 0 3201 01717 0 
6 0135173 1 426 1.302 1.175 1 044 091 0 771 0 628 0 481 0 328 0 168 
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Figure 3.48: Exclusion map of chromosome 13 for stage2. 
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MULTIPOINT LOD SCORES OF CHROMOSOME 13 FOR STAGE 2 
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Figure 3.49: Graph of the multipoint Lod scores on chromosome 13 for family 1 and family 2 
combined. 
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Figure 3.50: llaplotypc of family I for all markers 
used to analyse chromosome 13 in stage 2 of the 
study. 
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111.1 111:2 111:3 111:4 111:5 
135325 2 3 2 2 2 3 1 2 
135321 4 3 4 2 3 2 2 2 
135792 2 2 2 3 4 3 1 2 
135317 3 4 2 2 2 3 3 4 
135795 3 3 3 3 1 2 3 3 
135225 2 3 2 2 2 2 
135797 1 2 1 2 2 3 2 2 
135173 1 5 1 5 3 4 1 3 

IV:1 IV:2 IV:3 
0135325 2 1 2 1 3 1 
0135321 3 1 3 2 2 2 
0135792 2 2 4 1 3 2 
0135317 3 1 2 4 3 4 
0135795 3 1 1 3 2 3 
0135225 2 1 2 1 3 1 
0135797 1 1 2 2 3 2 
0135173 5 2 3 3 3 1 

Figure 3.51: Haplotype of pedigree 2 showing markers run on chromosome 13 in stage 2. 
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3.14 Chromosome 14 

3.14.1 Stage I 

Stage I of the study on chromosome 14 included the analysis of 13 

markers spaced approximately I Ocm apart. 

At recombination distance zero. deeply negative two-point Lod 

scores \\ere obtained for most markers (table 3.23 ). The maximum t\\O­

point Lod score observed \\as 1.1 at 0 ~ 0 l(>r lll4S 118 at 14q32.31. The 

other posith c 1\\0-point Lod score obtained on this chromosome was 0. 7 

at 0 ~ 0 ll>r Dl4S51 at 14q31.3. 

The e\clusion map (ligure 3.51) shows a broad peak around the 

second marker. D 14S5l. resulting from the po~lti\·c 1\\ o-point Lod ~core at 

this marker and also from the slightly positive Lod score~ obtained for the 

flanking markers (Dl4S81 [ 14q31.3J and Dl4S78 Jl4q32.1J) at higher 

recombination distances. which do not allo\\ the exclusion of the interval. 

I he second peak. is higher and better defined. centering on marker 

Dl4Sll8 which gave the highest t\\o-point Lod score on this 

chromosome. namely 1.156. 

An examination of the inheritance ofhaplotypcs in Famih 

reveals that. within the first positive interval. namely Dl4S81-Dl4S78. the 

t\\O affected sibs in generation II do not share identical paternal 

haplotypes. Multipoint linkage analysis produced deeply negative l.nd 

scores across this region. thus excluding it from further study (figure 3.53). 

By contrast. multipoint analysis of the tclomeric region of 14q confirmed 
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the positive findings from the previous study, resulting in an mcreuse in 

the Lod score at marker D 14S 118 to 1.4. 
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Tahle 3.23: r\\o-point I .oJ scores for the markers u~ed to anal: sc chromosome 14 in stage I of the stud:. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 c ..... 0.45 0.5 

D14S50 -99 999 -1 27 -0 746 -0473 -0 303 -0189 -0 112 -0 06 -0 025 -0 006 0 
15 D14S80 -99 999 -2 163 -1 331 -0 877 -0 581 -0 375 -0 227 -0.123 -0 053 -0 013 0 
4 D14S297 -99 999 -1 049 -0 529 -0 263 -0104 -0 007 0 05 0.073 0072 0.047 0 
16 D14S306 -99 999 -2 573 -1.72 -1 242 -0 917 -0 675 -0 486 -0.331 -0 203 -0 094 0 
12 GGAA10C09 -99 999 0 024 0 221 0 291 0 308 0 294 0 26 0 212 0152 0 081 0 ... 14 D14S63 -o -99 999 -1 255 -0 733 -0 462 -0 294 -0183 -0107 -0 057 -0.024 -0 006 0 
11 D14S774 -99 999 -1 255 -0 733 -0 462 -0 294 -0183 -0107 -0 057 -0 024 -0 006 0 

D14S53 -99.999 -2163 -1 331 -0 877 -0 581 -0 375 -0 227 -0123 -0 053 -0 013 0 
11 D14S48 -3 097 -0163 0 067 0169 0 214 0 227 0 217 0187 0141 0 078 0 
13 D14S81 -3 097 -0163 0 067 0.169 0 214 0 227 0 2~7 0 187 0141 0 078 0 
6 D14S51 0 757 -0 678 0 598 0 518 0 437 0 357 0 279 0 204 0 132 0064 0 
12 D14S78 -3 097 -0163 0 067 0169 0 214 0 227 0 217 0187 0.141 0 078 0 

D14S118 1 156 1 051 0 943 0 833 0 721 0 606 0 49 0 372 0 251 0128 0 
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Figure 3.52: Exclusion map of chromosome 14 t<x stage I. 
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MULTIPOINT LOD SCORES FOR CHROMOSOME 14 FOR STAGE 1 
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Figure 3.53: Graph of multipoint Lod scores on chromosome 14 for family 1 in stage 1. 
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Figure 3.54: Haplotype of family I for markers used to analyse 
chromosome 14 in stage I . 
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3.14.2 Stage 2 

In stage 2, six markers were added to the region near D 14S 118 to 

create a higher density map. The second pedigree was also added to the 

study in order to increase the sample size. All markers used to analyse 

chromosome 14 and the respective two point Lod scores are listed in table 

3.24. 

Of the six markers added, four (Dl4S265, Dl4S62. Dl4S65 and 

DI4S267) fell \\ithin the Dl4S81-Dl4S78 interval. These markers gave 

r:egative two-point Lod scores below -2.00 thus suggesting exclusion of 

!he interval. 

The other two markers. Dl4S272 at 14q32.32 and DI4S260 at 

14q32.33. respectively at 1.2 and 3.4 eM telomeric of Dl4S 118. gave 

positive two-p<lint Lod scores of 1.3 and 0. 7 respectively thus confirming 

14qter as a possib'c PKD3 candidate region. 

Haplotype analysis for family I reveals a recombination in 

individual112 lor marker D 14S78 thus detining a possible conserved 

region at 14qter. Mul1 :'oint analysis on the lamily I shows that the region 

between D 14S81 and D 14S267 has been excluded. The Lod scores tor 

this region ranged from -1.51 to -8.06. Thus conlirming the findings of the 

t\\o-point analysis that the lilllr additional markers that fell between 

D 14S81 and D 14S78 can be excluded lor the tirst family. A positive 

region lor family I was deli ned however between markers D 14S 118 and 

DI4S260 where the Lod scores ranged lrom 1.21 to 1.47 with the 
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maximum Lod score of 1.47 being at Dl4S260. Dl4S 118. \\hich gave the 

maximum Lod score of 1.46 in stage I also produced this result in stage 2. 

llaplotypc analysis on family 2 shows that for the interval between 

DI4S265 and DI4S267 the affected cousins. individuals III2 and III4, 

have inherited different haplotypes. Furthermore, the affected siblings, 

individuals 1V2 and 1V3, have also inhcritod ditlerent haplotypes thus 

excluding the gene from this region for family 2. A recombination 

between DI4S272 and Dl4S260 for individuallV3 places the gene above 

D 14S260. thus marker D 14S272 is the only marker that shows a common 

inheritcncc among affected individuals. 

Multipoint analysis on family 2 supports the findings of the 

haplotype that the gene is not in this region for family 2. Negative Lod 

scores persist throughout the region. For the region between D 14S265 and 

Dl4S78 the Lod scores arc deeply negative. ranging from -2.00 to -5.00 

thus excluding this region. Lod scores of -1.8 to -1.9 almost excludes the 

region between DI4Sll8 and DI4S260. The negative Lod scores obtained 

through multipoint analysis indicate that the region on chromosome 14 can 

he excluded for family 2. 

The Lod scores for this region on chromosome 14 should not be 

pooled since the region has already been excluded for family 2. 
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Tabk 3.24: l.od scores for markers on chromosome 14 used to analyse family I in stage 2. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

014850 -99 999 -1 27 -0 746 -0 473 -0 303 -0189 -0 112 -0 06 -0025 -0 006 0 
15 014880 -99 999 -2 163 -1 331 -0.877 -0.581 -0 375 -0 227 -0123 -0 053 -0.013 0 
4 0148297 -99 999 -1 049 -0.529 -0 263 -0 104 -0 007 0 05 0 073 0 072 0.047 0 
16 0148306 -99 999 -2 573 -1 72 -1 242 -0.917 -0 675 -0 486 -0.331 -0 203 -0.094 0 
12 GGAA10C09 -99 999 0 024 0 221 0.291 0 308 0 294 0 26 0 212 0152 0 081 0 

V> 14 014863 -99 999 -1 255 -0 733 -0 462 -0 294 -0183 -0107 -0 057 -0.024 -0006 0 
V> 

11 0148774 -99 999 -1 255 -0 733 -0 462 -0 294 -0 183 -0107 -0 057 -0.024 -0006 0 
5 014853 -99 999 -2.163 -1 331 -0.877 -0.581 -0 375 -0 227 -0123 -0053 -0.013 0 

11 014848 -3 097 -0 163 0067 0169 0.214 0 227 0 217 0.187 0141 0 078 0 
13 014881 -3 097 -0 163 0067 0169 0 214 0 227 0 217 0.187 0 141 0 078 0 
39 0148265 -99.999 -3 345 -3 239 -2 384 -1.785 -1 329 -0 963 -066 -0 405 -0187 0 
12 014851 0 757 -0 678 0 598 0 518 0.437 0 357 0 279 0.204 0132 0 064 0 
11 014862 -99 999 0.348 0 221 0 291 0 308 0 294 0.26 0 212 0152 0 081 0 
23 014865 -99 999 0 513 0 598 0 517 0437 0.357 0 279 0.204 0 0132 0 064 0 
47 0148267 -99 999 0 43 0 249 0 315 0326 0 308 0 269 0 218 0155 0 082 
36 014878 -3 097 -0.163 0067 0169 0 214 0 227 0 217 0 187 0141 0 078 

0148118 1156 1 051 0 943 0 833 0 721 0 606 0.49 0 372 0 251 0128 
1 2 0148272 1448 1 386 1.142 1 017 0 889 0 756 0 618 0.475 0 325 0168 
22 0148260 1 067 0 795 0.573 0.495 0 417 0 339 0 265 0 193 0 124 0.059 



Table 3.25: Lod scores t(lf mar~ers on chromosome 14 used to analyse family 1 in stage 2. 

DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
0145265 -0 484 -0 578 -0 632 -0 413 -027 -0.171 -0102 -0.054 -0.023 -0006 0 

23 014562 -0 934 -0774 -0 555 -0 364 -0 238 -0.151 -0 089 -0 048 -002 -0.005 0 
2.3 014565 -0 934 -0 778 -0 732 -0 465 -0.3 -0.192 -0 118 -0 067 -0 032 -001 0 
47 0145267 -1 568 -1 328 -1 035 ..Q 707 -0 489 -0 334 -0 22 -0.135 -0 073 -0 028 0 
118 0145272 -0106 -0.121 -0 022 -0 018 -0015 -0.012 -0 008 -0.005 -0 002 -0 001 0 
2.2 0145260 -0 322 -0.227 -0 204 -0106 -0 056 -0 029 -0 015 -0 007 -0 003 -0001 0 

u; 
a-



Table 3.26: Table sho\\ing the t\\o-point Lod scores for family I and family 2 combined for all markers used to analyse 
chromosome 14 in the second stage of the study. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

014550 -99 999 -1 27 -0.746 -0.473 -0 303 -0189 -0.112 -006 -0 025 -0.006 0 
15 014580 -99 999 -2 163 -1 331 -0.877 -0 581 -0.375 -0.227 -0.123 -0.053 -0.013 0 
4 014S297 -99.999 -1 049 -0 529 -0.263 -0104 -0.007 0 05 0 073 0.072 0 047 0 
16 0145306 -99 999 -2.573 -172 -1.242 -0 917 -0 675 -0 486 -0 331 -0 203 -0 094 0 
12 GGAA10C09 -99 999 0.024 0.221 0.291 0 308 0 294 0.26 0 212 0.152 0 081 0 
14 014563 -99 999 -1.255 -0.733 -0 462 -0.294 -0183 -0.107 -0 057 -0.024 -0 006 0 
11 0145774 -99 999 -1 255 -0.733 -0.462 -0.294 -0183 -0.107 -0 057 -0.024 -0.006 0 

<.h ..... 5 014553 -99 999 -2 163 -1 331 -0 877 -0.581 -0.375 -0 227 -0.123 -0 053 -0013 0 
11 014548 -3097 -0163 0 067 0169 0.214 0.227 0 217 0.187 0.141 0 078 0 
13 014581 -3 097 -0163 0 067 0.169 0 214 0 227 0217 0.187 0141 0 078 0 
39 014S265 -99 999 -3 923 -3 871 -2 797 -2 055 -1 5 -1 065 -0 714 -0428 -0.193 0 
12 014551 0 757 -0.678 0 598 0.518 0 437 0.357 0 279 0.204 0132 0.064 0 
11 014S62 -99.999 -0.4265 -0 333 -0.072 0.069 01432 01706 01644 0.1317 0 0764 0 
2.3 014S65 -99.999 -0.2653 -0.1335 0.052 01362 01652 0 1615 01371 0 099 0.053 
47 D14S267 -99 999 -0 8977 -0.785 -0.392 -0.1628 -0026 0049 0 082 0 081 0.053 0 
36 014578 -3 097 -0.163 0.067 0169 0214 0.227 0217 0187 0.141 0 078 0 

0145118 1.156 1 051 0 943 0.833 0 721 0.606 0.49 0 372 0.251 0.128 0 
1.2 D14S272 1 342 1.265 1119 0.998 0 873 0 744 0 609 0469 0 322 0.167 0 
2.2 014S260 0 745 0 568 0.368 0.388 0 36 0 31 0 249 0185 0121 0 059 0 
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Figure 3.56: Graph of multipoint Lod scores for family 1 and family 2 combined for chromosome 14. 
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3.15 Chromosome 15 

Chromosome IS was analysed using a total of II markers spaced 

approximately 9cM apart. 

Two-point Lod score analysis demonstrated Lod score values 

below -2 for all chromosome IS markers at recombination fraction= 0 

(table 3.27). llowever. slightly positive two-point Lod scores were 

obtained li.>r the lirst tv.o markers. D ISS 122 and D ISS 16S on ISq II I and 

15q 13.3 respecuvcly at higher recombination distances. The exclusion 

map in figure 3.S9 shows that most of chromosome 15 can be excluded. 

with the exception of a moderate peak of non-exclusion defined by 

DISSI22 and DISSI6S. 

Multipoint linkage analysis confirms these findings: a large 

proportion of the chromosome is definitely excluded (figure 3.60). with 

Lod scores below -2. The region between Dl5Sl22 and Dl5Sl65 is 

negative on multipoint analysis. with Lod scores between these markers 

ranging from -0.5 to -0.8. llaplotypc examination (figure 3.61) suggests 

the inheritance of different haplotypcs by the two affected individuals in 

generation II from their affected lather. Together. these findings suggest 

that even though this interval cannot be definitely excluded, it is unlikely 

to contain PKD3. 
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Table 3.27: Sho\\ing the two-point Lnd scores tor markers used to analyse chromosome 15. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

D15S122 -2 8 ·0 18 0.03 0.12 0.15 015 0 14 011 0 08 004 0 
13 3 D15S165 -2 8 ·0 16 0.07 0.17 0.22 0 23 0.22 019 014 0.1 0 
25 2 D15S126 -2.62 -2 39 -1.79 -1.32 -0.98 -072 -0.52 -0 35 -021 -017 0 
5.8 CYP19 -2 59 -0 27 -0 05 0.05 01 011 0 11 0.1 0 07 0 03 0 
5 D15S117 -2.62 -1 77 ·1 24 -0.93 -0.71 -0 54 -04 -0.29 -018 -009 0 

43 D15S153 ·2.62 -144 -0 92 -064 -046 -0 33 -0.23 -0.16 -01 -006 0 
~ 2.7 D15S131 ·2 92 -0.46 -0 23 -0.12 -0 06 -003 -0 01 0 0 0 0 
w 

57 D15S175 -2 7 -0.46 -0 23 ·0.12 -0 06 -0 03 -0 01 0 0 0 0 
33 D15S116 -2 8 -2.29 -1 56 -11 -0.78 -0 55 -0 37 -024 -0.13 -0.05 0 
111 D15S130 -2.62 -2 39 -1.79 -1 32 -0 98 -0.72 -0 52 -0 35 -0 21 -0 09 0 
11 D15S120 ·2 8 -1 5 -0.97 -0 68 -049 -0.35 -0 25 -017 -01 -006 0 



D15S122 

D15S165 

D15S126 

CYP19 

D15S117 
D15S153 
D15S131 
D15S175 

D15S116 

D15S130 

D15S120 

EXCLUSION t.4AP OF CHROt.40SOt.4E 15 

Figure 3.59: Exclust,m map of chromosome 15. 

164 



MULTIPOINT LOD SCORES FOR CHROMOSOME 15 

3 

2 

1 

~ 0 0\ w Vl 0:: (j) (V) 1'-

0 ('t') l:'i cO 
0 -1 

co 1'- 00 
tJ) 

c 
0 
..J -2 

-3 

-4 

-5 

DISTANCE (eM) 

Figure 3.60: Graph of multipoint Lod scores for chromosome 15. 
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3.16 Chromosome 16 

Chromosome 16 was analysed using a total of 7 markers spaced at 

approxirr.atcly 18cM. These markers and the corresponding two-point Lod 

scores arc listed in table 3.28. 

Two markers on chromosome 16. D 16S405 at 16p 13.13 and 

Dl6S401 at 16pl1.2 gave moderately positive Lod scores of0.14 and 0.65 

respecti,·ely. D 16S420 at 16p 11.2, the marker situated between the above 

two markers gave a negative two-point Lod score of -3.00 at 

recombination distance = 0 and moderately negative two-point Lod scores 

at higher values of the recombination lract10n. The distance between 

D 16S420 and D 16S40 I is less than 5 eM. however that between D 16S420 

and D 16S405 is close to 17 eM. 

Figure 3.62 presents the exclusion map for chromosome 16. The 

peak around D 16S4115 indicates the area of non-exclusion due to the 

reasons discussed in the previous paragraph. In addition. a large peak 

appears in the interval DI6S415-Dl6S520 at positions 16ql3 and 16q24.3. 

Even though two-point Lad scores less than -2 were obtained for both 

D 16S415 and D 16S520. the large distance between these two markers 

(56cM) docs not allow the exclusion of the interval. 

The results from the multipoint linkage analysis are shown in figure 

3.63. The Lod scores around markers DI6S405 and DlnS401 became 

negative. at -0.6 and -0.07 respectively. The inconclusive values for both 

markers are partly due to incomplete genotyping data and partly to the low 

informativeness of the markers involved (which also precludes haplotype 
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examination). The multipoint values obtained for the region hetwcen 

markers Dl6S415 and D!6S520 ranged between -0.6 and -1.5. Thus a 

substantial proportion of chromosome 16 has been ruled out as the location 

of PKD3, however several large regions remain which have not been 

dclinitely excluded even though our data suggests that they are unlikely to 

contain the PKD3 gene. 
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Table 3.28: This table sho\\S the t\\O point Lod scores for all the markers used to anal~ sc chromosome 16. 

THETA VALUES 
DISTANCE (eM) MARKER 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

0160423 -2 8 -1 52 -0 99 -0 7 -0 5 -0 36 -0 26 -017 -0.1 -0 03 0 
17 8 0165405 014 011 0 08 0 05 0 03 001 0 -0 01 -0 01 -002 0 
16.7 0165420 -3 -0 72 -044 -0 29 -019 -012 -0 08 -0 04 -0 02 -001 0 
48 0165401 0 73 0 63 0 53 0 43 034 0.25 017 0 1 0 05 002 0 
12 8 0165411 -2 85 -159 -1 05 -0 75 -0 54 -0 39 -0 27 -018 -0.11 -006 0 
11 5 016541C -2 98 -0 72 -0 44 -0 29 -0.19 -0.12 -0 08 -0 04 -0 02 -001 0 

o- 56 0165520 -31 -2 35 -1 57 -11 -0 78 -0 55 -0 37 -024 -013 -0 08 0 

"' 
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Figure 3.63: Graph of multipoint Lod scores for chromosome 16. 
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3.17 Chromosome 17 

3.17.1 Stage I 

Stage I of the analysis of chromosome 17 was carried out using a 

total of 9 markers spaced approximately 16cM apart. 

Deeply negative two-point Lod scores were obtained for five of the 

mark..:rs at recombination fraction zero but at higher recombination 

fraction values most markers produced inconclusive results. 

Positive two-point Lod score values were obtained for three 

markers: DI7S849 (17pl3.3) and the adjacent DI7S938 at 17pl3.2 (at a 

distance of 9 eM) showed Lod scores of 0.124 and 1.156 respectively at 

theta= 0. Further centromeric on 17p, positive tindings were obtained for 

marker DI7S799 (position 17pl2), with a Lod score of0.456. 

The combination of inconclusive two-point Lod scores for some 

markers, positive findings for other markers and some large intervals (24 

eM between DI7SI22 and DI7S579 and 43 eM between DI7S579 and 

DI7S785) resulted in the map shown in tigure 3.65. As can be seen from 

the map, the entire length of chromosome 17 could not be excluded on the 

basis of our results. 

The scoring of haplotypes for this region does suggest sharing 

bctv.ecn atTected members of family I, however no firm conclusions can 

he drawn because of the missing genotyping results in individuals 1.2. II.! 

and 111.4. 

Multipoint analysis carried out on chromosome 17 confim1ed the 

two-point Lod score at D 17S938 which now increased slightly to 1.2. The 
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multipoint score for the immediately telomeric marker 017S849 increased 

substantially from 0.12 to 1.08. The n·ogative two-point Lod score 

obtained for 0 17S945 at 17p 13.1, became positive on multipoint analysis 

and increased to 1.2 thus detining as positive the region between 0 17S849 

and Dl7S945 (spanning an overall distance of 16cM). The marginally 

positive t\\o-point Lod score obtained for 017S799 became slightly 

negative ( -0.08) after multipoint linkage analysis was carried out. 

Thus from stage I it can be seen that a region exists where positive 

Lod scores ranging lr01n 1.08 to 1.20 have been obtained. This region 

should be investigated further in stage 2 with the addit1on of extra markers 

and the second non PKD IIPKD2 family. 
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Table 3.~9: T\\ll point Lod scorl!s for t~unil: 1 for the markers used to anal:sed chromosome 17 in stage 1 of the study. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

0175578 -99 999 0 008 -0 208 0.28 0 299 0 288 0 256 021 0.151 0.081 0 
21 0175849 0124 0 097 0 078 0 054 0 039 0 026 0016 0.009 0.004 0 001 0 
9 0175938 1156 0 945 0812 0 638 0 478 0 337 0 218 0126 0 061 0.021 0 
7 0175945 -0 824 -0 576 -0 316 -0187 -0111 -0064 -0 034 -0 017 -0 006 -0 001 0 

___, 7 0175796 v. -2 495 -0.394 -0 577 -0 629 -0 623 -0 579 -0 509 -0415 -0 299 -0.161 0 
19 0175799 0456 0.387 0 32 0 256 0196 0141 0 093 0054 0024 0.006 0 
13 0175122 -99 999 -1.184 -0 S72 -0 411 -0 254 -0153 -0 087 -0044 -0018 -0.004 0 
24 0175579 -3 875 -0 897 -0 6';9 -0 465 -0 36, -0 283 -0 219 -0163 -0 1 ~ -0056 0 
43 0175785 -2 796 0 094 0 282 0 342 0 348 0 324 0 281 0.224 0158 0 083 0 
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Figure 3.66: Graph of multipoint Lod scores for chromosome 17 for family 1. 
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Figure 3.67: Haplotype of family I for 
chromosome 17 for stage I of the study. 
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3.17.2 Stage 2 

Two markers were added to chromosome 17 in stage 2 of the study. 

The first marker D 17S 1845 at 17p 13.3. was between D 17S849 and 

Dl7S938 to verify the positive Lod scores obtained in this region. The 

second marker. D 17S 1838 at 17q21.32. was between D 17S579 at 17q21.1 

and D 17S785 at 17q24.3 to reduce the large distance of 43cM bet\\een 

these markers. The second non PKDI/PKD2 Bulgarian family""' also 

added to the study. 

The two point Lod score for ]) I 7S 1845 placed between D 17S849 

and D 17S938 was very negative ( -2.533 at 0 ~ 0.05). The Lod score for 

Dl7S 1838 placed between Dl7S579 and Dl7S785 was also very negative 

with a result of -2.796 at 0 ~ 0. The two-point Lod scores suggest that 

from D I 7S 122 to D I 7S 785 can be excluded. 

llaplotype analysis on family I shows a crossover occuring 

between morkers DI7S578 anclll17Sl845 at indvidualllll individual 

1112. Allele sharing may exi'r her ,,,.r Dl7S945 however it is diflicult 

to tell due to the lack of genotyping rnn • ion at individuallll4 and the 

fact that this marker is uninformative. Siblings llll and 1112 both inherited 

the same alleles although it cannot be determined which allele was 

inherited fi'om which parent. 

llaplotype analysis on family 2 shows that the affected cousins 1112 

and 1114 inherit different haplotypes thus showing that this region can be 

excluded for family 2. I !aplotype sharing is difficult to determine due to 
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the lack of informativeness of the markers and the missing gcnotyping 

information for the two affected siblings, individuals IV1 and IV3. 

Multipoint Lod scores for family I from stage I of the study 

reduced with multipoint analysis and the addition of extra markers. 

Examining these multipoint Lod scores for family I it can be seen that a 

positive region does exist for this family between markers Dl7S938 and 

D 17S796 and includes Dl7S945. llowever the Lod scores lor this region 

range !rom 0.29 to 0.76 with the maximum Lod score being 0.76 at 

Dl7S945. Marker DI7S796 produced a negative l.od score of -2.49 thus 

excluding this position. 

Multipoint analysis on family 2 show that inconclusive Lod scores 

persist throughout the region due to the lack of informativeness of the 

tTiarkers for this family. Slightly positive Lod scores ranging from 0.06 to 

0.3 were obtained between markers Dl7S578 and Dl7S938. Marker 

Dl7S945 was the only marker to be excluded with a Lod score of -3.64. 

All Lod scores obtained from Dl7S796 to Dl7S785 were negative 

however. only slightly. 

Examining the multipoint l.od scores for both families combined, 

the positive two-point Lod scores obtained reduced with multipoint 

linkage analysis and the addition of the extra markers. The maximum Lod 

score achieved at Dl7S938 reduced to 0.4 at the position of this marker. 

The marker Dl7S945 produced the highest multipoint Lod score of0.76. 

Dl7S849 which also gave a slightly positive two-point Lod score of0.\24 
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in stage I, now produced a negative multipoint Lod score of -2.3 thus 

excluding this marker. 
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Table 3.30: Table oft\\o-point Lod scores for chromosome 17 for pedigree I in stage 2 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

D17S578 -99 999 0 008 -0.208 0 28 0.299 0.288 0.256 0 21 0.151 0.081 0 
21 D17S849 0.124 0 097 0.078 0054 0 039 0.026 0.016 0 009 0.004 0.001 0 

4 D17S1845 -99.999 -2.676 -1.781 -1.298 -0 972 -0.712 -0 523 -0 346 -0.213 -0.094 0 
5 D17S938 1156 0.945 0.812 0.638 0 478 0.337 0.218 0126 0.061 0021 0 
7 D17S945 -0 824 -0.576 -0 316 -0.187 -0111 -0.064 -0034 -0017 -0 006 -0001 0 

00 7 D17S796 -2.495 -0.394 -0577 -0.629 -0.623 -0 579 -0.509 -0.415 -0 299 -0.161 0 
N 

19 D17S799 0456 0.387 0 32 0.256 0.196 0.141 0.093 0.054 0 024 0 006 0 
13 D17S122 -99 999 -1.184 -0.672 -0.411 -0.254 -0.153 -0 087 -0.044 -0.018 -0.004 0 
24 D17S579 -3 875 -0.897 -0.619 -0.465 -0.361 -0 283 -0.219 -0.163 -0.11 -0 056 0 

27.6 D17S1838 -2.92 -1 251 -0.707 -0 407 -0.222 -0 099 -0.021 0041 0.048 0.033 0 
15.4 D17S785 -2 796 0.094 0.282 0 342 0.348 0 324 0.281 0.224 0158 0.083 0 



Table 3.31: Table of two-p~int Lod scores for chromosome 17 fi.1r pedigree 2 in stage 2 

THETA VALUES 
MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
D17S1845 0.186 0.143 0.094 0 083 0 076 0.052 0048 0 021 0 013 0001 0 
D17S1838 0.124 0 097 0 078 0.054 0039 0.026 0.016 0.009 0 004 0.001 0 

00 
w 



Table 3.32: T\\o pomt l.od scores f(>r family I and family 2 for all markers used to analyse chromosome 17 in stage 2 of the study. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

D17S578 -99 999 0.008 -0208 0.28 0 299 0 288 0 256 021 0.151 0 081 0 
21 D17S849 0124 0 097 0.078 0.054 0.039 0 026 0016 0009 0.004 0.001 0 
4 017S1845 -99 999 -2.533 -1.687 -1.215 -0896 -066 -0 475 -0.325 -0 2 -0.093 0 
5 D17S938 1156 0.945 0.812 0.638 0.478 0.337 0218 0.126 0.061 0.021 

0175945 -0824 -0 576 -0.316 -0.187 -0.111 -0064 -0 034 -0017 -0.006 -0.001 0 
00 7 D17S796 -2.495 -0 394 -0.577 -0 629 -0.623 -0.579 -0 509 -0415 -0299 -0.161 0 ... 

19 D17S799 0456 0 387 0.32 0256 0196 0141 0.093 0054 0024 0.006 0 
13 D17S122 -99 999 -1.184 -0672 -0.411 -0 254 -0153 -0 087 -0044 -0018 -0 004 0 
24 D17S579 -3 875 -0.897 -0 619 -0.465 -0.361 -0 283 -0.219 -0163 -0.11 -0056 0 

276 01751838 -2 796 -1.154 -0.629 -0.353 -0.183 -0 073 -0 005 0 032 0044 0032 0 
15 4 D17S785 -2 796 0.094 0.282 0 342 0.348 0 324 0 281 0 224 0158 0 083 0 
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Figure 3.68: Exclusion map of chromosome 17 for stage 2. 
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Figure 3.69: Graph of multipoint Lod score for chromosome 17 for family 1 and family 2 combined. 
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Figure 3. 71: llaplotype of pedigree 2 for markers on chromosome 17 added in stage 2. 
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3.18 Chromosome 18 

Chromosome 18 was analysed using 8 markers spaced 

approximately 20cM apart. 

The two-point Lod scores for these markers arc listed in table 3.33. 

Six of the markers gave deeply negative results. Two markers. natncl) 

DIRS63 18pll.32 and Dl8S363 at 18q11.1 gave marginally positive l.od 

scores \lf0.2:!:! and 0.2.16 rcspccti\cly. 

The C:\.clusion map in figure 3.7'2 shl)\\'S two small peaks around 

D !8S64. the lirst resulting I rom the positi,·e t\\o-point Lod score at the 

nanking centromeric marker DI8S363 and the 17 eM distance hct\\ccn the 

two markers and the second resulting from the low positive two-point Lod 

scores obtained for the tclomeric nanking marker Dl8S543 ( 18q12.2) at 

higher recombination fraction values (0.1 and over). given the length of the 

interval bracketed by this marker and 01 RS64 (namely 15 eM). The 

largest peak of non-exclusion is telomeric to Dl8S543 and is due to the 

lack of markers in this large interval. 

Multipoint analysis produced negative results for the region around 

D 18S63. \\hich gave a Lod score of -1.17. Negative findings. namely a 

Lod score of -0.7. were obtained for Dl8S363. the other marker which 

presented with a slightly positive two-point Lod score. The multipoint 

results for the region between Dl8S363 and Dl8S543 range between -1.00 

and -2.00 thus placing this interval among the genomic regions which 

cannot be definitely excluded but which are highly unlikely to contain the 

disease gene. 
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Due to the large size of the interval. the area telomeric to D 18S543 

cannot be excluded, with multipoint Lod scores ranging lrom -0.2 to -0.9. 
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Table 3.33: Shows two-point Lod scores for markers used to analyse chromosome 18. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

018559 -99.999 -0.885 -0.377 -0.124 0.021 0102 0141 0146 0123 0074 0 
6 018562 -3.699 -0.721 -0443 -0.292 -0.194 -0125 -0 076 -0041 -0018 -0004 0 
11 018563 0 222 0.187 0154 0.123 0.093 0.067 0044 0025 0011 0.003 0 
10 0185843 -99 999 -2 534 -1.687 -1215 -0.896 -066 -0 475 -0.325 -02 -0 093 0 

"' 40 0185535 -99 999 -1.27 -0.746 -0.473 -0.303 -0189 -0112 -0059 -0 025 -0006 0 
9 0185363 0236 0.2 0.165 0.132 0.1 0072 0047 0027 0 012 ooa3 a 
17 018564 -3.699 -a.721 -0.443 -a.292 -a 194 -0.125 -a 076 -a 041 -a 018 -aa04 a 
15 0185543 -99.999 -a 015 a.188 0.264 a 287 0.279 0 25 a206 0.149 a a81 0 
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Figure 3.72: Exclusion map of chromosome 18. 

192 
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Figure 3.73: Multipoint Lod scores for markers analysed on chromosome 18. 
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3.19 Chromosome19 

Chromosome 19 was analysed using 8 markers spaced 

approximately 13cM apart. 

The two-point Lod scores in table 3.34 for this chromosome show 

that at r = 0 all chromosome 19 markers gave l.od scores below -2.00. 

Thi, is also slumn in the exclusion map in ligure 3.75 where no peaks are 

\ isiblc. 1\lar~er D I9S294 at l'lq 12 gave a l.od score of negati,·e infinity 

at 0 = 0 ho\\C\Cr. as the recombination fraction increased. the l\\O·point 

Lod scores hccamc po~iti\ c reaching a maximum value of 0.3 at 0 = 0.2. 

Haplotype analysis of chromosome 19 shows a lack of haplotype 

sharing among affected individuals. The affected siblings 1113 and 1114 

have inherited different haplotypes thus excluding the gene from this 

region. Furthermore, the unaffected sibling. individunl1112. has inherited 

the same haplotype as her affected sibling. from marker D19S394 down to 

D 19S224 thus providing further evidence that the gene is not in this 

region. 

Multipoint analysis confirm that almost all of chromosome 19 can 

be excluded as the Lod scores are below -2.00. The region near D 19S254 

gave multipoint Lod scores ranging between -1.3 and 0.2. and therefore 

could not be not excluded. Figure 3.76 shows a graphical representation of 

these Lod scores with the positive region near D 19S254 represented as a 

slight rise in the graph. 
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Table 3.34: Table oft\\o-point Lod scores for markers used to analys chromosome 19. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

0195247 -99 999 -1.549 -1001 -0.703 -0.51 -0.365 -0.258 -0173 -0.104 -0.047 0 
23 0195394 -99.999 -1.442 -0 887 -0.585 -0 388 -0.25 -0.151 -0 082 -0035 -0009 0 
7 0195253 -99.999 -1.271 -0 746 -0.473 -0.303 -0.189 -0.112 -0.059 -0.025 -0006 0 
13 0195433 -99.999 -1378 -0.836 -0.545 -0.358 -0.229 -0.138 -0 074 -0 032 -0008 0 
9 019$224 -99.999 -1255 -0.733 -0.462 -0.294 -0.183 -0107 -0 057 -0024 -0006 0 :;; 20 0195246 -3 942 -0 954 -0.666 -0.504 -0.393 -0.309 -0 239 -0117 -0119 -0.06 0 a-
7 GGAA1803 -99 999 -2 534 -1.687 -1.215 -0.896 -0.66 -0475 -0 325 -0 2 -0 093 0 

19 0195294 -99.999 0024 0.221 0.291 0.308 0294 026 0212 0152 0 081 0 
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Figure 3.75: Exclusion map of chromosome 19. 
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Figure 3.76: Graph of multipoint Lad scores for markers analysed on chromosome 19. 
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3.20 Chromosome 20 

Chromosome 20 was analysed using 4 markers spaced 

approximately 20cM apart. 

The two-point l.od scores lor these markers are shown in table 

3.35. D20S I 03 (20p 13) is the only marker to give a positive l.od score of 

0.177 at 0 = 0. l"he other 3 markers ga\c deeply negative l.od scores. 

This is shtmn graphically in the exclusion map in figure 3.78. 

~lultipoint analysis (figure 3.79) produced negati,·e results lor the 

region around D20S I 03. A multipoint Lod score of -1.46 was ohtaincd at 

the position of this marker. For the entire intervaffrom 20pter to 

D20SI03. the l.od scores ranged between -0.98 and -1.-16. These findings 

do not allow the definite exclusion of this interval. however they allow it 

to be classified as highly unlikely to contain PKD3. Similar conclusions 

can be drawn about the interval flanked by D20S 115 at 20p 13 and 

D20S 120 at 20q 13 .2. Affected individuals in pedigree I do not share 

identical haplotypes for these two markers (figure 3.80) however the 

bracketed interval is 66 eM long. The results from the multipoint analysis. 

with l.od scores ranging from -1.43 to -3.73. also place this interval in the 

category of non-excluded but highly unlikely to contain the gene. 

200 



Table 3.35: Table of two-point Lod scores for the markers used to analyse chromosome 20. 

THETA VALUES 
DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

0205103 0.177 0149 0.121 0.096 0 072 0 051 0034 0 019 0009 0.002 0 
16 020595 -99.999 -3 442 -2.285 -1.63 -1183 -0 851 -0 595 -0 392 -0.229 -0.1 0 
6 0205115 -99.999 -1442 -0.887 -0.585 -0 388 -025 -0151 -0082 -0 035 -0 009 0 

66 0205120 -99.999 ·2 534 -1 687 ·1.215 -0.896 -066 -0475 -0 325 -02 -0 093 0 

N 

8 
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Figure 3.78: Exclusion map of chromosome 20. 
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Figure 3.79: Graph of multipoint Lod scores for chromosome 20 
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Figure 3.80: Haplotype of family I for 
chromosome 20. 
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3.21 Chromosome 21 

Chromosome 21 was analysed using 3 markers spaced 

approximately 13cM apart. 

The two-point Lod scores for all three markers were negative 

infinity ate= 0 (table 3.36). However for two of these markers. namely 

GGAA2E03 and 021 S265 at positions 21qll and 21q21.2 respectively, 

the Lod scores increased at higher recombination distances. The 

maximum Lod scores were reached at e = 0.2 and were 0.299 for 

GGAA2E02 and 0.313 for 021 S265. These findings and the large 

distance between 021 S265 and the telomere resulted in the peaks of non­

exclusion over chromosome 21, as shown on the map in figure 3.81. 

Multipoint analysis of chromosome 21 (figure 3.82) also produced 

inconclusive evidence of exclusion, with Lod scores in the range -I. 7 to 

0.21. 
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Table 3.36: Table sho\\ing two-point Lod scores calculated for all markers used to analyse chromosome 21. 

THETA VALUES 
DISTANCE (cMI MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

D21S258 -99 999 -1.442 -0.887 -0.585 -0 388 -0.25 -0151 -0.082 -0.035 -0.009 0 
17 GGAA2E02 -99 999 0.008 0.208 0.28 0299 0.288 0 256 0.209 0.151 0.081 0 

N 12 D21S265 -99.999 0.033 0229 0.298 0313 0.298 0.263 0214 0.153 0.081 0 
0 

"' 
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Figure 3.81: Exclusion map of chromosome 21. 
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Figure 3.82: Graph of multipoint Lod scores for the markers used to analyse chromosome 21. 
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3.22 Chromosome 22 

3.22.1 Stage I 

Chromosome 22q was studied using 4 markers spaced 

approximately II eM apart. Two point Lod scores for these 

markers are listed in table 3.37. Two-point Lod scores indicated a 

positive region of II eM including markers D22S264, D22S257 

and D22S345. Lod score values of 1.4 were obtained for 

D22S264 at 22q 11.21 and D22S345 at 22q 11.23 and a slightly 

lower Lod score of 1.3 was obtained for D22S257 at 22qll.23. 

This positive region is represented in the exclusion map in figure 

3.84 as a large peak of non-exclusion. 

Multipoint analysis confirmed this region as positive. with 

all 3 markers mentioned above producing Lod scores of 1.4. The 

flanking marker D22S683 was excluded at its particular position. 

due to a recombination observed in unaffected individual Ill :2. 

however the region immediately adjacent was not definitely 

excluded even though the l ~~ o.ures were negative. These 

multipoint results are represented in figure 3.85. 

Haplotype analysis (figure 3.86) of this region shows that 

haplotype sharing occurs among all affected individuals for 

markers D22S264. D22S257, D22S345. D22S270 and D22S284. 

As mentioned above, however. unaffected individual 1112 has 

inherited the same haplotype for markers D22S683. D22S270 and 

D22S684 as her affected sibling, thus placing the gene centromeric 
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to these markers. Because of the persisting positive Lod scores this 

region required further investigation. 
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Table 3.37: Table oft\\o point Lod scores fi>r the markers used to analyse chromosome 22 in stage I. 

THETA VALUES 
DISTANCE (cMl MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

0225264 1408 1.287 1.162 1.034 0.901 0.765 0 624 0 478 0327 0.168 0 
8 022$257 1 329 1.219 1.105 0 987 0.866 0.739 0607 0469 0 322 0167 0 
3 022$345 1437 1.312 1.184 1051 0.915 0.775 0.631 0483 0 329 0169 0 

20 022$683 -99.999 -0.592 -0.338 -021 -0.131 -0.081 -0047 -0 024 -001 -0002 0 
18 0225270 -99.999 0.008 0208 0.28 0.3 0 288 0.256 0.21 0151 0.081 0 ..., 
6 0225684 0.177 0.148 0.121 0 096 0.072 0 051 0034 0.019 0.009 0 003 0 ..., 
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Figure 3.84: Exclusion map of chromosome 22 for stage I. 
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MULTIPOINT LOD SCORES OF CHROMOSOME 22 FOR STAGE 1 
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Figure 3.85: Graph of multipoint Lod scores on chromosome 22 for stage 1. 
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3.22.2 Stage 2 

During stage 2 of the study, 6 markers were addetl to the 

positive region mentioned above, creating a higher density map 

with an average of2.2cM distance between markers. The second 

Bulgarian family was also included in the study and the new 

markers were used to analyse both families. To obtain a more 

conservative estimate. individuals IV I in both families who are of 

relatively young age. were considered of unknown affection status 

or altogether excluded from the calculations. Two-point Lod 

scores for all markers used in stage 2 to analyse chromosome 22 

arc listed in table 3.38. 

