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Chromosome 5 and Parkinson disease
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Parkinson disease (PD) is the second most common neurodegenerative disorder. Despite the identification
of five causative genes, the majority of PD etiology is still unknown. A region on chromosome 5q is one of
the few regions of the genome found linked in multiple studies of familial PD. Analyses were performed
using genotypic data from two independent research studies to evaluate rigorously the evidence of linkage
on chromosome 5. The combined sample consisting of 1238 affected individuals from 569 multiplex
PD families were genotyped for a common set of 20 microsatellite markers spanning an 80 cM region on
chromosome 5q. Two disease models were employed and model-free linkage analyses were performed to
detect linkage to a PD susceptibility gene and also to detect linkage to a quantitative phenotype, age of
onset of PD. There was little evidence of linkage using either a narrower or broader disease definition (lod
o0.5). Analyses employing age of onset of PD as the phenotype produced a lod score of 1.8. These results
in a very large sample of familial PD suggest that it is unlikely that a PD susceptibility gene is located on
chromosome 5q. Evidence for a locus contributing to the age of onset of PD is modest at best (empirical
P-value¼0.07).
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Introduction
Parkinson disease (PD) is the second most common

neurodegenerative disorder. There is wide variability in

the age of onset of disease, although the average age is

approximately 60 years.1 PD is characterized by bradyki-

nesia, resting tremor, muscular rigidity and postural

instability, as well as a clinically significant response to

treatment with levodopa.2 Recent studies have consistently

found a significant genetic contribution to the risk of PD.

Genetic analyses have identified five genes, which when

mutated can result in PD.3 Two of these genes, SNCA and

LRRK2, act in an autosomal dominant manner whereas the

other three genes, PRKN, PINK1 and DJ1, are autosomal

recessive in their mode of action. The majority of families

with PD are not segregating a simple Mendelian form of

disease. Rather, in many of these families, particularly

those with multiple members with PD, it is expected that

PD susceptibility genes may be interacting with each other

or environmental factors, thereby increasing the risk of PD.

Ongoing studies of multiplex PD pedigrees have provided

evidence of linkage to several chromosomal regions.

Chromosome 5q is one of the few regions of the genome

identified as a locus for PD susceptibility in multiple

studies (Figure 1). Linkage to a PD susceptibility locus has

been detected using four different studies of multiplex PD

families. In the PROGENI study, initial linkage analyses

performed in a sample of 90 families with 96 affected

sibling pairs meeting the narrow PD definition produced

a maximum lod score of 1.6.4 Analyses in the GSPD-

European Consortium consisting of 199 families yielded a

maximum lod score of 1.05 near the marker D5S471 using
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a narrow disease definition. The evidence of linkage was

greatest (lod¼2.2) among those 115 families that did not

provide evidence of linkage to chromosome 2.5 A genome

screen in a sample of 51 Icelandic families resulted in a

maximum lod score of 1.6 on chromosome 5q near the

marker D5S666.6 The Duke PD study, using 174 families

generated a maximum lod score of 1.5 on chromosome 5q

near the marker D5S816.7 Further studies in these families

also detected linkage to a gene that may contribute to PD age

of onset in this same region of chromosome 5q.8 Clearly, the

evidence from each study individually is relatively modest;

however, the convergence of linkage evidence from so many

different studies suggests that a gene with moderate effect on

PD risk may be located in this region of chromosome 5.

To test rigorously whether a gene contributing to PD

susceptibility or PD age of onset is found on chromosome

5q, a global genetics consortium was established between

the PROGENI and GSPD-European Consortium studies.

The goal of this consortium was to genotype a common set

of markers across the region linked to PD susceptibility and

test within an expanded sample of multiplex PD families

whether a gene affecting the risk for PD was located on

chromosome 5.

Methods
Consortium samples

The PROGENI study samples were recruited through 59

Parkinson Study Group (PSG) sites located throughout

North America. The sample included 832 affected indivi-

duals with DNA from 379 multiplex PD families ascer-

tained through a sibling pair reportedly affected with PD.

