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Abstract
Context: Graves’ disease (GD) is a common autoimmune thyroid disorder inherited as a
complex trait with strong genetic predisposition. The human leukocyte antigen (HLA) region
was once reported to be linked to GD in Caucasians but has never been replicated despite
multiple linkage studies in various ethnic backgrounds.
Objective: As a candidate region approach, we tested if the HLA region, and four other
candidate regions, is linked to GD in the Chinese Han population.
Design: This is a family-based non-parametric linkage analysis, using 8 short tandem repeat
polymorphism (STRP) markers covering the HLA region on chromosome 6p21, and other 26
STRPs in four other candidate regions.
Setting: A medical center and its affiliated outpatient clinics.
Patients or Other Participants: There were 604 individuals from 127 Chinese Han complex
pedigrees in Taiwan, including 357 affected patients (288 females, 69 males) and their 247
unaffected relatives (122 females, 125 males), which could be analyzed as 199 affected
sib-pairs.
I ntervention(s): No.
Main Outcome Measure(s): Increased allele sharing among affected individuals in the same
family.
Results: Multipoint non-parametric linkage (NPL) score analysis showed significant linkage
to the HLA region, which peaked at the marker UniSTS:239159 (NPL score 3.98, P = .00004)
with the 1-LOD support interval covering the ~4 Mb HLA region.
Conclusions: Our result is the first replication of linkage of GD to the HLA region. Taken
together with the finding in the Caucasian population, it suggests that the HLA region harbors

a susceptibility gene(s) for GD in multiple ethnic groups.
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I ntroduction

Graves’ disease (GD [MIM 275000]) is a common autoimmune disorder characterized

by hyperthyroidism, diffuse goiter, thyroid-specific auto-antibodies, ophthalmopathy and/or

dermopathy (1). Its prevalence is around 1.0 to 1.6% in the general population (2, 3). The

etiology of GD is generally accepted to be multifactorial (1, 4) with strong evidence of

genetic effect including family clustering (5), a As of approximately 8 to 15 (5, 6), and a

higher concordance rate in monozygotic as compared to dizygotic twins (0.35 vs. 0.03) (7). A

statistic model based on the data from 8,966 Danish twin pairs suggested that 79% of the

predisposition to GD is attributed to genetic factors (7). The lack of a clear inheritance pattern

implies that multiple genes are involved in the pathogenesis of GD (8, 9). According to

previous linkage analysis and association study result, many regions have been suggested to

harbor susceptibility genes of GD (10, 11). However, only few regions, including the HLA

region, the cytotoxic T-lymphoctye-associated 4 gene (CTLA4 [MIM 123890]), and the

protein tyrosine phosphatase-22 (PTPN22) have shown more consistent results (12-14).

The HLA region on chromosome 6p21 contains many important immune response genes.

A number of population-based genetic association studies, especially in Caucasians, have

supported the association between the HLA region and GD, although the associated

genes/alleles have not been consistent across multiple populations (10, 15). On the other hand,

family-based studies have provided much less support for the HLA region. Only one linkage



analysis in Caucasians (16) demonstrated a nominal linkage (NPL score = 1.95), and two

family-based association studies (17, 18), also in Caucasians, reported significant association.

Other linkage analysis studies in families from the US, Tunisia, Japan and China (19-25) have

not shown significant linkage signal for GD to the HLA region. This apparent discrepancy

between association studies and linkage analysis, and the discrepancy between different

populations, make the HLA region still an intriguing candidate for additional testing (11).

Linkage analysis using family samples have suggested more than 20 different loci that

might harbor susceptibility genes of GD and/or autoimmune thyroid disease (AITD) (10, 11).

On the basis of these results and biological relevance, we also included four other candidate

regions in our linkage analysis: the CTLA4 region on chromosome 2q33 (16); the cytokine

gene cluster region on 5q31 (24); the pendrin [MIM 605646] region on 7q22 (26); and the

GD-1 (24) and the thyroid stimulating hormone receptor (TSHR [MIM 603372]) regions on

14g31.