Two-point analysis showed that the positive region defined 

in stage I persisted for family I. The two-point Lod scores for this 

family ranged from 0.204 to I .44. The maximum Lod score was 

obtained at D22S446 and had a value of 1.44 at recombination 

distance zero. All markers in the positive region between D22S427 

and D22S345 (except D22S425) produced Lod scores greater than 

1.00. Marker D22S425 was uninformative in all affected 

individuals and gave a Lod score of 0.204 at theta= 0. 

I laplotype analysis shows sharing among all affected 

individuals. 

Multipoint linkage analysis on family I confirmed the 

positive region bracketed by markers D22S427 and D22S345 with 

4 other markers included in the interval. Multipoint Lod scores for 
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the entire interval ranged between 1.40 and 1.50. Marker D22S425 

which is uninformative in this family and produced a relatively low 

two-point Lod score of0.204 now showed a multipoint Lod score 

of 1.50 due to the addition of the extra markers which showed 

evidence of linkage. 

As mentioned above. the second family was also analysed 

during stage 2. In this family, the two-point Lod scores ranged 

from -3.747 to 0.775 at D22S446. The maximum two-point Lod 

score was 0. 775 at theta~ 0 for marker D22S446, i.e at the same 

position where the highest two-point Lod score was obtained for 

family I. The immediately adjacent (at 0.8 eM distance) marker 

D22S425 gave a two-point Lod score of 0.567 at theta~ 0. As 

mentioned above, this marker was uninformative in family I (hence 

the low two-point Lod score) but gave the peak value in multipoint 

analysis. 

llaplotype analysis on family 2 shows haplotype sharing 

among affected individuals for markers between D22S446 and 

D22S345. The interval where haplotype sharing occurs is smaller 

than in family I and is narrowed down on the centromeric side by a 

recombination between markers D22S264 and D22S446 fc Jn<! in 

individuallll:2. Examination ofhaplotypes also suggests sharing 

for marker D22S345 but, due to the lack of genotyping information 

for individuallV3, it is difficult to draw definite conclusions. 
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Multipoint analysis on family 2 contradicted the positive 

two-point results with all markers producing negative two-point 

results ranging from -0.48 to -0.91. These inconclusive Lod 

scores were due to the predominantly uninformative markers in this 

region. Marker D22S264, which was informative produced a Lod 

score of -4.81 thus excluding the marker at its position. 

This region was however, investigated further due to 

several facts. These included (a) a positive Lod score of 1.50 was 

obtained for family I; (b) the maximum two-point Lod score of 

~.22 obtained at D22S446 at recombination frequency zero; (c) the 

markers in stage 2 for family 2 were uninformative thus no 

conclusions could be drawn. 
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Table 3.38: Table showing the Lod score for chromosome 22 markers used to analyse pedigree I in stage 2 of the study. 

TWO-POINT LOD SCORES FOR STAGE 2 OF CHROMOSOME 22 FOR PEDIGREE 1 
THETA VALUES 

DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
022S427 1.113 0.989 0862 0.732 0.599 0.465 0.333 0 208 0.101 0.027 0 

3.3 0225264 1.139 1.036 0931 0 823 0.712 0.6 0.485 0.369 0.249 0.127 0 
2.5 022S446 1.44 1.315 1.186 1.053 0.917 0 776 0.632 0.483 0.329 0.168 0 

N 0.8 D22S425 0.204 0.171 0.141 0.111 0.084 006 0.039 0.022 0.1 0.002 0 

"' 4.7 0225257 1329 1.218 1.105 0.987 0.865 0 739 0.607 0.468 0.322 0.167 0 
2 0225345 1 436 1 312 1.183 1.051 0.915 0775 0.631 0.482 0.328 0168 0 

20 0225683 -99.999 -0.592 -0.338 -0.21 -0.131 -0 081 -0.047 -0.024 -0.01 -0002 0 
18 0225270 -99.999 0.008 0.208 0.28 0.3 0.288 0.256 0.21 0.151 0 081 0 
6 0225664 0.177 0.148 0.121 0096 0.072 0 051 0.034 0 019 0009 0.003 0 



Table 3.39: Table showing the Lod score for chromosome 22 markers used to analyse pedigree 2 in stage 2 of the study. 

TWO-POINT LOD SCORES FOR STAGE 2 OF CHROMOSOME 22 FOR PEDIGREE 2 
THETA VALUES 

DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
D22S427 -0184 -0.137 -0.102 -0.075 -0.054 -0.037 -0.024 -0.013 -0.006 -0.001 0 

3.3 D225284 -3.747 -0.76 -0479 -0329 -0.234 -0.168 -0.121 -0.085 -0.055 -0.027 0 
2.5 0225446 0 775 0.675 0 573 0.471 0.37 0 273 0.184 0.107 0.048 0.012 0 

N 
0.8 0225425 0 567 048 0 396 0 314 0.238 0169 0109 0.061 0.027 0.006 0 

N 47 0225257 -0096 -0076 -0059 -0044 -0.032 -0.022 -0014 -0.007 -0.003 0 0 0 
2 0225345 0 309 0.252 0.199 015 0108 0 073 0 045 0 024 001 0002 0 



Table 3.40: Tahle of two-point l.od scores for lamil) I and family 2 l(>r markers us~d to analyse chromosome 22 in stage 2 of the 
study. 

COMBINED TWO-POINT LOD SCORES FOR STAGE 2 OF SCREENING OF CHROMOSOME 22 
THETA VALUES 

DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
D225427 093 0 85 0 76 066 054 043 031 019 01 0 02 0 

3.3 D225264 -261 047 061 062 0 57 0 51 042 0 32 0 22 011 0 
N 

25 D22S446 222 1 99 1 76 1 53 1 29 1 05 0 82 0 59 0 38 0.17 0 !:: 
06 0225425 0 77 0 65 0 54 0 43 0.32 0 23 0 15 006 004 0.02 0 
47 0225257 1 23 114 1 05 0 94 0 83 0 72 0 59 046 032 0.16 0 
2 0225345 1.75 1 56 1 38 1 2 1 02 0 85 068 051 0.34 0.17 0 
20 0225683 -99.999 -0.592 -0.338 -021 -0131 -0 081 -0047 -0 024 -001 -0002 0 
18 0225270 -99.999 0008 0 208 028 03 0 288 0 256 021 0151 0081 0 
6 0225684 0.177 0.148 0.121 0 096 0072 0 051 0034 0019 0 009 0003 0 
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Figure 3.87: Exclusion map of chromosome 22 for stage 2 of the study. 
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GRAPH OF MULTIPOINT LOD SCORES FOR CHROMOSOME 22 FOR STAGE 2 
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Figure 3.88: Graph of combined multipoint Lod scores for chromosome 22 for stage 2. 
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Figure 3.89: Haplotype of family I for chromosome 22 
for stage 2 of the study. 
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111:1 111:2 111:3 111:4 111:5 
225427 3 5 3 5 3 3 1 2 
225264 5 6 ? ? 3 6 2 4 
225446 5 5 4 5 5 5 3 5 
225425 4 2 2 3 4 4 3 4 
225257 2 1 2 2 2 1 1 2 
225345 2 3 ? ? 2 2 3 4 

IV:1 IV:2 IV:3 
0225427 ?3 5? ? 3 1 3 1 
0225264 6 3 3 2 ? ? 
0225446 5 1 5 5 5 3 
0225425 2 3 4 3 4 3 
0225257 ?1 2? ? 2 2 2 2 
0225345 3 1 2 4 ? ? 

Figure 3. 94: Haplotype of pedigree 2 for markers on chromosome 22 added in stage 2. 

225 



3.22.3 Stage 3 

A total of 14 markers spaced approximately 1.3cM apart 

were used to analyse the positive region on chromosome 22 in 

stage 3 of the study. These markers and their respective two-point 

Lod scores arc listed in table 3.41. 

As can be seen from this table. the maximum combined 

two-point l.od score of 2.22 was still produced by D22S446 at 

recombination frequency zero. Two of the newly added markers. 

namely D22S 1174 and D22S419 gave two· point Lod scores of 

greater than 1.00 while D22S 1164 gave a slightly lower positive 

Lod score of 0.59 at theta= 0. Marker D22S539. centromeric to 

D22S446 at zero distance also produced a relatively high positive 

Lod score of 1.81 at theta = 0. The region which shows evidence of 

linkage in both families spans approximately I 0 eM. from 

D22S539 on the centromeric side to D22S345 on the telomeric 

side. As discussed above. recombinations observed in both 

families have helped to narrow down the region as follows: the 

recombination observed in individual III:2 in family I places the 

gene centromeric to D22S683. Because of the large distance 

between D22S345 and D22S683 (20 eM). our data are not 

sufficient to detine the telomcric boundary of the region. However. 

it is certain that marker D22S345 is within the linkage region. In 

family 2. the recombination in individual III:2 places the gene 

centromeric to this marker. 
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Haplotype analysis shows haplotype sharing between all 

a!Tected individuals in the two families. 

Multipoint analysis produced positive Lod scores over the 

entire interval. With the addition of the extra markers, the 

multipoint Lod scores in family 2 increased to above 1.00 thus 

dismissing any doubts as to whether this is a candidate region or 

not in the second family. The maximum multipoint Lod scores 

were 1.5 in family I and 1.45 in family 2. The maximum 

combined multipoint Lod scores of2.95 were obtained at 

D22S 1174 and D22S419. The multipoint results are shown in 

Figure 3.92. 
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Table 3.41: Table shtming Lod scores for chromosome 22 markers used to analyse pedigree I in stage 3 

TWO-POINT LOD SCORES FOR STAGE 3 OF CHROMOSOME 22 FOR PEDIGREE 1 
THETA VALUES 

DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
0228427 1.113 0.989 0862 0 732 0 599 0.465 0 333 0.208 0.101 0027 0 

33 0228264 1139 1.036 0.931 0 823 0 712 06 0 485 0 369 0249 0127 0 
2.5 0228539 1.135 1 033 0.928 082 0 711 0.599 0 485 0 368 0.249 0127 0 
0 0228446 144 1.315 1.186 1 053 0 917 0.776 0632 0 483 0.329 0168 0 

N 
08 0228425 0204 0.171 0.141 0111 0084 0.06 0 039 0 022 0.1 0.002 0 N 

00 
4.7 0228257 1 329 1 218 1105 0.987 0 865 0.739 0 607 0468 0 322 0167 0 
0.7 02281174 1.135 1 033 0.928 0 82 0 711 0 599 0 485 0368 0249 0.127 0 
0 0228419 1135 1 033 0.928 082 0 711 0.599 0485 0368 0 249 0127 0 
0 02281164 0.221 0.187 0.154 0122 0 093 0 066 0044 0 025 0011 0 002 0 

1 3 0228345 1436 1.312 1.183 1051 0.915 0775 0.631 0.482 0 328 0.168 0 
20 0228683 -99 999 -0.592 -0.338 -0 21 -0.131 -0 081 -0047 -0 024 -001 -0002 0 
18 0228270 -99 999 0.008 0.208 0.28 0.3 0 288 0 256 0.21 0.151 0 081 0 
6 0228684 0177 0.148 0.121 0096 0.072 0 051 0 034 0.019 0 009 0 003 0 



Table 3.42: Table showing Lod scores for chromosome 22 markers used to analyse pedigree 2 in stage 3 

TWO-POINT LOD SCORES FOR STAGE 3 OF CHROMOSOME 22 FOR PEDIGREE 2 
THETA VALUES 

DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
0225427 -0184 -0.137 -0102 -0.075 -0054 -0.037 -0024 -0.013 -0.006 -0 001 0 

33 0225264 -3 747 -0.76 -0479 -0.329 -0234 -0168 -0.121 -0 085 -0.055 -0 027 0 
25 D225539 0.677 0 586 0495 0.404 0 315 0231 0154 0.089 0.04 0.01 0 

N 0 0225446 0.775 0 675 0.573 0.471 0.37 0 273 0184 0.107 0048 0 012 0 
N 08 0225425 0.567 0.48 0.396 0.314 0238 0169 0.109 0.061 0.027 0.006 0 >0 

4.7 0225257 -0.096 -0 076 -0.059 -0044 -0 032 -0 022 -0014 -0.007 -0003 0 0 
0.7 02251174 0.296 0.241 0.189 0.143 0103 0 069 0 042 0.022 0.009 0 002 0 
0 0225419 0.42 0.343 0.274 0.212 0.16 0166 0 081 0 054 0.032 0 014 0 
0 02251184 0.371 03 0.237 0.182 0.136 0 099 0069 0046 0.028 0 013 0 

1.3 0225345 0.309 0252 0.199 0.15 0108 0 073 0 045 0 024 001 0 002 0 



Table 3.43: Table oft\\o point Lod score tor family I and family 2 combined for all markers analysed on chromosome 22 in stage 3 
of the study. 

COMBINED TWO-POINT LOD SCORES FOR THE FINAL STAGE OF SCREENING OF CHROMOSOME 22 
THETA VALUES 

DISTANCE (eM) MARKER 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
0225427 0 93 085 0 76 066 0 54 0.43 0.31 019 01 0.02 0 

3.3 022$264 -2 61 047 0.61 062 0 57 0 51 042 0 32 0 22 011 0 
2 5 022S539 1 81 1 62 142 123 1.03 0 83 064 046 29 013 0 

N 
0 022$446 2 22 1.99 1 76 1 53 1.29 1 05 0 82 0 59 0 38 017 0 w 

0 
0.8 0225425 0 77 0 65 054 043 0.32 023 u 15 0.08 004 002 0 
4 7 0225257 1 23 114 1 05 0 94 0.83 0 72 0 59 046 032 016 0 
0 7 02251174 1 43 1.27 112 096 0 81 0 67 0 053 0.39 026 0.13 0 

0 0225419 156 1 38 12 1 03 087 072 0 57 042 0 28 0.13 0 
0 02251164 0 59 049 0 39 0.31 0 23 017 0.11 007 0 04 0.02 0 

1 3 0225345 1 75 156 1 38 12 1 02 0 85 0 68 0.51 0 34 0.17 
20 0225683 -99 999 -0 592 -0 338 -0.21 -0131 -0 081 -0 047 -0024 -0 01 -0.002 0 
18 0225270 -99 999 0.008 0 208 028 03 0 288 0256 0 21 0.151 0.081 0 
6 0225684 0177 0.148 0121 0 096 0 072 0.051 0 034 0 019 0 009 0 003 0 



EXCLUSION MAP FOR STAGE 3 OF CHROMOSOME 22 

Figure 1.91: Exclusion map of chromosome 22 for stage 3 of the study. 
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Figure 3.92: Graph of multipoint Lad scores on chromosome 22 for family 1 and family 2 combined in 
stage 3. 
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Figure 3.93: Haplotype of family I for all 
markers used to analyse chromosome 22 in stage 
3 of the study. 
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IV:1 
0225427 ?3 5? ? 
0225264 6 3 
0225539 ?1 6? ? 
0225446 5 1 
0225425 2 3 
0225257 ?1 2?? 

02251174 4 1 
0225419 ?3 6?? 

02251164 3 3 
0225345 3 1 

111:3 
3 5 
? ? 
2 2 
4 5 
2 3 
2 2 
? ? 
? ? 
? ? 
? ? 

111:4 
3 3 
3 6 
6 6 
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4 4 
2 1 
3 4 
3 4 

4 
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IV:2 
3 1 
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6 6 
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Figure 3.94: llaplotype of pedigree 2 tor markers on chromosome 22 added in stage 3. 
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4. DISCUSSION 

4.1 Participating Families 

rwo families. both of B01lgarian origin. participated in this 

study. The first family consisted of II individuals. of whom 5 were 

afli:ctcd. The second family consisted of seven individuals with 4 

afli:ctcd. Simulations using the SLINK program (Ott .. 1'18'1. Weeks et 

a/ .. 1990) \\ere carried out to determine the maximum Lod score 

obtainable"" both families. l'crt<~rming 1000 multipoint simulations 

under the assumption of linkage. using 2 markers and three alleles per 

Incus. it \\as sho\\ln that the maximum Lod score expected for family I 

\\as 1.44 "hilc the maximum Lod score expected t<~r family 2 was 1.08. 

Thus a total of 2.56 was expected assuming both families arc affected by 

mutations in the same gene. 

The size of these two families docs not allow the minimum Lod 

score suggestive of linkage (Z ~ 3.00) to be reached. As a result. 

exclusion of the majority of the genome \\as the primary aim of the 

research. Simulations were carried out using the SLINK program (Ott.. 

1989. Weeks et at .• 1990) to determine the pvwer of exclusion of the 

first family. on which stage I of the study is based. A total of 1000 

multipoint simulations were performed under the assumption of no 

linkage between the gene and a given marker. The simulations showed 

that the minimum Lod score obtainable for family I at theta values 0.05 

and 0.000 was - infinity while the average Lod score was also- infinity 
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and the maximum Lod score achieved from the simulations was 1.44. 

Simulations were also carried out to determine the probability of getting 

a Lod score of 1.00 or greater under the assumption of no linkage. 

Performing I 000 multipoint simulations \\C obtained a value of 3.-l%. 

which is the probability of obtaining a talse positive result ie. a Lod 

score ·1.00 t<>r a marker which in tact is not linked to the gene. On the 

basis of these results. we defined as candidate locations of the PKD3 

gene. all regions sho\\ ing Lod scores ~""1.00. 

Under the assumption of linkage. I 000 simulations showed that 

the probability of getting a Lod score greater than 1.00 was 62.8% (Ott .. 

I 989. Weeks eta/ .. I 990). Comparing this value of 62.8% to the value 

of 1.4% (percentage of false positives) it can be seen that proportion of 

false positives is quite small. thus justilying our minimum Lod score of 

1.00 as a requirement of a candidate region. If a score ofO.OO was 

chosen as the minimum requirement of a candidate region then the 

proportion of false positives would be much larger. Simulations were 

again performed to justify this hypothesis. Again using 1000 

simulations and under the assumption of no linkage the percentage of 

regions producing a Lod score of greater than 0.00 was 40.2% ie. the 

percentage of false positives was 40.2%. This figure is substantially 

larger than that of 3.4% for a Lod score of 1.00, thus it would seem more 

financially efficient and less time consuming to use a Lod score of 1.00 

as the minimum requirement of a candidate region. 
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4.2 Discussion of Methods 

The methods used to analyse the genotyping data \\ere two­

point analysis using MLINK of LINKAGE. exclusion mapping using the 

EXCLUDE program and multipoint analysis using the Genchunter 

program. 

1\\o-point Lod scores arc a numerical representation of the 

prohahility of one locus being linked to another Incus. In the case of our 

study the t\\o·point Lod scores represent the probability that the PKD3 

gene is linked to any one of the markers analysed. MLINK of the 

l.INKAGE program places the gene at various increments 

(recombination fraction values) !rom the marker and calculates the l.od 

scores at each of these increments. For the purpose of this study. Lod 

scores \vcre calculated at recombination fractions ranging from 8 = 0.0 

to 0 = 0.45. 

From the calculated two-point Lod scores. exclusion maps were 

constructed using the EXCLUDE program. These maps arc graphical 

representations of the two-point Lod scores with regions of non­

exclusion denoted by peaks on the graph and regions of exclusion 

denoted by tlat areas. 

Multipoint linkage analysis was cdrricd out using the 

Cienehuntcr program. Multipoint analysis produces Lod scores for a 

region between numerous markers with the gene being placed 

hypothetically at various increments between these markers. This type 
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of analysis takes into account the affect of flanking markers and the Lod 

scores obtained at these flanking markers. The distance to these 

llan!,.ing markers as well as the informativeness of the marker 

dctcrmincs how negative or positive the Lod score will he. Gcnchuntcr 

is a pacl,.age that analyses the haplotypes of the entire chromosome 

rather than three or four markers at one time (as is the ~..·asc in most 

multipoint analyses). 

-'.3 Strategy of the Study 

The aim of the study was to exclude a large proportion of the 

genome and thus outline possible locations of the PKD3 gene. An initial 

screening of the genome was performed in family I in the first stage of 

the study. The chromosomal regions were divided into 4 categories. The 

first category is defined by : 

Z: Z<?.-2 

\\here Z is the Lod score at 0 = 0. Regions of the genome that fall into 

this category were considered ddinitely excluded. 

The second category was defined by : 

Z: -2o>Zo>-l 

whc1c Z is the multipoint Lod score at 0 = 0. This category included 

regions that could not be excluded with I 00% confidence but were highly 

unlikely to contain the PKDJ gene. 

The third category was defined by : 
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Z: -1 $Z$1. 

These arc regions that could be not excluded but are unlikely locations of 

the gene. 

The fourth category includes any genomic region that produces l.od 

score, greater than 1.00 and is dctincd by : 

Z: Z 2 1.00. 

Thcse regions \\ere considered candidate rcgi,ms for the possible location 

of the PKD3 gene and were im·estigated in greater detail. This threshold 

\\US chosen because simulations showed that the likelihood of obtaining a 

Lod score > 1.00 tor a linked marker \\US 61.8% whereas the rate of tahe 

positive results for this cut-off value was 3.4%. 

i\ summary of the genomic regions that tall into these categories 

is slumn in table 4.1. For a detailed list of the multipoint Lod scores 

obtained "ith the Genehunter package see appendix B. 
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GENOME REGIONS 
BY CATEGORY 

Detinitely 
excluded 
( Lod scores <-,-::!) 

Probably 
excluded 
(l.od scores -I to -2) 

Not excluded 
llnlikely location 
(l.od scores -I to I) 

Possible locations 
( Lod scores >I ) 

OVERALL 
DISTANCE(cM) 

1829 

S82 

1250 

45 

%OF 
GENOME 

45.6% 

22.1 o/o 

31.2o/o 

1.1% 

Table 4.1: A summary of the exclusion results !rom stage I of the study. 

4.4 Exclusion Categories 

-1..1.1 Delinitelv hduded Regions 

The first category includes all regions of detinite exclusion 

defined by l.od scores of -2.00 or less. A two-point Lod score of -2.00 

corresponds to a likelihood ratio of I: I 00 ie. for a marker that produces a 

l.od score of -2.00 there is a I: I 00 chance that the gene is at that position 

"hich is widely accepted as conclusive evidence against linkage. 
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For regions that tall into this category haplotype analysis shows 

numerous recombinations occur and lack of haplotype sharing among 

affected individuals. 

i\s can he seen from table 4.1 this has been achieved f(,r 45.6% 

of the human genome. Some regions that fUll into this category cannot 

he excluded conclusively with two-point analysis hut can he excluded as 

a result of multipoint analysis. 1\.n example is the region between 

[) 19S247 and D 19S224 \\hich includes 3 other markers. For all 

markers. conclusive evidence of linkage \\as obtained at 0 = 0 but not at 

0 values gre3ter than 0. using t\\o-point l.od analysis. Using multipoint 

analysis. the whole region was definitely excluded . 

.J . .J. 2 Prohahlv Excluded Rer:ions 

The second category of results in this study includes regions 

that gave multipoint Lod scores between -2.00 and -1.00 (table 4.2). 

These regions cannot be excluded definitely. however the negative Lod 

scores make it highly unlikely that the gene is located within these 

regions. 
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CIIROMOSOMAL REGION LENGTH (cl\1) 

lp 47 
2p 44 
2q 91 
3p 40 
3q 25 
4p 24 
4q 87 
5p 18 
5q 10 
6p 6 
6q 19 
7p 41 
8q 14 
9p 21 
<Jq 21 
lOp 13 
IOq 6 
lip 2 
llq 20 
12p 25 
14p 25 
14q 

, 
15p 
15q 6 
16p 14 
17p 63 
18p 17 
18q 87 
20p 6 
20q 53 
21cen 29 
22q I 

TOTAL 882 

Table 4.2: Genomic regions that were probably excluded with Lod scores 

between -2.00 and -1.00. 
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If the two-point Lod scores for these markers are examined, it 

can be seen that in most cases the Lod score is -99.999 ate = 0 thus 

excluding the position of the marker. However, as 0 increases, the Lod 

scores rise to greater than -2.00. indicating that even though the position 

at the marker can be excluded. at ScM (0 = 0.05) from the marker. or 

higher. the region cannot be excluded with certainty. 

Examining the haplotypes in these regions it can be seen that 

there is a lack of haplotype sharing. 

Multipoint analysis of such regions also tailed to decrease the 

Lod score to below -2.00. 

These regions where no definite exclusion could be achieved arc 

due to two main causes: large distances and uninf(>rmative genotyping 

data. 

Given the size of the family used in stage I of the study, large 

distances between markers resulted in less conclusive Lod scores. This 

was shown by the multipoint simulations. where the minimum and 

average Lod scores reduced as the theta values increased. The largest 

minimum and average values ( -0.40 and -0.0 I) were still negative. 

however as can be seen these Lod scores are inconclusive. This 

indicates that despite the negative Lod scores dctinite conclusions as to 

whether the gene is in these regions cannot be made. An example of this 

is a region on chromosome 2, around marker D2S Ill which is II eM 

telomeric to D2S II 0 and 36cM centromeric to D2S 142. The two-point 



Lod score at D2S Ill is- intinity. thus excluding the position of this 

marker. ll<mevcr. as 0 increases to 0.05, the Lod score increases to-

0.362. 

lnl~mllatin:ness of markers also affects Lod score values. In 

order to ohtain condusiH!' Lod scores. it is important to have informative 

C\cnts. An informati\'1! C\cnt is one \\here the inheritance of alleles can 

he traced from on~.: g~..:ncration to the next \\ithout ambiguity \\ithin a 

t:unily. Tahlc 4.3 hcl<m slums that of the markers thatlhll into this 

catc.:-gor~. -B0/o \\Crc uninformati,·c. 

LARGE DISTANCES 

0/o large 
Distance 
(>!OcM) 

71% 

%Small 
Distance 
(>!OcM) 

•;;, u. %1. 

87% 13% 

liNINFORMA TIVENESS 

o/o llnint()rmati\C 
Markers 

80% 

0/o Informative 
Markers 

Table 4.3: Reasons"" non-exclusion of markers in category 2 (22.1% of 

the genome). ·u· indicates the percentage of markers with small 

distances between them that were uninformative. ·r indicates the 

percentage of markers with small distances hetween them that were 

informative. 

As can be seen from table 4.3 the two main reasons for the non-exclusion 

of regions in this category were large distances between markers and 
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uniformativcness of markers. The distance between markers in some 

regions "as small (<!OcM) however as can be seen from the above table 

approximately 87°/o of these markers were uuinfonnative. Furthermore. 

80%) of the total number of markers in this catcg0ry \\·ere uninformative. 

-1 -1 3 lncondwil·r Regmm 

The third category of results i:-:.duJcd all regions that produced 

Lod scores between -1.00 and 1.00. These regions cannot he excluded 

because in ~omc cases the Lod scores arc only slight!) negative and in 

other cases the Lod scores arc positi\'C but not positive enough to he 

considered candidate regions. 
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CHROMOSOMAL REGION LENGTJl (c!\1) 

Ip 
2q 
3p 
4p 
4q 
5p 
5q 
6p 
7p 
8q 
9p 
lip 
llq 
12q 
13q 
14q 
15p 
16q 
17p 
17q 
I8q 
19q 
2lq 
22q 

TOTAL 

34 
45 
78 
33 
117 
10 
63 
123 
208 
10 
18 
40 
49 
55 
6 
20 
33 
72 
63 
22 
52 
18 
14 
67 

1250 

Table 4.4: Genomic regions with I.od scnres hemeen -1.00 and 1.00. 

The regions that fall into this category can be subdivided into 

two categorys: those regions that gin: Lod scores bcl\\ecn -1.00 and 

0.00. and those regions that give Lod scores between 0.00 and 1.00 . 

.J..I.J./ Regions ll'ith Lod scorn het\l'ei!/1 -IIIII and 0.1111 

The two-point Lod scores for these regions are slightly positive. 

however if multipoint data is examined it can he seen that the Lod scores 

become negative (between 0 and -1.00). Large distances are the main 
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reason for these inconclusive results (84% of regions). followed by the 

lack ofinforma:iveness of the markers. which comprises of65% of all 

makers in this ca,egory (table 4.5). 

LARGE DISTANCES UNINFORMATIVENESS 

o/o large 
Distance 
(>IOcM) 

84% 

%Small 
Distance 
(>IOcM) 

16% 

%U. %1. 

75% 25% 

%Uninformative 
Markers 

65% 

% Informative 
Markers 

35% 

Table 4.5' J able showing the main reasons for non exclusion of regions 

that produced Lod score between -1.00 and 0.00. ·u· indicates 

uninformati\'eness. 'I' indicates inf(Jrmativcncss. 

As can be seen from table 4.5. even though in 16% of cases the 

distances between markers was smal I. the majority of these markers 

(75%) were unintormati\'e thus contributing to the inconclusive Lod 

scores. 

The percentage of markers in this category that were 

uninformative was shown to be 65%) however. while these markers were 

not completely uninformative (in which case a Lod score ofO would be 

achieved) they lacked enough information to produce deeply negative 

results and thus exclude these regions. 
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A good example of a region such as this is on chromosome 12 

at marker D 125392 which lies 56cM telomeric to PAll. The two-point 

Lod score tor D 12S392 at 0 = 0 was 0.204. Multipoint analysis reduced 

this score to -3.43 thus excluding the position of the marker, however, 

the Lod scores ti.>r the large gap between P. II and D 12S392 ranged from 

-0.35 to -1.40. 

~. -1. 3. 2 Regions with Lod .\cores hetween 0 ()()and /. (){) 

The second case where regions produced I.od scores hct\\ccn 0 

and 1.00. deserves special attention. This region produced Lod scores 

that \\CTC positive but not positive enough to he considered candidate 

regions. BccaLJsc of the positive Lod scores ohtaincd in these regions. 

they certainly cannot be discounted as possible candidate regions. Tabk 

-1.6 shows the main reasons (large distances and uninfi.>rmativcness) why 

the Lod scores in this suh category \\CTC inconclusive. 
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LARGE DISTANCES 

o/o large %Small 
Distance Distance 
(>IOcM) (>IOcM) 

79% 21°/o 

%U. %1. 

100% 0% 

UNINFORMATI\'E!IIESS 

% Uninformative 
Markers 

% Informative 
Markers 

40% 

Table 4.6: Table showing the main reasons I(H inconclusive l.od scores 

in this suh cat~goQ. ·t;· indicates unint{mnativcncss and ·1· indicates 

int(Jrmativeness. 

The regions in this category carry a certain degree of 

importance since they represent the next group of regions to be 

in\'cstigatcd in the event of our candidate regions failing to show linkage 

to the gene. 

Given the size of the family. it is quite possible that l.od scores 

between 0.00 and I .00 will be obtained t(>r a !tlt..<t!lntial proportion of the 

genome. Simulations carried out using SLINK (Ott. I 989. Weeks e: a/ .. 

I 990) sl11med that under the assumption oflinkage. the probability of 

getting a l.od score of greater than 0.00 is 97.9% v.hile the probabilit; of 

getting a Lod score of greater than 1.00 is 62.8o/o. From thc~c 

simulations it can he seen that the chances of obtaining a Lod score 

bctv.een 0.00 and 1.00 is quite high. I towevcr. simulations also showed 

that the probability of obtaining a Lod score of grea<er than 0.00 under 
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the assumption of an unlinked marker is 40.2% (Ott.l989. Weeks eta/., 

1990). Thus the probability of getting a false positive result is 40.2% 

indicating that a substantial proponion of the regions that produce Lod 

scores between 0.00 and 1.00 may prove to he negative following funher 

investigation. 

Furthc.:r examination of these regions is definitely necessary in 

order to exclude them from the study or include them as candidate 

regions. Because of the.: large distances that these regions cover. the first 

step in investigating them further \\ould be to add extra markers to these 

regions in order to create a higher density map. Due to linancial and time 

limitations. this was not possible in the present study. Secondly. it 

\\ould he ideal to increase the sample size of the study ie. include more 

non-PKD l/l'KD2 families in a farge collabomtivc study. 

4.5 Candidate Regions 

The final category includes all regions that produced Lod scores of 

I .00 or greater and arc considered first rank candidate regions. A L.od 

score of 1.00 was chosen as the minimum score required for a region to 

be considered a candidate region. Because the maximum Lod score 

attainable f(Jr family I was 1.48. any region producing a L.od score of 

1.00 or greater was thought to he a reliable indication as to the location 

of the gene. The probability of getting a Lod score of 1.00 or greater 
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with th1s lam1ly was qUite high. Simulations showed this to be 62.8%. 

Furthermore. simulations also showed that under the assumption of non 

linkage the probability of getting a Lud score of 1.00 or greater was 

3.4%. i.e. the probability of a false positive result was 3.4%. Therefore. 

considering the small proportion of false positives for this family. a cut­

otT point of 1.00 \\as justilicd. This cut-off score was also appropriate 

considering the time and linanciallimitations put on this study. 

-1.5.1 ( 'hromosome -1 

The first region to be located in this study as a candidate region 

\\as on chromosome 4p bct\\een 4pl6.1 and 4pl5.33. The distance 

between these two loci is approximately llcM. This region \\as further 

investigated b) addmg 4 additional markers and including the second 

Bulgarian tamil) 1nto the study. The multipoint Lod scores for both 

stages of the stud: for this region can be seen in ligure 4.1. where the 

markers. the distam:''" bct\\Cen them. and their respective Lod scores are 

shown. 
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Mulhpomt Lod Scons 

st,..l 119 119 

Stage 2 F.un 1 140 1 50 150 150 150 -mfuuty 

Fun 2 -061 -095 -4 27 -4 37 -2 51 -4 20 

Comb wed 0 79 0 54 -2 77 -286 -101 -mfuuty 

04>394 04$403 
Marker 04$3007 04$2983 04$2944 D4S3048 

Dutan::e 22cM 16cM 82cM 06cM 33cM 

Figure 4.1: A map sho\\ing the relative positions of all markers in the 

positive region on chromosome 4. 

A slight decrease from the two-point Lod scores of 1.42 and 

1.40 for D4S394 and D4S403, to the multipoint results of 1.19 sho"n 111 

figure 4.1. \vere still positive enough to consider this region as a 

candidate region tor the location of the PKD3 gene. 

Haplotype analysis revealed sharing among aftected individuals 

for D4S394 and D4S403 while two r<>cnmhinations place the gene 

centromeric to D4S412 and telomcric to 04S404 and within the region. 

The positive two-point Lod score obtained in stage I, persisted 

in stage 2 for family I with the introduction of the new markers. Two ,,f 

these markers. namely D4S2983 and D4S2944. also give a Lod score 

greater than 1.00 ( 1.134 and 1.418 respectively). However, the two-

point Lod scores tor family 2 ranged from -0.117 to -0.619 ate = 0. As 

a result of this, the combined two-point Lod scores t<x the new markers 

were oniy siightiy positive. ranging from 0.20 to 0. 79 at 0 = 0. 
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The multipoint results for the higher density map (figure 4. I) in 

tamily I increased in stage 2 of the study. All markers except D4S3048. 

"hich produced a score of negative infinity. gave Lod scores of 1.50. 

The mtlsi tc•lomeric marker in this region. namely D4S3007. produced a 

slightly ltmer Lod score of 1.40 however this is still significantly 

positive consitkring the size of the flunily. These results provide further 

indication that this region is a pos"ihlc location fi.1r the PKD3 gene in 

family;, 

Family 2 showed quite different results. All markers that were 

analysed in the same region produccu. negative multipoint Lod scores 

ranging from -0.61 at D4SJ007 to -4.37 at 04S2944. discounting this as 

a candidate region tllr the PKD3 gene in family 2. 

Even though the Lod scores lllr the region between markers 

D4S3007 and D4S394 arc not negative enough for definite exclusion. 

strongly results were obtained for the rest of the region 

llaplotype analysis of family 2 revealed the affectd siblings 

IV2 and IV3 inherit the same haplotype as the affected father. ho\\ever 

the affected cousin. individuallll2. presents a completely different 

haplotype thus excluding this region trorn the study for liunily 2. 

Examining the combined multipoint Lod scores for both 

families f(lr the region between 04S3007 and 04S394. it can be seen 

that the overall result was a decrease in the Lod scores. 
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This study was based on the assumption that both families share 

mutations in the same gene. Therefore the above results suggest that the 

region hct11ecn 4p 16.1 and 4p 15.31 defined by D4S3007 and 04S3048 

can no longer be considered a candidate region for the location of the 

PKD3 gene c\·cn though the Lod scores f(>r the first family arc close to 

the expected maximum. 

During the second stage of screening. an additional marker was 

added at 4q22.1 hct11een ATA2A03 (4pl5.1) and 04Sl75 (4q21.1) in 

order to ftll a large gap of 50cM. This marker. namely D4S 1647 

produced a combined l.od score of 1.08 on t\\o-point analysis. Using 

multipoint analysis. an additive Lod score of 1.42 was obtained f(>r both 

families. The flanking markers both produced negative Lod scores. 

ho\\C\cr the results were positive for the bracketed region. Thus a 

positive region of approximately 16cM around D4S 1647 11as defined f(>r 

both fitmilics during stage 2 of the study. 

If the Lod scores obtained f(>r each pedigree arc examined 

individually it can he seen that f(>r pedigree I the multipoint Lod score 

f(>r D4S 1647 is 1.40. This is close to the maximum Lod score that can 

he attained from family I. The corresponding l.od score f(>r pedigree 2 

is 0.0 17. due to the lack of inf(mnativencss of the marker. 11 hich is only 

slightly positive and a great deal less than the maximum l.od score of 

1.08 that can be attained with family 2. 
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The marker f(lr which we obtained a Lod score of 1.4 tor. 

namely D4SI647. is located on 4q23. The PKD2 gene has been 

localised to 4q21-q23 (Peters eta/., 1993, Kimberling eta/., 1993) thus 

our candidate region on chromosome 4 is \cry close to this region. In 

both ti1milies participating in this study. linkage to PKD2 has been 

excluded hy Dr. N. llogdanova. currently at the University of Muenster, 

Oermany. \\ith Lod scores ,,f -2.697 (li>r liunily I) and -2.389 (f(Jr family 

2). Below is a map of the PKD2 region and the relative position of 

D4SI647. 

04S231 
4.0cM 

D4S1542 
PKD2-• D4Sl563 

l.OcM 
1.6cM 

D4S423 1.4cM 
04S414 

5.1cM 

Q.lli.ill l.lcM 
04S1591 

2.3cM 
D4S411 

Figure 4.2: Map of the PKD2 region. 

As can he seen from the map. D4SI647 is located 

approximately 8.1 eM away from the actual location of the PKD2 gene. 

From the haplotype analysis of family I, it can be seen that a common 

allele has been inherited by all affected individuals for D4S 164 7. The 

llanking marker. AT A2A03 which is located between D4S 1647 and the 
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PKD2 region shows crossovers thus confirming that our results are not 

due to linkage to PKD2. In order to investigate this region further, a 

higher density map of this region needs to he created and the sample size 

needs to he increased. Additional markers should he added to this region 

and the inclusion of more non PKDI/PKD2 families as they arise would 

either incrcasl! the Lod score or exclude this region as a candidate for the 

third locus f(>r ADPKD. 

-1 5.] ( 'hromosome 6 

The second candidate region to he im·estigatcd in this study 

was on chromosome 6p. defined hy the markers D6S271 at 6p21.1 and 

D6S257 at 6pll.l. The distance between these markers was 

approximately 19cM. To create a denser map. four extra markers were 

added to this region. All markers are listed in figure 4.3 along with the 

distances between them and their respective multipoint Lod scores. 
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Mulhpomt Lod Scoret 

St..,.! 

Stage 2 Fam 1 

r ... 2 

Conlhlltid 

Ma~ker 

119 

110 -Wuuty -Wuuty 

-0 97 -361 -349 

0 52 - wfuuty - wfuuty 

D6Sl650 
D6S271 D6Sl669 

0 83 

-mfuuty - Wuuty -1 59 

-3 24 - mfuuty -2 93 

- infuuty - mfmity -4 53 

D6Sl661 
06$466 D6S257 

DlShnce 23cM 13o::M 48cM 18cM 08cM 

Figure 4.3: A map showing the relative positions of all markers in the 

positive region on chromosome 6. 

In stage one, the multipoint Lod score for D6S271 was 1.1 0, a 

reduction from the two-point result (Lod score 1.40) due to the large 

distance to the nanking markers (D6S285 and D6S257) and the deeply 

negative t\\o-point Lod score obtained at D6S285. For the second 

nanking marker, D6S257, the two-point Lod score was 0.174 and 

showed an increase in multipoint analysis to 0.83 as a result of the 

positive tindings at D6S271. 

The second stage of the study on chromosome 6 saw the 

introduction of four additional markers to the above detined region plus 

the addition of a second Bulgarian family. Multipoint analysis on family 

I showed that all of the new markers added to this region produced Lod 

scores of negative inlinity. Marker D6~271 produced a multipoint Lod 

score of 1.1 0, a decrease from the previous value of 1.19 due to the 
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highly negative Lod scores obtained at the adjacent markers. Marker 

D6S257, which produced a positive Lod scores in stage I, became 

negative with a Lod score of -1.59. This was also a result of the 

increased density of the map and the deeply negative l.od scores 

ohtain~:d fix the markers added to this region. 

Anal) sis on family 2 showed that the multipoint Lod scores 

Wl!rc consistently nc:gativc for all markers throughout this region. 

Furthermore. the region l-et ween marker D6S 1650 and 06S257 

produced negative Lod scores hclo\\ -2.00 thus excluding the region for 

this !ltmily. Marker D6S271, which produced a positive result I(Jr family 

I. ga\e a negati\"C l.od score of -O.<J71(Jr family 2 thus could not be 

excluded from the study but could certainly not be considered as a 

candidate region. 

If both sets of Lod scores are combined for D6S271, then it can 

he seen that the overall Lod score for this marker is 0.1 J, due to the 

negative Lod score ohtaincd for family 2. 

llaplotype analysis of fatni sho\\S that a recombination has 

occurred between D6S271 and D6S 1650 in individual liD. however all 

aflccted individuals have inherited the same allele of marker D6S271. 

Haplotype analysis of the second family (ligure 3.26), sho"s a 

recombination between D6S466 and D6S 1661 in individuaJJV2, and 

inheritance of a diflcrent haplotype by the aflccted cousin. individual 
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1112, to that of the affected siblings. These results exclude 6p21.1 -

6p II I as the PKD3 region for family 2. 