All study participants completed a uniform clinical evalua-

tion (UPDRS;9) and a Diagnostic Checklist.4 The Diagnostic

Checklist was developed with inclusion criteria consisting

of clinical features highly associated with autopsy-

confirmed PD and exclusion criteria highly associated

with other non-PD pathological diagnoses.10,11 Responses

on the Diagnostic Checklist were used to classify study

subjects as having verified PD or nonverified PD. Age of

onset information was available for 769 of the 832 sampled

individuals. Twelve percent of those with age of onset

information in the PROGENI sample had an age of onset of

45 years or younger, the typical criteria for early onset PD.

Screening for mutations in known PD genes was not

performed in all study samples. The majority of families

(85%) consisted of a single pair of affected siblings. The

PROGENI sample was primarily Caucasian (94%), although

Hispanics (5%) also participated. The male-to-female ratio

in this sample was 1.2. Appropriate written informed

consent approved by each individual institution’s Institu-

tional Review Board was completed.

The GSPD-European Consortium sample consisted of

654 genotyped individuals (406 affected) from 199

multiplex PD pedigrees, ascertained through an index case

with a definite diagnosis of PD. One hundred and eighty-

eight pedigrees were ascertained from five European

countries (France – 70, United Kingdom – 33, Netherlands

– 26, Germany – 30 and Italy – 29), and the remaining 11

pedigrees were recruited in the United States. Following a

standardized neurological evaluation,5 subjects were clas-

sified as definite PD if the following criteria were

met: presence of three of the four cardinal signs of PD

(bradykinesia, rigidity, rest tremor, asymmetry of signs at

onset), at least 30% improvement with levodopa therapy

and absence of exclusion criteria (supranuclear gaze palsy,

Babinski sign, cerebellar signs, dyspraxia, prominent and

early urinary symptoms, MMSE o24/30 within 2 years of

onset). Probable PD was defined as three of the four

cardinal signs, or two of the four cardinal signs and at least

30% improvement with levodopa therapy, and absence of

exclusion criteria. Age of onset information was available

from 388 affected individuals. There was no difference in

the subject’s age at participation, age at onset or clinical

symptoms between the six ascertainment sites.5 Thirteen

percent of those with age of onset information in the

GSPD-European Consortium sample had an age of onset of

45 years or younger, the typical criteria for early-onset PD.

Screening for mutations in known PD genes was not

performed in all study samples. The sample was nearly

exclusively Caucasian with an affected male-to-female

ratio of 1.1.

Molecular genotyping and statistical analyses

A common set of 20 equally spaced, microsatellite markers,

with an average intermarker density of 4.3 cM, was

genotyped across a 79 cM region of chromosome 5q23

region. The PROGENI and GSPD-European Consortium

samples were genotyped in different laboratories using

previously described methods.4,5 A CEPH control sample

(1347-02) was genotyped in both laboratories to assist in

combining the two samples for joint analyses.

A genome screen had been previously been completed in

both the PROGENI and GSPD-European Consortium

samples. Results from the screen had been used to verify

all family structures. The data from the 20 markers

genotyped as part of this study was evaluated for

Mendelian inheritance of marker alleles using the program

Figure 1 Evidence of linkage to chromosome 5q from four studies.
The location of the markers used for fine mapping in this study are
represented as dots below the ideogram.
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Pedcheck.12 The distribution of the marker allele sizes and

frequencies were reviewed in each sample and were found

not to be significantly different. To further test for subtle

differences in allele frequencies within the GSPD-European

Consortium sample, given the varied origin of the families,

examination of the allele frequencies was performed based

on the country of origin of the family. A w2 test of

homogeneity was performed comparing the marker allele

frequency distribution for samples ascertained across the

six GSPD-European Consortium sites. Only marker alleles

with a frequency of 5% or greater were included in the

analyses. The PROGENI study does not provide sufficiently

detailed ethic information to further stratify families of

Caucasian, non-Hispanic descent. Therefore, allele fre-

quencies in the PROGENI sample were compared between

the Caucasian Hispanic and non-Hispanic families. We did

not detect significant differences in allele frequencies in

any of these comparisons.