Subjectsand Methods

ubjects

Pedigrees were ascertained through a GD proband attending the outpatient clinic of

National Taiwan University Hospital or the affiliated clinics, Far Eastern Polyclinic. All the

individuals enrolled in this study were interviewed and assessed by endocrinologists. The



diagnosis of GD was made if at least two of the following four criteria were met: (i)

documented hyperthyroidism, (ii) diffuse goiter, (iii) ophthalmopathy and/or dermopathy, and

(iv) TSH receptor-specific antibody (which is tested with TSH-binding inhibitory

immunoglobulin assay). If an individual only had documented hyperthyroidism and diffuse

goiter, a positive anti-thyroid antibody (such as anti-thyroglobulin antibody or anti-thyroid

peroxidase antibody) was required to establish the diagnosis. Pedigrees containing any

member with Hashimoto’s thyroiditis (HT [MIM603372]), by the evidence of positive

anti-thyroglobulin antibody and/or anti-thyroid peroxidase antibody, diffuse hypoechoic

thyroid in the ultrasonography, lymphocytes and Hiirthle cells in the fine-needle aspiration

cytology, and no clear evidence of GD, were excluded from this study. Ethnic background

was recorded according to the information from these individuals. Only subjects whose four

grandparents were of Chinese Han origin were included, whereas those with possible

Taiwanese aboriginals (of Pacific-Polynesian extraction) or other minority Chinese ethnic

groups were not. This project was approved by the Institutional Review Board of National

Taiwan University Hospital, and written informed consent was obtained from each

individual.

This study included a total of 604 individuals in 127 multiplex families. All the families

contained at least two affected siblings. Parents were also enrolled if possible; when samples

from one or both parents were unavailable, at least one additional unaffected sibling was



included. Among the pedigrees, 69 had two, 34 had three, 14 had four, and 10 had at least

five affected individuals in one family (table 1). There were 357 affected patients, including

288 females (80.7%) and 69 males (19.3%). In the 247 unaffected individuals, 122 were

females and 125 males. These participants could be analyzed as 199 affected sib-pairs (ASPs)

in non-parametric linkage study.

Short tandem repeat polymor phism (STRP) markers selection and genotyping

Genomic DNA was extracted from peripheral leukocytes using the PureGene kit (Gentra

Systems, Inc., Minneapolis, MN, USA) according to the manufacturer’s protocol.

Fluorescence-labeled primers were purchased from Applied Biosystems (Foster City, CA,

USA). Genotyping of STRP markers was performed on an ABI PRISM 3100 Genetic

Analyzer, with allele calling done by Genotyper Software v 3.7 (Applied Biosystems). Each

genotype was independently reviewed by two members of the research team. The overall

success rate of the genotyping was 97.5%. Mendelian inconsistency was checked with

PedCheck version 1.1 (27). All the pedigrees included in this report were compatible with

Medelian inheritance.

Eight STRPs (D6S1660- D6S1691- D6S276- D6S273- UniSTS:239159- D6S1568-

D6S291- D6S1610) in a 13.7 ¢cM region covering the HLA were chosen (table 2), resulting in

a 1.9-cM (average) marker density. The genetic positions of the markers were determined



using the Marshfield (Center for Medical Genetics) genetic maps, and the order was verified

with the physical map of National Center for Biotechnology Information (NCBI) build 35.

One (UniSTS:239159) of the eight markers was chosen from UniSTS database in NCBI build

35 without information in the Marshfield genetic maps; its genetic position was approximated

based on physical distances between flanking markers. For the other four candidate regions,

the distribution of these 26 markers was five markers (D2S118- D2S2387- UniSTS:48500-

D2S155- D2S2242) in a 15.1-cM region on 2q33, seven markers (D5S2017- D55436-

D5S2090- D5S434- D5S2014- D5S410- D5S422) in an 18.9-cM region on 5q31, five

markers (D7S2446- D7S501- D7S496- D7S52459- D7S486) in a 10.1-cM region on 7q22, and

nine markers (D14S276- D14S274- D14S63- D14S258- D14S74- D14S1044- D14S280-

D14S1054- D14S65) in a 61.1-cM region on 14q31. The necessary sequence information for

primer design was based on the database in NCBI. The information of primers is available

upon request.