As is the case for chromosome 4, this region could not be ruled 

out as a candidate region in family I. This region could not be 

conclusively excluded in family 2 either howe\'Cr. the low negative Lod 

score makes it an unlikely location. The small size of the positive 

segment and the deeply negative results at flanking markers make it an 

improbable PKD3 location which is likely to be definitely excluded by 

the addition of more markers at C'ven smaller distances . 

.J. 5. 3 ( 'hromosome 11 

The third region to be identified as a candidate region in this 

study \\US on chromosome II p defined by the three markers D II S875. 

DIIS902 and DIIS904. Marker DIIS875 at llpl5.3 is4cM telomeric 

to DIIS902 at llpl5.2 which is 14cM telomcric to DI!S904 at llpl5.2. 

The total distance of this positive region i> 18cM. These markers. their 

flanking mm kcrs. the distances and their respective Lod scores arc listed 

in figure 4.4. 
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Multipoint Lod Scores 

st., 1 -249 140 140 130 -2 49 

DIIS875 
DIIS988 DIIS902 

DIIS904 
DIISI392 

l2cM 4cM 14cM lOcM 

Figure 4.4: A map of the positive region on chromosome I I showing the 

position of all markers in and flanking this region. 

Two-point Lod scores defined a positive region between 

D I I S875 and D ll S904. where the maximum Lod score achieved was 

1.40 at 0 = 0 t<1r D ll S904. The other two markers in this region. 

DllS875 and DllS902 produced two-point Lod scores of 1.14 and 1.38 

respectively. Marker DllS988. l2cM telomeric to this region. produced 

a Lod score of -3.09 thus excluding that position. The other flanking 

marker. D ll S 1392. I OcM centromeric to this region was also excluded. 

producing a Lod score of negative infinity. 

The positive region defined by two-point analysis persisted with 

multipoint analysis. The Lod score t<1r marker Dl I S904. which 

produced th~ mdximum two-point Lod score of 1.40. reduced slightly to 

I .30 due to the negative result obtained at the flanking marker. 
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Dll S 1392. The me~ltipoint Lod score peaked at markers Dll S875 and 

D II S902. with a maximum of 1.40. 

Haplotype analysis on family I shows recombinations between 

DIIS988 and DIIS875 in individuals 112 and 1111 and recombinations 

between DIISI392 and DIIS904 in individuals 112.1113 and 1114. 

placinn the gene between Dll S875 and DIIS904. This coincides with 

the positive l.od scores obtained during two-point and multipoint 

analyses thus indicating that this region is a candidate region for the 

location of the PKD3 gene and requires further investigation in the future 

with the second Bulgarian family. 

-1. 5. -1 Chromosome I 3 

The fourth region to be identified as a candidate region was on 

chromosome 13q. flanked by the markers DI3S325 at 13ql4.11 and 

D 13S 173 at 13q33.1. This region was quite large with a total distance of 

57cM "hich included two other markers. DI3S317 and DI3S225 at 

23cM and 20cM telomeric to D 13S325 respectively. During the second 

stage of screening. four additional markers were added. thus creating a 

higher density map of the region. All markers. distances and multipoint 

l.od scores are shown in figure 4.5. 
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M\llhpoint Lod SCOft$ 

St'(O I 0.36 1.49 149 148 

St'&' 2 Fam. I -0 57 . mfmity 149 !50 !50 150 1.49 149 

Fun 2 -0.68 - mfuuty - mfuuty -2 85 - mfuuty -3.11 · mfuuty -1 24 

Combuaed -1 26 - mfuuty. mfmity -I 35 · mfuuty -1.61 · mfuuty 0 24 

Dl3S321 DJ3S317 Dl3S225 Dl3SJ73 
Marker DJ3S325 Dl3S792 DJ3S795 Dl3S797 

12 9cM 73cM 12 6cM 2 :kM 24 3cM 4 6cM 6cM 

Figure 4.5: Figure showing the multipoint Lod scores for both stages of 

screening. 

The positive region defined by the two-point analysis persisted 

with multipoint analysis tor family I. Looking at the multipoint Lod 

scores for tamil) I, it can be seen that positive results were obtained for 

the entire region between markers Dl3S792 and Dl3Sl73 with a 

maximum Lod score of 1.50 at markers Dl3S317. Dl3S795 and 

D 13S225. The region was narrowed down during stage 2 as a result of 

Dl3S32l.the addition of which gave a Lod score of- infinity. The 

newly added marker D\35795, which produced negative two-point Lod 

scores for values ofO < 0.10 and positive results for ;alues ofO > 0.15. 

became positive with multipoint analysis. This is due to the positive 

results obtained at the flanking markers. As can be seen from figure 4.5. 

a slight increase in the multipoint Lod scores from stage I to stage 2 is 
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evident. On the other hand, the addition of extra markers allowed the 

exclusion of part of the region centromeric to DI3S321. 

llaplotype analysis for family I indicates possible haplotype 

sharing among affected individuals however, because of the lack of 

genotyping for marker DI3S792 and the lack of informativeness of 

DI3S795, it is difficult to determine. 

In family 2. all markers between DI3S321 and DI3S797 

produced negative Lod scores below -2.00 thus excluding this region 

from the study for family 2. Marker D 13S 173 produced a negative Lod 

score of -1.24, which is not negative enough to exclude this marker but 

indicates that the gene is not in this region. 

As was the case on chromosome 4, the regio'l investigated on 

chromosome 13 also produced conflicting results in the two families 

analysed . 

.J. 5. 5 Chromosome I.J 

The filth candidate region was on chromosome 14q. defined by 

the markers D 14S51 at 14q31.3 and D 14S 118 at 14q32.31 at a distance 

of 19cM from each other with D 14S 118 being the most telomeric 

marker. One marker (D14S78 at 14q32.2) was located within this 

region, 12cM telomeric to D 14S51. As a result of the negative two-point 

Lod score obtained at DI4S78, and the negative Lod score at marker 

DI4S81. markers D14S51 produced deeply negative multipoint Lod 
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scores. Even though Dl4S51 produced deeply negative multipoint Lod 

scores, because of the positive two-point Lod score of0.757 obtained at 

this marker it was investigated further with the addition of extra markers. 

The positive Lod scores obtained forD 14S 118 did persist and the 

maximum l.od score of 1.46 was reached. To investigate the regions 

around D 14S51 and D 14S 118. six markers were added and the second 

Bulgarian family was ;ntrodueed to the study. All markers. their relative 

dist; nces and their respective multipoint l.od scores for both stages of 

the study arc listed in tigure 4.6. 

Mulhpomt Lod Scores 

St~l -2 87 -2 97 

Stagt 2 Fam. 1 - wfuuty -2 87 -wfwity -1.56 - mfuuty -2.97 

Fam 2 - uUmity -5 17- uUllUty- infmity- mfuuty -2 63 

Combmed - utf'mity -8 05 - mflllity- mfuuty . mfuuty -5 61 

DI4S51 DI4S65 DI4S78 

Marker Dl4S265 Dl4S62 Dl4S267 

Dutance 12cM 2.3cM 36cM 
llcM 4 7cM 7oM 

1.46 

I 46 I 47 I 45 

-1.87 -1 93 - mfhuty 

-0 40 -0 46 - infuuty 

D14S274 
D14S118 DI4S260 

12cM 
22oM 

Figure 4.6: A map showing all markers used to investigate the positive 

region defined on chromosome 14 in stage I of the study. 

The positive region defined by Dl4S 118 in stage I persisted in 

stage 2 for family I. Markers, DI4S272 and Dl4S260, 1.2cM and 

2.2cM telomeric to D 14S 118, produced positive Lod scores of 1.47 and 
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1.45 respectively. Thus the addition of extra markers defined a region 

telomeric to D I4S 118 in family I as a candidate region tor the location 

of the PKD3 gene. 

As can be seen !rom figure 4.6, consistently negative results 

were obtained in this region tor family 2. Although markers Dl4S 118 

and Dl4S272 produced inconclusive Lod scores of -0.40 and -0.46 

respectively. the region cannot be considered a likely candidate tor the 

location of the PKD3 gene in family 2 . 

./.5.6 ('hromosome 17 

The sixth region to be identified as a candidate region was on 

chromosome 17p, spanning 9cM between markers Dl7S849 at 17pl3.3 

and D 17S938 at 17p 13.2. Two-point analysis in stage I of the study 

defined this positive region with Lod scores of 1.12 ate~ 0 tor Dl7S938 

and 0.12 ate~ 0 tor Dl7S849. The tlanking marker Dl7S945 produced 

a slightly negative Lod score of -0.96 ate~ 0. 

This positive region persisted with multipoint analysis with a 

slight increase in the L<>d score ofDI7S938 to 1.25. A notable increase 

Wds evident tor D 17SR49. which increased from 0.12 to 1.08. This 

increase was due to the positive Lod scores produced by the tlanking 

markers D 17S938 (positive two-point Lod scores for all values of 8) and 

D 17S578 (positive two-point Lod scores tor values of e greater than 

0.1 0). Furthermore, marker DI7S945. which produced slightly negative 
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two-point Lod scores gave 1.25 in multipoint analysis. In order to 

investigate this region further, a single marker (Dl7S 1845) was added 

between Dl7S849 and Dl7S938. All markers analysed in this region, 

the distances and respective Lod scores are listed in figure 4.7. 

Mulhpomt Lod scores 

Stage I · mf'uuty I 08 I 24 126 -2 49 

Stage 2 fun I -mfuuty -2 35 -1.-U'uuty 0 44 0 76 -249 

fun 2 006 0 19 0 23 0 30 -3 64 -0 49 

CombU'Ied - mfuuty -216 · uUuuty 0 74 -287 -2 99 

01751845 017$945 
Mark.r Dl?$578 Dl?$849 0175938 Dl?$796 

Dutance 2lcM 4cM 5cM 7cM ?eM 

Figure 4.7: Sho\\s the Lod scores for markers used to analyse the 

candidate region located on chromosome 17. 

The newly added marker, Dl7S 1945. produced a Lod score of 

negative infinity and the region between this marker and D 17S849 was 

dctinitely excluded. \\ith Lod scores less than -2.00. The other two 

markers. Dl7S938 and [) 17S945 remained positive. however due to the 

addition of the extra marker the Lod scores reduced to 0.44 and 0.76 

respectively. 

Moderately positive results were obtained for this region in 

family 2. There was a certain displacement of the positive findings in 

the two families (Figure 4.7) and the only marker producing positive Lod 
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scores in both families was DI7S938. The Lod scores obtained for this 

marker however were only slightly positive. Thus 17p can no longer be 

considered an interesting region and further addition of markers may 

\\ell exclude it t<>r hoth families. 

-1 5. '7 ( 'hromosome 2 2 

The final positive region located during stage I \\'as on 

chromosome 22q. dctined by markers D22S264 at 22q 11.21 and 

022~345 at 22q 11.23. spaced approximately II eM apart. A third 

marker. D22S257. was within this region at position 22q 11.13. 8cM 

telomcric to D22S264. All of these markers produced two-point Lod 

scores greater than 1.00 with the maximum Lod score of 1.44 at 

marker D22S345 for family I. 

:vlultipoint analysis contirmcd this positive region with all 

three markers producing Lod scores greater than 1.00. The Lod score 

tor marker D22S257 increased slightly from the two-point result of 

1.32 to 1.50 as a result of the positive values obtained at :I.e flanking 

markers and the relatively ·mall distances to these markers (8cM and 

3cM). 
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Mulhpomt Lod SconJ 

Stapl 145 148 148 

Stage 2 Fun. I 149 1 50 1 50 1.50 150 150 

F.,. 2 -1 03 -4 81 -0 67 -0 60 -0 50 -0 48 

Comhw:d 0 46 -3 31 0 82 090 0 99 1 01 

D22S264 D22S425 
Marker D22S427 D22S446 D22S257 D22S345 

Dutance 33cM 2 5cM 0 ScM 47cM 2oM 

Figure 4.8: Multipoint Lod scores of markers in the positive region on 

chromosome 22 ft1r both families. 

In stages 2 and 3, both families \\ere anal) 'ed tor a total of ten 

markers spanning the entire intervaL Unlike all other candidate 

regions where family I had produced some evidence oflinkage during 

the first stage of the screening but the analysis of tamily 2 resulted in 

exclusion of the region, positive t\\o-point results \\ere obtained in 

both families for 22q II in stage 2, while positive multipoint results 

were obtained for both families in stage 3. 
,, 

Maximum two-point Lod score values were produced in both 

family I and family 2 at the same position, ie. at D22S446 and 

recombination fraction zero. In family I, the Lod score was 1.44 and 

in family 2 it \\as 0. 775 thus, giving a maximum Lod score of 2.22 at 

recombination fraction zero. 

For the remaining markers in the intervaL family I produced 

two-point Lod scores ranging between 0.204 and 1.329 and family 2 
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gave values between -0.096 and 0.677. In some cases, the lower Lod 

scores result from the lack of informativeness of some markers. 

Examples include D22S425 and D22S 1164 which are uninformative in 

family I and D22S446 in family 2. In other cases, the lower values 

were due tn partial lack of genotyping informal inn. In family 2 

gcnot)ping inll)fmation is missing for some of the key individuals in 

the family \\ho have not been investigated t(>r some markers, eg. 

D22S 1174. D22S419 and D22S 1164. 

The values discussed above need tn he compawd to the 

maximum obtainable two-point Lod scores sh0\\11 by the computer 

simulations. These were 1.44 t(>r family I and 1.08 tor family 2. In 

making the comparison. one should take into account the tact that the 

maximum expected Lod scores were obtained under a number of 

assumptions which are not fulfilled in the real situation. These 

include: (a) the presence of individual IV: I in family 2, which we have 

subsequently decided to exclude for this particular region and thus 

obtain a nwre conservative estimate of the results; (b) the simulations 

arc based on gcnotyping information available t(>r all individuals in 

each family whereas in actual fact information ic- missing for some 

family members and some markers and (c) in the simulations the 

maximum values are obtained fo- fully informative markers which is 

not the case tor a number of the markers on 22q II. Given these 
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limitations, the Lod scores obtained in this study are reasonably close 

to the expected maximum Lod score. 

llaplotype analysis and hence the multipoint Lod scores 

obtained using Gene hunter provide even stronger evidence that 22q II 

is an important PKD3 candidate region. llaplotype sharing was 

evident in both !ami lies over an interval spanning over I 0 eM. 

Morccvcr. recombinations in each family helped to narrow down the 

critical interval. As mentioned in the Results section. a recombination 

in family I places the gene centromeric to D22S683. whereas a 

crossover in family 2 places PKD3 telomeric or D12S264. !"he 

multipoint Lod scores (Fig. 4.9) were positive over the entire interval. 

The highest values of 2.95 were obtained t<>r a small region of less 

than I eM, which can thus be considered as the most likely location or 

the gene. The Genthon map of this interval is as follows: D22S257-

0.7 eM - D22S 1174/D22S419 (placed at distance 0 eM)- 0.2 eM -

D22Sll64. 

Although international collaboration is discussed further at the 

end of the thesis. one should mention here the results on this region 

obtained by other research groups. The information obtained in our 

study was made available to colleagues in the US and the Netherlands 

and was used to investigate additional families of North-Western 

European descent (Dutch, Belgian and French-Canadian) not linked to 

PKDI or PKD2. None of these families produced evidence of linkage 
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to 22q II, suggesting the existence of further heterogen~ity. 

N~vcrtheless, our results strongly suggest that this region is a ,·ery 

promising candidate. The inclusion of the missing genotyping 

information and the detinitive clarification of the affection status of the 

individual in the youngest generation in family 2 should allow us to 

obtain a l.od score which is close to or even in excess of the threshold 

Lod score value of 3 and thus provide more conclusive cvidcru.:e of 

the location of one of the minor PKD mutations on 22qll. J\dditional 

evidence will also be sought through the study of other non­

PKDI/non-PKD2 families of South-Eastern European background 

where founder effect f(>r the same rare mutation is more likely. 

The positive region detined by multipoint analysis in family I 

during stage 2 was not so evident in family 2. The multipoint Lod 

scores for this family were inconclusive, ranging from -0.48 to -0.91, 

tor all markers between D22S446 and D22S345 ie. the positive region 

detined in family I. Marker D22S264 was excluded in this family 

with a negative Lod score of -3.77. Even though positive two-point 

results were obtained tor this family. once multipoint analysis was 

carried out the l.od scores became negative. albeit inconclusive. J\ 

possible reason ll>r this reduction in l.od scores from positive two­

points to negative multipoint results is that D22S264 was informative 

and produced a negative l.od score of-4.81. Because of this deeply 

negative l.od score and the tact that the region is small (approximately 
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I OcM) the Lod scores of other mark~r in this region may have been 

affected. resulting in slightly negative. inconclusive Lod scores. This 

theory seems funher plausible given the fact that Genehunter 

calculates multipoint Lod scores using the haplotype of the entire 

chromosom~: and not just two or three markers at a time. This theory 

was tested by omitting D22S264 and perf(lrming the calculations 

without this marker. The resulting Lod scores were slightly positive 

ranging from 0.1 to 0.5. These results \\ere inconclusive as expected. 

due to the uninformativcncss of the markers in this region. llo\\cvcr 

this indicates that the low negative Lod score obtained at D22S264 

dot:s have an effect on the Lod scores of other markers in this region, 

causing them to become negative. 

The positive two-point Lod scores obtained for both fam1lies 

suggests the existence of a common positive region. Ho\\Cver, due to 

the inconclusive multipoint results obtained in stage 2 tor family 2. no 

real conclusions could be drawn about the region on 22q ll. The 

inconclusive multipoint Lod scores and the positive two-point Lod 

scores obtained in family 2. coupled v.ith the factthatthis region v.as 

positive in the first family. make it difficult to determine if this is a 

candidate region tor the location of the PKD3 gene in family 2. The 

multipoint Lod scores suggest this is a candidate region in family I 

however. because of the inconclusive multipoint Lod scores obtained 

in 1amily 2 it is unclear wether this is a candidate region in this family. 
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Because of these inconclusive Lod scores and the fact that the 

combined two-point Lod scores (table 3.32) were positive for the 

intcn·al D22S446-425-257-345. with a maximum two-point Lod score 

of 2.22 at D22S446. this region is considered the best candidate 

rcginn. \\arranting further investigation. 

Mulhpomt Lod scons 

Stage 3 F-ll'll 1 t 49 1 50 1 50 1 50 I 50 I 50 150 t 50 

foro 2 .o 05 -3 55 112 t 19 t 45 t 46 145 143 

Cornbmed t 44 -2 05 ~ 63 269 2 95 295 295 2 93 

D22Sll74f D22S345 
D22S539/446 419 

Marker D22S427 D22S264 D22S425 D22S257 D22S1164 

33cM 25cM OScM 47cM 0 7cM 0 2c:M 1 3cM 

Figure 4.9: Multipoint Lod scores f(>r all markers analysed in stage 3 

of the study for both families. 

/\scan he seen from figure 4.9. in stage 3 a positive region is defined 

in both families \\ith the addition of extra markers in this region. The 

multipoint Lod score for all markers in this region l<>r both families arc 

listed in figure 4.9. 

The l.od scores"" family 1 ranged from 1.49 to 1.50 with all 

markers between DnS427 and D22S345 producing l.od scores of 
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greater than 1.00. This region is quite obviously a candidate region tor 

the location of the PKD3 gene in family I, given the fact that this 

positive region has been evident throughout 3 stages of screening. 

Analysing family 2 with the same markers it can be seen that the 

positive region defined in family I is also evident with the addition of 

the extra markers in t<unily 2. Marker D22S264 produced a negatiw 

Lod score of -3.55. thus excluding the position of this marker. 

Furthermore. if the haplotype is examined it can be seen that a 

recombination between !:'22S427 and D22S264 in individuallll2 

places the gene below D22S264. All markers between D22S539 and 

D22S345 produced Lod scores of greater than 1.00 "ith a maximum 

Lod score of 1.45 being obtained at several markers between D22S257 

and D22S 1164. The negative Lod score at D22S264 therefore 

redefined the positive region in lamily 2 as being between D22S539 

and D22S345 \\ith the maximum Lod score in the region being 1.45. 

The Lod scores obtained in this stage greatly increased I rom the Lod 

scores obtained in stage 2 of the study. due to the addi'ion of the extra 

markers and the subsequent increase in density of the genetic map. The 

positive region de lined here for family 2 coincides with part of the 

positive region on family I where the Lod scores were 1.50 lor all 

markers. 

Concluding. a common positive region was defined in both 

families between D22S539 and D22S345 and included 6 other 
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markers. The maximum Lod score obtained in this region was ~.95 at 

markers D22S 1174 and D22S419. As mentioned before. simulations 

sh<med that the maximum two-point Lod score obtainable for both 

families combined was 2.52. Our maximum two-point Lod score in 

this study \\as 2.22. which is very close to the maximum of 2.52 thus 

providing concrete evidence that the gene may be in th :s region. 

Furthermore. when multipoint analysis was performed. the maximum 

Lod score obtained in this study increased to 2.95 which is very close 

to the minimum Lod score requirement fi1r linkage (3.00). This 

finding therefore provides the most convincing evidence yet that the 

gene may very well be in the region dctined on chromosome 22. To 

examine this region further these markers need to be tested against 

other non PKDI/PKD2 families as they are discovered. 

4.6 Candidate Genes 

Gene homology bet\\een species is one method used to aid in 

the location of genes on the human genome. By locating the gene/genes 

for polycystic kidney disease in animals and tinding the homologous 

region on the human genome an indication may be obtained as to where 

the gene may be located in humans. 

Bihoreau eta/ .. ( 1997) located a gene for polycystic kidney 

disease in rats on chromosome 5. She showed that this gene (PKDrl ). 

localised on rat chromosome 5 near marker D5Mit I 0 was not 
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homologous to the human PKDI gene or the human PKD~ gene. 

Instead. the region this gene was localised to on the rat chromosome 5, 

was homologous to the region 8q21.3-q22.1 on the human genome. In 

the 8q21-q22 region. our Lod scores are deeply negative, thus excluding 

it as a candidate region for the PKD3 gene. The interval 8q24.13 to 

8q24.3 ddincd by markers D8S514 and D8S284 was the only region not 

excluded on 8q \\here the Lnd scores range lrom -1.7 to 0.24. \\ith the 

highest Lnd score being 0.24. Marker D8S284 is situated approximately 

25cM lrom the telomere. consequently numerous genes may be located 

in that interval. It may well be that analysing markers further down 

chromosome 8q may reveal larger Lod scores and provide another 

candidate region for the location of the PKD3 gene. 

Earlier in 1997. Janaswami eta!. reported a new mouse PKD 

mutation kat localised to mouse chromosome 8. It was shown that this 

region of the mouse genome was homologous to chromosome 19p on 

the human genome. Our results however. showed no positive Lod 

scores for this region and multipoint analysis actually excluded 

chromosome 19p. 

4. 7 Clinical heterogeneity 

Clinical heterogeneity io displayed by patients. It is thought that 

the clinical heterogeneity of ADPKO correlates with the genetic 

heterogeneity of the disease. In 1992 Ravine eta! .. provided evidence 
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that non-PKDI patients lived longer. had a lower risk of progression to 

renal failure and were less likely to develop cysts and hypertension. 

This evidence was supported by Peters eta/ .. ( 1993), JefTery eta/ .. 

( 1993) and the European Consortium ( 1994) where it was shown that 

PKD I patients expressed a more severe clinical phenotype than that of 

non-PKDI patients. In 1993 Wright eta/ .. reported a large three 

generation family from Northern Ireland unlinked to the PKD I gene 

which slumed a milder phenotype to that of the 'classic' phenotype 

sho\\n by PKDI patients. Further supporting this observation \\US the 

report by Jeffery eta/ .. ( 1993) that showed a family of Sicilian origin not 

linked to the PKD I gene and showing a milder progression than families 

linked to PKDI. 

The theory that non-PKD I families show a milder phenotypic 

expression to that ofPKDI familic·' dnc< not apply to all families 

ho\\e\'cr. Some studies report no .1111 difference between PKDI 

families and non-PKD I families. In I%,, ' eta/. reported a non-

PKD I family with a clinical phenotype indistinguiShable from that of 

other families previously studied that were linked to PKDI. In 1992 

Wright eta/. also described a non-PKDI family which expressed the 

typical PKD I phenotype. An obvious variation of phenotypic 

expression is evident within the group of families linked to the PKu­

gcnc. Some show a milder progression of ADPKD while other families 

display a similar phenotype to that shown by PKDI families. 
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Furthermore, variation is also evident within families. "ith atlected 

individuals in the same family expressing differences in severity of 

progression to renal failure, age at onset of renal ADPKD and presence 

of renal cysts (Par frey eta/ .. 1990, Pound eta/ .. 1995). 

Such phenotypic variation is also evident in the non-PKD 1/non­

PKD~ ICunilies. In llJlJS. Daoust eta/. reported a three generation family 

of French-Canadian origin consisting of 6 a fleeted individuals not linked 

to PKDI or PKD2 .;ho\\ing a clinical phenotype similar to that ofPKDI. 

Supporting this observation was deAimeida eta/ .. ( llJlJS) who presented 

a Portuguese family not linked to PKD I or PKD~ which sho\\ed a 

similar clinical expression t<' that of PKDI. DeAlmeida also described 

,·ariation within this family with dizygotic twins displaying clinical 

dill"erences. One twin is aged 68. has pre-terminal renal failure and is 

hypertensive while the other twin has nonnal renal function and is 

normotensive. In 1996. Turco eta/. described an Italian family 

displaying a milder clinical phenotype to that of other PKDJ families 

reported. 

The two Bulgarian families in this study also show differences 

in severity of PKD. The first family shows a clinical progression similar 

to that of PKD I families however. intrafamilial variation is also present. 

Three individuals in the first family showed normal kidney function into 

their SO's while two other individuals developed CRF in their early SO"s. 

Conversely. the second family displayed a more severe form of the 
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disease with an earlier onset of CRF and a more rapid onset of end stage 

renal failure (ESRF). One individual showed an onset ofCRF in the 

early 50's and ESRF within 5 years. which is considered quite severe 

given that the average time of progression from CRF to ESRF is usually 

about I 0 years. A second individual in this family displayed an even 

more severe course of this disease reaching CRF in the 40's and ESRF 

\\ ithin a space of 5 years. 

As can be seen clinical heterogeneity is the rule rather than the 

exception in ADPKD. Although PKD I patients in general tend to have 

a more severe course of the disease than non-I'KDI individuals. using 

phenotypic severity as a criterion in genetic classification is not possible. 

This study was based on the assumption of linkage homogeneity 

bd\\ccn the two families investigated and this was the only working 

assumption possible f(lr the purposes of the study. Theoretically 

however. the disease in the two families may be caused by mutations in 

different genes. This being the case then additional nonPKDI/PKD2 

families need to be added to the study in an attempt to conclusively find 

the gene. llowever. because of the small size of the families being 

studied the only working solution was to assume genetic homogeneity 

until proven otherwise. Indeed. conflicting evidence was obtained for 

most candidate regions identified in stage I of this study which were 

then discarded in most cases due to lack of linkage in family 2. The 

results of this project point to chromosome 22 as the best candidate 
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region in both families. However, these findings should be interpreted 

with caution. as possible further locus heterogeneity may be present. 

Completion of the haplotypes by filling in the missing genotyping 

infommtion and re-evaluation of the individual in family 2 with 

unknown affection status should be carried out before any definite 

conclusions should be drawn. It must be reiterated that this study was 

based on the working assumption that no further locus heterogeneity 

existed. This being the case. the results of this study strongly indicate 

that the gene is in this region on chromosome 22q and that the addition 

of more non-PKDI/PKD2 as they arise would show linkage to this 

region. 

4.8 International Collaboration 

These regions need to be investigated further. however. due to 

the small size of the families in this study this investigation can go no 

further. Additional families need to be discovered and added to the 

studying order to increase the sample size. Once the sample size has 

increased. new markers need to be added to the above mentioned regions 

in order to create a higher density map of these regions and possibly map 

the PKD3 gene. Extensive international collaboration will make this 

possible. 

As mentioned in the literature review various groups around the 

world have published ADPKD families not linked to the PKDI or PKD2 
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gene. Once candidate regions had been located and con tinned with our 

families (completion of stage 2 of the study) correspondence \\as set up 

"ith these groups. 

Contact was made with Dr. Dorien Peters. Department of 

Human llenetics. Sylvius Laboratory. l.icden University, Holland who 

has access to 3 !ami lies (I Belgian and 2 Dutch) not linked to PKDl or 

PKD2. lnti.>rmation on the positive regions were sent to Dr. Peters, who 

used them to analyse the Bulgarian and Dutch !ami lies. All three 

regions were excluded in these families. Correspondence was also made 

"ith a second group, at The Albert Einstein College of Medicine. Bronx. 

Ne" York headed by Dr. Stefan Somlo. Dr. Somlo published a French­

Canadian family with II members. of "·hich 6 were atTected. not linked 

to the PKD I or PKD2 genes. Again primers for the markers which gave 

the highestl.od scores in our regions were sent to Dr. Somlo. These 

markers were used to analyse the French-Canadian family and were 

excluded in this family. 

Results have also been exchanged with the Portuguese group in 

order for both groups to compare results and determine if any 

compatible regions exist between the two sets of results where the 

maximum l.od scores for each family has been obtained. Simulations 

were performed in Perth. Western Australia using SLINK (Ott. 1989. 

Weeks eta/ .. 1990) where the maximum l.od score obtainable for this 

family was found to be 2.69. under the a;sumption of linkage. Thus. 
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assuming no further heterogeneity exists. if the Lod scores tor both 

Bulgarian families and the Portuguese family are combined then linkage 

of the gene is possible. 

The analysis of the Portuguese family was carried out by 

Salome dei\lmeida at the Clinica Harmt>nia tn Portugual. The first part 

of this study involved the investigation of a Portuguese family with 10 

members and 7 allectcd individuals. using 143 markers from the 

Research Genetics screening set version Sa. The second part of the 

study saw the extension of this family with the inclusion of two siblings. 

one of\\hich was affected. The extended family was analysed with 113 

markers from the Research Genetics screening set version 6. Below is a 

table of comparison. showing all regions where Lod scores of greater 

than 1.00 were obtained in either the Portuguese study or our study on 

the Bulgarian families. 
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Two-point Lod scores 

Marker Location Portuguese Bulgarian 

DlS518 lq25.2 1.60 -infinity 

D4Sl647 4q22.1 excluded 1.42 

D7S517 7p22.3 1.60 -infinity 

DllS902 llpl5.2 -infinity 1.41 

Dl7S796 17pl3.2 1.57 -2.49 

Dl'IS254 l'lql3.43 1.54 -infinity 

D20Sl03 20pl3 1.13 -1.46 

D22S4-16 22ql1.21 Gap 2.22 

Table -1.7: This table shows the comparison between the positive 

regions obtained for the Portuguese family and the Bulgarian families. 

From the table it can be seen that no evidence of common 

regions of significance exists between the two studies. Marker Dl7S796 

gave a positive Lod score of 1.57 for the Portuguese !amily, however 

analysing the Bulgarian !ami lies with this marker resulted in exclusion, 

with a multipoint Lod score of -2.49. It must be noted that this negative 

result was only obtained at the position of the marker. If the Lod scores 

!i>r the regions immediately adjacent to this marker are examined it can 

be seen that the are positive ranging from 0.29 to 0.65. Furthermore, the 

marker Dl7!'<l45 which is 7cM telomeric to Dl7S796 produced a 

positive Lod score of0.76 for our families. Thus it can only be claimed 
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that the marker has been excluded and not the whole region. Further to 

this. because of the positive l.od scores obtained in this region (not 

necessarily at marker DI7S796) it may be that further study of this 

region may reveal a common pattern of positive Lod scores between the 

Bulgarian family and the Portuguese family. Our study produced the 

highcslt\\o-point Lod score of 2.22 at marker D22S446 while the 

Portuguese study failed to cover this region. It would be interesting to 

see what Lod scores were ohtaincd for this region using the same 

markers on the Portuguese family. 

Dr. Alberto Turco at the Institute of Genetics. University 

llospital Polyclinic "B.Roma". Verona. Italy is currently in the process 

of setting up a PKD3 consortium. So far several groups have been 

contacted by Dr. Turco including Dr. Stephan Somlo in New York who 

is willing to collaborate. Other groups contacted by Dr. Turco include 

Dr. Eliecer Colo at the Laboratory lmmunologia. Hospital Covadonga. 

Oviedo. Spain who has sent DNA from a PKD3 family to Dr. Turco. 

Dr. J. Zhou in llarvard. Boston. USA. Dr. David Ravine. Cardiff. 

Wales. Dr. C. Deltas at the Cyprus Institute of Neurology and Genetics. 

Nicosia. Cyprus and Dr. M. Martin Prata in Lisbon Portugual have also 

been contacted in the hope of cxpanJing the network of collaboration. 

Detailed correspondance has been made with Dr. Turco who expressed 

his wish that we join the consortium in an effort to map the PKD3 gene. 

The results of this study have been sent to Dr. Turco along with DNA 
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f(>r both Bulgarian families in an effort to expand this study. The results 

of Dr. Turco's findings once our results are combined with his results 

arc eagerly awaited. 

International collaboration is the next logical step in an attempt 

to map the PKD3 gene and also to determine\\ hether or not further 

locus heterogeneity exists" ithin the ADPKD population. 

~.9 Conclusion 

This study has identified 3 candidate regions that are possible 

locations of the PKD3 gene. The first is on 4q22.1 spanning a distance 

of 16cM "ith a maximum Lod score of 1.42 at marker D4S 1647 and 

tlanked by markers AT A2A03 - D4S 175. The second is on II p 15.2 

spanning a distance of 18cM with a maximum Lod score of 1.41 at 

[)II S902 and flanked by the markers D II S875 and D II S904. The third 

candidate region is located on 22q 11.21 spanning a distance of 7cM with 

a maximum two-point Lod score of 2.22 at marker D22S446 and flanked 

by marker D22S425. Furthermore, multipoint analysis on this region 

produced a '"'d score of 2.95 at three markers in this region. namely 

D22S 1174. D22S419 and D22S 1164. 

These regions need to be investigated further however. due to 

the small size of the families in this study this investigation can go no 

further. Aduitional families need to be discovered and added to the 

studying order to increase the sample size. Once the sample size has 

increased. new markers need to be added to the above mentioned regions 
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in order to create a higher density map of these regions and possibly map 

the PKD3 gene. 

The international PKD3 consortium is likely to achieve this goal. 

llowever. as indicated previously in the discussion of our own findings. 

further locus heterogeneity is a possibility which deserves close attention. 

This possibility is enhanced by the tact that none of the !ami lies of North­

West European descent showed linkage to any of our candidate regions. 

The mechanisms of regulation and signalling inYolvcd in cell proliferation 

are complex and can. thcorcticall). be affected by mutations in a large 

number of different genes. The best \\ay to deal "ith the controwrsy 

\\ould be t<1r the international study to group together !ami lies trom 

populations and ethnic groups which common gene pools such as the 

Mediterranean on one side and North-Western Europe on the other. A 

ti.nmder mutation is possible although not very likely. for the Bulgarian. 

Cypriot. Italian and perhaps Portuguese families on one hand and the 

French-Canadian. Belgian and Dutch on the other. 

286 



APPENDIX A 

PANEL 21 FAM MARKERS 

Master Mix lx 

lOx Reaction !3u!Tcr (commercially supplied) 0.5ul 

dNTPs(Sml\1) 0.25ul 

~lgl'l, (25mM) O.Sul 

Amplitaq GOI.D 0.05ul 
1.30ul 

Multiplex Mix h X 

11,0 0.19ul 

Master Mix 1.30ul 

Primers 
DI6S405 0.48ul 
DI6S401 0.32ul 
DI6S411 0.32ul 
DI5SI30 0.63ul 
DI6S515 0.96ul 

4.20ul 

DNA (50ng/ul) 0.80ul 

PANEL 21 HEX MARKERS 

Master Mix lx X 

I Ox Reaction !3uffer (commercially supplied) 0.5ul 

dNTPs(SmM) 0.25ul 

MgCI 2 (25mM) O.Sul 

Amplitaq GOLD O.OSul 
1.30ul 
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Mulfil!lex Mix I h X 

11,0 1.6~ul 

Master Mix 1.30ul 

Primers 
DI6S520 0.32ul 
DJ5SI65 0.48ul 
DI5SIJI 0.48ul 

4.20ul 

DNA (50ngiul) 0.80ul 

Mulfil!lex Mix 2 lx X 

11,0 J.<JOul 

Master Mix 1.30ul 

Primers 
DI6S503 .Lili!! 

4.20ul 

DNA (50ng/ul) 0.80ul 

PANEL 21 TET MARKERS 

Master Mix lx X 

lOx Reaction ButTer (commercially supplied) 0.5ul 

dNTPs(5mM) 0.25ul 

MgCI 2 (25mM) 0.5ul 

Amplitaq GOLD 0.05ul 
1.30ul 

Multil!lex mix lx X 

H20 1.62ul 

Master Mix 1.30ul 

Primers 
DI5SI27 0.32ul 
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Dl6S511 0.32ul 
Ql5Sl53 0.32ul 
Dl5Sll7 0.32ul 

4.20ul 

DNA (50ng/ul) 0.80ul 

PANE!, 2Z FAM MARKERS 

Master Mix " X 

lOx Reaction Buffer (commercially supplied) 0.5ul 

dNTPs(5mMl 0.25ul 

MgC1 2 (25mM) 0.5ul 

Amplitaq GOLD 0.05ul 
1.30ul 

Multiulex Mix " X 

11,0 1.78ul 

Master Mix 1.30ul 

Primers 
Dl5S205 0.48ul 
Dl6S415 0.16ul 
Dl6S420 0.48ul 

4.20ul 

DNA (50ng/ul) 0.80ul 

PANEL 22 HEX MARKERS 

Master Mix " X 

lOx Reaction Buffer (commercially supplied) 0.5ul 

dNTPs(SmM) 0.25ul 

MgC1 2 (25mM) 0.5ul 

Amplitaq GOLD 0.05ul 
1.30ul 
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MultiJ!Iex Mix I lx X 

11,0 I.IOul 

Master Mix 1.30ul 

l}rimcrs 

DI6S423 0.90ul 
DI5SI26 0.90ul 

4.20ul 

DNA (50ng'ull 0.80ul 

!\lulliJ!Iex 1\li, I lx X 

11,0 1.90ul 

Master !l.tix 1.30ul 

Primers 
DI6S407 I.OOul 

4.20ul 

DNA (50ng/ul) 0.80ul 

PANEL 22 TET MARKERS 

Master Mix lx X 

lOx Reaction Buffer (commercially supplied) 0.5ul 

dNTPs(5mM) 0.25ul 

MgCI 2 (25mM) 0.5ul 

Amplitaq GOLD 0.05ul 
1.30ul 

MultiJ!Iex Mix lx X 

11,0 2.26ul 

Master Mix 1.30ul 

Primers 
DI5SI20 0.16ul 
DI5SI28 0.16ul 
DI6S516 0.32ul 

4.20ul 

DNA (50ng/ul) 0.80ul 
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8% Acrylamide 

I. Dissolve 420.5g Urea in lhO and make up to 600ml 

2. Add 200m I Liqui-mix 19 

lkinnisc f(Jr 30 minutes 

4. Filter 

5. ~lake up h> 'lOOm! 

6. Add I OOml of I OX TilE 

7. Degas l~lr ~0 minutes 

X. \\'rap hotth: in foil and store at 4
1
'( • 

6% Acn·lamide 

I. l>issnh e 420.5g in 1120 and make up to 600ml 

Add 150mll.iqui-mix 19 

_,, Dcionisc for 30 minutes 

4. Filler 

5. Make up to 900ml 

6. Add lOOm! of lOX rBE 

7. Degas tl>r 30 minutes 

8. Wrap honk in fl>il and store at 4"C 

4'Yc. Acn lamide 

I. Dissolve 420.5g in 11,0 and make up to 600ml 

2. Add lOOm! Liqui-mix 19 

3. Dcionise for 30 minutes 

4. Filler 
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5. Make up to 900ml 

6. Add I OOml of I OX TBE 

7. Degas tor 30 minutes 

8. Wrap bottle in foil and store at 4"C 

lOX TBF. !makes ILl 

rrisma 

Boric Acid 

IOKg 

55g 

9.3g FDTA 

11,0 make up to II. 

IX THE !makes ILl 

IX TBE lOOm! 

900ml 
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APPENDIXB 

GENF.HUNTER- Complete lin~age Analysis 
(ursion 1.1) 

CHROMOSOME I 
anal) 11ng p~digrce I . 
w .. ing non-original<; I :! 3 4 5 (J I 0 
po..,ition L.OD ... con: NPL \core p-valuc infOrmation 
-10.00 -I 066086 -0 2811>45 0.484375 0.317227 
-8.00 -I 236920 -0.321828 0.500000 0.364148 
-6 ()() -I 464377 -0 )66525 0.593750 0 420684 
-·tOO -1.794797 -0.416183 0.5()3750 0.490383 
-2.00 -2.375656 -0.471288 0 625000 0.580246 

IJIS243 0.00 -10000000 -0.532358 0.671875 0.720021 
3.00 -2.635401 -0.472514 0.625000 0.597370 
6.00 -2.145533 -0.426774 0.593750 () 540215 
9.00 -1.917999 -0.393611 0.593750 0.513987 
12.00 -1.810233 -0.371833 0.593750 0.512425 

DIS214 15.00 -1.783706 -0.360547 0.593750 0 538668 
17.80 -1.958169 -0.426940 0 593750 0.438998 
20.60 -2.225459 -0.498221 0.625000 0.427342 
23.40 -2.652157 -0.574338 0.703125 0.468081 
26.20 -3.457638 -0.655074 0. 750000 0.566333 

DIS228 29.00 -10000.000 -0.739971 0.843750 0.78'733 
33.80 -2.711878 -0.588725 0.703125 0.4RR-38 
38.60 -2.069312 -0.452832 0.625000 0.393415 
43.40 -I 894887 -0.353777 0.593750 0.402306 
48.20 -2.114807 -0.313948 0.500000 0.517808 

Dl 5552 53.00 -I 0000.000 -0.360608 0.593750 0.839822 
55.60 -2.044329 0.046550 0.359375 0.681926 
58.20 -1.578092 0.439846 0.203125 0.620077 
60.80 -1.409370 0.826809 0.062500 0.607402 
63.40 -1.464438 I 214759 0.062500 0.641015 

Dl 5233 66.00 -I 0000.000 1.611001 0.062500 0.752601 
67.60 0.061761 1.561744 0.062500 0.606268 
69.20 0.358203 1.521728 0.062500 0.541459 
70.80 0.531700 1.490462 0.062500 0.519870 
72.40 0.655723 1.467434 0.062500 0.540326 

DISI86 74.00 0.753026 1.452095 0.062500 0.633200 
76.80 0.690943 0.854432 0.062500 0.450968 
79.60 0.546542 0.363211 0.250000 0.408601 
82.40 0.284965 -0.029158 0.406250 0.450236 
85.20 -0.235348 -0.326158 0.500000 0.581492 

MYCLI 88.00 -I 0000.000 -0.527199 0.671875 0.891579 
89.40 -4.123922 -0.507122 0.625000 0.758806 
90.80 -3.807241 -0.489056 0.625000 0.701472 
92.20 -3.839574 -0.472640 0.625000 0.683113 
93.60 -4.221245 -0.457518 0.625000 0.701811 

DISI62 95.00 -I 0000.000 -0.443337 0.625000 0.784077 
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DIS550 

DIS207 

DISI88 

Dl''534 

DIS305 

DIS318 

98.20 -1.778514 -0.202947 0.406250 0.563599 
101.40 -1.492091 0.000813 0.406250 0.479496 
104.60 -1.562007 0.188845 0.328125 0.470197 
107.80 -1.991469 0.382880 0.250000 0.533369 
111.00 -I 0000.000 0.606143 0.125000 0.720094 

113.60 -3.627760 0 242843 0.312500 0.547654 
116.20 -3 202567 -0 055911 0.406250 0.493876 
118 80 -3 133892 -0.2965l7 0.500000 0.504646 
121 40 -3.420315 -0.483395 0.625000 0.580745 
124 00 -I 0000.000 -0.619205 0. 718750 0.778688 
126.80 -1.733384 -0.418724 0 593750 0.588180 
12<).6() -1.212948 -0.22213~ 0 .·U>6250 0.502947 
132 40 -0.944194 -0.028841 0.406250 0.470694 
135.20 -0.780611 0 162035 0.328125 0.487680 
138.00 -0 677347 0.351559 0.250000 0.586562 

1-13 20 -0 698690 0.231959 0.312500 0.349208 
148.40 -0.858169 0.100262 0.35l}375 0.291836 
153.60 -1.199546 -0.1141529 0.406250 0.343129 
158.80 -1.931276 -0.192522 0.406250 0.515453 
164.00 -10000.000 -0.353646 0.593750 0.951187 

165.80 -6.518702 -0.347016 0.500000 0 776533 
167.60 -6.118941 -0.400544 0.593750 0.720810 
16940 -6.294798 -0.513668 0.625000 0.729738 
171.20 -7.120060 -0.686936 0. 796875 0.803824 
173.00 -10000.000 -0.922008 0.968750 1.000000 

178.00 -4.248598 -0.865513 0.921875 0.702635 
183.00 -3.341634 -0.834981 0.906250 0.594628 
188.00 -3.029936 -0.824484 0.859375 0.580639 
193.00 -3.165991 -0.830071 0.906250 0.656506 
198.00 -I 0000.000 -0.848384 0.906250 0.898780 

199.80 -3.091454 -0.707842 0. 796875 0.756711 
201.60 -2.736795 -0.583436 0.703125 0.701716 
203.40 -2.732742 -0.474522 0.625000 0.693974 
205.20 -3.079155 -0.380561 0.593750 0.733121 

ATA4E02 207.00 -10000.000 -0.301109 0.500000 0.856412 
209.40 -3.513745 -0.354544 0.593750 0.738470 
211.80 -3.081802 -0.395144 0.593750 0.696577 
214.20 -3.011554 -0.423574 0.593750 0.702260 
216.60 -3.299301 -0.440237 0.625000 0.759203 

DIS518 219 00 -10000.000 -0.445253 0.625000 0.914760 

DIS249 

223.40 -2.233746 -0.480487 0.625000 0.739442 
227.80 -1.890020 -0.510105 0.625000 0.675407 
232.20 -1.887584 -0.53R497 0.671875 0.667425 
236.60 -2.226660 -0.568606 0.671875 0.709322 
241.00 -10000.000 -0.602244 0.718750 0.829540 
244.40 -2.700165 -0.551046 0.671875 0.569571 
247.80 -2.416924 -0.490761 0.625000 0.473665 
251.20 -2.494759 -0.420923 0.593750 0.461462 
254.60 -2.940435 -0.340155 0.500000 0.529770 

DIS549 258.00 -10000.000 -0.246356 0.406250 0.738505 
259.80 -4.241495 -0.245355 0.406250 0.723010 
261.60 -4.011647 -0.245843 0.406250 0.730780 
263.40 -4.181210 -0.247492 0.406250 0.756294 
265.20 -4.823972 -0.249974 0.406250 0.802475 
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DISI03 267.00 -10000.000 -0.252961 0.484375 0.889998 
274.60 -2.595863 -0.172157 0.406250 0.563067 
282.20 -2.135903 -0.109725 0.406250 0.443135 
289 80 -2.190554 -0.047850 0.406250 0.422849 
297.40 -2.760620 0.033162 0.406250 0.507129 

DISI02 305.00 -10000.000 0.159026 0.328125 0.841779 
307.00 -4.063831 0 106571 0.359175 0.667234 
309 00 -3.180612 0 060772 0.359375 0.558949 
311 00 -2.673184 0.020898 0.406250 0.477088 
313 00 . 2 320233 -0.013702 0.406250 0.412063 
315.0G 2.052252 -0 043608 0.406250 0.359003 

CIIROMOSOME 2 
;mal)'Zmg pedigree 1.. 
u~ing non-origin.tls: 12345610 
position LOD score NPL score p-valuc int<:umation 
-10.00 -0.829647 -0 043461 0.406250 0 386921 
-8.00 -0.981295 -0.041830 OA06250 0.433361 
-6.00 -1.187977 -0.040211 0.406250 0.487670 
-1.00 -1.495921 -0.038662 0.406250 0.552422 
-2.00 -2.052680 -0.037251 0.406250 0.632581 

D2S207 0.00 -I 0000.000 -0.036059 0.406250 0.748909 
2.60 -3.741553 0 047570 0.359375 0.633325 
5.20 -3.460861 0.147925 0.359375 0.594356 
7.80 -3.496626 0.268588 0.265625 0.600211 
10.40 -3.746986 0.413667 0.250000 0.653405 

D2S423 13.00 -10000.000 0.587941 0.125000 0.797069 
15.00 -4.725507 0.530453 0.187500 0.677356 
17.00 -4.787148 0.479385 0.203125 0.636276 
19.00 -5.110370 0.434437 0.203125 0.642976 
21.00 -5.847289 0.395406 0.250000 0.700350 

D2SI31 23.00 -10000.000 0.362190 0.250000 0.856227 
26.40 -3.578232 0.311397 0.265625 0.640072 
29.80 -2.661986 0.284603 0.265625 0.530225 
33.20 -2.138305 0.279232 0.265625 0.468541 
36.60 -1.780772 0.293392 0.265625 0.444188 

D2S405 40.00 -1.517372 0.325782 0.265625 0.460440 
42.60 -1.394486 0.298998 0.265625 0.432142 
45.20 -1.293897 0.281607 0.265625 0.426685 
47.80 -1.212142 0.272742 0.265625 0.439001 
50.40 -1.147119 0.271694 0.265625 0.471374 

D2SI77 53.00 -1.097749 0.277891 0.265625 0.540013 
56.20 -1.080396 0.261551 0.265625 0.517696 
59.40 -1.086322 0.253037 0.312500 0.522164 
62.60 -1.120049 0.251420 0.312500 0.546609 
65.80 -1.190546 0.255882 0.312500 0.592796 

ms4o6 69.00 -1.315711 0.265671 0.265625 0.671952 
71.00 -1.451966 0.235725 0.312500 0.682449 
73.00 -1.644255 0.208095 0.312500 0.707042 
75.00 -1.938676 0.182416 0.328125 0.744760 
77.00 -2.482670 0.158337 0.328125 0.798800 
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D2S441 79.00 -I 0000.000 0.135503 0.359375 0.885493 
82.40 -3.203747 0.106459 0.359375 0.759793 
85.80 -2.855897 0.084359 0.359375 0.709506 
89.20 -2.853811 0.068635 0.359375 0.699447 
9.2.60 -3.197506 0.058827 0.359375 0.725742 

[)2S-128 96 00 -I 0000 000 0.054563 0.359375 0.798585 
97 00 -4.161950 0.046935 0 359375 0.798112 
98.00 -3621624 0.039794 0.359375 0 805031 
(}l),()Q -3.335050 0.033126 () -106250 0 818264 
11111011 -3.155367 0.026914 0 406250 0.839127 

ms417 1011111 -3 037225 0.021143 0.4116250 0 875453 
103 ::!0 <! 919301 0.018866 0 406250 0 833783 
1115 411 -2 9398-18 II 018621 0.406250 () 81-t0(l6 
107.60 -3 JOINO.l () 020425 0.4062:'0 0 808336 
J()l) HO .. ~ 556923 0.024304 0.406250 0.815566 

D2S-IJ6 112.00 -10000.000 0 030:?93 0 406250 0 839510 
114 80 -2.852-134 0 023010 () .J06250 0 792{1(}1 
117.60 -2.367586 0.018889 04116250 0 772310 
120 411 -2.142138 0.0 J7t)3Q () 406250 0.770569 
123 20 -2.032716 0 020190 OAOti25U () 78736-1 

D2SIIO 126 ()() -I 999613 IHJ2570 I 0 406250 () 832195 
128 80 -2 064601 -0.135642 0.406250 0723181 
13l.(lU -2.2082-13 -0.293 193 0.500000 0.688039 
134.-JU -2.470471 -0.448836 0.625000 0.696431 
137.20 -2.99492-' -0.604338 0.718750 0.749761 

D2SII4 140 00 -10000 000 -0.761352 0.843750 0.886951 
141.20 -5 270773 -0.791635 0.859375 0.850713 
142.40 -5.043032 -0.823355 0.859375 0.836917 
143 (>() -5.217934 -0.856405 0 921875 0.840492 
144.80 -5.869183 -0.890682 0.953125 0.863515 

[)2S222 14600-10000000 -0.926083 0.968750 0.924105 
148.20 -5.694633 -0918515 0.953125 0.864049 
150 40 -5.097510 -0 914882 0.953125 0.83413 I 
152.60 -4 980798 -0.915223 0.953125 0.821700 
154.80 -5.272824 -0.919566 0.953125 0.825844 

D2SI.J2 157.00 -10000 000 -0.927934 0.968750 0.854807 
159.20 -1.742052 -0.672472 0 953125 0.710136 
161.40 <!.220465 -0.818342 0.859375 0.628385 
163 60 -2.006585 -0.766355 0.843750 0.577806 
165 80 -2 024589 -0.717227 0.796875 0.554564 

ms111 168.00 -10000.000 -0.671612 0.781250 0.570556 
175.20 -1.185337 -0.607389 0.718750 0.348953 
182.40 -1.060554 -0.595289 0. 718750 0.285966 
189 60 -1 171072 -0.632963 0. 750000 0.302508 
196.80 -1 566142 -0.718210 0.796875 0.404547 

I>2S72 204 flO -I 0000 000 -0.847546 0.906250 0.714457 
205.00 -2.773961 -0 858241 0.921875 0.701460 
206.00 ·2 61273.2 -0.870526 0.921875 0.701397 
207.00 -2.635122 -0.884350 0. 953125 0.710524 
208.00 -2.841616 -0.899657 0.953125 0. 729862 

D2SI55 209.00 -5 457116 -0.916388 0.953125 0.768465 
211.40 -3.347165 -0.906716 0.953125 0.712407 
213.80 -3.123141 -0.903428 0.953125 0.698064 
216.20 -3.167333 -0.906610 0.953125 0.707666 
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218.60 -3.539918 -0.916267 0.953125 0.739893 
D2S434 221.00 -I 0000.000 -0.932304 0 968750 0.808735 

~22.40 -2.377573 -0.864144 0.921875 0.657449 
223.80 -1.780648 -0.784120 0 859375 0.579187 
2.25.20 -1.435309 -0 692271 0.796875 0.539513 
226.60 -1.194145 -0.588493 0. 703 125 0.537114 

D2SI26 228.00 -1.010783 -0.472542 0.625000 0.598539 
231.60 -1.084168 -0.497919 0.625000 0.458677 
235 20 -1.212179 -0.530877 0 671875 0 414392 
238.80 -1.449819 -0 571755 0.703125 0.421857 
2~2.40 -1.945783 -0.620959 0. 718750 0.479295 

D2S·L!7 246 00 -I 0000 000 -0.678882 0.781250 0 625422 
250.80 -I (164442 -0.598012 0.718750 0419807 
255 60 -1 192103 -U 532227 0.671875 0.339989 
260 40 -\.023174 -0 485225 0.625000 0.329462 
265.:!0 -I 082382 -0.460396 0 625000 0.393929 

D2SI25 270.00 -10000.000 -0.461396 0.625000 0.610147 
278 60 -1.021413 -0 371018 0.593750 02-11220 
287 20 -0.683151 -0.313711 0.500000 0.124162 
295.80 -0.563591 -0.290738 0.500000 o.o<J7537 
304.40 -0.628190 -0.30976'1 0.500000 0.147208 

D2SI02 313.00 -10000.000 -0.389658 0.593750 0.369496 
315.00 -0.947895 -0.354558 0.593750 0.284930 
317.00 -0.677185 -0.323363 0.500000 0.231968 
319 00 -0.530352 -0.295593 0.500000 0.192094 
321.00 -0.433636 -0.270826 0.484375 0.160741 
323.00 -0.363941 -0.248700 0.406250 0.135535 

CllROMOSOME 3 
analyzing pedigree 1 ... 
using non-originals: 12345610 
position LOD score NPL score p-value information 
-10.00 -0.444102 0.064933 0.359375 0.389390 
-8.00 -0.589392 0.004035 0.406250 0.440496 
-6.00 -0.789897 -0.069328 0.406250 0.501230 
-4.00 -1.091809 -0.157267 0.406250 0.575063 
-2.00 -1.642429 -0.262247 0.484375 0.668876 

D3S 1307 0.00 -I 0000.000 -0.387145 0.593750 0.812183 
3.86 -2.387499 -0.311274 0.500000 0.730822 
7.71 -2.049555 ·0.276794 0.484375 0.702927 
11.57 -2.057389 -0.280076 0.484375 0.708000 
15.43 -2.410984 -0.3 19900 0.500000 0.747475 

D3SIJ04 19.28 -10000.000 -0.397331 0.593750 0.847412 
24.06 -1.305841 0.265725 0.265625 0.609899 
28.84 -0.840428 0.897007 0.062500 0.530904 
33.62 -0.664798 1.536196 0.062500 0.531401 
38.40 -0.705062 2.223138 0.062500 0.609696 

D3SI293 43.18 -10000.000 3.001542 0.062500 0.827525 
44.69 -1.578667 3.016750 0.062500 0.744059 
46.20 -1.399403 3.040879 0.062500 0.720254 
47.71 -1.394892 3.074086 0.062500 0.729797 
49.22 -1.565140 3.116588 0.062500 0. 773469 
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D3SI266 50.73 -10000.000 3.168665 0.062500 o.88093c 
53.21 -1.132944 3.150746 0.062500 0.766398 
55.70 -0.960337 3.159007 0.062500 0.724628 
58.18 -0.960032 3.193561 0.046875 0.723606 
60.66 -1 132031 3.255010 0.046875 0.763349 

DJSI768 63.15 -10000.000 3.344455 0.046875 0 875916 
67 61 -0.644376 3.139072 0 062500 0 697748 
72.07 -0 480465 3 021653 0 062500 0630212 
76 5-I -0 480708 2.985-17:! 0.062500 0 620881 
81 00 -0.645101 3.028682 0 062500 0 667398 

l>JS J7bh 85.46 -IOOOOIKIO 3 154156 0.062500 0.811355 
88.75 -0.8%867 3.104749 0.062500 0.695731 
92().1 -0 726590 3.10077-l 0.062500 0 659361 
95 32 -0 725822 3.1-11937 0062500 () 66895() 
98.60 -0 894567 3 1.:!9-105 0 0-16875 0.726345 

D3SI285 10 1.8'1 -I 0000.000 3.365858 0.015625 0.872882 
104 90 -0 9536-16 3 207687 0 046875 0 667678 
107 91 -0.79-C32 3 090997 ().()(J2500 0.591-187 
110.92 -0.805681 3.013153 0.062500 0.583264 
113.93 -0.987958 1. ()72627 0.062500 06-12125 

D3SI28-I 116 94 -10000.000 2.968943 0 062500 0.825458 
119.6'1 -0.757367 2.350845 0.062500 0.691626 
122.43 -0.626112 1.777437 0.062500 0 636832 
125.18 -0.670234 1.234462 0.062500 0 627334 
127.92 -0.890385 0.708591 0.093750 0.664240 

D3S1752 130.67 -4.175301 0.186959 0.328125 0.786881 
137.21 -1.326396 0.070193 0.359375 0.548592 
143.74 -1.154067 -0.065093 0 406250 0.476155 
150.28 -1.150234 -0.217066 0.406250 0.483542 
156.82 -1.292325 -0.386527 0.593750 0.568148 

D3SI769 163.36 -4.199725 -0.573783 0.703125 0.797715 
164.64 -1.909487 -0.545508 0.671875 0.741068 
165.92 -1.644343 -0.512626 0.625000 0.712352 
167.20 -1.498564 -0.475621 0.625000 0.698191 
168.48 -1.400087 -0.434924 0.593750 0.697048 

D3SI269 169.75 -1.327371 -0.390922 0.593750 0.714515 
172.50 -1.421188 -0.386568 0.593750 0.644527 
175.24 -1.564443 -0.397741 0.593750 0.621096 
177.99 -1.808150 -0.426864 0.593750 0.632166 
180.73 -2.302315 -0.476268 0.625000 0.682626 

D3SI238 183.48 -10000.000 -0.548385 0.671875 0.810287 
184.98 -3.207423 -0.544234 0.671875 0.750821 
186.49 -2.772044 -0.544681 0.671875 0.714830 
188.00 -2.633818 -0.549442 0.671875 0.691561 
189.51 -2.719062 -0.558289 0.671875 0.679272 

D3SI764 191.02 -4.230056 -0.571044 0.703125 0.679992 
193.50 -2.0933 II -0.501123 0.625000 0.513626 
195.99 -1.899003 -0.441549 0.625000 0.445207 
198.47 -1.902560 -0.391028 0.593750 0.431714 
200.96 -2.101620 -0.348659 0.500000 0.473041 

D3SI744 203.44 -4.192809 -0.3 13927 0.500000 0.608850 
205.42 -1.833733 -0.337868 0.500000 0.496739 
207.41 -1.884047 -0.374393 0.593750 0.489360 
209.39 -2.211481 -0.420752 0.593750 0.540591 
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D3SI763 

D3SI282 

D3SI754 

D3S1262 

211.38 -2.963296 -0.474109 0 625000 0.651981 
213.36 -10000.000 -0.53143 I 0.671875 0.878449 

214.87 -5.018481 -0.505062 0.625000 0.832125 
216.38 -4.207825 -0.480734 0.625000 0.806055 
217.89 -3.777479 -0.458412 0.625000 0.790818 
219.40 -3.508058 -0.438060 0.593750 0.784444 
.220.90 -3.332286 -0.419643 0.593750 0.786838 

::!22.89 -3.330615 -0.437033 0 593750 0.768820 
224.87 -3.429466 -0.457717 0.625000 0.771655 
.:!16.86 -3 663467 -0.481752 0.625000 0.790073 
228.8-1 -4 173871 -0.509204 0.625000 0.825889 
230.83 ·10000.000 -0.540142 0.6 71875 0 893874 

233.06 -5 076740 -0 547901 0 671875 0.762135 
235.2l} -4 804211 -0.560353 0.671875 0 719959 
237 52 --1 (>35997 -0.577542 0.703125 0.734702 
239.75 -5.545083 -0 599551 0.718750 0 809711 
241.98 -10000.000 -0.626493 0. 750000 1.000000 

243.73 -6 005596 -0 649902 0 750000 () 818032 
245.47 -5.346315 -0.677141 0 781250 {) 738369 
247 21 -5.130342 -0.708032 0.796875 0 709805 
248.96 -5.219775 -0.742415 0.8437<0 {) 727848 

GATA6GI2 250.70 -10000.000 -0.780139 0.859375 0.818446 
251 53 -6.012442 -0.777991 0.859375 0.792200 
252.37 -6.034369 -0.776673 0.859375 0.783898 
253.20 -6.337273 -0.776196 0.859375 0.786832 
254.04 -7 067079 -0.776571 0.859375 0.801659 

D3SI314 254.87 -10000.000 -0.777810 0.859375 0.838621 
257.61 -4.559241 -0.599062 0.718750 0.649275 
260.36 -4.040416 -0.446448 0.625000 0.575202 
263.10 -4.046646 -0.318312 0.500000 0.568150 
265.85 -4.577978 -0.213263 0.406250 0.628338 

D3S I 3 II 268.59 -I 0000.000 -0.1303 18 0.406250 0.808974 
270.59 -3.872871 -0.125512 0.406250 
272.59 -3.007958 -0.121464 0.406250 
274.59 -2.517243 -0.117998 0.406250 
276.59 -2.179384 -0.114978 0.406250 
278.59 -1.925025 -0.112290 0.406250 

CHROMOSOME 4 STAGE I 
analyzing pedigree 1 ... 
using non-originals: I 2 3 4 5 6 10 

0.666059 
0.572584 
0.499042 
0.438562 
0.387676 

position LOD score NPL score p-value information 
-10.00 -0.021516 0.501296 0.203125 0.435616 
-8.00 -0.080816 0.523833 0.187500 0.491788 
-6.00 -0.166933 0.545835 0.187500 0.558217 
-4.00 -0.302756 0.566842 0.125000 0.638409 
-2.00 -0.560952 0.586274 0.125000 0.739103 

D4S412 0.00 -2.509458 0.603407 0.125000 0.887725 
2.16 0.476027 1.131816 0.062500 0.778710 
4.32 0.777299 1.668027 0.062500 0.743235 
6.48 0.956362 2.220732 0.062500 0.749995 
8.64 1.086881 2.798893 0.062500 0.800119 

D4S394 10.80 1.191944 3.411962 0.015625 0.929443 

299 



12.88 1.186459 3.321799 0.046875 0.772842 
14.96 1.183533 3.252141 0 046875 0.704955 
17 04 1.183173 3.202387 0 046875 0.682792 
19.12 1.185379 3.172202 0.062500 0.703256 

ll4S403 :!1.20 1.190147 3.161518 0.062500 0.793586 
23.52 1.045400 2.315961 0.062500 0.471772 
25 84 0.872853 I 587571 0.062500 0.347551 
28.16 0 648828 0 958383 0.062500 0.329175 
30.48 0.298869 0.413726 0.203125 0.416464 

D4S404 3:!.80 -2 624464 -0.058235 0.406250 0.700961 
.16.40 0.1457<>2 0.188091 0 328125 0.429937 
40 uo 0.3:!1965 0.3385<JS 0.265625 0 350250 
-060 0 330003 0.400105 0.250000 0.378924 
-P 20 0169810 () 371350 0.250000 0521035 

ll4SI74 so 80 -2.502562 0 242513 0.312500 0 886401 
suw -2 026875 0241804 0312500 0 870390 
52 8{) -1.902621 0.241311 0 312500 0.86096-1 

53.80 -1.902733 0.241035 0312500 0 855739 
54.80 -2.027212 0.240975 0.312500 (I 854379 

1>4SI627 55.80 -2.503124 0.241129 () 312500 0 857(162 
60.00 -0.970322 0.231409 () 312500 0 755506 
64 20 -0.809959 0 22486<> 0.312500 0. 712409 
68.40 -0812457 0 221933 0.312500 0.704922 
72.60 -0.977790 0.222657 0 312500 0.731461 

D4S392 76.80 -2.515487 0.226 753 0.312500 0.809838 
79.80 -1.346396 0.044371 0.359375 0.689804 
8280 -1.308236 -0.133432 0 406250 0649619 
85.80 -1.485045 -0 310168 0.500000 0.656355 
88.80 -1.950287 -0.489432 0.625000 0 711293 

ATA2A03 91.80 -6.208200 -0.674873 0.781250 0.853588 
94.40 -0 237608 -0.261152 0.484375 0.550118 
97.00 0 346235 0.266390 0.265625 0.431141 
99.60 0.683627 0.904325 0.062500 0.407737 
102.20 0.921943 1.654335 0.062500 0.477268 

D4SI75 104.80 1.107410 2.522762 0.062500 0.717536 
112.20 0.825063 1.227471 0.062500 0.403541 
119.60 0.494427 0.369821 0.250000 0.290454 
127.00 0.061129 -0.212714 0.406250 0.277079 
13440 -0.638200 -0.616502 0. 718750 0.359656 

D4SI625 141.80 -4.731530 -0 902421 0.953125 0.620849 
144.00 -2.320677 -0.832861 0.906250 0.555192 
146.20 -1.966866 -0.766538 0 843750 0.558243 
148.40 -1.947460 -0.704295 0.796875 0.604]01 
150.60 -2 224574 -0 646105 0. 750000 0.69823"1 

D4S I 090 152.80 -2.796466 -0.591031 0.718 ... 0 0.889067 
156.00 -2.004428 -0.533108 0.671875 0 677378 
159.20 -1.702424 -0.514886 0 625000 0.594537 
162.40 -1.713456 -0 537538 0.671875 0.577778 
165 60 -2.060066 -0.602533 0. 718750 0.622491 

Jl4S243 168.80 -6.243569 -0.711791 0.796875 0.763920 
171.40 -2.128794 -0.539792 0.671875 0.588941 
174.00 -1.658044 -0.369365 0.593750 0.534134 
176.60 -1.473747 -0.198466 0.406250 0.545109 
179.20 -I 502828 -0.025079 0.406250 0.623192 
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D4S415 181.80 -2.523768 0.152776 0.359375 0.828:!23 
184.20 -1.473102 0.131775 0.359375 0.711759 
186.60 -1.325039 0.110600 0.359375 0.666645 
189.00 -1.338042 0 089256 0.359375 0.661039 
19140 -1.511500 0.067713 0 359375 0.694615 

D4S408 193.80 -2.553882 0.045919 0.359375 0.798500 
195.80 -1.225226 -0.069536 0.406250 0.661872 
197.80 -1.007452 -0.181467 0.406250 0.592444 
199 80 -0.899375 -0.289719 0.500000 0.565530 
201.80 -0.825970 -0.394089 0 593750 0.583257 

O.JSI6S2 203.80 -0 759297 -0.494299 0 625000 0.678905 
207.00 -0 859158 -0.431583 0.593750 0.477160 
210.20 -0.944583 -0.376888 0.593750 0.399854 
113.40 -1.054913 -0.330959 0.500000 0.387383 
216 60 -I 275115 -0.294464 0.500000 0.436958 
219.80 -2.793179 -0.268144 0.4843 75 0.597694 

CHROMOSOME 4 STAGE 2 
am1lyzing pedigree 1.. 
u!>ing non-originals: 12345610 
position LOD score NPL score p-value information 
-10.00 0.243417 0.513626 0.187500 0.439796 
-8 00 0.192092 0.537004 0.187500 0 496811 
-6.00 0.113979 0.559871 0.187500 0.564293 
-4.00 -0.014035 0.581757 0.125000 0.645832 
-2.00 -0.265726 0.602U70 0.125000 0.748314 

D4S412 0 00 -I 0000.000 0.620068 0.125000 0.899507 
1.89 0.692132 1.057134 0.062500 0.815761 
3.77 0 993605 I 501422 0.062500 0.787524 
5 66 1.172433 1.958486 0.062500 0 790200 
7.55 1.302395 2.434044 O.GS2500 0.822183 

D4S3007 9.44 1.406603 2.934080 0.062500 0.892728 
9 89 1.427514 3.045518 0.062500 0.905186 
10 34 1.447659 3.158047 0.062500 0.920496 
10.79 1.467114 3.271751 0.046875 0.939206 
11.24 1.485947 3.386713 0.015625 0.962652 

D4S394 II 69 1.504217 3.5030 17 0.015625 0997118 
12.01 I 504050 3.500634 0.015625 0.989244 
12.34 1.503957 3.498774 0.015625 0.983619 
12.66 1.503938 3.497435 0.015625 0.979126 
12.99 I 503992 3 496617 0.015625 0.975546 

D4S2983 13 31 1.504119 3.496321 0.015625 0 972893 
15.10 1.499788 3.434131 0.015625 0.886670 
16.90 1.497669 3.387459 0.015625 0.852834 
18.69 1.497766 3.356054 0.015625 0.853287 
20.48 1.500079 3.339819 0.046875 0.888644 

D4S2944 22.27 1.504604 3.338806 0.046875 0.986745 
22.39 1.504578 3.338663 0.046875 0.986650 
22.51 1.504563 3.338588 0.046875 0.986665 
22.63 I 504558 3.338582 0.046875 0.986770 
22.75 1.504562 3 338645 0.046875 0.986964 

D4S403 22.87 1.504577 3.338776 0.046875 0.987259 
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23.56 1.395983 2.747971 0.062500 0.868746 
24.24 1.259386 2.160485 0.062500 0.818928 
24.92 1.071648 1.575367 0.062500 0.807099 
25 60 0.758967 0.991673 0.062500 0.834534 

D4S3048 26.29 -I 0000.000 0.408461 0.250000 0.935587 
28.10 -1.052135 0.236648 0.312500 0.595635 
29.92 -1.037517 0.069601 0.359375 0.472946 
31.73 -1.249557 -0.094153 0.406250 0.458621 
33.:'5 -1.762284 -0.256180 0.484375 0.551460 

D4S404 35.36 -10000.000 -0.418130 0.593750 0.847096 
39 83 -1.571364 -0.279496 0.484375 0.549390 
44.29 -0.977767 -0.150199 0.406250 0.448967 
48.75 -0.702035 -0.024003 0.406250 0.455538 
53 . .:!1 -0.659979 0.104569 0.359375 0.571217 

D4SI74 57 68 -I 0000.000 0.2400 II 0.312500 0.898228 
58.73 -1.857623 0.238877 0.312500 0.878950 
59.78 -1.682500 0 237978 0.312500 0.867240 
60.84 -1.682771 0.237314 0.312500 0.860242 
61 89 -1.858435 0.236885 0 312500 0.857529 

D4SI627 62.95 -10000.000 0.236689 0.312500 0.859933 
68.39 -0.478601 0.222512 0.312500 0.711806 
73.84 -0.323371 0.213044 0.312500 0.652222 
79.29 -0.326720 0.209337 0.312500 0.642311 
84.73 -0.488595 0.211508 0.312500 0.679477 

D4S392 90.18 -I 0000.000 0.218818 0.312500 0.793298 
93.75 -0.929853 0.039514 0.359375 0.662223 
97.32 -0.885627 -0.134650 0.406250 0.619256 
100.88 -1.061364 -0.308500 0.500000 0.628350 
104.45 -1.530852 -0.487032 0.625000 0.691485 

ATA2A03 108.02 -I 0000.000 -0.6 75379 0. 781250 0 853838 
111.03 0.059114 -0.260884 0.484375 0.536150 
114.04 0.640310 0.263037 0.265625 0.411136 
117.05 0.976679 0.895764 0.062500 0.384908 
120.06 1.215829 I 643486 0.062500 0.454030 

D4SI647 123.07 1.404029 2.518705 0.062500 0.697504 
136.54 1.043008 1.103466 0.062500 0.272396 
150.01 0688618 0.337924 0.265625 0.150779 
163 48 0.278421 -0 154657 0.406250 0.139454 
176.95 -0.366505 -0.542811 0 671875 0.231604 

D4SI75 190.42 -I 0000.000 -0.905974 0.953125 0.580619 
192.91 -2.108591 -0 835745 0.906250 0.516800 
195.39 -1.740881 -0.768757 0.843750 0.524223 
197.88 -1.721713 -0.705768 0.796875 0.576824 
200 36 -2.051099 -0.646 793 0. 750000 0.680460 

D4SI625 202.85 -10000.000 -0.591031 0.703125 0.888958 
206.70 -1.600542 -0.525419 0.640625 0.656753 
210.56 -1.261497 -0 50200 I 0.625000 0.567491 
214.42 -1.267515 -0.522473 0.640625 0.550673 
21~.27 -1.618568 -0.588950 0.703125 0601135 

D4SI090 222.13 -10000.000 -0.704287 0.796875 0.758875 
225.14 -1.729860 -0.528686 0.671875 0.578572 
228.15 -1.249575 -0.356734 0.593750 0.522538 
231.16 -1 065617 -0.185519 0.406250 0.534794 
234.17 -1.104216 -0.0 12598 0.406250 0.617123 
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045243 237.19 -10000.000 0.164993 0.328125 0.832795 
239.93 -1.090959 0.143783 0.359375 0.708357 
242.67 -0.931961 0.122441 0.359375 0.660206 
245.42 -0.945276 0.100985 0.359375 0.654303 
248.16 -1.130906 0.079376 0.359375 0.690200 

045415 zsn.91 -1oooo.ooo 0.057528 0.359375 0.800939 
253.14 -0.8960S4 -0.056006 0.406250 0.653701 
255 37 -0.773829 -0.165537 0.406250 0.578630 
257.60 -0.829475 -0.270820 0.484375 0 548790 
259.83 -1.064053 -0.371544 0.593750 0.566611 

045408 262.07 -I 0000.000 -0.467282 0.625000 0.668302 
265.92 -1.578358 -0.405877 0 593750 0.447942 
269.78 -1.203329 -0.354195 0.593750 0.365540 
273.63 -1.100122 -0.313703 0.500000 0.353004 
277.49 -1.213444 -0.285699 0.484175 0.406930 

04SI652 281.35 -10000000 -0 271638 0.484375 0.581914 
283.35 -0.684837 -0.243058 0.406250 0.468039 
285.35 -0.416383 -0.217496 0.406250 0.3<)4784 
287.35 -0.272115 -0.194613 0.406250 0 338110 
289.35 -0.178260 -0.174113 0.406250 0.292290 
291.35 -0.111710 -0.155734 0406250 0.254392 

analyzing pedigree 2 ... 
using non~originals: 22 I 24 2 3 4 6 5 
position LOD score NPL score p-value infonnation 
-10.00 -0.055869 -0.084335 0.281250 0 041472 
-8.00 -0.073485 -0.093261 0.312500 0.049947 
-6.00 -0.094772 -0.103263 0.343750 0.060342 
-4.00 -0.120629 -0.114489 0.343750 0.073150 
-2 00 -0.152262 -0.127105 0.343750 0.089013 

045412 0.00 -0.191348 -0.141305 0.343750 0.108791 
1.89 -0.237241 -0.156358 0.343750 0.132114 
3.77 -0.294999 -0.173234 0.343750 0.161419 
5.66 -0.369539 -0.192180 0.375000 0.198937 
1.55 -0.469546 -0.213481 0.406250 0.248761 

0453007 9.44 -0.612886 -0.237466 0.421875 0.325948 
9.89 -0.660152 -0.255864 0.421875 0.325380 
10.34 -0.715024 -0.274457 0.437500 0.326619 
10.79 -0.779986 -0.293258 0.437500 0.329111 
11.24 -0.858994 -0.312281 0.468750 0.332793 

D4S394 11.69 -0.958935 -0.331 542 0.500000 0.337712 
12.01 -1.051413 -0.345620 0.500000 0.342111 
12.34 -1.171915 -0.359835 0.531250 0.347324 
12.66 -1.343515 -0.374194 0.531250 0.353525 
12.99 -1.639750 -0.388701 0.531250 0.361087 

0452983 13.31 -4.274774 -0.403368 0.562500 0.371752 
15.10 -1.807375 -0.387103 0.531250 0.362966 
16 90 -I 619185 -0.374798 0.531250 0.365661 
18.69 -1.608455 -0.366507 0.531250 0.377657 
20.48 -1.775352 -0.362346 0.531250 0.400279 

04S2944 22.27 -4.370730 -0.362505 0.531250 0.442061 
22.39 -3.139265 -0.362532 0.531250 0.440871 
22.51 -2.863806 -0.362578 0.531250 0.439911 
22.63 -2.705443 -0.362642 0.531250 0.439072 
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22.75 -2.596591 -0.362724 0.531250 0.438329 
04S403 22.87 -2.515422 -0.362824 0.53 I 250 0.437670 

23.56 -2.282854 -0.363737 0.531250 0.435255 
24.24 -2.220052 -0.365236 0.53 I 250 0.434810 
24 92 -2.263210 -0.367322 0.531250 0.436265 
25.60 -2.45893 I -0.369999 0.531250 0.439830 

D4S3048 26.29 -4.206352 -0.373271 0.531250 0.446766 
28.10 -0.887693 -0.332750 0.500000 0.340168 
29.92 -0.601876 -0.297058 0.437500 0.273220 
31.73 -0.442995 -0.265574 0.437500 0.223021 
33.55 -0.336793 -0.237763 0.42 I 875 0. I 83769 

D4S404 35.36 -0.259752 -0 213163 0.406250 0.152419 
39.83 -0.137888 -0.163920 0.343750 0.098103 
44.29 -0.067810 -0.127081 0.343750 0.064398 
48.75 -0.025 I 78 -0.099303 0.3 I 2500 0.042913 
53.21 0.001223 -0.078 I 97 0.28 I 250 0.028962 

D4SI74 57.68 0.017460 -0.06204 I 0.28 I 250 0.019771 
58.73 0.020234 -0.058805 0.28 I 250 0.018095 
59.78 0.022683 -0 055761 0.281250 0.016571 
60 84 0 024836 -0.052896 0.28 I 250 0.015183 
61 89 0.026722 -0.050 I 98 0.28 I 250 0013920 

D4SI627 62.95 0.028366 -0.047656 0.281250 0.012769 
68.39 0.033784 -0.036659 0.265625 0.008243 
73.84 0.035603 -0.02849 I 0.265625 0.005396 
79.29 0.035289 -0.022364 0.265625 0.003580 
84.73 0.033754 -0.0 I 7724 0.265625 0.002408 

D4S392 90.18 0.031569 -0.014177 0.265625 0.001641 
93.75 0.029962 -0.0 I 2308 0.265625 0.001286 
97.32 0.028296 -0.0 I 0724 0.265625 0.001014 
100.88 0.026620 -0.009378 0.265625 0.000804 
104.45 0.024966 -0 008229 0.265625 0.000641 

A TA2A03 I 08.02 0 023358 -0.007245 0.265625 0.000514 
I I 1.03 0.022047 -0.006522 0.265625 0.000429 
I 14.04 0.020786 -0.005885 0.265625 0.000359 
I 17.05 0.019579 -0.00532 I 0.265625 0.000302 
120.06 0.018428 -0.00482 I 0.265625 0.000254 

D4SI647 123.07 0.017333 -0.004376 0.265625 0.000215 
136.54 0.013 I 15 -0.002902 0.265625 0.000107 
150.01 0.009887 -0.00 I 985 0.265625 0.000056 
163.48 0.007452 -0.00 I 392 0.265625 0.000030 
176.95 0.005623 -0.000996 0.265625 0.000017 

D4SI75 190.42 0.004250 -0.000?23 0.265625 0.000010 
192.91 0.004037 -0.000683 0.265625 0.000009 
195 39 0.003835 -0.000645 0.265625 0.000008 
197.88 0.003643 -0.000609 0.265625 0 000007 
200.36 0.00346 I -0.000575 0.265625 0.000006 

D4SI625 202.85 0.003288 -0.000544 0.265625 0.000006 
206.70 0.003037 -0.000499 0.265625 0.000005 
210.56 0.002806 -0.000458 0.265625 0.000004 
214.42 0.002593 -0.000420 0.265625 0.000004 
218.27 0.002396 -0.000386 0.265625 0.000003 

D4SI090 222.13 0.002214 -0.000355 0 265625 0.000003 
225.14 0.002082 -0.000333 0.265625 0.000002 
228.15 0.001958 -0.000312 0.265625 0.000002 
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231.16 0.001841 -0.000292 0.265625 0.000002 
234.17 0 001732 -0.000274 0.265625 0.000002 

D4S243 237.19 0.001629 -0 000257 0.265625 0.000001 
239.93 0.001541 -0.000242 0.265625 0.000001 
24:!.67 0.001457 -0.000229 0.265625 0.000001 
:!45A2 0.001378 -0.000216 0.265625 0.000001 
248 16 0 001!04 -0 000204 0.265625 0.000001 

D4S415 250.QI 0 001:!33 -0 000192 0.265625 0.000001 
253 14 0 001179 -0 000183 0.265625 0.000001 
155.31 0 001127 -0 000175 0.265625 0.000001 
257 60 0 001077 -0 000167 0.265625 0.000001 
:!59 83 () 001029 -0 000160 0.265625 0.000001 

D4S408 262 07 0.000984 -0.000152 0.265625 0.000001 
265 92 0000910 -0 000141 0.265625 0.000000 
269 78 0 000842 -0 000130 0.265625 0.000000 
nJ.63 0 000779 -0 000 120 0.265625 0.000000 
'Y.77 -19 0.0007:!1 -0 ooo Ill 0.265625 0 000000 

04SJ652 281 35 0 000667 -0 noo 102 0.265625 o.oeoooo 
283.35 0 ('00640 -0 000098 0 265625 0.000000 
285.35 00tl0615 -0 000094 0.265625 0.000000 
287.35 0.000591 -0.000090 () 265625 0.000000 
28Q 35 0.000568 -0.000087 0.265625 0 000000 
291 35 0 000545 -0.000083 0.265625 0 000000 

rntalhng pedigrees: 
po~ition LOD !.Con: NPL _score p-valuc information 
-10.00 0.187548 0 30355 0.211670 0.240634 
-8.00 0.118607 0.313770211182 0.273379 
-600 0 019206 0.32287 0.210693 0.312318 
-4.00 -0.134664 0 33041 0.208252 0.359491 
-2 00 -0.417988 0.33585 0.204346 0.418664 

D4~412 0.00 -INFINITY 0.33854 0.202393 0.504149 
1.89 0 454891 0 63694 0.161865 0.473937 
377 0.698607 0.93917 0.128174 0.474472 
5 66 0 802894 1.248'17 0.121094 0.494568 
7.55 0.8328-19 I 570170.121094 0.535472 

D4S3007 9 44 0 793717 1.90679 0.097412 0.609338 
9 89 0 767362 1.97258 0.088135 0.615283 
10.34 0.732635 2.0390 I 0.076660 0.623557 
10.79 0 687129 2.10611 0.068115 0 634158 
11.24 0.626953 2.17395 0.059326 0.647723 

D4S394 11.69 0.545282 2.24257 0.049561 0 667415 
12 01 0.4526l7 2.23093 0.051025 0.665678 
12.34 0.332042 2.21956 0.053223 0.665472 
12.66 0 160423 2 20846 0 053711 0.666325 
1299-0135758 2.19763 0.054199 0.668316 