Satistical analysis

Non-parametric linkage analyses were performed to locate the position of the

susceptibility genes for GD. The allele frequency of markers was estimated on the basis of

founders’ genotypes. Two-point analysis was conducted with GENEHUNTER version 2.1

(28). Multipoint non-parametric linkage (NPL) analyses were tested with two independent



methods. The first was GENEHUNTER version 2.1, in which we used the S statistic to

capture the information about the allele sharing between all affected individuals in a pedigree.

The second method was SIMWALK? (29-31), which was developed using Markov chain

Monte Carlo (MCMC) and simulated annealing algorithms.

Results

Non-parametric analysis with different methods consistently demonstrated linkage of

GD to the HLA region on chromosome 6p21. Two-point analysis with GENEHUNTER

showed the highest NPL score of 2.38 (P =.0078) at D6S1568 (table 2). While performing

multipoint NPL analysis with GENEHUNTER program, linkage peaked at marker

UniSTS:239159 (fig. 1) with a NPL score of 3.98 (P =.00004). Our 1-LOD support interval

was a ~5.2 cM region (43.3 cM — 48.5 cM, sex-average distance) on the Marshfield genetic

map (fig. 1), which can be converted to a ~11.6 Mb region (24.2 Mb — 35.8 Mb) on the NCBI

build 35 physical map. Analysis using SIMWALK?2 program also yielded similar result (table

2), with the highest —Log(P) value of 3.91 at the same marker (UniSTS:239159).

For the other four regions, the multipoint NPL scores calculated by GENEHUNTER

program are summarized in table 3. The maximal NPL scores were 0.77 on chromosome

2q33, 1.18 on chromosome 5q31, -0.63 on chromosome 7q22, and -0.31 on chromosome

14q31.



Discussion

Our results strongly support linkage of GD to the HLA region on chromosome 6p21.

Previously, the only linkage analysis with positive signal at the HLA region came from the

United Kingdom, with a nominal level of significance (NPL score = 1.95) (16). The other

linkage studies, using pedigrees from the United States (19, 24, 25), Japan (21), China (22,

32), and Tunisia (23), did not detect any significant effect. Even a recent genome-wide

linkage screen with 1,119 AITD relative-pairs (302 GD relative-pairs) in the Caucasian

population could not find linkage signal at the HLA region (20). Inadequate power due to the

nature of linkage analysis could be one explanation for the discrepancy between association

studies and linkage analysis, and for the inconsistent results in different populations (33). Our

study included 604 individuals in 127 complex families (equivalent to 199 ASPs in the

GENEHUNTER program), which, to our knowledge, is among the largest GD family

collections for linkage analysis published to date.

In addition to collecting a large sample, we also attempted to decrease genetic

heterogeneity, another major problem in genetic studies (34-36). We enrolled only pedigrees

with Chinese Han ethnic background according to the family history stated by the

participants themselves. We also took great care to define the disease phenotype as precisely

as possible. All of the participants were interviewed by at least one of the six endocrinologists

of the same medical center, and evaluated with the same diagnostic criteria. Although GD and



Hashimoto’s thyroiditis (HT) may share some common pathophysiological pathways, these

two diseases have substantial differences in terms of clinical manifestations, laboratory

abnormality and histological findings. Previous reports (19, 21) also suggested that there

might be different sets of susceptibility genes for GD, HT and autoimmune thyroid disease

(AITD, containing both GD and HT). In a recent genome-wide linkage screen in 1,119 AITD

relative-pairs, none of the linkages obtained from GD or HT was the same (20). In addition,

the diagnostic definition of HT is more controversial (11), and the etiology of HT may be

even more heterogeneous than GD (19). As an attempt to further decrease heterogeneity, we

purposely concentrated our study on GD. Pedigrees with any member of possible HT were

not included. However, we are aware that, despite all the effort to collect GD-only families, it

might not be possible to exclude all the families with both GD and HT individuals.