D4S2983 13.31 -2.770655 2.18705 0.055176 0.672323 
15 I 0 -0.307587 2.15457 0.060059 0.624818 
16.90 -0.121516 2.13027 0.064453 0 609248 
18.69 -0.110689 2.11393 0.067627 0.615472 
20.48 -0.275273 2.10539 0.068115 0.644462 

D4S2944 22.27 -2.866126 2.10456 0.068115 0.714403 
22.39 -1.634686 2.10444 0.068115 0.713760 
22.51 -1.359243 2.10436 0.068115 0.713288 
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22.63 -1.200385 2.10431 0.068115 0.712921 
22.75 -1.092029 2.10429 0.068359 0.712647 

D4S403 22.87 -1.010845 2.10432 0.068115 0.712465 
23.56 -0.886871 I 68591 0.120361 0.652001 
24.24 -0.960666 1.26943 0.121 11?4 0.626869 
24.92 -1.191562 0.85422 0.137207 0.621682 
25.60 -1.699964 0.43959 0.186279 0.637182 

D4S3048 26.29 -INFINITY 0.02488 0.344482 0.691177 
28.10 -1.939828 -0.06795 0.400146 0.46790 I 
29.92 -1.639393 -0.16084 0.458008 0.373083 
31.73 -1.692552 -0."5437 0.510498 0.340821 
33.55 -2.099077 -0.34927 0.556885 0367614 

D4S404 35.36 -INFINITY -0.44639 0.604736 0.499757 
39.83 -I. 709252 -0.31354 0.538330 0.323746 
44.29 -1.045577 -0.19607 0.477051 0.256683 
48.75 -0.727214 -0.08719 0.413818 0.249226 
53 21 -0.658757 0 01865 0.344727 0.300089 

D4SI74 57 68 -INFINITY 0.12584 0.284424 0 459000 
58.73 -1.837388 0.12733 0.284424 0.448522 
59.78 -1.659817 0.12885 0.283691 0.441905 
60.84 -1.657934 0.13040 0.283203 0.437713 
61.89 -1.831713 0.1320 I 0.283203 0.435724 

D4SI627 62.95 -INFINITY 0.13367 0.283203 0.436351 
68.39 -0.444817 0.13142 0.283203 0.360025 
73.84 -0.287768 0.13050 0.283203 0.328809 
79.29 -0.291431 0.13221 0.283203 0.322946 
84.73 -0.454841 0.13703 0.282227 0.340942 

D4S392 90.18 -INFINITY 0.14470 0.278809 0.397469 
93.75 -0.899892 0.01924 0.344727 0.331754 
97.32 -0.857330 -0.10279 0.422852 0.310135 
I 00.88 -1.034745 -0.22477 0.495605 0.314577 
I 04.45 -1.505886 -0.35020 0.557373 0.346063 

ATA2A03 108.02 -INFINITY -0.48269 0.620605 0.427176 
111.03 0.081161 -0.18908 0.4 74854 0.268290 
114.04 0.661096 0.18183 0.254395 0.205748 
117.05 0.996258 0.62964 0 165527 0.192605 
120.06 1.234257 1.15871 0.121094 0.227142 

D4SI647 123.07 1.421363 1.777900.115967 0.348860 
136.54 I 056123 0.77822 0.147217 0.136251 
150.01 0.698505 0.23754 0.233887 0.075417 
163.48 0.285o72 -0.11034 0.434082 0.069742 
176.95 -0.360883 -0.38453 0.572021 0.115810 

D4SI75 190.42 -INFINITY -0.64113 0. 702393 0.290314 
192.91 -2.104555 -0.59144 0.678955 0.258404 
195.39 -1.737046 -0.54405 0 654297 0.262115 
197.88 -1.718070 -0.49948 0.632324 0.288416 
200.36 -2.047639 -0.45776 0.608643 0.340233 

D4SI625 202.85 -INFINITY -0.41831 0.587891 0.444482 
206.70 -1.597505 -0.37188 0.566895 0.328379 
210.56 -1.258691 -0.35529 0.557617 0.283747 
214.42 -1.264922 -0.36974 0.566895 0.275338 
218.27 -1.616172 -0.41672 0.587891 0.300569 

D4SI090 222.13 -INFINITY -0.49826 0.631592 0.379439 
225.14 -1.727778 -0.37407 0.567871 0.289287 
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228.15 -1.247617 -0.25247 0.509033 0.261270 
231.16 -1.063775 -0.13146 0.443848 0.267398 
234.17 -1.102484 -0.00910 0.364990 0.308562 

D4S243 237.19 -INFINITY 0.11649 0.289795 0.416398 
239.93 -1.089418 0.10150 0.298828 0.354179 
242.67 -0.930504 0.08642 0.307861 0.330103 
245.42 -0.943898 0.07125 0.313965 0.327152 
248.16 -1.129602 0.05598 0.322754 0.345101 

D4S415 250.91 -INFINITY 0.04054 0.335693 0.400470 
253.14 -0.894905 -0.03973 0.385498 0.326851 
255.37 -v.772702 -0.11718 0.436279 0.289315 
257.60 -0.828399 -0.19162 0.474854 0.274395 
259.83 -1.063023 -0.26283 0.512695 0.283306 

D4S408 262,07 -INFINITY -0.33053 0.552979 0.334151 
265.92 -1.577447 -0.28710 0.529541 0.223971 
269.78 -1.202487 -0.25055 0.505127 0.182770 
273.63 -1.099343 -0221910494141 0.176502 
277.49 -1.212723 -0.20210 0.477051 0.203465 

D4SI652 281.35 -INFINITY -0.19215 0.474854 0.290957 
283.35 -0.684196 -0.17194 0.462646 0.234020 
285.35 -0.415768 -0.15386 0.457275 0 197392 
287.35 -0.271524 -0.13763 0.446777 0.169055 
289.35 -0.177692 -0.12318 0.442139 0.146145 
291.35 -0.111165 -0.11018 0.434082 0.127196 

CHROMOSOME 5 
analyzing pedigree 1 .. 
using non-originals: 123456 
position LOD score NPL score p-value infonnation 
-10.00 -0.564842 -0.344323 0.500000 0.205321 
-8.00 -0.637160 -0.366747 0.593750 0.242022 
-6 00 -0.736467 -0.390545 0.593750 0.286926 
-4 00 -0.885926 -0.415777 0.593750 0.343015 
-2.00 -1.159380 -0.44250 I 0.625000 0.416008 

D5S392 0.00 -I 0000.000 -0.470771 0 625000 0.529108 
2.00 -0.981991 -0.522153 0.625000 0.499512 
4.00 -0.812951 -0.579608 0.703125 0.504331 
6.00 -0.816966 -0.643344 0. 750000 0.537060 
8.00 -0.993914 -0.713618 0.796875 0.604138 

D5S406 10 00 -3.857541 -0.790725 0.859375 0.744020 
12.00 -1.788896 -0.735837 0.796875 0.528195 
14.00 -1.484190 0.686703 0.796875 0.457018 
16.00 -1.408247 -0.642841 0.750000 0.457429 
18.00 -1.538846 -0.603532 0. 718750 0.522134 

[)55807 20.00 -3.327224 -0.567801 0.671875 0.688057 
22.40 -1.459437 -0.560378 0.671875 0.667513 
24 80 -1.402610 -0.560063 0.671875 0.684627 
27.20 -1.567906 -0.565779 0.671875 0.734844 
29 60 -2.029210 -0.576466 0.703125 0.825415 

D5S416 32.00 -I 0000.000 -0.591031 0. 718750 1.000000 
37.00 -2.072782 -0.564510 0.671875 0.532337 
42.00 -1.870553 -0.500424 0.625000 0.359986 
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47.00 -2.039690 -0.385512 0.593750 0.327144 
52.00 -2.594115 -0.201811 0.406250 0.425950 

D5S426 57.(10 -10000.000 0.075188 0.359375 0.767510 
59.60 -4.152021 0.118069 0.359375 0.657727 
62.20 -4.046968 0.170878 0.328125 0 639908 
64.80 -4.392753 0 235966 0.312500 0.678536 
67.40 -5 336956 0.315941 0.265625 0.778440 

D5S407 70.00 -I 0000.000 0.413722 0.250000 1.000000 
74 ()() -5.848403 0.397420 0.250000 0.826486 
78 00 -5.032174 0.402938 0.250000 0.761056 
82.00 -4 862864 0.428937 0.203125 0.752633 
86.00 -5.266644 0.475160 0.203125 0.797887 

D5S424 90 00 -I 0000.000 0.542433 0.187500 0.923984 
92.-iO -0.747293 0.352343 0.250000 0.377647 
94.80 0.039080 0.475355 0.203125 0.195937 
97.10 0.402281 0.971659 0.062500 0.205778 
99.60 0.489864 1.918843 0.062500 0.408146 

D5S428 I 02.00 -I 0000.000 3.416022 0.015625 0.978811 
103.20 0.504520 2.032014 0.062500 0.609133 
104.40 0.431214 1.123410 0.062500 0.481998 
105.60 0.080331 0.631877 0 125000 0.483673 
106.80 -0.695702 0.502129 0.203125 0.614236 

D5S815 108.00 -I 0000.000 0.681044 0.125000 0.987607 
109.40 -4.847779 0.577563 0.125000 0.787190 
110.80 -4.183446 0.478796 0.203125 0.715499 
112.20 -3.962958 0.383587 0.250000 0.713394 
113.60 -4 047332 0.290802 0.265625 11.781000 

D5S409 115.00 -10000.000 0.199319 0.328125 0.977784 
116.20 -4.095298 0.261166 0.265625 0.700221 
117.40 -4.041920 0.327765 0.265625 0 605672 
118.60 -4.284766 0.399847 0.250000 0.608241 
119.80 -4 '166352 0.478188 0.203125 0.707909 

ATA40107 121.00 -ltlOOO.OOO 0.5G3613 0.187500 0.990453 
111.40 -7.821135 0.557609 0.187500 0.970259 
123.&0 -7.294850 0.554447 0.187500 0.960880 
125.20 -7.295835 0.554109 0.187500 0.959308 
126.60 -7.824087 0.556596 0.187500 0.965434 

D5S421 128 00 -10000.000 i.J.JU.-.126 0.187500 0.981980 
130.20 -f>655100 0.300227 0.265625 0.775238 
132.40 -6.131097 0.042143 0.359375 0.701732 
134.60 -6.132933 -0.215714 0.406250 0.699436 
136.80 -6.660601 -0.476783 0.625000 0.768116 

D5S818 1)9.00 -10000.000 -0.744612 0.843750 0.969198 
140.80 -6.836680 -0.729880 0. 796875 0.841397 
142.60 -6.239701 -0.718824 0.7%875 0.788369 
144.40 -6.125102 -0.711312 0 796875 0.775224 
146.20 -6.421206 -0.707256 0.796875 0.800614 

D5S816 148.00 -I 0000.000 -0.706609 0.796875 0.893488 
149.80 -4.341585 -0.631257 0.750000 0.695692 
151.60 -4.060121 -0.560731 0.671875 0.626772 
153.40 -4.189763 -0.493516 0.625000 0.628922 
155.20 -4.802182 -0.428083 0.593750 0.702960 

D5S210 157.00 -10000.000 -0.362868 0.593750 0.911437 
159.80 -2.871486 -0.382698 0.593750 0.542957 
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162.60 -2.281486 -0.448989 0.625000 0.397298 
165.40 -2.175418 -0.551293 0.671875 0.371147 
168.20 -2.483502 -0.678212 0.781250 0.461039 

D5S820 171.00 -10000.000 -0.817096 0.859375 0.754939 
173.00 -2.039847 -0.762680 0.843750 0.566380 
175.00 -1.638959 -0.712401 0.796875 0.521740 
177.00 -1.591890 -0.667398 0.781250 0.561738 
179.00 -1.897610 -0.627465 0.750000 0.691803 

D5S415 181.00 -10000.000 -0.591031 0.718750 1.000000 
182.00 -3.222551 -0.540177 0.671875 0.924913 
183.00 -2.750049 -0.489727 0.625000 0.878561 
184.00 -2.577745 -0.439681 0.593750 0.844993 
185 00 -2 632107 -0.390035 0.593750 0.820992 

GATAIIAII 186 00 -I 0000.000 -0.)40784 0.500000 0.806123 
195 40 -0.614758 -0.297732 0.500000 0.568581 
204.80 -0.469913 -0.299219 0.500000 0 499921 
214.20 -0.543541 -0.34 7748 0.500000 0.517010 
2:!3.60 -0.900724 -0.445426 0.625000 0.633188 

GABRAI 233.00 -10000.000 -0.591031 0. 7187 50 1.000000 
235.00 -1.642429 -0.555351 0.671875 0812840 
237.00 -1.09180'1 -0.519489 0.6~'000 0.692242 
239 00 -0.78989 7 -0.483997 0.625000 0.598304 
241.00 -0.58939'"! -0.449292 0.625000 0.521728 
243.00 -0.444102 -0.415684 0.593750 0 457826 

CHROMOSOME 6 STAGE I 
analyzing pedigree 1 ... 
using non-originals: I 2 3 4 5 6 I 0 
position LOD score NPL score p-value infonnation 
-10.00 -0.123588 0.364388 0.250000 0.276687 
-8.00 -0.185492 0.384795 0.250000 0.311484 
-6.00 -0.274222 0.405721 0.250000 0 352439 
-4.00 -0.412635 0.427014 0.203125 0.401589 
-2.00 -0.673267 0.448478 0.203125 0.462799 

D6S477 0.00 -2.576071 0.469856 0.203125 0.551483 
6.00 -0.793642 0.459013 0.203125 0.482619 
12.00 -0.609519 0.473411 0.203125 0.474545 
18.00 -0.582811 0.514481 0.187500 0.509520 
24.00 -0.713760 0.584355 0.125000 0.597107 

D6S259 30.00 -2.505506 0.685842 0.093750 0.790450 
31.00 -2.020215 0.657213 0.125000 0.718814 
32.00 -1.896222 0.629426 0.125000 0.703314 
33.00 -1.897678 0.602404 0.125000 0.719114 
34.00 -2.023798 0.576069 0.125000 0.767326 

D6S285 35.00 -2.500867 0.550343 0.187500 0.878084 
35.78 0.498630 1.042870 0.062500 0. 702166 
36.56 0.798700 1.546474 0.062500 0.636225 
37.34 0.974325 2.062259 0.062500 0.628061 
38.12 1.099181 2.591346 0.062500 0.677168 

D6S271 38.90 1.196373 3.134882 0.062500 0.833330 
40.94 1.137154 2.756977 0.062500 0.736048 
42.98 1.074014 2.405827 0.062500 0.681029 
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45.02 1.005174 2.076499 0.062500 0.647859 
47.06 0.927932 1.764426 0.062500 0.632331 

D6S257 49 10 0.837907 1.465322 0.062500 0.634460 
50.90 0.730290 1.162017 0.062500 0.624604 
52.70 0.596126 0.873977 0.062500 0.629358 
54.50 0.412341 0.598432 0.125000 0.648600 
56.30 0.105379 0 332814 0.265625 0.685480 

D6S254 58.10 -2.576635 0 074711 0.359375 0.757567 
i>l 30 -1.349109 -0.070799 0.406250 0.620826 
64.50 -1.304493 -0.223848 0.406250 0.579039 
67.70 -1.475866 -0.385406 0 593750 0.596762 
70.90 -1.936937 -0.556865 0.671875 0.678663 

D6S.252 74 10 -6.191799 -0 739921 0.796875 0.888722 
77.30 -2 9.27574 -0.711882 0. 796875 0.701897 
80 50 -2 685971 -0.695560 0. 796875 0.623726 
83.70 -2.718970 -0.687717 0. 796875 0.601128 
86.90 -2 8247JR -0.685074 0. 796875 0.629693 

D6S474 l}Q 10 -2.796479 -0 684275 0.796875 0.741591 
Q2.70 <~.878439 -0 707746 0. 796875 0.632078 
95.30 -2 984735 -0.738625 0.796875 0.595918 
97.90 -3.139560 -0.778825 0.859375 0.602472 
100.50 -3.416400 -0 830434 0.906250 0.652782 

D6S262 103.10 -6.267426 -0.895857 0.953125 0.782328 
106.30 -4.244923 -0.877173 0.953125 0.653719 
109 so -4 072893 -0.870561 0.921875 0.614235 
112.70 -4.073498 -0.875651 0.953125 0.627548 
115.90 -4.247221 -0.892393 0.953125 0.696822 

ArAIF08 119.10 -6.322226 -0.921042 0.953125 0.873517 
123.50 -3.972026 -0.861535 0.921875 0.701918 
127 9{) -3.770319 -0.822905 0.859375 0.638999 
132.30 -3 759346 -0.805323 0.859375 0.631113 
136.70 -3.'154645 -0.810134 0.859375 0.673995 

D6S255 141 10 -6.319390 -0.839933 0.906250 0.792453 
142.50 -4.916652 -0 816567 0.859375 0.707202 
143.90 -4.723378 -0.795446 0.859375 0.681283 
145.30 -4.692917 -0.776528 0.859375 0.687978 
146.70 -4.822974 -0.759784 0.843750 0.727713 

D6S305 148.10 -5.810237 -0.745203 0.843750 0.828928 
150.30 -3.728991 -0.730890 0.796875 0.713362 
152.50 -3.412472 -0.722456 0. 796875 0.644244 
154.70 -3.239829 -0.719583 0.796875 0.596270 
15(>.90 -3.140109 -0.722061 0.796875 0.564128 

[)6S264 159 10 -3 092699 -0.729773 0. 796875 0.547700 
160 70 -3.120129 -0.733374 0.796875 0.518490 
162.30 -3 170114 -0.739992 0.843750 0.507305 
163.90 -3.250273 -0.749580 0.843750 0.513088 
165.50 -3.377073 -0.762122 0.843750 0.538972 

[)65503 167.10 -3.593530 -0.777627 0.859375 0.605261 
169.10 -2.834324 -0.717771 0. 796875 0.501659 
171.10 -2.346932 -0.664283 0. 781250 0.430938 
173 1'1 -2.031287 -0.616406 0.718750 0.374637 
175.10 -1.801664 -0.573475 0.703125 0.328123 
177.10 -1.622926 -0.534903 0.671875 0.288943 
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CHROMOSOME 6 STAGE l 
analyzing pedigree 1 .. 
using non-originals: 12345610 
position LOD score NPL score p-value information 
-10.00 0.088746 0.310003 0.265625 0.261882 
-8.00 0.032944 0.327418 0.265625 0.294660 
-6.00 -0.049704 0.345237 0.265625 0.333246 
-4.00 -0.182307 0.363323 0.250000 0.379584 
-2.00 -0.438636 0.381500 0.250000 0.437397 

D6S477 0.00 -I 0000.000 0.399539 0.250000 0.521838 
9.16 -0.243577 0.352171 0.250000 0.386288 
18.33 -0.074155 0.348705 0.250000 0.355285 
27.4() -0.039844 0.391066 0.250000 0.384773 
36.65 -0.140554 0.483636 0.203125 0.488691 

D6S259 45.81 -10000.000 0.633060 0.125000 0 764059 
46.87 -I 869244 0 602763 0.125000 0.692332 
47.92 -1.695928 0 573376 0.125000 0.676956 
48 98 -1.698010 0.544810 0.187500 0.693092 
50.oJ -I 875490 0.516975 0.187500 0.741971 

D6S285 51.08 -I 0000.000 0.489783 0.203125 0.854455 
66.11 0.625527 0 614234 0 125000 0.332752 
81 37 0.807581 0.754004 0 062500 0.211893 
96.51 0.972565 1.053345 0.062500 0.220932 
111.65 1.195325 1.703493 0.062500 0.362075 

D6S271 126.79 1.499434 3.153974 0.062500 0.891326 
127.26 1.403143 2.578002 0.062500 0.821201 
127.73 1.278969 2.001126 0.062500 0 805076 
128.20 1.103787 1.422906 0.062500 0.818126 
128.67 0.803812 0.842898 0.062500 0.860659 

D6SI650 129.14 -10000.000 0.260653 0.265625 0.958608 
129.41 -3.052720 0.260070 0.265625 0.964261 
129.67 -2.876604 0.259505 0.312500 0.970685 
129 93 -2.876534 0.258955 0.312500 0.977987 
130.20 -3.052512 0.258423 0.312500 0.986486 

0651669 I 30.46 -I 0000.000 0.257907 0.3 12500 0.997713 
131 47 -1.887396 0.257305 0.312500 0.987418 
132.48 -1.712000 0.256943 0.312500 0.982954 
133.49 -1.712048 0.256823 0.312500 0.982859 
134.50 -1.887541 0 256944 0.312500 0.987123 

D6S466 135.51 -10000.000 0.257304 0.312500 0.997171 
135.87 -2.765901 0.257157 0.312500 0 978591 
136.24 -2.590123 0.257043 0.312500 0.964834 
136.61 -2.590351 0.256959 0.3 12500 0.953195 
136.97 -2.766586 0.256908 0.312500 0.943092 

D6SI661 137.34 -10000.000 0.256888 0.312500 0.934291 
137.50 -2.267801 0.256372 0.312500 0.928908 
137.66 -1.974039 0.255862 0.312500 0.923893 
137.82 -1.805304 0.255357 0.312500 0.919138 
137.99 -1.687813 0.254858 0.312500 0.914618 

065257 138.15 -1.598446 0.254365 0.312500 0.910339 
140.13 -1.170866 0.227367 0.312500 0.847649 
142.12 -1.075112 0.20 I 070 0.312500 0.807008 
144.10 -1.110716 0.175419 0.328125 0.781898 
146.08 -1.308261 0.150338 0.359375 0.770633 

311 



D6S254 148.07 -10000.000 0.125732 0.359375 0.776213 
151.93 -0.889295 -0.026889 0.406250 0.604415 
155.78 -0.839867 -0.187966 0.406250 0.547023 
159.64 -1.010059 -0.358962 0.593750 0.562132 
163.50 -1.473684 -0.542043 0.671875 0.656193 

D6S252 167.35 -10000.000 -0.739830 0. 796875 0.912073 
171.21 -2.475210 -0.702393 0 796875 0.700477 
175.07 -2.253069 -0.681851 0.781250 0.612417 
178.92 -2.428063 -0.673556 0.781250 0.586794 
182.78 -3.073983 -0.672777 0.781250 0.618160 

D6S474 186.64 -10000.000 -0.674636 0.781250 0.742383 
189.65 -5.332687 -0.693546 0.796875 0.625150 
192.66 -4.932595 -0.722426 0.796875 0.586222 
195.67 -5.108031 -0.763693 0 843750 0.593031 
198.68 -5.932785 -0.820065 0.859375 0.646957 

D6S262 201.69 -I 0000.000 -0.894818 0.953125 0.786978 
205.55 -6.602553 -0.866147 0.921875 0.637274 
209.40 -5 954459 -0.854802 0.921875 0.588729 
213.26 -6 013272 -0 860017 0.921875 0 599274 
217.12 -6.781206 -0.881680 0.953125 0.672513 

ATAIF08 220.97 -10000.000 -0.920305 0.953125 0.867582 
226.77 -6.266238 -0.832961 0.906250 0.649197 
232.57 -5.465434 -0.780313 0.859375 0.574674 
238.37 -5.383748 -0.761482 0.843750 0.568974 
244.17 -6.011774 -0.778833 0.859375 0.627271 

D6S255 249.96 -10000.000 -0.838245 0.906250 0.791060 
251.47 -8.706051 -0.814164 0.859375 0.704250 
252.98 -7.6550.\9 -0.792724 0.859375 0.677770 
254.49 -7.151449 -0.773868 0.859375 0.684587 
256.00 -6.973488 -0.757558 0.843750 0.725230 

D6S305 257.51 -9.315551 -0.743781 0 843750 0.828939 
259.99 -5.118379 -0.725689 0. 796875 0.702392 
262.48 -4.454701 -0.715086 0.796875 0.628125 
264.96 -4.085150 -0.711500 0.796875 0.577770 
267.44 -3.856639 -0.714625 0.796875 0 545342 

D6S264 269.93 -3.722652 -0.724313 0.796875 0.531048 
271.67 -3.734062 -0.727031 0.796875 0.502009 
273.42 -3.785162 -0.733257 0.796875 0.491449 
275.16 -3.898327 -0.742935 0.843750 0.498142 
276.90 -4.147482 -0.756045 0.843750 0.525268 

065503 278.65 -6.713688 -0.772606 0.859375 0.593396 
280 65 -3.346180 -0.713270 0. 796875 0.491192 
282.65 -2.761867 -0.660223 0.781250 0.421662 
284 65 -2.404950 -0.612721 0. 718750 0.)66388 
286.65 -2.146899 -0.570 I 08 0. 703125 0.320768 
288.65 -1.945128 -0.531807 0.671875 0.282371 

analyzing pedigree 2 ... 
using non-originals: 22 1 24 2 3 4 6 5 
po~ition LOD score NPL score p-value information 
-10.00 0.202891 0.173271 0.250000 0.037754 
-8.00 0.217528 0.188519 0.250000 0.044708 
-6.00 0.233069 0.205174 0.250000 0.053054 
-4.00 0.249556 0.223378 0.250000 0.063132 
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-2.00 0.267027 0.2432M8 0.250000 0.075405 
ll6S477 0.00 0.285524 0 265079 0.250000 0.090554 

9.16 0.250644 0.234432 0.250000 0.047620 
18.33 0.240602 0.239047 0.250000 0.031164 
27.49 0.258244 0.283589 0.250000 0.028346 
36.65 0.306756 0 381766 0.250000 0.037841 

D6S259 45.81 0.388970 0.561555 0.203 125 0 068568 
46.87 0.372887 0.530366 0 203125 0 061965 
47.9~ 0.357241 0.500961 0.203 125 0 056060 
48 98 0.342026 0.473222 0.250000 () 050766 
50 OJ 0.327233 0.44 7044 0.250000 0.046007 

ll6S285 51.08 0.312856 0.422324 0.250000 0.041723 
66.22 0.146323 0.182438 0.250000 0.010521 
81.37 O.OJOM 19 0.059339 0.250000 0.002663 
96.51 -11.075377 -11.027760 0 265625 0.002032 
111.65 -0.244187 -0.130039 0.343750 0.012095 

ll6S271 126 79 -0.971415 -0.310735 0.437500 0.117289 
127.26 -1.062897 -0.318703 0.46M750 0.127587 
127.73 -1.182202 -0.326864 0 468750 0.139192 
128.20 -1.352211 -0.335223 0.500000 0.152480 
128.67 -1.6455M6 -0.343786 0.500000 0.168177 

ll6SI650 129.14 -3.613525 -0.352558 0.531250 0.189341 
129.41 -2 86M445 -0.356526 0.531250 0.173428 
129.67 -2.701530 -0.360713 0.531250 0.167793 
129.93 -2.682731 -0.365123 0.53 1250 0.167293 
130.20 -2.810963 -0.369759 0.53 1250 0.171466 

D6SI669 130.46 -3.492423 -0.374627 0.531250 0.183036 
131.47 -2.114723 -0.371101 0.531250 0.171353 
132.48 -1.893307 -0.369621 0.531250 0.181415 
133.49 -1.844708 -0.370358 0.531250 0.210967 
134.50 -1.968198 -0.373496 0.531250 0.263186 

ll6S466 135.51 -3.248301 -0.379233 0.531250 0.361672 
135.87 -2.651095 -0.422115 0.6093 75 0.275447 
136.24 -2.633101 -0.465293 0.609375 0.241206 
136.61 -2.812499 -0.508713 0.671875 0.233888 
136.97 -3.263846 -0.552318 0.671875 0.252941 

D6SI661 137.34 -10000.000 -0.596050 0.734375 0.320622 
137.50 -4.308309 -0.592613 0.734375 0.309962 
137.66 -3.716869 -0.589189 0 734375 0.301343 
137.82 -3.370393 -0.585779 0.734375 0.293550 
137.99 -3.124974 -0.582382 0.734375 0.286317 

ll6S257 138.15 -2.935108 -0.578998 0. 718750 0.279515 
140.13 -1.897885 -0.538504 0.671875 0.215477 
142.12 -1.469941 -0.500156 0.656250 0.171234 
144.10 -1.205708 -0.463990 0.609375 0.138158 
146.08 -1.018956 -0.429999 0.609375 0.112595 

ll6S254 148.07 -0.877382 -0.398143 0 562500 0.092444 
151.93 -0.678708 -0.342107 0.500000 0.064011 
155.78 -0.540388 -0.2933 II 0.437500 0 045005 
159.64 -0.438427 -0.251058 0.421875 0.031997 
163.50 -0.360472 -0.214628 0.406250 0.022941 

ll6S252 167.35 -0.299344 -0.183319 0.343750 0.016557 
171.21 -0.250519 -0.156476 0.343750 0.012010 
175.07 -0 210968 -0.133506 0.343750 0.008748 
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178.92 -0.178576 -0.113875 0.343750 0.006394 
182.78 -0.151813 -0.097116 0.312500 0.004686 

ll6S474 186.64 -0.129542 -0.082818 0.281250 0.003443 
189.65 -0.114711 -0.073135 0.281250 0 0027hl 
192 66 -0.101762 -0.064587 0 281250 0.002137 
195 67 -0.090425 -0.057041 0.281250 0.001686 
198.68 -0.080475 -0.050381 0.281250 0.001333 

D6S262 201.69 -0.071722 -0.044502 0.281250 0.001054 
205.55 -0.062011 -0.037969 0.265625 0.000783 
209 40 -0 053727 -0.032401 0 265625 0.000582 
213.26 -0.046642 -0.027654 0.265625 0.000434 
217.12 -0.040568 -0.023608 0.265625 0 000325 

i\Ti\IF08 220.97 -0.035350 -0.020158 0.265625 0 000243 
226.77 -0 028838 -0 015902 0.265625 0.000159 
232 57 -0 023617 -0.012550 0.265625 0.000105 
238.37 -0.019417 -0.009908 0.265625 0.000069 
244 17 -0 016024 -0 007826 0.265625 0.000047 

D6S255 249 96 -0013274 -0.006184 0.265625 0.000032 
251.47 -0.012648 -0.005817 0.265625 0.000029 
252.98 -0.012054 -0.005471 0.265625 0.000026 
254.49 -0.011490 -0.005147 0.265625 0.000024 
256.00 -0.010956 -0.004841 0.265625 0.000021 

D6S305 257.51 -0.010450 -0.004554 0.265625 0000019 
2~W.99 -0.009671 -0.004118 0.265625 0.000017 
262.48 -0.008956 -0.003714 0 265625 0000014 
264.96 -0.008300 -0 003368 0.265625 0.000012 
267.44 -0.007697 -0.003046 0.265625 0.000011 

D6S264 269 93 -0.007142 -0.002755 0 265625 0.000009 
271.67 -0.006780 -0.002567 0.265bl5 0 000008 
273.42 -0.006438 -0.002393 0.265625 0.000008 
275 16 -0.006115 -0.002230 0.265625 0.000007 
276 90 -0.005811 -0.002079 0.265625 0.000006 

D6S503 278.65 -0.005523 -0.001937 0.265625 0.000006 
280 65 -0005213 -0.001787 0 265625 0.000005 
282.65 -0.004922 -0.001649 0.26>625 0.000005 
284.65 -0.004649 -0.001521 0.265625 0.000004 
286 65 -0.004393 -0.001403 0.265625 0.000004 
288.65 -0.004153 -0.001294 0.265625 0.000003 

Totalling pedigrees: . 
po~1tinn LOD score NPL_!.core p-value information 
-10.00 0.291638 0.34173 0.201416 0.149818 
-8.00 0 250472 0.36482 0.199707 0.169684 
-6.00 0.183365 0.38920 0.191895 0.193150 
-4.00 0.067249 0.41486 0.190674 0.221358 
-2.00 -0.171609 0.44179 0.186279 0.256401 

D6S477 0.00 -INFINITY 0.46996 0.181152 0.306196 
9.16 0.007067 0.41479 0.190674 0.216954 
18.33 0.166447 0.41560 0.190674 0.193225 
27.49 0.218400 0.47705 0.179688 0.206560 
36.65 0.166201 0.61193 0.166504 0 263266 

D6S259 45.81 -INFINITY 0.84472 0.139160 0.416313 
46.87 -1.496357 0.80124 0.144043 0.377149 
47.92 -1.338687 0.75967 0.148193 0.366508 
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48.98 -1.355984 0. 71986 0.154297 0.371929 
50.03 -1.548257 0.68166 0.159424 0.393989 

ll6S285 51.08 -INFINITY 0.64496 0.161865 0.448089 
66.22 0.771850 0.56333 0.170654 0.171636 
81.37 0.838400 0.57512 0 169922 0.107278 
96.51 0.897188 0 72520 0.154297 0.111482 
Ill 65 0.951138 1112600.121582 0.187085 

D6S271 126.79 0.528019 2.01047 0.084473 0.504308 
127.26 0.340246 1.59757 0 121094 0 474394 
117.73 0 096767 1183880.121094 0.472134 
128.20 -0.248434 0.769110.147461 0.485303 
128.67 -0 841774 0.35293 0.200195 0 514418 

D6SI650 129.14 -11\FINITY -0.06499 0 400146 0 573975 
129.41 -5921165 -0 06820 0.400146 0.568845 
129 67 -5 578134 -0.07156 0.408447 0.569239 
129 93 -5 559265 -0.07507 0.409912 0.572640 
130.20 -5.863475 -0.07873 0.412598 0.578976 

D6SI669 130.46 -INFINITY -0.08253 () 413818 0 590375 
131.47-4.002119 -0.08047 0 413086 () 579386 
132.48 -3.605307 -0.07967 0.413086 0.582181 
133.49 -3.556756 -0.08028 0.413086 0.596913 
134 50 -3.855739 -0.08241 0.413818 0.625154 

D6S466 135.51 -INFINITY -0.08622 0.413818 0.679422 
135 87 -5.416996 -0.11664 0.435791 0.627019 
136.24 -5.223224 -0.14726 0.453369 0.603020 
136.61 -5.402850 -0.17802 0.468018 0 593542 
136.97 -6.030432 -0.20889 0 480957 0.598016 

D6SI661 137 34 -INFINITY -0.23982 0.498535 0.627457 
137.50 -6.576110 -0.23776 0.498535 0619435 
137.66 -5.690908 -0.23570 0.498535 0 612618 
137.82 -5.175697 -0.23364 0.498535 0.606344 
137.99 -4 812788 -0.23159 0 498535 0 600467 

D6S257 138.15 -4.533554 -0.22955 0.498291 0.594927 
140 13 -3.068751 -0.22001 0.492676 0.531563 
142.12 -2 545053 -0 21149 0 485352 0.489121 
144.10 -2.316424 -0.20405 0.478516 0.460028 
146.08 -2.327217 -0.19775 0.4 77051 0.441614 

D6S254 148.07 -INFINITY -0.19262 0.4 74854 0.434328 
151 93 -I 568003 -0.26092 0.511963 0.334213 
155 78 -1.380255 -0 34031 0.556396 0.296014 
159.64 -1.448485 -0.43135 0.591797 0.297064 
163.50 -1.834155 -0.53505 0.652100 0.339567 

D6S252 167.35 -INFINITY -0.65276 0. 723389 0.464315 
171.21 -2.725728 -0.60731 0.690186 0.356244 
175 07 -2.464036 -0.57654 0.668457 0.310583 
178.92 -2.606638 -0.55680 0.661621 0.296594 
182.78 -3.225796 -0.54440 0.654297 0.311423 

fl6~474 186.64 -INFINITY -0.53560 0.652100 0.372913 
189 65 -5.447398 -0 54213 0 653809 0.313930 
192 66 -5.034357 -0.55650 0.661621 0294179 
195.67 -5 198456 -0.58035 0.668945 0.297359 
198.68 -6.013260 -0.61550 0.694336 0.324145 

D6S262 201.69 -INFINITY -0 66420 0.730957 0.394016 
205.55 -6.664563 -0 63931 0. 702393 0.319028 
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209.40 -6.008186 -0.62735 0 698730 0.294656 
213.26 -6.059914 -0 62768 0.698730 0 299854 
217.12 -6.821774 -0.64014 0.702393 0.336419 

ATA I FOR 220.97 -INFINITY -0.6650 I 0. 730957 0.433913 
226.77 -6.295075 -0.60024 0.684570 0.324678 
232.57 -5.489052 -0.56064 0.662598 0.287389 
238 37 -5.403165 -0.54546 0.654785 0.284522 
244 17 -6.027798 -0.55625 0.660645 0.313659 

D6S255 249.96 -INFINITY -0.59710 0.6&4570 0.395546 
251.47 -8.718699 -0.57981 0.668945 0.352139 
252.98 -7 667103 -0.56441 0.663330 0.338898 
:!54.49 -7.162940 -0.55085 0.658936 0342306 
256.00 -6.984444 -0.53910 0.653809 0.362626 

D6S305 257.51 -9 326001 -0.52915 0 645996 0.414479 
259.99 -5.128049 -0.51605 0.641357 0.351204 
262.48 -4.463657 -0.50828 0.635010 0.314070 
264.96 -4 093450 -0.50549 0.634033 0 288891 
267.44 -3 864335 -0.50747 0.635010 0.272676 

[)6~264 269 93 -3.729794 -0.51411 0.639404 0.265529 
271 67 -3.740842 -0.51590 0.641357 0.251009 
273.42 -3.791600 -0.52018 0.641357 0.245728 
275.16 -3.904442 -0.52691 0.642090 0.249074 
276.90 -4.153292 -0 53607 0.652100 0.262637 

D6S503 278 6j -6.719211 -0.54768 0.658447 0 29670 I 
280.65 -3.351393 -0.50562 0 634033 0.245599 
282.65 -2.766789 -0.4680 I 0 612549 0.210833 
284.65 -2.409599 -0.43433 0.593018 0.183196 
28665 -2.151292 -0.40412 0.585449 0.160386 
288.65 -1.949281 -0.37696 0.567871 0.141187 

CHROMOSOME 7 
analyLing pedigree 1 ... 
using non-originals: 12345610 
position LOD score NPL score p-value information 
-10.00 0.104777 -0.128747 0.406250 0.329721 
-8.00 0.126250 -0 135500 0.406250 0.383281 
-6 00 0 149070 -0.141449 0.406250 0 448958 
-4.00 0.172963 -0.146235 0.406250 0.531372 
-2.00 0.197568 -0.149412 0.406250 0.639506 

D7S531 0.00 0.222421 -0.150431 0.406250 0.810650 
1.28 0.028669 -0.216196 0 406250 0.632458 
2.56 -0.219990 -0.270723 0.484375 0.581972 
3.84 -0.569744 -0.314162 0.500000 0.602404 
5.11 -1.167993 -0.346520 0.500000 0 693742 

ll7S517 6.39 -I 0000.000 -0.367660 0.593750 0.915070 
8.38 -0.541153 -0.435725 0.593750 0.604761 
10.36 -0.073494 -0.448545 0.625000 0.499950 
12.35 0,095320 -0.437571 0.593750 0.502121 
14.33 0.038947 -0431824 0.593750 0.607160 

D7S513 16 31 -10000 000 -0.4590 I 0 0.625000 0.897372 
21.09 -1.091354 -0.494265 0.62500tl 0.791691 
25.87 -1.013959 -0.547578 0.671875 0.759981 
30 66 -1 155247 -0.6200 14 0. 718750 0.774380 
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35.44 -1.588997 -0 712877 0. 796875 0.838953 
D7S493 40.22 -10000.000 -0 827443 0.906250 1.000000 

41.96 -2.357880 -0.791050 0.859375 0.949798 
43.70 -1.805240 -0.757667 0.843750 0.921774 
45.45 -1.503213 -0.727269 0. 796875 0.906197 
47.19 -1.304910 -0.699824 0. 796875 0.901612 

D7S 1808 48.93 -1.164572 -0.675293 0.781250 0.910847 
50.68 -1.207427 -0.695723 0.796875 0.888460 
52.42 -1.293653 -0.719389 0.796875 0.881485 
54.16 -1.443920 -0.746368 0.843750 0.885269 
55.91 -1.730800 -0.776740 0.859375 0 900238 

D7S516 57.65 -4.228576 -0.810587 0.859375 0.933147 
59.88 -2.471599 -0 801751 0.859375 0.829973 
62.11 -2.499824 -0.798787 0.859375 0.798065 
64.35 -2.807292 -0.801622 0.859375 0.807613 
66.58 -3.540774 -0.810182 0.859375 0.859537 

D7S817 68.81 -10000.000 -0.824393 0.859375 0.987395 
69.22 -6.728563 -0 824511 0.859375 0 957693 
69.62 -6.012116 -0.824824 0.859375 0.939155 
70.()3 -5 681101 -0.825333 0.859375 0.925543 
70.44 -5.588040 -0.826037 0.859375 0.915669 

D7S484 70.85 -5.981478 -0.826937 0.859375 0.909561 
72.36 -4.029731 -0.804472 0.859375 0.716130 
73.87 -3.675571 -0.784529 0.859375 0.652189 
75.37 -3.624779 -0.767122 0.843750 0.664384 
76.88 -3.917331 -0.752265 0.843750 0.755729 

D7S510 78.39 -10000.000 -0.739971 0 843750 1.000000 
80 88 -3.121861 -0.706709 0.796875 0.901029 
83 36 -2.776274 -0679397 0.781250 0.853152 
85.84 -2.778910 -0.658096 0. 781250 0.831875 
88.33 -3.129768 -0.642880 0. 750000 0.833532 

D7S519 90 81 -10000.000 -0.633845 0. 750000 0.863870 
93.30 -2.855597 -0.609312 0.718750 0.737560 
95.78 -2.504739 -0.591468 0.718750 0.683547 
98.27 -2.502102 -0.580471 0.703125 0.668397 
100.75 -2.847690 -0.576484 0.703125 0.689536 

D7S502 103.24 -10000.000 -0.579670 0.703125 0.766208 
1J5.72 -1 434938 -0.452977 0.625000 0.598749 
108.21 -0.881974 -0.335661 0.500000 0.543841 
110.69 -0.579032 -0.226505 0.406250 0.553146 
113.18 -0.379272 -0.124518 0.406250 0.628836 

D7S669 115.66 -0.237360 -0.028942 0.406250 0.828264 
119.82 -0.201432 0.000765 0.406250 0.758460 
123.97 -0.213281 0.02915 7 0.406250 0.742230 
128.13 -0.285669 0.056415 0.359375 0.760505 
132.28 -0.486878 0.082422 0.359375 0.815476 

D7S657 136.44 - 10000 000 0.106628 0.359375 0.934771 
147.22 -0.159452 -0.011170 0.406250 0.422207 
158.01 -0.199585 -0.107022 0.406250 0 270243 
168.80 -0 435145 -0.177508 0.406250 0263310 
179 59 -0.951174 -0.219625 0.406250 0.394509 

D7S530 190 38 -6.106240 -0.223378 0.406250 0.839773 
191.43 -4.941560 -0.225840 0.406250 0.770650 
192.48 -4.947571 -0.230062 0.406250 0.762110 
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193.54 -5.235459 -0.236003 0.406250 0.789569 
194.59 -5.952402 -0.243640 0.406250 0.855849 

D7S640 195.64 -I 0000.000 -0.252961 0.484375 1.000000 
216.85 -0.715821 -0.203128 0.406250 0.246252 
238.05 -0.240158 -0.126470 0.406250 0.086459 
259.25 -0.057453 -0.050711 0.406250 0.038783 
280.45 0.058500 0.040031 0.359375 0.048202 

D7S550 301.66 0.188958 0.193829 0.328125 0.257898 
303.66 0.177355 0.178972 0.328125 0.200511 
305.66 0.166311 0.165148 0.328125 0.163892 
307.66 0.155815 0.152297 0.359375 0.135917 
309.66 0.145857 0 140359 0.359375 0 113636 
311.66 0.136424 0.129279 0.359375 0.095518 

CHROMOSOME 8 
analyzing pedigree 1 .. 
using non-originals: 12345610 
position LOD score NPL scorl! p-valuc information 
-10.011 -1.060936 -0.220905 0.406250 0.401243 
-8.110 -1.231254 -0.245817 0.4116250 0.450907 
-6.00 -1.458154 -0.272708 0.484375 11.509437 
-4.00 -1.788016 -0.301665 0.500000 0.579946 
-2.00 -2.368571 -0 332767 0.500000 0.668590 

D8S504 0.00 -10000.000 -0.366077 0.593750 0.801830 
1.80 -4.917562 -0.505279 0.625000 0.703663 
3.60 -4.810388 -0.621452 0.718750 0 675545 
5.40 -5.156335 -0.714436 0.796875 0.687933 
7.20 -6.102844 -0.783891 0.859375 0.74240 I 

D8S277 9.00 -10000.000 -0.829292 0. 906250 0.876421 
11.20 -8.754543 -0.815515 0.859375 0.843825 
13.40 -8.053456 -0.805048 0.859375 0.832319 
15.60 -8.053456 -0.797868 0.859375 0.835273 
17.80 -8.754543 -0.793946 0.859375 0.853212 

D8S550 20.011 -I 00011.000 -0 793244 0.859375 0.895649 
24 00 -5 073037 -0.785922 0.859375 0.701710 
28.00 -4.215938 -0.789074 0.859375 0 628981 
32.00 -3.978798 -0.803070 0.859375 0 623829 
36.00 -4.230942 -0.828232 0 906250 0.687051 

D8S258 40.00 -I 0000.000 -0.864833 0.921875 0.874432 
44.00 -3.156672 -0.787784 0.859375 0.636898 
48 00 -2.669713 -0.718814 0.796875 0.557013 
51.00 -2.598235 -0.659078 0.781250 0.561826 
56.011 -2.912548 -0.609785 0.718750 0.650668 

D8S283 60.00 -7.442337 -0.572426 0.703125 0.886818 
62.40 -4.544798 -0.562948 0.671875 0.780311 
64.80 -4.419233 -0.556977 0.671875 0.745538 
67.20 -4.540687 -0.554500 0.671875 0.750643 
69.60 -4.970895 -0.555568 0.671875 0795616 

1)85285 72 00 -7.943771 -0.560301 0.671875 0.910723 
73.80 -5.583655 -0.559107 0.671875 0.899160 
75.60 -5.425924 -0.559938 0.671875 0.900617 
77.40 -5.587875 -0.562783 0.671875 0.912502 
79.20 -6.150757 -0.567653 0.671875 0.935852 
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ll8S260 81.00 -10000.000 -0.574581 0.703125 0.977893 
83.20 -4.933044 -0.442753 0.625000 0.741464 
85.40 -4.388371 -0315701 0.500000 0.646365 
87.60 -4 125936 -0.192085 0.406250 0.622994 
89 80 -3.998531 -0 070670 0.406250 0.667723 

D8S:!79 9:!.00 -3.964892 0.049690 0.359375 0.831613 
94AO -4.054084 0.030364 0.406250 0.750090 
t)6.80 -4.249047 0.013552 0.406250 0.718617 
99.20 -4614410 -0.000914 0 406250 0.718291 
101.60 -5.367933 -0.013186 0 406250 0.749341 

ll8S270 104 00 -10000.000 -0 023408 0.406250 0.831743 
106 40 --1 09::!103 -0 009126 0.406250 0.684983 
108 80 -3 .:!98740 0.007258 0.406250 0.614483 
Ill ~0 -2 8907l}l) () 0.:!596-1 0 406150 0.583868 
II 1.60 -2 651148 0 O.t7223 0.359375 0 588182 

D8S556 11600 -.:!516976 () 071285 () 359375 0.638851 
118.40 -2.478474 0.066779 0 359375 0.627902 
110.80 -1 519689 0 065099 0 359375 () 639956 
123 10 -1 707018 0 066168 () 359375 0.676188 
115 60 -3 151681 () 070331 () 359375 0.7-t!834 

D8S514 128.00 -10000.000 0 fl77350 0.359375 0.871510 
130.80 -1.725017 0 JlJ1116 0 318125 0.767816 
133 60 -I 153961 0.307660 0.265615 0 737861 
136 40 -1.079363 0.425073 0103125 () 753275 
139 10 -1.127418 0.545419 0 187500 0816583 

D8S284 142.00 -10000 000 0.669710 0.125000 0.968964 
144 00 -0 265977 0.637974 0.125000 0.798411 
146.00 -0.01-1175 0 606515 0.125000 0.685340 
148 00 0 113749 0 575631 0.125000 0.596251 
15000 0 191873 0.545544 0.187500 0.523023 
152 00 0.143209 0.516417 0 187500 0461489 

CHROMOSOME 9 
analy.ting p~thgrcc 1 .. 
u!-ing non-originab: 123456 
po~it10n LOD <ocnrc NPL score p-valuc information 
-10.00 -0.451631 -0.378420 0 593750 0.276585 
-8.00 -0 53973:! -0.404451 0.593750 0.312713 
-6 00 -0 656786 -0.432111 0.593750 0.355919 
-4 00 -U 826072 -0.461464 0.625000 0 408790 
-2 ()() -1 121558 -0.492568 0.625000 0.476321 

ll9SI78 0.00 -10000000 -0525471 0 640•>25 0.579018 
2 80 -:! 049289 -0.594189 0.718750 0.431451 
5.60 -2.233332 -0 662928 0. 781250 0.421989 
8.40 -2 743748 -0.731485 0.796875 0.492569 
II 20 -3 8018:!8 -0.799636 0.859375 0.650841 

ll9SI68 14.00 -10000.000 -0.867123 0.921875 0.991~02 

15 60 -4 938280 -0 850609 0.906250 0.909855 
17 20 -3 863868 -0.835493 0.906250 0.866427 
18.80 -3.339063 -0 821798 0.859375 0.845880 
2040 -3 14:!607 -0.809542 0.859375 0.846637 

D9SI56 22.00 -10000.000 -0.798745 0.859375 0.877331 

319 



25.60 -1.907231 -0.605341 0. 718750 0.539007 
29.20 -I 491325 -0.398943 0.593750 0.39<>::!78 
32.80 -1.147032 -0.178195 0.406250 0.351829 
36.40 -0.870382 0.058898 0.359375 0.380934 

095741 40.00 -0.673569 0.314935 0.265625 0.513453 
42.00 -0.636595 0.349710 0.250000 0.531879 
44 00 -0.635604 0.389238 0.250000 0.568684 
46.00 -0.692460 0.433459 0.203125 0.623946 
48.00 -0.879893 0.482369 0.203125 0.703203 

09S319 50.00 ·I 0000.000 0.535958 0.187500 0.833741 
51.20 -1.374300 0.524358 0 187500 0.647170 
54.40 -1.329881 0.516212 0.187500 0.589469 
56.60 -1.510139 0.511505 0.203125 0.602626 
58.80 -1.988856 0.510226 0.203125 0.688786 

09S301 61.00 -10000.000 0.512371 0.203125 0.915382 
65.40 ·2.774750 0.307293 0 265625 0.774976 
69.80 -2.509482 0.107427 0.359375 0.723664 
74.20 -2.608848 -0.092833 0.406250 0 729166 
78.60 -3.086885 -0.299521 0.500000 0 794329 

D9S303 83.00 -10000.000 -0.5191.19 0.625000 0.972027 
84.40 -4.995164 -0.481799 0.625000 0.928785 
85.80 -4 627139 -0.446529 0.625000 0.904954 
87.20 -4.611578 -0.413195 0.593750 0.891509 
88.60 -4.948663 -0.381673 0.593750 O.R8703S 

095167 90.00 ·I 0000.000 -0.351849 0.5000110 0.893733 
93.20 -3.553596 -0.362361 0.593750 0.825840 
96.40 -3.192589 -0.381085 0.593750 0.799538 
99.60 -3 184847 -0.408641 0.593750 0.800844 
102.80 ·3.529842 -0.445869 0.625000 0 831441 

D9SI97 106.00 -I 0000.000 -0.493865 0.625000 0.913254 
108.20 -4.605103 -0.455560 0 625000 0.660730 
110.40 -4.355545 -0.428422 0.593750 0.556431 
112.60 -4.512189 -0.409412 0.593750 0.527875 
114.80 -5.148006 -0.395659 0.593 750 0.571872 

095299 117.00 -10000.000 -0 384421 0.593750 0 746177 
124.20 -3.753555 -0.327753 0.500000 0.498464 
131.40 -3.173256 -0.269145 0.484375 0.419720 
138.60 -3.116736 -0 209044 0.406250 0.421415 
145 80 -3.579514 -0.146592 0.406250 0.499715 

D9SI59 153.00 -10000.000 -0.079940 0.406250 0.721923 
156.60 -3.007629 -0.022319 0.406250 0.605841 
160.20 ·2.170811 0.038456 0.359375 0.548082 
163.80 -1.704712 0.103446 0.359375 0.522680 
167.40 -1.388011 0.173892 0.328125 0.529501 

D9SI58 171.00 -1.151311 0.251225 0.312500 0.592687 
173.00 -1.056850 0.226016 0.312500 0.484304 
175.00 -0 974542 0.202950 0.312500 0.411757 
177.00 -0.902124 0.181851 0.328125 0.354550 
179.00 -0.837884 0.162561 0.328125 0.307661 
181.00 -0.780497 0.144932 0 359375 0.268464 

CHROMOSOME 10 
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analyzing pedigree 1 .. 
using non-originals: 123456 
po!:~ition LOD score NPL score p-value infonnation 
-10.00 -0.444102 -0.362809 0.593750 0.428272 
-8.00 -0.589392 -0.393347 0.593750 0.486114 
-6.00 -0.789897 -0.424924 0 593750 0 555045 
-4.00 -1.091809 -0.457251 0 625000 0.639045 
-2.00 -1.642429 -0.489938 0.625000 0.745946 

D IOS249 0.00 -10000.000 -0.522471 0.640625 0.909078 
2.60 -1.560653 -0.561311 0 671875 0664114 
5.::!0 -1.272566 -0.606206 0.718750 0.565418 
7 80 -1.342143 -0.660722 0.781250 0.542518 
10.40 -1.772913 -0.725362 0.796875 0.590789 

DIOSI89 13.00 -10000.000 -0.797606 0.85Y375 0.753024 
15.00 -3.478017 -0.725895 0.796875 0 666848 
17.00 -3.095117 -0.660042 0.781250 0.639769 
19.00 -3.069473 -0.600314 0 718750 0.649411 
21.00 -3.400308 -0.547024 0 671875 0.696800 

DIOS465 23.00 -10000.000 -0.500543 0.625000 0.810969 
25.20 -4.933965 -0...196978 0 (t25000 0.793115 
::!7 40 -4.678790 -0.497622 0.625000 () 800633 
:!9.60 -4.826580 -0.502692 0 625000 0 830445 
31.80 -5.450637 -0.512449 0.625000 0 887482 

DIOSI91 34.00 -10000.000 -0.527199 0.671875 1.000000 
35 60 -6.858708 -0.523808 0.640625 0.937091 
37.20 -6.334816 -0.522770 0 640625 0.901675 
38.80 -6.334816 -0.524071 0.640625 0.880328 
40 40 -6 858708 -0.527709 0.671875 0.870626 

DIOS466 42.00 -10000.000 -0.533692 0 671875 0 874106 
44 00 -6.265975 -0.525096 0.640625 0.841586 
46.00 -5.735534 -0.520 149 0 625000 0 82723 I 
48.00 -5.724095 -0.518830 0.625000 0.826583 
50 00 -6.216046 -0.521144 0.625000 0.839990 

D IUS245 52 00 -I 0000.000 -0.527123 0 640625 0.874163 
53.00 -7.252067 -0.538814 0671875 0.818142 
54.00 -6.735354 -0.551520 0.671875 0.785075 
55 00 -6 629790 -0 565225 0.6 71875 0.762644 
56.00 -6.903699 -0.579914 0.703125 0.748334 

DIOS8'J 57 00 -10000.000 -0.595574 0.718750 0.741540 
59.20 -5.526937 -0 614761 0.718750 0.722498 
61.40 -5.186979 -0.638913 0.750000 0.733059 
63.60 -5.271211 -0 667900 0.781250 0.772422 
65.80 -5.844890 -0.701618 0.796875 0.847885 

DIOSI83 68.00 -10000.000 -0.739971 0. 796875 1.000000 
70 20 -3 842517 -0.756396 0.843750 0.683293 
72.40 -3.301106 -0.779900 0.859375 0.550377 
74.60 -3.248791 -0.808993 0.859375 0.510477 
76.80 -3 616910 -0.843211 0.906250 0.557502 

DIOS220 79.00 -10000.000 -0.883162 0.953125 0.7>0505 
81.00 -3.892923 -0.839058 0 906250 0.532476 
83.00 -3.730449 -0.799977 0 859375 0 459060 
85.00 -4.026723 -0.766348 0.843750 0 467146 
87.00 -4.927581 -0.737855 0.796875 0.558294 

DIOS464 89.00 -10000.000 -0.713432 0. 796875 0.805334 

321 



91.80 -5.486259 -0.706654 0.796875 0.672382 
94.60 -4.558413 -0.689531 0.796875 0.632428 
97.40 -4.230357 -0.664225 0. 781250 0.647599 
100.20 -4.354717 -0.632689 0.750000 0.721082 

DIOS676 103.00 -10000.000 -0.596699 0.718750 0.906797 
105.00 -4.365545 -0.592632 0.718750 0.796798 
107.00 -4.039972 -0.592857 0.718750 0.763559 
109.00 -4.068372 -0.597616 0.718750 0.773833 
111.00 -4.451201 -Q.607202 0. 718750 0.829090 

DIOSI09 113.00 -10000.000 -0.621966 0. 718750 0.969665 
116.40 -3 382239 -0.427069 0.593750 0.753751 
119.80 -:!.941027 -0.239067 0.406250 0.675850 
123 20 <!864914 -0 05530 I 0.406250 0.669262 
126 60 -3.148226 0.126806 0.359375 0.730867 

DIOS677 130.00 -10000.000 0.309695 0.265625 0.906300 
132 20 -3 973235 () 330209 0.265625 0 866916 
134 40 -3 602986 0 352479 0.250000 0.850976 
136 60 -3 573490 0 376664 0.250000 0.849922 
138.80 -3.860337 0 402905 0.250000 0.863204 

DIOS254 141.00 -10000.000 0.431332 0.203125 0.896129 
142.60 -3.734529 0.423225 0.203125 0 870897 
144.20 -3.~87326 0.416309 0.203125 0 857494 
145.80 -3.076717 0.410594 0.250000 0.852104 
147.40 -2.981344 0.406084 0.250000 0.854313 

DIOSI87 149.00 -2.969997 0.402778 0.250000 0.865901 
150 00 -3.021358 0.307308 0.265625 0.767868 
151.00 -3.114894 0.213511 0.312500 0.733153 
152.00 -3.272595 0.121281 0.359375 0.733227 
153.00 -3.567889 0.030524 0.406250 0.768404 

D 10S209 154.00 -I 0000.000 -0.058849 0.406250 0.869086 
155.40 -3.943070 -0.211929 0.406250 0.844536 
156.80 -3.975997 -0.365110 0.593750 0.842899 
158.20 -4.289662 -0.518608 0.625000 0.862130 
159 60 -5.031060 -0.672631 0.781250 0.906038 

DIOSI213 161.00 -10000.000 -0.827369 0.859375 0.999410 
163.00 -6.269479 -0.778657 0.859375 0.879676 
165.00 -5.744854 -0.734021 0.796875 0.837132 
167.00 -5.744854 -0.693651 0. 796875 0 837264 
169.00 -6.269479 -0.657739 0.781250 0.880063 

DIOSI86 171.00 -10000.000 -0.626493 0. 750000 1.000000 
174.00 -2.727500 -0.384840 0.593750 0.685376 
177.00 -2.088881 -0.168551 0.406250 0.557391 
IRO.OO -1.923449 -0.015452 0 406250 0.523222 
183.00 -2.157455 ll.039590 0 359375 0.576481 

DIOS212 186.00 -10000.000 -0.038428 0.406250 0.779068 
188.00 -2.254036 -0.019221 0.406250 0.646164 
190.00 -1.683994 -0.002517 0.406250 0.558111 
192.00 -1.363531 0.011944 0.406250 0.488351 
194.00 -1.145062 0.024396 0.406250 0.430670 
196.00 -0.982327 0.035055 0 406250 0.381918 

CHROMOSOME II 
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analyzing pedigree 1 .. 
using non-originals: I 2 3 4 5 6 I 0 
position LOD score NPL score p-value information 
-10.00 0.557343 0 174502 0.328125 0.458580 
-8 00 0.508443 0.118792 0.359375 0.520443 
-6.00 0.432472 0.050561 0.359375 0.594205 
-4.00 0.306362 -0.032372 0 406250 0.684169 
-2.00 0.056599 -0.132554 0 406250 0.798796 

DIISI984 0.00 -2.494893 -0.252961 0.484375 0.973878 
0.80 -1.446414 -0.249465 0.406250 0.968939 
1.60 -1.284547 -0.247723 0.406250 0.968567 
2.40 -1.285374 -0.247728 0.406250 0 971601 
3.20 -1.448897 -0.249473 0.406250 0.978195 

DIIS988 4.00 -2A99031 -0.252961 0.484375 0.990331 
6.40 0.705175 0.324396 0 265625 0.812431 
8.80 1.000676 0.885225 0.062500 0.745524 
11.20 1.174609 1.439248 0.062500 0.736549 
13.60 1.300709 1.995867 0.062500 0.782616 

0115875 16.00 1.402096 2.564395 0.062500 0 917363 
16.80 1.402836 2.570658 0.062500 0.912046 
17.60 1.403958 2.578868 0.062500 0 910109 
18.40 1.405462 2.589040 0 062500 0.910707 
19.20 1.407349 2.601194 0.062500 0.913842 

D II S902 20.00 1.409616 2 615350 0.062500 0.920367 
22.80 1.382033 2.449082 0.062500 0.780304 
25.60 1.357939 2.306359 0.062500 0.723925 
28.40 1.337231 2.183995 0.062500 0.714055 
31.20 1.319785 2.079233 0.062500 0.749434 

D II S904 34.00 1.305454 1.989657 o.06250u J862101 
36.00 1.207076 1.513577 0.062500 0.809365 
38.00 1.082975 I 044482 0.062500 0.790851 
40.00 0.910035 0.577120 0.125000 0.796727 
42.00 0.614541 0.106238 0.359375 0.829139 

DIISI39244.00 -2.494974 -0.373495 0.593750 0.910937 
48.00 -0 121952 -0.293347 0.500000 0.735446 
52.00 0.046225 -0.257448 0.484375 0.665390 
56.00 0.046241 -0.262683 0.484375 0 651219 
60.00 -0.121903 -0.308740 0.500000 0.690052 

DIISI985 64.00 -2.494893 -0.398082 0.593750 0.818959 
67.20 -0.301667 -0.350592 0.500000 0.786981 
70.40 -0.131197 -0.331782 0.500000 0.788755 
73.60 -0.131197 -0.340309 0.500000 0.817111 
76.80 -0.301667 -0.375978 0.593750 0.877150 

DIIS937 80.00 -2.494893 -0.439727 0.625000 1.000000 
81.20 -1.117310 -0.431548 0.593750 0.981055 
82.40 -0.947978 -0.427470 0.593750 0.971402 
83.60 -0.947~·~ -0.427470 0.593750 0.967849 
84.80 -1.117~ 10 -0.431548 0.593750 0.970092 

D II S 1396 86.00 -2.494893 -0.439727 0.625000 0.979894 
88.40 -0.635309 -0.426077 0.593750 0.790245 
90.80 -0.587820 -0.434569 0.593750 0.725195 
93.20 -0.763495 -0.458044 0.625000 0.728318 
95.60 -1.236121 -0.489636 0.625000 0.800173 

DIIS876 98.00 -10000.000 -0.522471 0.640625 1.000000 
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9960 -3.464360 -0.518375 0 625000 0.897260 
101.20 -3.037268 -0.516164 0.625000 0.859203 
102.80 -2H11784 -0.515871 0.625000 0.856570 
104 40 -3 015445 -0.517519 0.625000 0.889154 

DIIS1391 106.00 -4 601056 -0.521128 0.625000 0.985226 
108.00 -2.796129 -0 528824 0.671875 0.880648 
110.00 -2 668753 -0.539708 0.671875 0.844755 
112.00 -2.776977 -0.553742 0.671875 0.847312 
114.00 -3.191310 -0.570873 0.703125 0.888573 

DIIS9i6 116.00 -I 0000.000 -0 591031 0.718750 1.000000 
12nw -0 562490 -0.47425·1 0.625000 0.580499 
131.60 -0.1980-1-5 -0.392458 0.593750 0.417903 
JJl).40 -0.114019 -0.365206 0 593750 0.365001 
147.20 -0.235722 -0.405130 0 593750 0.413425 

DIIS%8 155.00 -10000.000 -0.529130 0671875 0.664037 
157.00 -1 125967 -0.491565 0.625000 0531028 
1590() -0.839773 -0 456826 0.625000 0.445452 
161 00 -0.678651 -0.424697 0.593750 0.379410 
163 00 0.568756 -0.394975 0.593750 0.326215 
165.00 -0486916 -0.367475 0.593750 0.282420 

CHROMOSOME 12 
analyzing pedigree 1 .. 
using non-originals: 12345610 
position LOD score NPL score p-value infonnat1on 
-10.00 -0.765064 -0.440872 0.625000 0.405788 
-8 00 -0.913137 -0.475623 0.625000 0.455966 
-6 00 -1.116148 -0.513536 0.625000 0.514894 
-4.00 -1.420332 -0.554882 0 671875 0.585435 
-2.00 -1.973252 -0.599940 0.718750 0.673014 

DI2S37] 0 00 -I 0000.000 -0.648997 0. 750000 0.799195 
1.40 -4.739552 -0.620895 0 718750 0.773925 
2.80 -4.388030 -0.594104 0.718750 0.763785 
4.20 -4.387609 -0.568522 0.671875 0.762453 
5.60 -4.738288 -0.544056 0.671875 0.769630 

D12S274 7.00 -10000.000 -0.520617 0.625000 0.789850 
10 (>0 -2.471462 -0.453114 0.625000 0.714286 
14 20 -I '188744 -0.391345 0.593750 0.681381 
17.80 -1.763596 -0.333709 0.500000 0.676939 
21.40 -1.653184 -0.278790 0.484375 0.701179 

DI2S391 25.00 -1 618785 -0.225324 0.406250 0.770477 
28.40 -1.670493 -0.183340 0.406250 0.737484 
31.80 -1.794346 -0.140746 0.406250 0.738619 
35.:W -2.030835 -0.096488 0.406250 0.767240 
38.(){) -2.523i61 -0.049549 0.406250 0.828189 

D12S269 42.00 -10000.000 0.00 I 087 0.406250 0.952002 
47.40 -2.374124 -0.041935 0.406250 0.664428 
52 80 -2.070409 -0.077971 0.406250 0.559114 
58.20 -2.091221 -0.106930 0.406250 0.544717 
63.60 -2.370640 -0.128362 0.406250 0.616855 

D12S61 69.00 -3.199780 -0.141366 0.406250 0.845041 
69.60 -3.469072 -0.164651 0.406250 0.860192 
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70.20 -3.822674 -0.187714 0.406250 0.880488 
70.80 -4.329906 -0.210561 0.406250 0.906722 
71.40 -5.211936 -0.233195 0.406250 0.941140 

GATA5A09 72.00 -10000.000 -0.255622 0.484375 0.994565 

[)125375 

DI2S379 

DI2SIOI 

PAll 

DI2S392 

78.60 -2.562031 -0.263780 0.484375 
85 20 -2.048785 -0.297337 0.500000 
91.80 -2.048785 -0.358865 0.593750 
98.40 -2.562031 -0.452103 0.625000 
I 05 00 -I 0000.000 -0.581893 0. 703125 
107.00 -6.354433 -0.443621 0.625000 
109.00 -5.954343 -0.277173 0.484375 
111.00 -6.130145 -0.080731 0.406250 
I IJ.OO -6.955626 0.148227 0.359375 
115 00 -I 0000.000 0 412958 0.250000 
116 80 -9.166150 0.273375 0.265625 
118 60 -8.407029 0 137793 0.359375 
120.40 -8.309393 0.005085 0.406250 
122.20 -8.804766 -0.125839 0.406250 
124.00 -10000.000 -0.256042 0.484375 
125.80 -7.142794 -0.360721 0.593750 
127.60 6.458222 -0.466916 0.625000 
129.40 -6.274311 -0 575811 0.703125 
131.20 -6.506864 -0.688633 0.796875 
133.00 -9.139379 -0.806662 0.859375 
134.20 -6 556151 -0.766393 0.843750 
135.40 -6.530474 -0.727544 0. 796875 
136.60 -6.790985 -0.689997 0. 796875 
137.80 -7.483998 -0.653639 0.750000 
139.00 -I 0000.000 -0.618363 0. 718750 
150.20 -1.408265 -0.425863 0.593750 
161.40 -0.718556 -0.342891 0.500000 
172.60 -0.414491 -0.333078 0.500000 
183.80 -0.351381 -0.409314 0.593750 
195.00 -3.439994 -0.628515 0. 750000 

CHROMOSOME 13 STAGE I 
analyzmg pedigree 1 .. 
using non-originals: I 2 3 4 5 6 I 0 

0.627514 
0.491463 
0.466076 
0.554987 
0.889198 
0.598115 
0.513811 
0 538354 
0.669541 
0.999138 
0.865415 
0.795736 
0.756306 
0 740990 
0.750794 
0.626027 
0.585037 
0 592531 
0.647999 
0.781243 
0.680850 
0.648105 
0.653568 
0.698601 
0.820008 
0.344855 
0.185815 
0.149674 
0.225987 
0.580309 

position LOD score NPL score p-value infonnation 
-10.00 -1.077939 0.084946 0.359375 0.397331 
-8.00 -1.179332 0.096543 0.359375 0.450798 
-6.00 -1.306579 0.109107 0.359375 0.514918 
-400 -1.481612 0122716 0.359375 0.593813 
-2.00 -1.776719 0.137455 0.359375 0.695642 

DI3S221 0.00 -10000.000 0.153424 0.359375 0 854182 
3.80 -2.500002 0.045819 0.359375 0.628094 
7.60 -2.562764 -0.055707 0.406250 0.540577 
11.40 -2.895598 -0.153963 0.406250 0 515865 
15 20 -3.646243 -0.251715 0.406250 0.542229 

DI3S220 19.00 -10000.000 -0.351764 0.500000 0.633190 
21.60 -1.702364 -0.201132 0.406250 0.454348 
24.20 -0.811259 0.004340 0.406250 0.390927 
26.80 -0.291157 0.266140 0.265625 0.393815 
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29.40 0.079307 0.587884 0.125000 0.465607 
DI3S325 32.00 0.369500 0.975357 0.062500 0.668389 

38.90 0.684010 I 221671 0.062500 0.421380 
45.80 0.914248 1.502653 0.062500 0.351464 
52.70 1.112441 1.864799 0.062500 0.390003 
59.60 1.301068 2.364346 0.062500 0.550556 

DI3S317 66.50 1.491528 3.079777 0.062500 0.977965 
67.44 1.490867 3.107004 0.062500 0.776398 
68.38 I 490809 3.138029 0.062500 0.697115 
69.32 I 491356 3.172868 0.062500 0.680926 
70.26 1.492506 3.211550 0.046875 0.726063 

D 135:!25 71.20 1.494258 3.254112 0.046875 0.882388 
73.32 1.485832 3.190794 0.062500 0815468 
75.44 1.480414 3.147134 0.062500 0.787021 
77.56 1.478018 3.122612 0 062500 0.786222 
79.68 1.478650 3.116967 0062500 0.814458 

DI3SI73 81.80 I 482312 3.130189 0.062500 0 893861 
83.80 1.431828 2.855468 0.062500 0.743793 
85.80 1.382727 2.609389 0.062500 0.642136 
87.80 1.335002 2.388569 0.062500 0.561239 
89.80 1.288644 2.190062 0.062500 0 494269 
91.80 1.243639 2.011297 0.062500 0 437671 

CHROMOSOME IJ STAGE 2 
analyzing pedigree 1 .. 
using non·originals: 1 2 3 4 5 6 I 0 
position LOD score NPL score p·value infonnation 
-10.00 -1.076393 0.086494 0.359375 0.397848 
-8.00 -1.177704 0.098170 0.359375 0.451418 
-6.00 -1.304868 0.110815 0.359375 0.515666 
-4.00 -1.479815 0.124505 0.359375 0.594723 
-2.00 -1.774836 0.139328 0.359375 0.696761 

0135221 0.00 -I 0000.00 0 155383 0.328125 0.855585 
3 80 -2.497340 0.047902 0.359375 0.629693 
7.60 -2.559365 -0.053535 0.406250 0.542621 
11.40 -2.891425 -0.151758 0.406250 0.518605 
15.20 -3.641264 -0.249554 0.406250 0.546036 

0135220 19.00 -10000.00 -0.349762 0.500000 0.638731 
21.60 -2.439768 -0.150408 0.406250 0.491000 
24.20 -1.589867 0.138310 0.359375 0.450025 
26.80 -1.117157 0.519052 0.187500 0.473140 
29.40 -0.802047 0.998060 0.062500 0.564523 

D 13S325 46 20 -I 0000.00 3.115485 0.062500 0.832543 
48.78 -1.090643 3.054376 0 062500 0.815154 
51.36 -0.919637 3.021359 0.062500 0.815225 
53.94 -0.920598 3.015748 0.062500 0.830372 
56.52 -1.093526 3.037429 0.062500 0.862735 

DIJS321 59.10 -I 0000.00 3.086856 0.062500 0.923407 
60.56 0.791278 3.083301 0.062500 0.821815 
62.02 1.092393 3.088765 0.062500 0.786360 
63.48 1.269969 3.103271 0.062500 0.787215 
64 94 I 397791 3 126904 0.062500 0.824369 
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D 13S792 66.40 1.498981 3.159807 0.062500 0.9275~0 

68.92 1.491006 3.107756 0.062500 0.823989 
71.44 1.487371 3.082972 0.062500 0.792856 
73.96 1.488089 3.085011 0.062500 0.803838 
76.48 1.493161 3.113962 0.062500 0.858512 

D13S317 79.00 I 502574 3.170453 0.062500 0.994273 
79.46 1.502444 3.200653 0.046875 0.829727 
79.92 1.502461 3.231805 0.046875 0.753348 
80.38 1.502625 3 '"'914 0 046875 0.719875 
80.84 I 502934 3.2%985 0.046875 0.725231 

DI3S795 81.30 1.503391 3.331024 0.046875 0.792706 
81.79 I 503028 3.328484 0.046875 0.785504 
82.27 I 502828 3.327027 0.046875 0.788429 
82.76 I 502793 3.326653 0.046875 0.802180 
83.24 1.502Y20 3.327360 0.046875 0.829411 

DI3S225 83 73 1.503212 3.329150 0.046875 0.884403 
84 65 1.501382 3.313282 0.046875 0 865892 
85.57 1.500135 3.30 1282 0.046875 0 862058 
86.49 I 499472 3.293127 0.04687.' 0.870369 
87.41 1.499392 3.288800 0.046875 0.892822 

DI3S797 88.33 1.499897 3.2882'17 0.046875 0.943386 
89.53 1.496288 3.259096 0.046875 0.923207 
90.73 1.493656 3.236358 0.046875 0.910249 
91.93 1.492005 3.219997 0.046875 0 902683 
93.13 1.491335 3.209954 0.046875 0.900276 

DI3S173 94.33 1.491648 3.206198 0.046875 0.904331 
96.33 1.440776 2.922776 0.062500 0.751417 
98.33 1.391289 2.669057 0.062500 0.648065 
100.33 1.343182 2.441522 0 062500 0.565987 
102.33 1.296446 2.237104 0.061500 0.498135 
104.33 1.251070 2.053131 0.062500 0 440852 

analyzing pedigree 2 ... 
using non-originals: 22 I 24 2 3 4 6 5 
position LOD score NPL score p-value information 
-10.00 -0.097641 -0.036275 0.265625 0.008385 
-8.00 -0.105401 -0.039352 0.281250 0.009274 
-6.00 -0.113889 -0.042693 0.281250 0.010271 
-4.00 -0.123187 -0.046322 0.281250 0.011391 
-2.00 -0.133389 -0.050263 0.281250 0012654 

DI3S221 0.00 -0.144599 -0.054545 0.281250 0.014079 
3.80 -0.169128 -0 063726 0.281250 0.017326 
7.60 -0.198784 -0.074479 0.281250 0.021466 
11.40 -0.234944 -0.087076 0.281250 0.026791 
15.20 -0.279492 -0.101839 0.312500 0.033703 

DIJS220 19.00 -0.335082 -ll.119140 0.343750 0.042766 
21.60 -0.381415 -0.132663 0.343750 0.050605 
24.20 -0.436458 -0.147734 0.343750 0.060161 
26.80 -0.502645 -0.164524 0.343750 0.071879 
29.40 -0.583476 -0.183221 0.343750 0.086347 

DI3S325 46 20 -I 0000.00 -0.364335 0.531250 0.365637 
48.78 -2.714744 -0.361310 0.531250 0.347663 
51.36 -2.317582 -0.362567 0.531250 0.355169 
53.94 -2.231125 -0.368117 0.531250 0.381478 
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56.52 -2.387649 -0.378016 0.531250 0.429456 
DI3S321 59.10 -4.854395 -0.392372 0.531250 0.520018 

60.56 -2.948880 -0.394508 0.562500 0.444002 
62.02 -2.858866 -0 399680 0.562500 0.402327 
63.48 -2.997867 -0.407814 0.593750 0.378207 
64 94 -3.439074 -0.418844 0.593750 0.369412 

DI3S792 66.40 -10000.00 -0.432705 0.609375 0.379631 
68.92 -2.772431 -0.41 7808 0.593750 0.279355 
71.44 -2.374032 -0.414387 0.593750 0.228114 
73.96 -2.283677 -0.422317 0.609375 0.202276 
76 48 -2.404299 -0.441499 0.609375 0.197643 

DI3SJI7 79.00 .:~ 857948 -0471866 0.609375 0.215305 
79 46 -3021369 -0 4 78612 0.656250 0.2.::!1481 
79.92 -3 241775 -0 485729 0.656250 0.228849 
80 38 -3 565107 -0.493216 0.656250 0.237671 
80 84 -4.137705 -0.50 I 074 0.656250 0 248496 

DI3S795 81.30 -10000.00 -0.50930 I 0.6 71875 0.263824 
81.7') -4.331817 -0.506439 0.6 71875 0.258738 
82.27 -3.771636 -0.503795 0.671875 0 255036 
82.76 -3 462852 -0.501368 " 656250 0.252062 
83.24 -3.259313 -0.499159 l) 656250 0.249660 

DI3S225 83.73 -3.115622 -0.497171 0.656250 0.247758 
84 65 -2 945634 -0.494012 0.656250 0.245388 
85 57 -2 871439 -0.491651 0.656250 0.244531 
86.49 -2.889382 -0.490095 0.656250 0.245185 
87.41 -3.059711 -0.489353 0.656250 0.247512 

DI3S797 88.33 -I 0000.00 -0.489433 0 656250 0 252386 
89.53 -2.246284 -0.467939 0.609375 0.217496 
90.73 -1.834718 -0.447181 0.609375 0.192935 
91.93 -1.578160 -0.427164 0 609375 0 172790 
93 13 -1.391414 -0.407887 0.593750 0.155659 

DI3SI73 94 33 -1.245396 -0.389345 0.531250 0.140817 
96.33 -1.057883 -0.360048 0 531250 0.119996 
98.33 -0914913 -0.332707 0.500000 0.102949 
100.33 -0.801031 -0.307246 0 437500 0 088800 
102.33 -0.707634 -0.283580 0 437500 0.076945 
104 33 -0 629424 -0261617 0421875 0.066935 

rotalhng pedigree~: . 
pns1t1on LOD _score (alpha. IILOD) NPL _score p-valuc mfommtion 
-10.00 -1.174034 (0.0000. 0.0000) 0.03551 0.3lf~70 u 203117 
-8.00 -1.283105 (0.000 1,-0.000 I) 0.04159 0.334229 0.230346 
-6 00 -1418756 (0.0000. 0 0000) 0.04817 0.325) 95 0.262968 
-4.00 -1.603002 (0.0000, 0.0000) 0.05528 0.322754 0 303057 
-2 00 -1.908225 (0 0000,-0.0001) 0.06298 0.319580 0.354708 

DI3S221 0.00 -INFINITY (0.0000, 0.0000) 0.07130 0.313965 0 434832 
3.80 -2.666468 (0.0000, 0 0000) -0.01119 0.366699 0.323509 
760-2758149 (0.0000, 0.0000) -0.09052 0.415283 0.:!82044 
11.40 -3.126369 (0.0000, 0.0000) -0.16888 0.459'161 0.:!7:!h98 
15 20 -3 920756 (0 0000, 0 0000) -0.24847 0 505127 0.2898fi9 

DI3S220 19 00 -INFINITY (0.0000, 0 0000) -0.33156 0.554932 0.340749 
21 60 -2.821183 (0.0000, 0.0000) -0.20016 0.477051 0.270802 
24.20 ·1.026325 (0.0000, 0.0000) -0.00666 0.364990 0.255093 
26.80 -1.619802 (0.0000, 0.0000) 0.25069 0.229492 0.272510 
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29.40 -1.385523 (0.0000, 0.0000) 0.576180 IO~Q~~ () 325435 
DJ3S325 46 ~0 -INFINITY (0.0000. 0.0000) 1.94536 0 043750 0 59'1090 

48.78 -3.805387 (0.0000, 0.0000) I .904~9 0 098877 0581409 
51.36 -3.237120 (0.0000. 0 0000) 1.88005 0. 104~48 0.585197 
53 94 -3.151724 (0 0000, 0.0000) I 872160.104736 0.605925 
56.52 -3.481175 (0.0000, 0.0000) 1.88049 0. I 04248 0 646096 

DI3S321 59.10 -INFINITY (0.0000, 0 0000) 1.905~9 0.098877 0.71171.2 
60.56 -2.15760.2 (0.4050. 0.2661) 1.90126 0.(198877 () 6:\2908 
6.2.02 -1.766473 {0.4569. 0.5274) I '101470,098877 0 ;W4344 
63.48 -1.727899 (0 4722. 0.6923) I 90598 0.098877 0.58271 I 
64 94 -2 041284 (0.4794. 0 8136) 1.91489 0.096680 {) 596891 

DJ3S792 66 40 -IN FIN I J'Y (0 4836.0 9109) I .92835 0 094971 0.653575 
68 92 -1281425 (0.4842. 0 9039) I .90~08 0.0'18877 0 55167.2 
7 1.44 -0 88666 I (0 4853. 0.9014) I 88697 0. I 03.271 0.510485 
73 96 -0 795588 (0.4858. 0.9025) I 88~81 0.103760 0.503057 
76 48 -0 9 t 1138 (0 4854. 0 '1069) 1.88972 0 103027 0.5~8078 

DJ3S317 79 00 -1.3~5374 (0.4845. 0.9150) 1.90819 0.096680 0 604789 
7946 -1.518925 (0.484~. () 9146) 1.92477 0.094971 0.525604 
79.92 -1.739314 (0.484 I 0 911") I 94 I 77 lJ 093750 0.491098 
80 38 -2 062483 (0.4839. 0.9145) I (J"tJI80091309 0.478773 
80.84 -~.63477 I (0 4838,0 9148) I 9770 I 0 086670 0.486863 

DI3S795 81.30 -INFINI fY (04838.0.9152) I .995.26 0 085205 0.528265 
81.79 -2.828790 (0 4838,0 9148) 1.99549 0 085205 0 522121 
82.27 -2.268808 (0.4839, 0.9147) I 99633 0 085205 0.521733 
8.2 76 -1.960060 (0.4840, 0 9147) I. 99778 0.08496 I 0527121 
83.24 -1.756393 (04841,0.9149) 1.99984 0 084961 0.539536 

DI3S225 83.73 -I 612409 (0.484~. 0.9153) 2.01125 I 0.08496 I 0.56608 I 
84.65 -I .44425~ (04843.09137) 1.9935~ 0.085~05 0.555640 
85 57 -1.371304 (0.4844, 0.91~6) I 986 7 I 0.085205 0.553294 
86.49 -1.38991 I (0 4843.0 91 19) 1.98204 0.086 I 82 0.557777 
87 41 -1560319 (0.4841, 0.91 17) 1.9795 I 0 08618~ 0.570167 

DIJS797 88.33 -INFINITY (0.4837, 0 91 18) 1.97910 0.086182 0 597886 
89.53 -0.749996 (04864.0.9106) I .97365 0.086670 0.57035 I 
90.73 -0.341062 (0.4909, 0 91 18) 1.972~5 0.088 I 35 0.55 I 592 
91.93 -0.081i I 55 (0 4970, 0.9 I 50) I .97483 0.086670 0.537737 
93 13 0.099921 (0.5044, 0.9~04) 1.98 I 36 0.086 I 8~ 0.527967 

DI3SI73 94 33 0 ~46253 (0.5 I 34. 0.9~76) I 99 I 82 0.085~05 0.522574 
96.33 0.382893 (0 5~88, 0.89 I 8) 1.81212 0.112793 0.435707 
98 33 0 476376 (0.5478. 0.8593) I 65~05 0.1~1094 0 375507 
100.33 0.54~ 151 (0.5691. 0.8~98) I 509160.1~1094 0.3~7394 