Our 1-LOD support interval was a ~5.2 cM region (43.3 cM —48.5 cM, sex-average

distance) on the Marshfield genetic map, which corresponds to an ~11.6 Mb region (24.2

Mb — 35.8 Mb) on the NCBI build 35 physical map. This interval contains the whole ~4 Mb

HLA region (37). Class II loci, especially the HLA DRB1*03 and the

DRB1*03-DQB1*02-DQA1*0501 haplotype, have repeatedly demonstrated association with

GD in Caucasian populations (11, 12, 15). However, in studies of populations of Chinese,

Japanese and Korean ancestry, the DRB1*03 and its haplotype did not show association with

GD:; instead, there were reports for association with class I and other class II loci (11, 12).

-10 -



Due to the extended haplotypes of the HLA genes, it has been extremely difficult to identify

the primary etiological variants (15) or “split” the effect of individual loci from the effect of

the whole haplotype (12) with samples just from a single ethnic background. Comparison

between association studies from populations with different composition of HLA haplotypes

may provide very useful clues. Since our result shows a strong linkage signal, a follow up

family-based or population-based association study with a large sample size may help clarify

the susceptibility HLA loci and/or alleles. Besides, it is still possible that some genes, other

than the classical HLA loci, accounted for our linkage signal. The recent

linkage-disequilibrium map at the HLA region (37) will facilitate a future association study.

We also tested linkage of GD to other four candidate regions, including the CTLA4

region on chromosome 2q33, the cytokine gene cluster region on 5q31, the pendrin region on

7922, and the GD-1 and the TSHRregions on 14q31. The average marker density at different

regions varied from 1 marker per 2.5 cM to 1 marker per 7.6 cM. None of the NPL scores

reached suggestive level of significance, although we did see some positive signal at 2q33

(maximal NPL = 0.77) and 5g31 (maximal NPL = 1.18).

In conclusion, our work is the first replication of linkage of GD to the HLA region.

Taken together with the previous linkage report in Caucasians and other association studies,

our results suggest that the HLA region harbors one or more susceptibility genes for GD

across multiple ethnic groups.

11 -



Acknowledgments

We thank all the GD families who graciously agreed to participate in the study. We are
grateful to Dr. Pei-Jer Chen and Shu-Fen Lu for equipment and technical support in
genotyping. We also thank Drs. David Valle and Dimitrios Avramopoulos for helpful
discussion. This work was supported by grants NSC# 91-3112-B-002-003,

92-3112-B-002-009 and 93-3112-B-002-015 from National Science Council, Taiwan.

-12-



Web Resour ces:

Accession numbers and URLs for data presented herein are as follows:

NCBI Database, http://www.ncbi.nlm.nih.gov/

Online Mendelian Inheritance in Man (OMIM), http://www.ncbi.nlm.nih.gov/Omim/ (for GD,

HT, CTLA4, pendrin, and TSHR)

Marshfield Clinic Research Foundation (Center for Medical Genetics),

http://research.marshfieldclinic.org/genetics/

-13-



References:

1 Weetman AP 2000 Graves' disease. N Engl J Med 343:1236-48

2. Tunbridge WM, Evered DC, Hall R, Appleton D, Brewis M, Clark F, Evans JG,

Young E, Bird T, Smith PA 1977 The spectrum of thyroid disease in a community:

the Whickham survey. Clin Endocrinol (Oxf) 7:481-93

3. Hollowell JG, Staehling NW, FlandersWD, Hannon WH, Gunter EW, Spencer

CA, Braverman LE 2002 Serum TSH, T(4), and thyroid antibodies in the United

States population (1988 to 1994): National Health and Nutrition Examination Survey