102 33 0.58881 I (0 594 I, 0.8030) 1.38135 0.121094 0.~87540 

104.33 0.6~1646 (0 6~21, 0.7787) I 266790 121094 0 ~53894 

CHROMOSOME 14STAGE I 

analy.1.ing ped1gree 1 .. 
usmg non-originab: I 2345610 
posJ!Ion LOD score NPL score p-valuc infunnation 
-10 00 -0.856072 0 130302 0.359375 0 572248 
-8 00 -1.023426 0.127107 0.359375 0.60~846 

-6.00 -I 247688 0. 1223~3 0.359375 0.638 I 88 
-4.00 -1.575184 0.115815 0.359375 0.679583 
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·2.00 ·2.153559 0.107463 0.359375 0.729591 
DI4S50 0.00 ·10000000000 0.0'J7165 0.359375 0.799329 

3.10 ·3.204168 ·0076057 0406250 0.742090 
(>.(<) ·2.973237 ·0.262759 0.484375 0.733846 
<).29 ·3.150951 ·0.454680 0.625000 0.762528 
12.38 ·3.810921 ·0.643000 0.750000 0.833367 

IJI4S80 15.48 ·10000.000000 ·0.819')08 0.859375 0.983522 
16.28 -5.725289 .o 745362 0 843750 0.921843 
17.08 ·5 080858 -0.669212 0.781250 0.897370 
17 88 ·4 902084 ·0.593524 0. 718750 0.893725 
18 68 .; 115180 ·0.520416 0.625000 0.910537 

DI4S297 19.48 ·10000.000000 -0.451932 0.625000 0.962610 
2.::! 80 -I 850036 -0140204 0406250 0.75829(} 
26.12 ·l.t>30431 ·0.044833 0.406250 0.669618 
29 .t3 -I 822113 -0. HN278 0 406250 0.649505 
31 75 -2 498958 -0.238114 0 406250 0.6938')5 

IJ 14S306 36.07 -10000.000000 ·0.341916 0.500000 0 827007 
38.51 -2.6S5..J62 -0.000851 0.406250 0.683751 
40.96 ·1.845451 0.50'J751 0.203125 0.642026 
43.41 -1.458139 1.213952 0 062500 0.666020 
45.86 ·1.346151 2.107041 0 062500 0.758381 

GGAAIOC0948.31 -10000.000000 3 153107 0.062500 0.967643 
51.18 ·1.090988 2.599219 0.062500 0 786087 
54.06 ·1.061897 2.046276 0.062500 0.713426 
56 94 -1.251532 1.510702 0.062500 0. 708115 
59.81 ·1.733589 1.010238 0.062500 0.769334 

DI4S63 62.69 -10000.000000 0.559997 0.187500 0.935041 
64.93 -3.877614 0.510212 0.203125 0.908800 
67.16 ·3.548562 0.460798 0.203125 0.896853 
69.40 ·3.579694 0.412413 0.250000 0 895509 
71.64 ·3.970981 0.365662 0.250000 0.905069 

()145774 73.87 ·10000.000000 0.321082 0.265625 0.931234 
74.88 -5.552296 0.206309 0.312500 0.921945 
75.88 ·5.326537 0.089960 0.359375 0.922437 
76.88 ·5.505898 ·0.026409 0.406250 0932315 
77.8') ·6.164064 ·0.141222 0.406250 0.953290 

DI4S53 78 89 ·I 0000.000000 -0.252961 0.484375 0.995978 
81.13 ·3.462395 ·0.265669 0.484375 0.847718 
83.36 ·2.687775 ·0.281924 0.484375 0.782673 
85.60 -2.331414 -0.301764 0.500000 0.765892 
87.84 -2 245752 -0 325181 0.500000 0796161 

DI4S48 90.07 ·3.981386 ·0.352254 0 593750 0.901646 
92.73 ·1.716267 ·0.364874 0.593750 0.821563 
95.39 -1.400718 ·0.385825 0.593750 0.781928 
98.06 ·1.280731 .o 414559 0.593750 0.765805 
100.72 ·1.352788 ·0.450546 0.625000 0.770869 

DI4S81 103.38 -3.363128 ·0.493476 0.625000 0.800418 
104.58 ·1.593783 -0.498134 0.625000 0.802571 
105.79 ·1.312840 ·0.504238 0.625000 0.811043 
106.99 ·1.162367 ·0.511708 0.625000 0.825310 
108.20 ·1.072148 ·0.520472 0.625000 0.846520 

DI4S51 109.41 ·1.022100 ·0.530463 0.671875 0.881273 
109 65 ·I 110634 ·0.534602 0.671875 0.881697 
109 89 -I :226853 ·0.538814 0 671875 0.882623 
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110.13 -1.393197 -0.543099 0.671875 0.883906 
110.37 -1.680088 -0 547457 0.671875 0.885571 

DI4S78 110.61 -3.180795 -0.551890 0.671875 0.88790~ 

112.02 -0.115889 -0.380616 0.593750 0.839984 
113.43 0~19998 -0.2008~6 0 406250 0.817066 
114.83 0.4~8445 -0.014647 0.406250 0.807543 
116.~4 0.58311~ 0.175565 0.328125 0.809935 

DI4SII811765 1.464545 2.868589 0.062500 0.885815 
119.65 1.466067 2.88024() 0.062500 0.894811 
121.65 1.467623 2.892136 0.062500 0.905490 
123 65 I 469213 2.904~53 0.062500 0.918127 
125 65 I 460838 2.916602 0.062500 0.933532 
127 65 I 462-196 2.929185 0 06~500 0.955640 

CHROMOSOME 14 STAGE 2 
anal) ting pedigree 1 .. 
usmg non-originals: 12345610 
position LOD :!tCon: NI)L score p-valuc information 
-10.00 -0.920681 0.129151 0.359375 0.353683 
-8.00 -1.078431 0.125950 0.359375 0.396590 
-6.00 -1.291524 0.121396 0.359375 0.446835 
-4 00 -1.606189 0.115261 0.359375 0.506806 
-2.00 -2.169982 0.107284 0.359375 0.581044 

DI4S50 0.00 -I 0000.000 0.097165 0.359375 0.687845 
3.57 -3.090434 -0.076464 0.406250 0.589684 
7.13 -2.857899 -0.254728 0.484375 0.575439 
10.70 -3.023122 -0.438050 0.593750 0.617043 
14.27 -3.659910 -0.626591 0. 750000 0.724658 

DI4S80 17.83 -10000.000 -0.819908 0.859375 0.974368 
18.67 -5.681729 -0.743876 0.843750 0.877073 
19.50 -5.041639 -0.668345 0. 781250 0.839558 
20.34 -4.866276 -0.594033 0. 718750 0.833922 
21.17 -5.081853 -0.521656 0.625000 0.859566 

D 14S297 22.00 -I 0000.000 -0.451932 0.625000 0.941837 
25.86 -1.734967 -0.121060 0.406250 0.603990 
29.72 -1.516904 -0.033500 0.406250 0.473040 
33.57 -1.695572 -0.092758 0.406250 0.444830 
37.43 -2.344736 -0.219657 0.406250 0.511006 

D 14S306 41.29 -I GOOO.OOO -0.341916 0.500000 0 730899 
44.03 -2.526509 0.015660 0.406250 0.498002 
46.77 -1.736469 0.516203 0.187500 0.437135 
49.52 -1.369241 1.183725 0.062500 0.472886 
52.26 -1.277237 2.049393 0.062500 0.610560 

GGAAIOC0955.01 -10000.000 3.153107 0.062500 0.949667 
58.29 -1.01773 I 2.554169 0.062500 0.653101 
61.58 -0.974479 2.013950 0.062500 0.545701 
64 86 -1.152509 1.513232 0.062500 0.537759 
68 15 -1.625595 1.034309 0.062500 0.627788 

DI4S63 71.43 -10000.000 0.559997 0.187500 0.898952 
73.92 -3.803653 0.506766 0.203125 0.853965 
76.40 -3.483023 0.456431 0.203125 0.834002 
78 89 -3.513802 0.408837 0.250000 0.832047 
81.37 -3.896310 0.363791 0.250000 0.848398 

DI4S774 83.86 -10000.000 0.321082 0.265625 0.89303 I 
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84.91 -5.510252 0.206368 0.312500 0.878150 
85.96 -5.282567 0.091695 0.359375 0.878583 
87.02 -5.457677 -0.023027 0.406250 0.893460 
88.07 -6.10nso -0.137883 0.406250 0.925784 

DI4S53 89.12 -10000.000 -0.252961 0.484375 0.993744 
91.61 -4.821480 -0 266413 0 484375 0.795265 
94.09 -4.125963 -0 282655 0.484375 0.723126 
96.58 -3 860425 -0.302103 0.500000 0.718043 
9'1.06 -3.878958 -0 325165 0 500000 0 779<90 

DI4S48 101.55 -5.778638 -0.352:!54 0.593750 0.965124 
Jf)-1.56 -3.592799 -0.372694 0.593750 0.846202 
107.57 -3.H5119 -0 400218 0.593750 0 797099 
110.58 -3.5400.:!9 -0 434462 0 593750 0.784980 
113.59 -3 9052QI -0 475082 0.625000 0.805891 

DI4S81 116.60 -6.-DIIIJ -0.52170 I 0 625000 0 868560 
117.41 -s 7Jtn4 -0.619045 0.718750 0.716531 
IIS.n .(, O-t2610 -0 693296 0. 796875 0.673587 
119.04 -6 7.:!.:!332 -0 748098 0 843750 0.689847 
119.85 -8.065607 -0.787290 0.859375 0.766027 

DI4S265 120.66 -10000 000 -0.814937 0.859375 0.954571 
120.91 -6.100027 -0.800364 0.859375 0689167 
121.15 -4.648991 -0.686493 0. 796875 0 581354 
121.39 -3.830130 -0.422113 0.593750 0.552766 
121.63 -3.277129 0.061009 0.359375 0.598607 

DJ4S51 121.88 -2.878417 0.848156 0.062500 0 767729 
122.10 -2.813767 1.066690 0.062500 0.766453 
122.32 -2.798556 1.300598 0 062500 0.776488 
122.54 -2.850404 1.549870 0.062500 0.797452 
122.77 -3.039409 1.814757 0.062500 0.832063 

DI4S62 122.99 -10000.000 2.095763 0.062500 0.894888 
123.46 -2.140567 2.122582 0.062500 0.891836 
123.93 -1.866100 2.149890 0.062500 0.890045 
124.40 -1.718909 2.177703 0.062500 0.889212 
124.87 -1 625607 2.206038 0.062500 0.889279 

DJ4S65 125.34 -1.563579 2.234914 0.062500 0.890315 
126.33 -1.517328 2.181427 0.062500 0.884278 
127.32 -1.538434 2.130320 0 062500 0.882020 
128.31 -1.633567 2.081456 0.062500 0.883146 
129.29 -1.868568 2.034699 0.062500 0.887939 

DI4S267 130.28 -10000.000 1.989921 0.062500 0.898238 
131.03 0.056024 1.503 178 0.062500 0.840106 
131.77 0.231670 1.017747 0.062500 0.812835 
132 52 0.231557 0.532868 0.187500 0.806240 
133.27 0.055766 0.047779 0.359375 0.821233 

DI4S78 134.02 -2.975671 -0.438281 0.593750 0.875182 
135 52 0.433809 0.224661 0 312500 0.710140 
137.03 0 842490 0.882602 0.062500 0 653651 
138.54 1.105331 1.539763 0.062500 0.659137 
140 05 1.303562 2.200350 0.062500 0.725909 

DI4SIJ8 141.56 1.464545 2.868589 0.062500 0 885815 
141.80 1.466067 2.880249 0.062500 0.894811 
142.04 1.467623 2.892136 0.062500 0.905490 
142.29 1.469213 2.904253 0.062500 0.918127 
142.53 1.470838 2.916602 0 062500 0.933532 

332 



DI4S272 142.77 1.472496 2.929185 0.062500 0.955640 
143.::!:! 1.468464 2 916057 0.062500 0.9.17579 
143.67 I 464549 2.903718 0.062500 0.9.24307 
144.12 1.460751 2.892158 0.062500 0.913263 
144.57 1.457071 2.881370 0 062500 0.903940 

DI4S260 145.02 1.4535119 2 871347 0.062500 0.896323 
147.()2 1.403818 2.615085 0 062500 0.749083 
149 02 1.355507 2.385796 0 062500 0.646254 
151.02 1.308566 2.180301 0.062500 0.564029 
153.02 1.262985 I 995827 0.062500 0 495894 
15".02 1.218750 I 829953 0.062500 0.438338 

anal~l'ing pcdign:c 2 .. 
u-.mg non-ongmaJ, 11 I 242 3 4 6 5 
pu ... ition 1.01> -.curc- ~f»L '>Core p-valuc 1nfonnatiun 
-10.00 -0.032878 0 001707 0 265625 0 001086 
-8.00 -003B99 0.001856 0.265625 0 001177 
-6 00 -0 035997 0.002018 () 265625 0.001276 
-4 00 -0.037676 () 002194 0.265625 () (101384 
<2.00 -0.039441 0.002386 0.265625 0 001501 

DI4S50 0.00 -0.041297 0 002595 0.265625 0.001628 
3.57 -0.044851 0.003015 0.265625 0.001882 
7.13 -0.048744 0.003505 0 265625 (1.002177 
10.70 -0.053015 0.004077 0.265625 0.002518 
14.17 -0.057705 0 004 74..J 0.265625 0.007>15 

DI4S80 17.83 -0.062863 0.005524 0.265625 0.003376 
18.67 -0064141 0.005725 0.265625 0 003494 
19.50 -0.065449 0.005933 (I 265625 0.003616 
20.34 -0.066787 0.00(1148 () 265625 0.003743 
21.17 -0.068155 0.006372 0.265625 0.003875 

DI4S297 22 00 -0 069555 0.006604 0.265625 0.004011 
25 86 -0 076465 0.007796 0.265625 0.004708 
29.72 -0 084160 0 009209 0.265625 0 005532 
33 57 -0.092743 0.0 I 0887 0 265625 0.006508 
37 43 -0.102336 0.012880 0 165615 0.007665 

D 14S306 41.29 -0.113080 () 0 15249 0.265625 0.009041 
44.0) -0.121518 0.017204 0.265625 0.010179 
46.77 -0 13069::! 0.0 I (}417 0.::!656::!5 0.011470 
49 52 -0.140678 0.021913 () 2656::!5 (1.012938 
5::!.26 -0 151566 0.024763 0 ::!65625 0.014610 

(;AA IOC09 55.01 -0.163456 0.027981 0 265625 0016519 
58.29 -0.179167 0.032403 0.265625 0.019166 
61 58 -0 ll)6709 0.037542 0.265625 0.022::!85 
64.86 -0.216353 0.043517 0 265625 0.025969 
68.15 -0.238430 0.050464 0.265625 0.030339 

DI4S63 71.43 -0 263338 0.058540 0.250000 0.035540 
73.92 -0 28435::! 0.065508 0 250000 0.040138 
76.40 -0.307520 0 073313 0.250000 0.045411 
78 89 -0333145 0.082053 0.250000 0.051476 
81 37 -0.361591 0.091834 0.250000 0.058468 

D 14S774 83 86 -0.393298 0.102773 0.250000 0 066554 
84.91 -0.407854 0 107791 0 250000 0.070359 
85.96 -0.423140 0 113051 0.250000 0.074413 
87 02 -0 439206 0.118561 0.250000 0.078734 
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88.07 -0.456110 0.124334 0 250000 0.083.142 
Dl-tS53 89 12 -0.473914 0.13037~ 0.250000 0.088260 

91.61 -0.519875 0.145780 0 250000 0.101223 
94.09 -0.571329 0.162909 0 250000 0.116406 
96 58 -U b3267lJ 0.181919 0.250000 0.134254 
9906 -0.702783 0.202958 0.250000 0.155321 

lli4S48 101.55 -11.785153 0.226163 0.250000 0.180302 
10-1.56 -0.906561 0.257352 0 150000 0.217107 
107.57 -1.060807 () 291017 0.250000 0.263083 
110.58 -1.~64302 0.330146 0.250000 0.311247 
Ill 59 -1.548949 0.371500 0.250000 0 396214 

DI4S81 116.60 -1.9(J2599 0.41548') 0 250000 0 495984 
11741 -1 16506-1 o -tn675 o.2soooo 0.518996 
118 23 -2.379415 0.439~45 0.250000 0.565592 
119.0-l -2.fl63790 0.452263 0.250000 0 606764 
119.85 -3.100507 () 464591 () 250000 () 65-t398 

[) 145265 120.66 -I 0000 000 0.476882 0 250000 0.715732 
120 91 -5A99-t::!9 0.479025 0.250000 0.71 711.)7 
121.15 -5.173688 0...181218 0.2500110 IJ."/19250 
121.39 -5 182476 0.483-164 0 203125 0721-t92 

121.63 -~.15-1754 0 485761 0 203125 0 72-1006 

DI4S51 121 88 -5 171702 0488110 0.203125 n.726789 

121.iU -:.223717 0.490306 0.203125 0.729577 
122.32 .\.316961 0.492547 0.203125 0.73260-1 
122.54 -5.472304 0.494832 0 . .203125 0.735889 
111.77 -5.76.2189 0.4~7161 0.103115 0.739464 

DI4S62 11.2.99 -IUUOO.OOO 0 499534 0.103115 0.743447 
113.46 -5.603486 0.530278 0.203125 0.672896 
123.93 -5.531622 0.561233 0.203125 0.650530 
124 40 -5 688137 0 5Q242-t 0.156.250 0.653889 
124.87 -6.146064 0.623875 0.156250 0.683108 

DI4S65 125.34 -I 0000.000 0.655611 0.125000 0761319 
126 33 -5 582764 0.621093 0 156250 0.629021 
127 31 -5.227426 0.587801 0.156250 0.572490 
128.31 -5.223176 0.555624 0.203125 0.554209 
J2Q.29 -5.570553 0.524458 0.203125 0.571393 

DI4S267 130.28 -10000.000 0.494196 0.203 125 0.646045 
131.03 -4.223661 0.483974 0.203125 0.604526 
IJ 1.1 I -J .. >"t//.:.U \1.473840 0.2:iliiJUu O.:i7i 8~~ 
132.52 -3.143960 0.463814 0.250000 0 5-14077 
133.27 -2.857899 0.453909 0.2)0000 0.520098 

Dl4~78 134.02 -2.639426 0.444139 0.250000 0.499277 
135.52 -2.321802 0 424~60 0 210000 0 465435 
137.03 -2.108162 0.406202 0.250000 0.441 !<l4 
138.54 -1.966266 0.388163 0.250000 0.425782 
140.05 -1.885826 0.370701 0.250000 0.419080 

Di4Si iS i..;l 5fl -1 873730 0 353740 0.110000 0.421569 
141.80 -1.880047 0.351048 0.250000 0 422901 
142.o4 -1.889322 0.34R1fi<; 0.2"0000 fi4'J4<itn 

142.29 -1.901955 0.345691 0.250000 0.426405 
142.53 -1.918468 0.343025 0.250000 0.428597 

DI4S27~ 142 77 -I 939548 0 340367 0.250000 0 431099 
14) ")") -I 972801 0.321623 0.250000 0.436579 
143.67 -2.0377?1 0.303415 0250000 0.446266 
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144.12 -2.157168 0.285733 0.250000 c.461086 
144.57 -2.404333 0.268567 0.250000 0.48)043 

DI4S260 145 02 -10000.000 0.251909 0.250000 0.521539 
147.02 -0951676 0.237889 0.250000 0.416193 
149 02 -0 666394 0.223359 0.250000 0.346948 
151 02 -0 509154 0.208726 0 250000 0.293851 
153 02 -0.405288 0.194287 0.250000 0.251472 
155 02 -0.331011 0.180256 0.250000 0.216891 

Totalling pedigrees: 
po~ition LOD score NPL_ \Core p-value information 
-10.00 -0.953559 0.09253 0.303955 0.177384 
-8.00 -I 112830 0.09037 0.304932 0 198883 
-6 {)() -1.3.27520 0 08727 0 307861 0 2.24056 
--1 00 -1.6-13865 0.08305 0.309082 0.254095 
-2 00 -2 209423 0 07755 0.310059 0.291272 

DI4S50 0.00 -INf"INITY 0.07054 0.313965 0.344737 
3.57 -3.135284 -0.05194 0.393311 0.295783 
7.13 -2.906643 -0.17764 0.468018 0.288808 
10.70 -3.076137 -0.30687 0 530029 0.309781 
1427-3.717615 -0439710595947 0363786 

DI4S80 17.83 -INFINITY -0.575860.668457 0.488872 
18.67 -5.745870 -0.52195 0.641357 0.440284 
19.50 -5.107088 -0.46840 0 612549 0 421587 
20.34 -4.93306' -0.41570 0.587891 0.418832 
21.17 -5.150008 -0 36436 0 562012 0 431720 

DI4S297 22.00 -INFINITY -0.31489 0.538330 0.472924 
25.86 -1.811432 -0.08009 0.413086 0.304349 
29.72 -1.60 I 064 -0.01718 0.368408 0.239286 
33.57 -1.788315 -0.05789 0.393555 0.225669 
37.43 -2.447072 -0.14621 0.451904 0.259335 

DI4S306 41.29 -INFINITY -0.230990.498535 0.369970 
44.03 -2.648027 0.02324 0.344727 0.254091 
46.77 -1.867161 0.37874 0.194336 0.224303 
49.52 -1.509919 0.85252 0.137207 
52.26 -1.428803 1.46665 0.121094 

GAA I OC09 55.01 -INFINITY 2.24937 0.049316 
58.29 -1.196899 1.82898 0.111328 
61.58 -1.171188 1.45062 0.121094 

0 . .242912 
0.312585 

0.483093 
0.336134 
0.283993 

64.86 -1.368862 1.100790.122070 0.281864 
68.15 -1.864025 0.767050.147461 0.329063 

DI4S63 71.43 -INFINITY 0.43737 0.187256 0.467246 
73.92 -4.088005 0.404660191650 0.447051 
76.40 -3.790543 0.374590.194336 0.439706 
78.89 -3.846947 0.34711 0.201172 0.441761 
81.37 -4.257901 0.32218 0.210693 0.453433 

DI4S774 83.86 -INFINITY 0.29971 0.212158 0.479792 
84 91 -5.918106 0.22214 0.242188 0.474255 
85.96 -5.705707 0.14478 0.278809 0.476498 
87.02 -5.896883 0.06755 0.315430 0.486097 
88.07 -6.565390 -0.00958 0.364990 0 504563 

DI4S53 89.12 -INFINITY -0.08668 0.413818 0.541002 
91.61 -5.341355 -0.08530 0.413818 0.448244 
94.09 -4.698291 -0.08467 0.413818 0 419766 
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96.58 -4.493104 -0.08498 0.413818 0.426149 
99.06 -4.581741 -0.08641 0.413818 0.467456 

lli4S48 101.55 -6.563791 -0.08916 0.414551 0.572713 
104.56 -4.499359 -0.08156 0.413086 0.531655 
107.57 -4 505926 -0.0765 I 0.410645 0.530091 
110.58 -4.804331 -0 07376 0.409912 0.553114 
113.5'1 -5.454241 -0.07324 0.409912 0.601052 

D14S81 116.60 -8.423712 -0.07510 0.409912 0.682272 
117.41 -7 8'16397 -0.13532 0.445312 0.6227(13 
118.23 -8 422026 -0.17'115 0.46'1971 0.619589 
11'1.04 -'1.386123 -0.20919 0.481689 0.648306 
11'1.85 -11.166114 -0.22818 0.498291 0.710212 

DI4S265 L!O 66 -INFINITY -0 23904 0.498535 0835152 
120.9\ -11.599457 -0 22712 0.497559 0 703232 
121.15 -9.922679 -0. 14515 0.451 '104 0.650302 
121.39 -9.01260(J 11.04338 0.332520 0.637129 
121.63 -8 43188) 0.38662 0.191895 0.661 )06 

DI4S51 121.88 -8 050119 0.94488 0.128174 0.747259 
122.10 -8.0)7484 1.10096 0.122070 0 7480 IS 
122.32 -8.115516 1.26794 0.121094 0.754546 
122.54 -8.322708 1.44582 0.121094 0.766671 
122.77 -8 801697 1.634770.121094 0.785764 

lli4S62 122 9'1 -INFINITY 1.83515 0.110840 0.819167 
123.46 -7.744053 1.87586 0.104736 0.782366 
123 93 -7.397722 1.91705 0.096680 0 770287 
124.40 -7.407046 1.95878 0.09130'1 0 7715SI 
124.87 -7.771670 2.00 I 05 0.084961 0.786193 

ll14S65 125.34 -INFINITY 2.04391 0.076660 0.825817 
126.33 -7.100092 1.'18168 0.086182 0.756650 
127.32 -6.765861 1.92200 0.095947 0.727255 
128.31 -6.856843 1.864 70 0.104 736 0.718677 
129 2'1 -7.439121 1.80960 0.112793 0.729666 

ll14S267 130.28 -INFINITY 1.75654 0.117432 0.772142 
131.03 -4 167637 I 40513 0 121094 0.722316 
131.77 -3.316050 1.054710 122559 0.692334 
132.52 -2.912403 0. 704 76 0.154297 0.675159 
133.27 -2.802133 0.35475 0.200195 0.670666 

DI4S78 134.02 -5 615097 0004140.359131 0.687230 
135 52 -1.887993 0.45918 0.1811 52 0.587787 
137.03 -1.265672 0.91132 0.133301 0.547422 
138.54 -0 860936 1.36325 0.121094 0.542459 
140.05 -0.582263 1818010.111816 0.572495 

IJI4SII8 141.56 -0.409185 2.27853 0.046143 0 653692 
141.80 -0.413980 2.28487 0.046143 0.658856 
142.04 -0.421699 2.291380046143 0.665000 
142.29 -0.432742 2 29806 0.043213 0.672266 
142.53 -0.447631 2.30490 0.042236 0.681065 

DI4S272 142.77 -0.467052 2.3 I 192 0.042236 0.693370 
143.22 -0.504337 2.28939 0.046143 0.687079 
143 67 -0.573242 2.26779 0 046143 0.685286 
144.12 -0.696417 2247110049561 0 687175 
144.57 -0.947262 2.22734 0.051758 0.693492 

IJI4S260 145.02 -INFINITY 2.20848 0.053711 0.708931 
147.02 0.452142 2017360081055 0.582638 
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149.02 0.689113 1.84495 0.109131 0.496601 
151.02 0.799412 1.68930 0.120361 0.428940 
153.02 0.857697 1.54864 0.121094 0.373683 
155 02 0.887739 1421430.121094 0.327614 

CHROMOSOME IS 
anal} 1.ing. pedigree 1 .. 
us1ng nun-originals· 12345610 
po~ition LOD 'icorc NPL score p-value intOm1ation 
-10.00 0.270187 0.058603 0.359375 0.440249 
-8.00 () :!13278 -0.000336 0.406250 0.501566 
-6.00 0.129148 -0.07 I 252 0.406250 0.575200 
-4.00 -U 005265 -0.156151 0.406250 0.665730 
-2.00 -0.2h.' t59 -0.25736o 0.484375 0 782219 

DI5SI22 0.00 -2 796469 -0 377617 0.5•!3750 0.963349 
2 66 -0.781043 -0.349776 0.500000 0 720533 
5.31 -0.606704 -0.339119 0.500000 0.630520 
7.98 -0 602244 -0.344958 0.500000 O.h 19878 
10 64 -0.767800 -0.367427 0.593750 0.685259 

DI5SI65 13.30 -2.796450 -0.407487 0.593750 0 885276 
18.40 -0.423463 -0.404273 0.593750 0.425558 
23.50 -0.502056 -0.434169 0 593750 0 276895 
28.60 -0.849238 -0.440773 0.625000 0.288451 
33.70 -1.598077 -0.385257 0.593750 0.463938 

DI5SI26 38.80 -2.789393 -0.240455 0.406250 0.973299 
39.96 -2.846373 -0 279558 0.484375 0.861563 
41.12 -2.830347 -0.306738 0.500000 0.816864 
42.28 -2.772247 -0.322555 0.500000 0.807502 
43.44 -2.789013 -0.327526 0.500000 0 832437 

CYPI9 44.60 -3.277243 -0.322132 0 500000 0.918190 
45.60 -2.786651 -0.269682 0.484375 0.617562 
46.60 -2.701339 -0.192037 0.406250 0.504172 
47.60 -2.687232 -0.088427 0.406250 0 487730 
48.60 -2.667335 0.041986 0.359375 0 565464 

DI5SII7 49.60 -2.610179 0.200119 0328125 0.812174 
50 46 -2.585574 0.257597 0 312500 0.701044 
51.32 -2.561976 0.317052 0.265625 0.668922 
52.18 -2.539327 0.378709 0 250000 0.682360 
53.04 -2.517479 0.442791 0.203125 0.743101 

DI5SI53 53.90 -2.496233 0.509528 0.203125 0.893740 
54.44 -2 625848 0.116061 0.359375 0 588469 
54.98 -2.744181 -0.202213 0.406250 0.605711 
55.52 -2.827 1 33 -0.445878 0 625000 0.586429 
56.06 -2.847529 -0.615394 0 71 R750 0.628736 

DI5SI31 56.60 -2.798146 -0.711104 0.7%875 0.781821 
57.74 -2.744065 -0.634822 0.750000 0.606710 
58.88 -2.739062 -0.559797 0.671875 0.559513 
60.02 -2.757230 -0.485939 0.625000 0.589335 
61.16 -2.781423 -0.413163 0.593750 0.701462 

DI5SI75 62.30 -2.796731 -0.341391 0.500000 0.977495 
62.96 -2.795827 -0.343448 0.500000 0.956615 
63.62 -2.795935 -0.345567 0 500000 0 944734 
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64.28 -2.796304 -0.347742 0.500000 0.937475 
64.<)4 -2.796512 -0.349973 0.500000 0.934198 

DI5SII665.60 -2.796466 -0.352254 0.593750 0.935976 
67.82 -2.796102 -0.348620 0.500000 0.870677 
70.04 -2.795114 -0.34'474 0.500000 0.835030 
72.::!6 -2.794062 -0.3427~· 0.500000 0 818396 
74.48 -2.79.:!962 -0.340518 0.500000 0.818866 

D I 5S 13076.70 -2.791299 -0.338605 0.500000 0.839926 
78.90 -2.788794 -0.296982 0.500000 0.774896 
81.10 -2.781535 -0.255077 0.484375 0.756074 
83.30 -2 777487 -0.213053 0.406250 0.765539 
8~.50 -2 784232 -0.171069 0.406250 0.803906 

DI5SI20 87.70 -2.7%441 -0.129297 0 406250 0.890702 
89.70 -2.292939 -0.124503 0.406250 0.734722 
<)1.70 -I 837982 -0.120473 0.406250 0 632787 
93.70 -I.S.t2201 -0.117031 0.406250 0.552533 
'JS.7n -1.331~04 -0.114037 0.406250 0.486458 
97.70 -1.170824 -0.111381 0 406250 0.430789 

CIIROMOSOMF. 16 
analyzmg pedigree 1 ... 
u~mg non-originnb: 12345610 
po:..1tion LOD score NPL score p-valuc information 
-10.00 -1.102862 -0.062313 0.406250 0.436868 
-8.00 -1.259440 -0.063321 0.406250 0.493613 
-6.00 -1.466840 -0 064835 0.406250 0.560958 
-4 00 -1.761690 -0.067016 0.406250 0.642714 
-2.00 -2.228630 -0.070061 0.406250 0.746429 

D 16S423 0.00 -2.796435 -0.074206 0.406250 0.904521 
3.56 -1.858723 -0.053336 0.406250 0.587765 
7.12 -1.341102 -0.034644 0.406250 0.443892 
10.68 -1.033308 -0.015326 0.406250 0.382524 
14.24 -0.815731 0.007109 0.406250 0.395768 

DI6S405 17.80 -0.646370 0.035026 0.406250 0.535286 
21.14 -0.602498 -0.003163 0.406250 0.430371 
24 48 -0 601623 -0.037459 0.406250 0.394660 
:!7.82 -0.661094 -0.068569 0.406250 0.402980 
31.16 -0.850087 -0.097369 0.406250 0.457680 

D 16S420 34.50 -2.655908 -0.124990 0.406250 0.582638 
35.46 -0.879835 -0.072170 0.406250 0.581461 
36.42 -0.554883 -0.016461 0.406250 0.600706 
37.38 -0.352636 0.042411 0.359375 0.634434 
38.34 -0.201213 0.104735 0.359375 0.684887 

IJ 16S40 I 39.30 -0.077849 0.170825 0.328125 0.768630 
41.86 -0.228254 0.054131 0.359375 0.474728 
44.42 -0.436924 -0.047485 0.406250 0.360353 
46.98 -0.748066 -0.138517 0.406250 0.340099 
49.54 -1.302709 -0.222525 0.406250 0.406974 

DI6S411 52.10 -2.921780 -0.302197 0.500000 0.615769 
54.40 -2.380979 -0.325687 0.500000 0.391808 
56.70 -2.027433 -0.356135 0.593750 0.314873 
59.00 -I 903680 -0.393033 0.593750 0.323463 
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61.30 -1.985222 -0.435863 0.593750 0.421686 
0165415 63.60 -3.030492 -0.484070 0.625000 0.688873 

74 80 -0.748012 -0.397177 0.593750 0.269473 
86.00 -0 679509 -0.391412 0.593750 0.176835 
97.20 -0.888768 -0.457092 0.625000 0.205844 
108.40 -1.506415 -0.582945 0.703125 0.362564 

D 165520 119.60 -3.362550 -0.754177 0.843750 0.906274 
121.60 -3.143149 -0.720722 0.796875 0.726265 
123.60 -2.653374 -0.687893 0.796875 0.612231 
125.60 -2.241144 -0 655799 0. 750000 0.524840 
127.60 -1.930873 -0.624530 0. 718750 0.454677 
12().60 -1.690806 -0.594162 0.718750 0.396945 

CHROMOSOME 17 STAGE I 
analyzing pedigree 1 .. 
using non-originals: I 2 3 4 5 6 I 0 
position LOD score NPL score p-value information 
-10.00 0.204993 0.282329 0.265625 0.332034 
-8.00 0.151644 0.291065 0.265625 0.371664 
-6.00 0.071463 0.298854 0.265625 0.417997 
-4.00 -0.058657 0.305326 0.265625 0.473238 
-2.00 -0.312487 0.310024 0.265625 0.541654 

D 17S578 0.00 -I 0000.000 0.312381 0.265625 0.641075 
5.45 0.415513 0.501777 0.203125 0.513429 
10.89 0.683558 0.688939 0.093750 0.465526 
16.34 0.844111 0.894797 0.062500 0.462215 
21.79 0.971081 1.140339 0.062500 0.503649 

DI7S849 27.24 1.087580 1.449728 0.062500 0.618937 
29.22 1.117170 1.529876 0.062500 0.617120 
31.21 1.148018 1.620807 0.062500 0.628926 
33.19 1.180159 1.723637 0.062500 0.652288 
35.17 1.213623 1.839643 0.062500 0.689329 

DI7S938 37.16 1.248437 1.970283 0.062500 0.751977 
38.67 1.251763 1.990134 0.062500 0.591988 
40.18 1.255268 2.009603 0.062500 0.533109 
41.68 1.258989 2.028724 0.062500 0.526852 
43.19 1.262952 2.047506 0.062500 0.570385 

D 17S945 44.70 1.267176 2.065928 0.062500 0.692080 
46.21 1.188880 1.654876 0.062500 0.697526 
47.72 1.083296 1.220811 0.062500 0 725339 
49.22 0.927348 0. 760569 0.062500 0.776050 
50.73 0.647351 0.270623 0.265625 0.856005 

D 175796 52.24 -2.494893 -0.252961 0.484375 1.000000 
57.02 0.376652 0.031986 0.406250 0.738787 
61.80 0.520238 0.183338 0.328125 0.626978 
66.58 0.510468 0.239286 0.312500 0.587724 
71.36 0.377508 0.223600 0.312500 0.615029 

DI7S799 76.14 -0.084036 0.149289 0.359375 0.762452 
79 15 -0.228166 0.050517 0.359375 0.715204 
82.17 -0.427779 -0.042188 0.406250 0.717491 
85.18 -0.728443 -0.129721 0.406250 0.752069 
88.19 -1.277113 -0.212715 0.406250 0.822262 
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D 175122 91.20 -10000.000 -0.291513 0.500000 0.961789 
97.74 -0.970665 -0.257882 0.484375 0.513050 
104.28 -0.578278 -0.242903 0.406250 0.347263 
110.82 -0.471241 -0.256725 0.484375 0.310354 
117.36 -0.575717 -0.309863 0.500000 0.397707 

DI7S579 123.89 -3.296493 -0.416790 0.593750 0.738973 
143.56 0.106974 -0.063406 0.406250 0.171351 
163.22 0.259532 0.073730 0.359375 0.077436 
182.88 0.331812 0.121833 0.359375 0.085031 
202.54 0.349274 0.069808 0.359375 0.205473 

D 175785 ::!22.20 -2.801908 -0.301928 0.500000 0.888904 
224.20 -0.250237 -0.23190 I 0.406250 0 708436 
226.20 0.000060 -0.171597 0.406250 0.593597 
228.20 0.127057 -0.119776 0.406250 0.505355 
230.20 0.204263 -0.075355 0.406250 0.434418 
232.20 0.254739 -0.037384 0.406250 0.376050 

CHROMOSOME 17 STAGE 2 
analyzing pedigree 1 ... 
using non-originals: 12345610 
position LOD score NPL score p-value information 
-10.00 0.185752 0.235621 0.312500 0.338715 
-8.00 0.131315 0.241529 0.312500 0.378996 
-6.00 0.050016 0.246466 0.312500 0.426033 
-4.00 -0.081252 0.250105 0.312500 0.482021 
-2.00 -0.336256 0.252039 0.312500 0.551207 

D 175578 0.00 -I 0000.000 0.251768 0.312500 0.651381 
4.20 -0.862214 0.012202 0.406250 0.477048 
8.40 -0.880435 -0.188222 0.406250 0.421286 
12.60 -1.102425 -0.357212 0.593750 0.431240 
16 80 -1.525925 -0.504250 0.625000 0.506208 

DI7S84921.00 -2.359388 -0.641156 0. 750000 0.677070 
21.80 -2.636839 -0.668718 0. 781250 0.703679 
22.60 -2.998521 -0.696529 0. 796875 0.735844 
23.40 -3.513785 -0.724720 0. 796875 0.774657 
24.20 -4.403976 -0.753428 0.843750 0.822910 

D 1751845 25.00 -10000.000 -0.78280 I 0.859375 0.893754 
26.00 -1.639433 -0.611817 0.718750 0.725410 
27.00 -0.740051 -0.419426 0.593750 0.642280 
28.00 -0.214908 -0.198932 0.406250 0.606109 
29.00 0.157353 0.056286 0.359375 0.615266 

DI7S938 30.00 0.446106 0.352861 0.250000 0.696314 
31.40 0.535572 0.376984 0.250000 0.501096 
32.80 0.605513 0.404257 0.250000 0.419378 
34.20 0.664027 0.437337 0.203125 0.396814 
35.60 0.716105 0.478769 0.203125 0.428326 

D 175945 37.00 0.765079 0.530975 0.187500 0.539520 
38.40 0.727021 0.413727 0.203125 0.565953 
39.80 0.659399 0.281643 0.265625 0.617183 
41.20 0.539949 0.130280 0.359375 0.695171 
42.60 0.295605 -0.045757 0.406250 0.808217 

D 175796 44.00 -2.494893 -0.252961 0.484375 1.000000 
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47.80 0.287249 -0.0 I 8466 0.406250 0.790250 
51.60 0.440309 0.112172 0.359375 0.699623 
55.40 0.432922 0.161194 0.328!25 0.669082 
59.20 0.290156 0.144138 0.359375 0.694066 

Dl 7S799 63.00 -0.255410 0.071236 0.359375 0.815385 
65.60 -0.397174 0.000 I 50 0.406250 0.78593 I 
68.20 -0.595737 -0.067928 0.406250 0.792982 
70 80 -0.896725 -0.133196 0.406250 0.824908 
73.40 -1.447107 -0. I 95685 0.406250 0.884289 

DI7SI22 76.00 -10000.000 -0.255236 0.484375 0 996008 
80 80 -1.673512 -0.251486 0.406250 0.654710 
85.60 -1.261465 -0 257248 0.484375 0.532747 
90 40 -1.146743 -0.274879 0.484375 0.520472 
95.20 -1.257197 -0.306739 0.500000 0.616212 

DI7S579 100.00 -3.757027 -0 3555 I 7 0.593750 0.921696 
105.40 -1.150202 -0.3 I 3498 0.500000 0.649655 
I 10.80 -1.029309 -0.294306 0.500000 0.560343 
I 16.20 -1.134286 -0.294577 0.500000 0 559560 
121.60 -1.536269 -0.3 I I 560 0.500000 0 644607 

DI7SI838 127.00 -10000.000 -0.342539 0.500000 0 898074 
130.00 -1.430809 -0.324140 0.500000 0.605767 
133.00 -0.963102 -0.305658 0.500000 0.497316 
136.00 -0.790450 -0.291444 0.500000 0.490176 
139.00 -0.839026 -0.285840 0.484375 0.588746 

D I 75785 I 42.00 -2.884228 -0.293473 0.500000 0.891618 
144.00 -0.332483 -0.23 I 6 I 9 0.406250 0.71 I 130 
146.00 -0.081967 -0. I 77864 0.406250 0.596240 
148.00 0.045395 -0.131245 0.406250 0.507924 
150.00 0.123106 -0.090907 0.406250 0.436898 
152.00 0. I 74223 -0.056095 0.406250 0.37843 I 

analyzing pedigree 2 . . 
using non-originals: 22 I 24 2 4 6 5 
position LOD score NPL score p-value information 
-10.00 0.045518 -0.0 I 8205 0.375000 0.001350 
-8.00 0.049326 -0.020873 0.375000 0.001602 
-6.00 0.053557 -0.023815 0.375000 0.00191 I 
-4.00 0.058267 -0.027054 0.375000 0.002291 
-2.00 0.063514 -0.030617 0.375000 0.002763 

DI7S578 0.00 0.069368 -0.034532 0.375000 0.00335 I 
4.20 0.083984 -0.044033 0.375000 0.005126 
8.40 0.102453 -0.055526 0.375000 0.008070 
12 60 0.125797 -0 06935 I 0.375000 0.013096 
16.80 0. I 55228 -0.085881 0.375000 0.021947 

DI7S849 21.00 0.192127 -0.105504 0.375000 0.038108 
21.80 0.200124 -0.109624 0.375000 0.042528 
22.60 0.208455 -0. I 13873 0.375000 0.047543 
23.40 0.217133 -0. I I 8253 0.375000 0.053249 
24.20 0.226165 -0.122766 0.375000 0.059766 

DI7SI84 25.00 0.235563 -0.127415 0.375000 0.067241 
26.00 0.247840 -0. I 334 I 9 0.375000 0.078225 
27.00 0.260722 -0.139642 0.371000 0.091519 
28.00 0.274228 -0.146087 0.375000 0.107926 
29.00 0.288375 -0.152756 0.375000 0.128964 
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DI7S938 30 00 0.303180 ·0.159651 0.375000 0.160691 
31.40 0.183269 ·0.222242 0.437500 0.112231 
32.80 0.036030 ·0.283247 0.437500 0.092831 
34 20 -0.161678 -0.343250 0.500000 0.087105 
35.60 ·0.483598 ·0.402809 0.500000 0.092599 

DI7S945 37.00 ·3.644186 ·0.462462 0.500000 0.112593 
38.40 ·1.126802 ·0.428361 0.500000 0.089803 
39.80 ·0.844431 ·0.396855 0.500000 0.074974 
41.20 ·0.686169 ·0.367736 0.500000 0.063537 
.t:!.!JO ·0.578562 ·0.340812 0.500000 0.054340 

DI7S796 44.00 .o 498563 -0.315909 0.500000 0.046779 
47.80 ·0.354257 ·0.257280 0.437500 0.031863 
51.60 -O.:!(J4870 ·0.209681 0.437500 0.02220 I 
55.40 ·0.203720 ·0.170950 0.375000 0.015710 
59.20 ·0.159477 ·0.139371 0.375000 0.011245 

D 17S799 63 00 -0.126298 .o 113578 0.375000 0.008121 
65.60 ·0.108167 ·0.098691 0.375000 0.006527 
68.20 ·11.092888 ·0.085707 0.375000 0.005262 
70.80 -0.079921 ·0.074376 0.375000 0.004253 
73.40 .o 068855 ·0.064483 0.375000 0.003446 

DI7SI22 76 00 ·0.059365 .o 055843 0.375000 0.002798 
80.80 ·0.045161 ·0.042656 0.375000 0.001915 
85.60 -0.034285 -0.032373 0.375000 0.001319 
90.40 ·0.025897 ·0.024355 0.375000 0.000915 
95.20 ·0.019400 ·0.018107 0.375000 0.000638 

DI7S579 100.00 -0.014354 ·0.0 13245 0.375000 0.000448 
105.40 ·0.010007 ·0.009064 0.375000 0.000303 
110.80 ·0 006738 ·0.005932 0.375000 0.000207 
116.20 ·0 004287 ·0.003600 0.375000 0.000143 
121.60 ·0.002461 ·0.001879 0.375000 0.000100 

D 17S 1838 127.00 ·0.001112 ·0.000624 0.375000 0.000071 
130.00 -0.000527 -0.000085 0.375000 0.000058 
133.00 ·0.000038 0.000361 0.375000 0.000049 
136.00 0.000367 0.000726 0.375000 0.000040 
139 00 0.000701 0.001023 0.375000 0.000034 

DI7S785 142.00 0.000973 0.001261 0.375000 0.000028 
144.00 0.001125 0.001392 0.375000 0.000025 
146.00 0.001255 0.001503 0.375000 0.000023 
148.00 0.001366 0.001595 0.375000 0.000020 
150.00 0.001461 0.001672 0.375000 0000018 
152.00 0.001539 0.001734 0 375000 0.000016 

Totalling pedigrees: .. 
position LOD_score NPL_score p-value infonnation 
-10.00 0.231270 0.15374 0.291992 0.170033 
·8.00 0.180641 0.15603 0.291992 0.190299 
-6.00 0.103573 0.15744 0.289062 0.213972 
·4.00 ·0.022985 0.15772 0.289062 0.242156 
·2.00 ·0.272741 0.15657 0.291992 0.276985 

DI7S578 0.00 -INFINITY 0.15361 0.291992 0.327366 
4.20 ·0. 778229 -0.02251 0.356445 0.241087 
8.40 ·0. 777982 ·0.17236 0.451172 0.214678 
12.60 ·0.976628 ·0.30163 0.524414 0.222168 
16.80 -1.370697 -0.41729 0.589844 0.264078 
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DI7S849 21.00 -2.167261 -0.52797 0.647461 0.357589 
21.80 -2.436716 -0.55037 0.651367 0.373 I OJ 
22.60 -2.790065 -0.57304 0.666992 0.391693 
23 40 -3.296653 -0.59607 0.677734 0.413953 
24.20 -4.177811 -0.61956 0 689453 0.441338 

D 17S 184 25.00 -INFINITY -0.64362 0 711914 0 480498 
26.00 -I 391593 -0.52696 0.647461 0 401818 
27.00 -0 479328 -0.39532 0.584961 0.366900 
28 00 0.059320 -0.243Q7 0.490234 0.357018 
29 00 0.445728 -0.06821 0.381836 0.372115 

DI7S938 30.00 0.749286 0.13662 0 295898 0 428503 
31.40 0 718842 0.10942 OJ08594 0 306664 
32 80 0.641543 O.OR557 0.313477 0.256104 
3-L!O () 501349 0.06653 0.315430 0.241959 
35 60 0.232508 0.05371 0.319336 0260463 

DI7S945 37.00 -2.879106 0 04845 0.319336 0 326056 
38.40 -0.399781 -0.01035 0.350586 0.327878 
39.80 -0 185032 -0.08147 0 398438 0 346079 
41 20 -0 146220 -0.167910449219 0379354 
42 60 -0.282956 -0 27335 0.510742 0.431278 

D 17S796 44.00 -2.993456 -0.40225 0.586914 () 523390 
47.80 -0.067007 -0.19498 0.463867 0411057 
51.60 0 175440 -0.06895 0.381836 0.360912 

55.40 0 119101 -0.00690 0 346680 0.342396 
59 20 0.130679 0 00337 0.345703 0 352656 

DI7S799 63.00 -0.381708 -0.02994 0.360352 0.411753 
65 60 -0.505341 -0.06968 0.381836 0.3'i(J119 

68.20 -0.688625 -0.10864 0.406250 0.399122 
70.80 -0 976646 -0.14678 0.429688 0414580 
73.40 -1.515962 -0 18397 0 45811118 0 443867 

lli7SI22 76.00 -INFINITY -0 21997 0.475586 () 499403 
80.80 -I 718674 -0.20799 0.466797 0.328313 
85.60 -1.295750 -0.20479 0.466797 0.267033 
90.40 -1.172640 -0.21159 0.472656 0 260693 
95 20 -1 276597 -0.22970 0 486328 0.308425 

DI7S579 lOll 00 -3.771381 -0.26075 0.496094 0.461072 
105.40 -1.160209 -0 22809 0.478516 0 324979 
110 80 -I 036047 -0.21230 0.474609 0.280275 
116.20 -1.138573 -0.21084 0.472656 0.279852 
121.60 -1.538710 -0 22164 0 475586 0.322354 

D 17S 1838 127.00 -INFINil Y -0.24265 0.490134 11.449072 
130110 -I 431336 -0 22926 0 486328 0.302913 
133.00 -0.963140 -0 21588 0.475586 0 248682 
136 00 -0 790083 -0.20557 0.466797 0.245108 
I 39 00 -0.838325 -0.20140 0 466797 0.294390 

DI7S785 142.00 -2.883255 -0.20663 0.466 797 0.445823 
144.00 -0.331359 -0.16280 0.442383 0.355578 
146.00 -0 080711 -0.12471 0.418945 0.29813 I 
148.00 0.046761 -0.09168 0 398438 0.253972 
150.00 0 124567 -0063100.381836 0.218458 
152 00 0 175762 -0 03844 0.362305 0 189124 
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CHROMOSOME 18 
analyzing pedigree 1 ... 
using non-originals: 12345610 
position LOD score NPL score p-value information 
-10.00 -0.444102 -0.362809 0.593750 0.469336 
-8.00 -0.589392 -0.393347 0.593750 0.532601 
-6.00 -0.789897 -0.424924 0.593750 0.608098 
-4.00 -1.091809 -0.457251 0.625000 0.700315 
-2.00 -1.642429 -0.489938 0.625000 0.818167 

DI8S59 0.00 -I 0000.000 -0.522471 0.640625 1.000000 
1.28 -3.553113 -0.535592 0.671875 0.844924 
2.56 -3.143666 -0.549857 0.671875 0.770634 
3.84 -3.032128 -0.565285 0.671875 0.736949 
5.11 -3 144999 -0.581886 0.703125 0.741003 

DI8S62 6.39 -4.549501 -0.599666 0. 718750 0.808285 
8 88 -1.362979 -0.510597 0.625000 0.511004 
11.36 -1.123594 -0.436828 0 593750 0.386732 
13 85 -1.050987 -0.378408 0.593750 0.352014 
16.33 -1.072226 -0.335421 0.500000 0.401055 

01863 18.81 -1.172798 -0.308022 0.500000 0 586277 
21.05 -1.401597 -0.339057 0.500000 0.585281 
23.28 -1.717251 -0.371415 0.593750 0.606105 
25.51 -2.188232 -0.405360 0.593750 0 647424 
27.74 -3.035229 -0441138 0.625000 0.714240 

DI8S843 29.97 -10000.000 -0.478977 0.625000 0.833598 
46.07 -1.502472 -0.241592 0.406250 0.355606 
62.16 -0.951347 -0.083447 0.406250 0.234889 
78.26 -0.790281 0.058328 0.359375 0.233580 
94.35 -0.944140 0.223605 0.312500 0.353230 

DI8S535 110.44 -10000.000 0.426102 0.203125 0.836459 
112.43 -1.989102 0.426734 0.203125 0.781095 
114.41 -1.421462 0.428855 0.203125 0.753933 
116.40 -1.102498 0.432636 0.203125 0.743129 
118.38 -0.884708 0.438229 0.203125 0.748151 

DI8S363 120.37 -0.721932 0.445772 0.203125 0.778031 
124 52 -0.580414 0.191042 0.328125 0.514828 
128.68 -0.544328 -0.057615 0.406250 0.418081 
132.83 -0.605871 -0.304899 0.500000 0.416971 
136.99 -0.825852 -0.555166 0.671875 0.513747 

DI8S64 141.14 -4.043326 -0.812210 0 859375 0 798846 
144.71 -0.984986 -0 679723 0.781250 0.621791 
148.28 -0.730448 -0.560836 0.671875 0.564206 
151.84 -0.654115 -0 454197 0.625000 0.570005 
155.41 -0.754699 -0.358735 0.593750 0.638370 

DI8S543 158 98 -10000.000 -0.273761 0.484375 0.821156 
160 98 -0 522042 -0 244310 0.406250 0.677209 
162.98 -0.255442 -0.217473 0.406250 0.582806 
164.98 -0.113160 -0.193019 0.406250 0.508426 
166.98 -0.021414 -0.170738 0.406250 0.447185 
168.98 0.042914 -0.150444 0.406250 0 395607 

CHROMOSOME 19 
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analyLing pedigree 1 .. 
usinv non-originals: 12345610 
posi~ion LOD score NPL score p-value infonnatton 
-10.00 -1.054120 -0.414667 0.593750 0.328558 
-8.00 -1.214183 -0 440921 0.625000 0.371509 
-6.00 -1.429524 -0 468951 0.625000 0.422943 
-4.00 -1.746367 -0.498858 0.625000 0.486071 
-2.00 -2.312260 -0.530741 0.671875 0 567235 

DI9S247 0.00 -10000.000 -0.564693 0.671875 0.693326 
4.60 -2.960480 -0.599270 0.718750 0.508166 
(>.:!0 -2.651138 -0.646739 0.750000 0.471504 
13.80 -2.710305 -0.707042 0 796875 0.516504 
18.40 -3.152409 -0.780311 0.859375 0.650328 

DI<JS394 23.00 -10000.000 -0.866716 0.921875 0.974296 
24.40 -4.383467 -0.826626 0.859375 0.870635 
25.80 -4.007858 -0.788099 0 859375 0.817989 
27.20 -3.984707 -0.751240 0.843750 0.789358 
28.60 -4.313967 -0.716156 0 796875 0.780046 

D 195253 30.00 -10000 000 -0.682960 0 781250 0.791174 
1~.60 -3.809858 -0.526296 0.640625 0 679735 
35.20 -3.428000 -0.370416 0.593750 0 642985 
37.80 -3.397503 -0.213619 0.406250 0 650233 
40.40 -3.718065 -0.054121 0.406250 0.70:113 

DI9S4D 43.00 -10000.000 0.109972 0.359375 0.830836 
44.80 -4.318880 0.104759 0.359375 0.797131 
46.60 -3.962622 0.101503 0.359375 0.788936 
48.40 -3.956851 0.100155 0.359375 0.797054 
50.20 -4.301574 0.100680 0.359375 0.822173 

D 195224 52.00 -I 0000.000 0.103048 0 359375 0.876411 
56.00 -2.852015 -0.048249 0.406250 0.641506 
60.00 -2.581659 -0.193123 0.406250 0.555572 
64.00 -2 667650 -0.336172 0.500000 0.550854 
68.00 -3.102826 -0.481981 0.625000 0.626411 

DI9S246 72.00 -7051283 -0.635306 0.750000 0.843023 
73.40 -4.246320 -0.500157 0.625000 0.772920 
74.80 -4.291923 -0.366967 0.593750 0.762403 
76.20 -4.616543 -0.235220 0.406250 0.786670 
77 60 -5.367656 -0.104413 0.406250 0.847882 

GGAAIB03 79.00 -10000.000 0.025943 0.406250 0.981524 
82.80 -2 159065 0.296855 0 265625 
86 60 -1.395435 0.728984 0.093750 
90 40 -1.049956 1.326511 0.062500 
94.20 -0.975009 2.108896 0.062500 

D 19S294 98.00 -I 0000.000 3.111761 0.062500 
100 00 -0.277655 2.842024 0.062500 
102 00 -0.025439 2.600151 0.062500 
104.00 0.103094 2.382864 0.062500 
106.00 0 181718 2.187309 0 062500 
108.00 0.233545 2.010995 0.062500 

CHROMOSOME 20 
analyzing pedigree 1 .. 
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0.694097 
0.576725 
0 546897 
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using non-originals: 12345610 
position LOD score NPL score p-value information 
-10.00 -0.982892 -0.037503 0.406250 0.240448 
-8.00 -I 057519 -0.034407 0.406250 0.271436 
-6.00 -1.140957 -0.030903 0.406250 0.307834 
-4.00 -1.234944 -0 026980 0.406250 0.351319 
-2.00 -1.341767 -0 022631 0.406250 0.405013 

0205103 0 00 -1.464521 -0.017860 0.406250 0.481241 
3.20 -1.793237 -0.166572 0.406250 0.448598 
6.40 -2.231075 -0.304234 0.500000 0.478664 
9.60 -2.870581 -0.431472 0.593750 0.551970 
12.80 -4.006881 -0.548325 0.671875 0 676383 

D:!OS95 16 00 -I 0000.000 -0 654196 0.750000 0.905189 
17.20 -8.210054 -0.676360 0. 781250 0.848582 
18.40 -7.273936 -0.698528 0.796875 0.816961 
19.60 -6 933481 -0.720789 0 796875 0.798824 
20.80 -7.041121 -0.743232 0.843750 0.7Q3351 

mos 115 22.oo -I oooo.ooo -0.765941 0.843750 0 808225 

35.20 -2.081854 -0 523854 0.640625 0 304311 
48.40 -1.503961 -0.307744 0.500000 0.160234 
6160 -1.436262 -0.141968 (J 406250 0.155482 
74.80 -1.865956 -0.016844 0.406250 0.290855 

D20S 120 88.00 -I 0000.000 0 077433 0.359375 0 817326 
90.00 -3.729564 0.063675 0.359375 0 671280 
92.00 -2 873087 0.051260 0.359375 0.575365 
94.00 -2.390449 0 040055 0.359375 0 499927 
96.00 -2.060307 O!J29945 0.406250 0.437982 
98.00 -1.813309 0.020829 0.406250 0.385975 

CHROMOSOME 21 
analyzing pedigree 1 .. 
using non-originals: 12345610 
po!>itiOn LOD ~core NPL score p-value information 
-10.00 -0.982892 -0.037503 0 406250 0.240448 
-8.00 -1.057519 -0.034407 0.406250 0.271436 
-6.00 -1 140957 -0.030903 0.406250 0.307834 
-4 00 -1.234944 -0.026980 0 406250 0.351319 
-2.00 -1.341767 -0.022631 0.406250 0.405013 

ll21 S258 0.00 -I 464521 -0.017860 0 406250 0.481241 
3.20 -1.793217 -0.166572 0.406250 0.448598 
6 40 -2.231075 -0.304234 0.500000 0.478664 
9.60 -2.870581 -0.431472 0.593750 0.551970 
12 80 -4 006881 -0.548325 0.671875 0.676383 

GGAA2E02 16 00 -10000.000 -0.654196 0.750000 0.905189 
17.20 -8.210054 -0.676360 J.781250 0.848582 
18.40 -7.273936 -0.698528 0 796875 0.816961 
19.60 -6.933481 -0.720789 0. 796875 0.798824 
20.80 -7.041121 -0.743232 0.843750 0.793351 

D21 S265 22.00 -I 0000.000 -0.765941 0.843750 0.808225 
35.20 -2 081854 -0.523854 0.640625 0.304311 
48.40 -1.503961 -0.307744 0.500000 0.160234 
61.60 -1.436262 -0 141968 0.406'50 0.155482 
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74.80 -1.865956 -0.016844 0.406250 0.290855 

CHROMOSOME 22 STAGE I 
analy~:ing p~:digree 1 .. 
using non·originals: 12345610 
po.,ilion LOD scor~.: NPL score p-value information 
-10 00 I 216622 2.147726 0 062500 0.414952 
-8.00 1.261088 2.339519 0.062500 0.468557 
-6 00 1.306909 2.552503 0.062500 0.531923 
-4.00 1.354095 2. 789445 0.062500 0.608353 
-2.00 1.402656 3.053512 0.062500 0.704140 

D22S26-I 0.00 1.452600 3.348345 0.015625 0.844306 
I 60 1.456447 3 318790 0046875 0.801820 
3.20 1.461915 3.300976 0 046875 0.781588 
4.80 1.469005 3.294805 0 046875 0.773114 
6.40 1.477717 3.300268 0.046875 0.774785 

DnS257 8.00 1.48804'1 3.317448 0.046875 0.788830 
9.34 1.485908 3.297370 0 046875 0.778309 
10.68 1.484987 3.285472 0.046875 0.774628 
12.02 1.485286 3.281709 0.046875 0 776943 
13.36 t.486805 3.286081 0.046875 0 785894 

D22S345 14 70 1.489542 3.298632 0.046875 0.805827 
18.70 1.332434 2 841434 0.062500 0.612991 
22.70 1.155036 2.493233 0.062500 0.530538 
26.70 0.934307 2.234378 0.062500 0.514559 
30.70 0.596507 2.051074 0.062500 0.569757 

D22S683 34.50 -10000.000 2.881240 0.062500 0 937274 
38.27 -0.712087 2.816293 0.062500 0.872756 
4~.04 -0.515290 2.808885 0.062500 0 847245 
45 81 -0.504105 2.860869 0.062500 0 845896 
49 58 -0.678498 2.974761 0.062500 0.868730 

D22S270 53.35 -10000 000 3.153753 0.062500 0.930427 
54.55 -0.453348 3.032974 0.062500 0 885303 
55.76 -0.170031 2.918626 0.062500 0 853241 
56.97 -0012709 2.810519 0.062500 0.827126 
58.17 0.092426 2. 708453 0.062500 0.805551 

D22S684 59.38 0.168521 2.612275 0 062500 0.788452 
61.38 0 239656 2.378129 0.062500 0.720161 
63.38 0 287357 2.160984 0.062500 0.668653 
65.38 0.319500 1.960384 0.062500 0 625751 
67.38 0.340591 1.775782 0.062500 0.589241 
(ll).J8 0.353480 1.606516 0.062500 0.557875 

CHROMOSOME 22 STAG~ 2 
analyzmg ped1gree I .. 

using non-originals: 12345610 
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position LOD score NPL .icore p-value inform at ton 
-10.00 !.~342/4 ~. !1))797 0.062500 0.617260 
-8 00 I 287390 2.329641 0 Ofi2500 0.656601 
-6.00 1.340543 2.574087 0.062500 0.702425 
-4.00 1.393546 2.840 II Y 0.062500 0.756482 
-2.00 1.446215 3.128571 0.062500 0.821995 

D12S-t27 0.00 1.498371 3.440100 0.015625 0.910135 
0.66 1.4lJ9851 3 448166 0.015625 0.919491 
1.32 1501113 3 458256 0.015625 0.930396 
1.98 1.502154 3 470379 0.015625 0.943015 
2 64 1.502975 3.484547 0.015625 0.957878 

D:!2S264 3.30 1.503576 3.500770 0.015625 0.977309 
3.81 I 504262 3 498710 0 015625 0 976019 
4.31 1.504712 3.497888 0.015625 0.976443 
4.81 I 504925 3 498303 0 015625 0 978083 
5 31 I 504903 3.499957 !!.015625 0.981027 

D22S446 5 81 1.504644 3.502851 0.015625 0.986213 
5.97 1.504541 3.501497 0 (115625 0.985291 
6.13 1.504405 3.500265 0 0 15625 0.984512 
6 29 I 504236 3.499155 0 015625 0.983838 
6.45 1.504033 3.498168 0015625 0.983265 

0225425 6.61 1.503797 3.497302 0.015625 0.982814 
7.55 1.504490 3.478296 0.015625 0.962565 
8.49 1.504659 3.463625 0.015625 0.947971 
9.44 1.504303 3.453287 0.015625 0.936947 
10.38 1.503421 3.447286 0.015625 0.928914 

D22S257 11.32 1.502016 3.445632 0.015625 0.923871 
11.72 1.502072 3.440476 0.015625 0.920020 
12.12 1.502029 3.436060 0.015625 0.916788 
12.52 1.501889 3.432383 0.015625 0.914047 
12.92 1.501651 3.429447 0.015625 0.911795 

D22S345 13.32 1.501315 3.427252 0.015625 0.910155 
17.56 1.382561 3.145826 0.062500 0.789932 
21.79 1.232630 2.954310 0.062500 0.741344 
26.03 1.028969 2.848171 0.062500 0 743381 
30.27 0.61!8172 2.824389 0.062500 0.797773 

D22S683 34.50 -I 0000.000 2.881240 0.062500 0.937274 
38.27 -0.712087 2.816293 0.062500 0.872756 
42.04 -0 515290 2 808885 0.062500 0.847245 
45.81 -0.504105 2.860869 0.062500 0.845896 
49.58 -0.678498 2.974761 0.062500 0.868730 

D22S270 53 35 -10000.000 3.153753 0.062500 omo427 
54 55 -0 453348 3 032974 0 062500 0 885303 
55.76 -0 170031 2.918626 0 062500 0 853241 
56.97 -0.012709 2.810519 0.062500 0.827126 
58 17 0.092426 2.708453 0.062500 0.805551 

D22S684 59 38 0 168521 2.612225 0.062500 0.788452 
61.38 0.239656 2 378129 0.062500 0.720161 
63.38 0.287357 2.160984 0.062500 0.668653 
65.38 0.319500 1.960384 0.062500 0.625751 
67.38 0.340591 1.775782 0.062500 0.589241 
69.38 0.353480 1.606516 0.062500 0.557875 
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analyzing pedigree 2 ... 

u!.ing non-originals: 22 I 24 2 3 4 6 

position LOD ~core NPL score p-value information 

-10.00 -0.462345 -0.032422 0.265625 0.482665 
-8.00 -0 524240 -0.018323 0.265625 0.505636 
-6.00 -0.602147 -0.003059 0 265625 0.532908 
-4 00 -0.702582 0.013306 0.265625 0.565546 
-2 00 -0.837381 0.030695 0.265625 0.605336 

ll::!.:!S-127 0.00 -1.032676 0.04'1028 0.265625 0.657665 
0.66 -1.127083 0.031070 0 265625 0.632912 
1.3.:! -1.249757 0.012954 0.265625 0.626762 
1.98 -1.4.:!3851 -0.0052.:!8 0 . .:!656.:!5 0.630013 
2.6-1 -1.7.:!3130 -0 023378 0.265625 0.641252 

D22S264 3.30 -4.818010 -0.041394 0.281250 0.660779 
3.81 -I 415450 -0.050657 0.281250 0.672193 
4.31 -1.105491 -0.059806 0.281250 0.688308 
4 81 -0.919695 -0.068784 0.281250 0 709758 
5.31 -0.784320 -0.077535 0.281250 0.738366 

D.:!2S-I-16 5.81 -0.676256 -0.086002 0.281250 0.783342 
5.97 -0.661730 -0.056548 0.281250 0.732148 
6.13 -0.647065 -0.026924 0.265625 0.714614 
6 29 -0.632235 0.002759 0.265625 0.715040 
6.45 -0.617216 0 032387 0.265625 0.733441 

D.:!.:!S-1.:!5 (l 61 -0.601990 0.061849 0.250000 0.785598 
7.".::.. -0.569911 0.054070 0 265625 0.780527 
8.4lJ -0.545440 0.04690 I 0.265625 0.778202 
9.44 -0.526932 0.040371 0.265625 0.778116 
10.3N -0.513158 0.034510 0.265625 0.78041; 

D.:!2S257 11.32 -0.503156 0.029352 0.265625 0.786615 
11.72 -0.502827 0.031289 0.265625 0.769603 
12.12 -0.501222 0.033367 0.265625 0.756025 
12.52 -II 498388 0.035586 0.265625 0.743861 
12.92 -() 494382 0.037947 0.265625 0. 732669 

0225345 13.32 -0 -189271 0.040451 0.265625 0.722233 
17 56 -0 476911 0.000436 0.265625 0 608434 
21.79 -0.411060 -0.033922 0 265625 ~.533545 
26.03 -0.340879 -0.062356 0.281250 0 481128 
30.27 -0.283944 -0.084 714 0.281250 0.444084 

D22S68J 34 50 -0.242175 -0.10 I 055 0.312500 0 417962 
38.27 -0.221849 -0.108581 0.343750 0.405343 
42.04 -0.205051 -0.114012 0.343750 0.394995 
45.81 -0 191133 -0 117285 0.343750 0.386634 
49.58 -0.179355 -0.118434 0.343750 0.379969 

D22S270 53 35 -0 168993 -0 117592 0.343750 0.374718 
54.55 -0.166676 -0.117122 0.343750 0.373653 
55.76 -0.164367 -0.116547 0.343750 0.372637 
56 97 -0 162061 -0.115869 0.343750 0.371669 
58 17 -0.159754 -0.115087 0.343750 0.370749 

D22S684 59.38 -0.157439 -0 114203 0.343750 0.369875 
61.38 -0.153976 -0 112703 0.343750 0.368660 
63.38 -0.150445 -0.110973 0.343750 0.367532 
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65.38 -0.146836 -0.109021 0.343750 0.366491 
67.38 -0.143140 -0.106854 0.343750 0.365532 
69.38 -0.139350 -0.104485 0.343750 0.364654 

Totalling ped1grees: . 

position LOD score NPL_!)core pMv..tlue information 

-10.00 0.771930 1.46610 0.121094 0.549963 

-8.00 0.763150 1.63435 0.121094 0.581119 
-6.00 0.738396 1.817990.111816 0.617666 
-4.00 0.690964 2 01768 0.081055 0.661014 
-2.00 0.608834 2.23394 0.050049 0713666 

022S.t27 0.00 0.465695 2.46719 0.034668 0.783900 
0.66 0.372768 2.46019 0.034668 0.776201 
1.32 0.251355 2.45452 0.036377 0 778579 
1.98 0.078304 2.45023 0 036377 0.786514 
2.64 -0.220155 2.44742 0.036377 0.799565 

0225264 3.30 -3.314434 2.44615 0.036377 0.819044 
3 81 0.088812 2.43814 0.036377 0.824106 
4.31 0.399221 2.43109 0.036865 0.832376 
4.81 0.585230 2.42504 0.036865 0.843921 
5.31 0.720582 2.42002 0.036865 0 859697 

D22S446 5.81 0.828388 2.41608 0.037354 0.884777 
5.97 0.842811 2.43595 0.036377 0.858719 
6.13 0.857340 2.45602 0.034668 0.849563 
6.29 0.872001 2.47623 0.034424 0.849439 
6.45 0.886816 2.49648 0.034424 0.858353 

D22S425 6.61 0.901807 2.516 70 0.033691 0.884206 
7.55 0.934580 2.49776 0.034424 0.871546 
8.49 0.959219 2.48232 0.034424 0 863087 
9.44 0.977371 2.47039 0.034424 0.857531 
10 38 0.990263 2.46200 0.034668 0.854665 

D22S257 11.32 0.998861 2.45719 0.034668 0.855243 
11.72 0.999244 2.45491 0.034668 0.844811 
12.12 1.000807 2.45326 0 036377 0.836407 
!2.52 1.003501 2.45222 0.036377 0.828954 
12.92 1.007268 2.45182 0.036377 0.822232 

D22S345 13 32 1.012044 2.45204 0.036377 0.816194 
17.56 0.905650 2.22474 0.052246 0.699183 
21.79 0.821571 2.06503 0.074463 0.637445 
26 03 0.688090 1.96987 0.090088 0.612254 
30.27 0414228 1.93724 0.094971 0.620928 

D22S683 34.50 -INFINITY 1.96589 0.090088 0.677618 
38.27 -0.933936 1.91464 0.096680 0.639050 
42.04 -0.720340 1.90556 0.098877 0.621120 
45.81 -0.695238 1.94001 0.094727 0.616265 
4r 58 -0.857853 2.01973 0.080322 0.624350 

D22S270 53.35 -INFINITY 2.14689 0.060791 0.652573 
54.55 -0.620024 2.06182 0.074463 0.629478 
55.76 -0.334398 1.98137 0.086182 0.612939 
56.97 -0.174770 1.90540 0.098877 0.599398 
58.17 -0.067328 1.83379 0.110840 0.588150 
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D2~S684 59.38 0.01108~ 1.76637 0.116455 0.579163 
61.38 0.085680 1.601900.121094 0.544411 
63.38 0 136912 1.44958 0.121094 0.518093 
65.38 0.172664 1.30911 0.121094 0.496121 
67.38 0.197451 1.18011 0.121094 0.477387 
69.38 0.~14130 1.06210 0.12~559 0.461265 

CHROMOSOME 22 STAGE 3 
analyLing pedigree 1.. 

using non~originals: I 2 3 4 5 6 I 0 

po~ition LODscore NJlL score p-value information 

-10.00 1.~34383 2 106410 006~500 0.617291 

-8 00 1.287505 ~.330345 0.06~500 0.656640 

-6.00 1.340665 2.574894 0.062500 0.70~474 

-4.00 1.393674 2.841039 0.06~500 0.756546 
-2.00 1.446348 3.129618 0.06~500 0.822082 

D22S427 0 00 1.498510 3.441287 0.015625 0.910~71 

0.66 1.500000 3.449435 0.0156~5 0.919641 
1.32 1.501272 3.459610 0.0156~5 0.930563 
1.98 1.50~323 3.471820 0.0156~5 0 943203 
2.64 1.503154 3.486077 0.0 156~5 0.958095 

0225264 3.30 1.503764 3.502392 0.0156~5 0.977577 
3.81 1.504580 3.501475 0.0156~5 0.979498 
4.31 1.505118 3.501807 0.0156~5 0.982540 
4.81 1.505377 3.503391 0.015625 0.986650 
5.31 1.505358 3.506227 0.015625 0.992049 

0225539/ 5.81 1.505060 3.510316 0.015625 0.999887 
446 5.97 1.504927 3.507971 0.015625 0.994951 

6.13 1.504774 3.505746 0.015625 0.99: 71 
6.29 1.504603 3.503642 0.015625 0.987~72 

6.45 1.504412 3.501658 0 015625 0.984915 
D21S425 6.61 1.504202 3.499795 0.015625 0.982240 

7.55 1.501400 3.463903 0.015625 0.940976 
8.49 1.500033 3.431714 0.015625 0.922207 
9.44 1.500147 3.403704 0.015625 0.918695 
10.38 1.501744 3.380374 0.015625 0.929602 

DSS2257 11.32 1.504775 3.362217 0.015625 0.957476 
11.46 1.504766 3.358581 0.015625 0.962683 
11.60 1.504788 3.355050 0.015625 0.968704 
11.74 1.504842 3.351616 0.015625 0.975716 
11.88 1.504926 3.348283 0.015625 0.984172 

D22S 1174/ 12.02 1.505042 3.345054 0.046875 0.996241 
419 12.04 1.505035 3.345126 0.046875 0.995211 

12.06 1.505027 3.345200 0.046875 0.994353 
12.08 1.505019 3.345276 0.015625 0.993560 
12.10 1.505011 3.345354 0.015625 0.992809 

D22SII64 12.12 1.505003 3.345434 0.015625 0.992091 
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12.38 1.504951 3.343061 0.046875 0.988522 
12.64 1.504827 3.341003 0.046875 0.985513 
12.90 1.504629 3.339257 0.046875 0.982901 
13.16 1.504358 3.337825 0.046875 0.980637 

D22S345 13.42 1.504014 3.336705 0.046875 0.978770 
17 66 1.400671 3.074162 0.062500 0.851819 
21 89 1.258671 2.903359 0.062500 0.797892 
26.13 1.054642 2.818172 0.062500 0.790655 
30.37 0.715181 2.813958 0.062500 0.829255 

D22S683 34.60 -10000.000 2.887616 0.062500 0.938324 
38.37 -0.712871 2.821308 0.062500 0.873719 
42.14 -0.517707 2.812832 0.062500 0.848019 
45.91 -0.508215 2.863904 0.062500 0 846469 
49 68 -0.684434 2.976911 0 062500 0.869098 

D22S270 53.45 -10000.000 3.154904 0.062500 0.930521 
54.65 -0.453213 3.034018 0 062500 0.885386 
55.86 -0.169905 2.919571 0.062500 0.853315 
57.07 -0.012591 2.811372 0.062500 0.827193 
58.27 0.092534 2. 709221 0.062500 0.805612 

D22S684 59.48 0.168621 2.612915 0.062500 0.788506 
61.48 0.239751 2.378740 0.062500 0.720204 
63.48 0.287447 2.161523 0.062500 0.668686 
65 48 0.319586 1.960858 0.062500 0.625777 
67.48 0.340672 I. 776198 0.062500 0.589263 
69.48 0.353556 1.606880 0.062500 0.557892 

analyzing pedigree 2 ... 

using non-originals: 22 I 24 2 3 4 6 
position LOD score NPL score p-value information 
-10.00 0.227334 0.371893 0.250000 0.445041 
-8.00 0.209913 0.404380 0.250000 0.462234 
-6.00 0.180684 0.437765 0.250000 0.48293 I 
-4.00 0.134346 0.471692 0.250000 0.508098 
-2.00 0.061319 0.505746 0.203 125 0.539385 

0225427 0.00 -0.059001 0.539459 0.203125 0.581922 
0.66 -0.139256 0.515375 0.203 125 0.558195 
1.32 -0.246417 0.490993 0.203 125 0.553398 
1.98 -0.403557 0.46640 I 0.250000 0.558404 
2.64 -0.684313 0.441688 0.250000 0.571926 

D22S264 3.30 -3.555160 0.416945 0.250000 0.594623 
3.81 0.378901 0.652055 0.125000 0.593237 
4.31 0.690705 0.894209 0.062500 0.609731 
4.81 0.878265 1.142534 0.062500 0.638158 
5.31 1.015356 1.396107 0.062500 0.679865 

D22S539/ 5.81 1.125096 1.653970 0.062500 0.747605 
446 5.97 1.139423 1.694489 0.062500 0.743241 

6.13 1.153359 1.735154 0.062500 0.740007 
6.29 1.166926 1.775957 0.062500 0.737289 
6.45 1.180144 I 816890 0.062500 0.734961 

D22S425 661 1.193031 1.857946 0.062500 0.732968 
7.55 1.258443 2.105176 0.062500 0.719809 
8.49 1.315841 2.359119 0.062500 0.715468 
9.44 1.366873 2.618142 0.062500 0.718809 
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10.38 1.412694 2.880565 0.062500 0.731063 
DSS2257 11.32 1.454146 3.144734 0.062500 0.760508 

11.46 1.454438 3.150640 0.062500 0.757890 
11.60 1.454741 3.156693 0.062500 0.756052 
11.74 1.455056 3.162897 0.062500 0.754609 
11.88 1.455382 3.169250 0.062500 0.753518 

D22S 1174/ 12.02 1.455721 3.175755 0.062500 0.752937 
419 12.04 1.455524 3.175043 0.062500 0 752437 

12.06 1.455327 3.174333 0 062500 0.751969 
12.08 1.455130 3.173624 0.062500 0.751516 
12.10 1.454933 3.172918 0.062500 0.751074 

D22SII64 12.12 1.454737 3.172213 0.062500 0.750646 
12.38 1.449960 3.148343 0.062500 0.741737 
12.64 1.445180 3.124856 0 062500 0.733792 
12.90 1.440396 3.10 1749 0.062500 0.726386 
13.16 1.435609 3.079016 0.062500 0.719391 

D22S345 13.42 1.430818 3.056655 0.062500 0.712733 
17.66 1.303161 2.409200 0.062500 0.599096 
21.89 1.174017 1.887366 0.062500 0.526257 
26.13 1.045706 1.4 73656 0.062500 0.475715 
30.37 0.920672 1.149886 0.062500 0.440188 

D22S683 34.60 0.801316 0.898824 0.062500 0.415220 
38.37 0.727950 0.767508 0.093750 0 403178 
42.14 0.655743 0.652703 0.125000 0.393310 
45.91 0.585821 0.553402 0.203125 0.385340 
49 68 0.519221 0.468273 0.250000 0.378987 

D22S270 53.45 0.456819 0.395809 0.250000 0.373978 
54.65 0.442736 0.380337 0.250000 0.372961 
55 86 0.428765 0.365286 0.250000 0.371992 
57.07 0 414924 0.350662 0.250000 0.371068 
58.27 0.401235 0.336467 0.250000 0.370189 

D22S684 59.48 0.387717 0.322705 0.250000 0.369355 
61.48 0.367968 0.303038 0.250000 0.368194 
63 48 0.348540 0.284178 0.250000 0.367116 
65.48 0 329508 0.266146 0.250000 0.366120 
67.48 0.310938 0.248956 0.250000 0.365203 
69.48 0.292891 0.232611 0.250000 0.364363 

Totalling pcd1grees: . 

position LOD ~score NPL_score p-value information 
-10.00 1.461717 1.75242 0.117432 0.531166 
-8.00 1.497418 1.93374 0.094971 0.559437 
-6.00 1.521349 2.13027 0.064453 0.592702 
-4.00 I 528020 2.34246 0.040771 0.632322 
-2.00 1.507668 2.57059 0.031738 0.680733 

D22S427 0.00 1.439510 2.81481 0.016357 0.746097 
0.66 1.360744 2.80354 0.018066 0.738918 
1.32 1.254854 2.79350 0.018066 0.741980 
1.98 1.098765 2.78474 0.018799 0.750803 
2.64 0.818840 2. 77735 0.018799 0.765010 

D22S264 3.30 -2.051396 2. 77139 0.018799 0.786100 
3.81 1.883481 2.93699 0.008301 0.786368 
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4.31 2.195823 3.10845 0.004150 0.796135 
4.81 2.383643 3.28516 0.003906 0.812404 
5.31 2.520714 3.46647 0.003906 0.835957 

D22S539/ 5.81 2.630156 3.65170 0.003906 0.873746 
446 5.97 2 644349 3.67869 0.003906 0.869096 

6.13 2.658133 3.70588 0.003906 0.865589 
6.29 2.671529 3.73324 0.003906 0.862581 
6.45 2.684556 3. 76078 0.003906 0.859938 

0225425 6.61 2.697232 3.78850 0.003906 0.857604 
7.55 2.759843 3.93793 0.003906 0.830392 
8.49 2.815874 4.09474 0.003906 0.818837 
9.44 2.867020 4.25809 0.003906 0.818752 
10.38 2.914438 4.42715 0.003906 0.830332 

DSS2257 I 1.32 2.958920 4.60 Ill 0.003662 0.858992 
11.46 2.959204 4.60272 0.003662 0.860286 
11.60 2.959529 4.60450 0.003662 0.862378 
11.74 2.959898 4.60646 0.003662 0.865163 
11.88 2.960309 4.60859 0.003662 0.868845 

D22Sil74/ 12.02 2.960763 4.61091 0.003662 0.874589 
419 12.04 2.960558 4.61046 0.003662 0.873824 

12.06 2.960354 4.6100 I 0.003662 0.873161 
12.08 2.960149 4.60956 0.003662 0 872538 
12.10 2.959945 4.60911 0.003662 0.871942 

D22SII64 12.12 2.959740 4.60867 0.003662 0.871369 
12.38 2.954912 4.59012 0.003662 0.865129 
12.64 2.950007 4.57205 0.003906 0.859652 
12.90 2.945025 4.55448 0.003906 0 854644 
13 16 2.939967 4.53739 0.003906 0.850014 

0225345 13.42 2.934832 4.52079 0.003906 0.845752 
17.66 2.703832 3.87732 0.003906 0.725458 
21.89 2.432688 3.38755 0.003906 0.662075 
26.13 2.100349 3.03478 0.004639 0.633185 
30.37 1.635852 2.80286 0 018066 0.634721 

D22S683 34.60 -INFINITY 2.67742 0.026367 0.676772 
38.37 0.015079 2.53768 0.033447 0.638449 
42.14 0.138036 2.45050 0.036177 0.620665 
45.91 0.077606 2.41640 0.037354 0.615905 
49.68 -0.165212 2.43611 0.036377 0.624042 

D22S270 53.45 -INFINITY 2.51073 0.033691 0.652249 
54.65 -0.0 I 0477 2.41431 0.037354 0.629174 
55.86 0.258860 2.32274 0.042236 0.612653 
57.07 0.402333 2.23590 0.050049 0.599131 
58.27 0.493769 2.15363 0.060059 0.587901 

D22S684 59.48 0.556337 2.07580 0.073486 0.578931 
61.48 0.607719 1.89630 0.099121 0.544199 
63.48 0.635988 1.72937 0.119629 0.517901 
65.48 0.649094 1.57473 0.121094 0.495949 
67.48 0.651610 1.432000.121094 0.477233 
69.48 0.646447 1.30072 0.121094 0.461127 
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