(NHANES III). J Clin Endocrinol Metab 87:489-99

4, DeGroot LJ, Quintans J 1989 The causes of autoimmune thyroid disease. Endocr

Rev 10:537-62

5. Brix TH, Kyvik KO, Hegedus L 1998 What is the evidence of genetic factors in the

etiology of Graves' disease? A brief review. Thyroid 8:727-34

6. Vyse TJ, Todd JA 1996 Genetic analysis of autoimmune disease. Cell 85:311-8

7. Brix TH, Kyvik KO, Christensen K, Hegedus L 2001 Evidence for a major role of

heredity in Graves' disease: a population-based study of two Danish twin cohorts. J

Clin Endocrinol Metab 86:930-4

8. Farid NR 1992 Understanding the genetics of autoimmune thyroid disease--still an

-14 -



10.

11.

12.

13.

14.

illusive goal! J Clin Endocrinol Metab 74:495A-495B

Vaidya B, Kendall-Taylor P, Pearce SH 2002 The genetics of autoimmune thyroid

disease. J Clin Endocrinol Metab 87:5385-97

Ayadi H, Hadj Kacem H, Rebai A, Farid NR 2004 The genetics of autoimmune

thyroid disease. Trends Endocrinol Metab 15:234-9

Tomer Y, Davies TF 2003 Searching for the autoimmune thyroid disease

susceptibility genes: from gene mapping to gene function. Endocr Rev 24:694-717

Simmonds M J, Gough SC 2004 Unravelling the genetic complexity of autoimmune

thyroid disease: HLA, CTLA-4 and beyond. Clin Exp Immunol 136:1-10

Smyth D, Cooper JD, Collins JE, Heward JM, Franklyn JA, Howson JM, Vella A,

Nutland S, Rance HE, Maier L, Barratt BJ, Guja C, lonescu-Tirgoviste C,

Savage DA, Dunger DB, Widmer B, Strachan DP, Ring SM, Walker N, Clayton

DG, TwellsRC, Gough SC, Todd JA 2004 Replication of an association between the

lymphoid tyrosine phosphatase locus (LYP/PTPN22) with type 1 diabetes, and

evidence for its role as a general autoimmunity locus. Diabetes 53:3020-3

Velaga MR, Wilson V, Jennings CE, Owen CJ, Herington S, Donaldson PT, Ball

SG, James RA, Quinton R, Perros P, Pearce SH 2004 The codon 620 tryptophan

allele of the lymphoid tyrosine phosphatase (LYP) gene is a major determinant of

Graves' disease. J Clin Endocrinol Metab 89:5862-5

215 -



15.

16.

17.

18.

19.

Simmonds MJ, Howson JM, Heward JM, Cordell HJ, Foxall H, Carr-Smith J,

Gibson SM, Walker N, Tomer Y, Franklyn JA, Todd JA, Gough SC 2005

Regression mapping of association between the human leukocyte antigen region and

Graves' disease. Am J] Hum Genet 76:157-63

Vaidya B, ImrieH, Perros P, Young ET, Kelly WF, Carr D, Large DM, Toft AD,

McCarthy M1, Kendall-Taylor P, Pearce SH 1999 The cytotoxic T lymphocyte

antigen-4 is a major Graves' disease locus. Hum Mol Genet 8:1195-9

Segni M, Pani MA, Pasquino AM, Badenhoop K 2002 Familial clustering of

juvenile thyroid autoimmunity: higher risk is conferred by human leukocyte antigen

DR3-DQ2 and thyroid peroxidase antibody status in fathers. J Clin Endocrinol Metab

87:3779-82

Heward JM, Allahabadia A, Daykin J, Carr-Smith J, Daly A, Armitage M,

Dodson PM, Sheppard M C, Barnett AH, Franklyn JA, Gough SC 1998 Linkage

disequilibrium between the human leukocyte antigen class II region of the major

histocompatibility complex and Graves' disease: replication using a population case

control and family-based study. J Clin Endocrinol Metab 83:3394-7

Tomer Y, Barbesino G, Greenberg DA, Concepcion E, Davies TF 1999 Mapping

the major susceptibility loci for familial Graves' and Hashimoto's diseases: evidence

for genetic heterogeneity and gene interactions. J Clin Endocrinol Metab 84:4656-64

-16-



20.

21.

22.

23.

24,

Taylor JC, Gough SC, Hunt PJ, Brix TH, Chatterjee K, Connell JIM, Franklyn

JA, Hegedus L, Robinson BG, Wiersinga WM, Wass JA, Zabaneh D, Mackay |,

Weetman AP 2005 A genome-wide screen in 1119 relative pairs with autoimmune

thyroid disease. J Clin Endocrinol Metab Nov 8; [Epub ahead of print]

Sakai K, Shirasawa S, I shikawa N, 1to K, Tamai H, Kuma K, Akamizu T,

Tanimura M, Furugaki K, Yamamoto K, Sasazuki T 2001 Identification of

susceptibility loci for autoimmune thyroid disease to 5q31-q33 and Hashimoto's

thyroiditis to 8q23-q24 by multipoint affected sib-pair linkage analysis in Japanese.

Hum Mol Genet 10:1379-86

JinY, TengW, Ben S, Xiong X, Zhang J, Xu S, Shugart YY, Jin L, Chen J,

Huang W 2003 Genome-wide scan of Graves' disease: evidence for linkage on

chromosome 5q31 in Chinese Han pedigrees. J Clin Endocrinol Metab 88:1798-803

Maalgl A, Bougacha N, Rebai A, Bellassouad M, Ayadi-Makni F, Abid M, Jouida

J, Makni H, Ayadi H 2001 Lack of linkage and association between autoimmune

thyroid diseases and the CTLA-4 gene in a large Tunisian family. Hum Immunol

62:1245-50

Tomer Y, Ban Y, Concepcion E, Barbesino G, Villanueva R, Greenberg DA,

Davies TF 2003 Common and unique susceptibility loci in Graves and Hashimoto

diseases: results of whole-genome screening in a data set of 102 multiplex families.

-17 -



25.

26.

27.

28.

29.

30.

31.

Am J Hum Genet 73:736-47

Allen EM, Hsueh WC, Sabra MM, Pollin Tl, Ladenson PW, Silver KD, Mitchell

BD, Shuldiner AR 2003 A genome-wide scan for autoimmune thyroiditis in the Old

Order Amish: replication of genetic linkage on chromosome 5q11.2-q14.3. J Clin

Endocrinol Metab 88:1292-6

Kacem HH, Rebai A, Kaffel N, Masmoudi S, Abid M, Ayadi H 2003 PDS is a new

susceptibility gene to autoimmune thyroid diseases: association and linkage study. J

Clin Endocrinol Metab 88:2274-80

O'Conndll JR, Weeks DE 1998 PedCheck: a program for identification of genotype

incompatibilities in linkage analysis. Am J Hum Genet 63:259-66

Kruglyak L, Daly MJ, Reeve-Daly MP, Lander ES 1996 Parametric and

nonparametric linkage analysis: a unified multipoint approach. Am J Hum Genet

58:1347-63

Sobel E, Lange K 1996 Descent graphs in pedigree analysis: applications to

haplotyping, location scores, and marker-sharing statistics. Am J Hum Genet

58:1323-37

Sobel E, Papp JC, Lange K 2002 Detection and integration of genotyping errors in

statistical genetics. Am J Hum Genet 70:496-508

Sobel E, Sengul H, Weeks DE 2001 Multipoint estimation of identity-by-descent

-18-



32.

33.

35.

36.

37.

probabilities at arbitrary positions among marker loci on general pedigrees. Hum

Hered 52:121-31

JinY, Ben S, Teng W, Zhang J, Xiong X, ZhaoY, Huang W 2002 A linkage study

of cytotoxic T lymphocyte-associated antigen 4 gene and Graves' disease in northern

Chinese Han ethnic. Zhonghua Nei Ke Za Zhi 41:809-12

Risch N, Merikangas K 1996 The future of genetic studies of complex human

diseases. Science 273:1516-7

Cardon LR, Bell JI 2001 Association study designs for complex diseases. Nat Rev

Genet 2:91-9

Risch NJ 2000 Searching for genetic determinants in the new millennium. Nature

405:847-56

Glazier AM, Nadeau JH, Aitman TJ 2002 Finding genes that underlie complex

traits. Science 298:2345-9

Miretti MM, Walsh EC, Ke X, Delgado M, GriffithsM, Hunt S, Morrison J,

Whittaker P, Lander ES, Cardon LR, Bentley DR, Rioux JD, Beck S, Deloukas P

2005 A high-resolution linkage-disequilibrium map of the human major

histocompatibility complex and first generation of tag single-nucleotide

polymorphisms. Am J Hum Genet 76:634-46

-19-



Figure and Tables:

Table 1

Summary of Families

NO. OF AFFECTEDS

NO. OF FAMILY

2
3
4
5
6
9

10

69
34
14

—_ = =
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Table 2

The Results of Linkage Analysis at the HLA Region on 6p21

MARKER LOCATION TWO-POINT ANALYSIS MULTI-POINT ANALYSIS
Genetic  Physical GENEHUNTER GENEHUNTER SIMWALK
Map*® Map” NPL  Information P NPL  Information P -LOG (P)
(cM) (Mb) Content Content
D6S1660 40.14 234 0.24 0.51 398 2.37 0.85 .008 2.10
D6S1691 42.27 24.0 1.63 0.79 .048 2.72 0.93 .003 3.04
D6S276 44.41 243 0.95 0.63 162 3.22 0.93 .0006 3.72
D6S273 44.96 31.8 1.17 0.64 A15 3.43 0.93 .0003 3.83
UniSTS:239159° 46.34 333 1.60 0.73 .050 3.98 0.95 .00004 391
D6S1568 47.71 34.1 2.38 0.76 .008 3.76 0.94 .00009 3.08
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D6S291 49.50 36.3 1.63 0.62 .048 2.37 0.90 .008 2.15

D6S1610 53,81 39.4 1.57 0.67 .054 2.34 0.83 .009 2.06

* Genetic map locations were determined using sex-average distance on the Marshfield genetic map.
b Physical map locations were determined using NCBI human genome map build 35.
“The UniSTS:239159 marker is not included in the Marshfield genetic map. Its genetic map location was approximated based on physical

distances between flanking markers.
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Table 3

Maximal Multipoint NPL Scores (MLS) at All the Five Candidate Regions

REGION MARKER® LOCATION” MLS® P

(cM)
2q33 UniSTS:48500° 199.35 0.77 21
5q31 D5S422 164.19 1.18 .10
6p21 UniSTS:239159¢ 46.34 3.98 .00004
7q22 D7S2446 113.92 -0.63 .64
14q31 D14S274 63.25 -0.31 52

* The marker with the highest NPL score within the respective region.

® Genetic map locations were determined using sex-average distance on the Marshfield
genetic map.

¢ Multipoint NPL scores were calculated with GENEHUNTER version 2.1, using the Sy
statistic.

4 UniSTS:48500 and UniSTS:239159 are not included in the Marshfield genetic map. Their
genetic map locations were approximated based on physical distances between flanking

markers.

-23-



Figure 1

Multipoint NPL scores on 6p21-p22 from linkage analysis of 199 ASPs in 127 GD families.

The scores were calculated with GENEHUNTER v 2.1. Multipoint NPL scores (solid line),

information content (dotted line), the 1-LOD region (empty bar) and the HLA region (filled

bar) are plotted. The X-axis values are distances from the p-telomere, in Kosambi cM.
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