For each marker, two approaches were employed to

combine the genotypic data for a joint analysis. In the first

method, the allele sizes and frequencies were compared

along with the control sample genotypes to align the

marker alleles in the two samples. The frequency of

the aligned markers were computed in the joint samples

and employed for all analyses. Rare alleles were binned into

the nearest allele that the two studies had in common. In

the second method, the loci are duplicated, one for each

data set, and analyses were performed using sample-

specific allele frequencies. There were minimal differences

between the two methods, so results are only presented

using the marker alignment method.

Model-free tests of linkage (Merlin;13) were employed for

statistical analyses. Allele frequencies were estimated using

all alleles genotyped in the two studies. The extent of allele

sharing among affected relative pairs was used to test for a

PD susceptibility gene on chromosome 5q23. Two disease

models, one narrower and one broader, were employed for

genetic analyses (see Table 1). To employ genotypic

information from all available family members, those

genotyped family members which were not considered

affected within a particular model were coded as unknown.

A second series of analyses was also performed to assess the

evidence of linkage for a gene contributing to the age of

onset of PD to the chromosome 5q23 region. A variance

component approach as implemented in Merlin was

employed. Analyses were performed to test for linkage

with age of PD onset using only the samples and families

meeting criteria for the narrower PD definition and

subsequently broadening the sample to include those

individuals and families meeting criteria for the broader

PD definition. One thousand replicates of the combined

data were generated under the null hypothesis of no

linkage using the program Merlin to estimate the prob-

ability of the observed maximal lod score.

Results
Evidence of linkage to a PD susceptibility gene using either

the narrower or broader definition of disease was minimal

in the combined data set (Figure 2). The maximum lod

score (lod¼0.2) using the narrower disease definition was

in the midpoint of the region, near the marker D5S2011.

Using the broader disease model, the maximum lod score

of 0.4 was obtained at the marker D5S2049, 20 cM distal to

the maximum obtained with the narrower model.

To better interpret these results, the analysis was also

performed in the two consortium samples separately.

The PROGENI families had little evidence of linkage across

the entire 70 cM interval. The highest lod score using either

model of affection was obtained using the broader disease

definition near the marker D5S2055 (lod¼0.6). The GSPD-

European Consortium families provided greater evidence

of linkage with a maximum lod score of 1.3 obtained using

Table 1 PROGENI and GSPD-European Consortium samples

PROGENI study GSPD-European Consortium sample Combined sample

Verified PD Definite PD

Narrower model
No. of affected individuals 435 376 811
No. of unaffected individuals 39 246 285
No. of families 208 179 387
No. of affected sibling pairs 234 193 427
Age of onset, years (mean7s.d.; range) 60.7711.6 (22–84) 57.8711.0 (24–84) 59.5711.5 (22–84)

Verified and nonverified PD Definite and probable PD

Broader model
No. of affected individuals 832 406 1238
No. of unaffected individuals 17 248 265
No. of families 379 190 569
No. of affected sibling pairs 470 216 686
Age of onset, years (mean7s.d.; range) 61.1712.1 (18–87) 57.9711.0 (24–84) 60.0711.9 (18–87)
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the narrower disease definition at a marker 4 cM away

(D5S471). When the broader model was employed, results

were very similar (lod¼1.0 at marker D5S471). Review of

the information content in the two samples suggests that

the PROGENI sample consisting primarily of single pairs of

affected siblings is less informative. The average informa-

tion content in these families was 54%. In contrast,

the GSPD-European Consortium families, which more

frequently contain unaffected genotyped individuals and

often consist of more than two affected siblings, had a

higher average information content of 65%.

Analyses were also performed to test the hypothesis that

a gene contributing to the age of onset of PD may be

located within the chromosome 5q23 region (Figure 3).

Analyses in the combined set of families provided evidence

of linkage to the quantitative age of onset phenotype in

the most distal region of the tested interval, at the marker

D5S2040, with a maximum lod score of 1.8 when the

broader definition of PD was employed. In addition, the

most proximal portion of the tested interval also provided

some evidence of linkage with a maximum lod score of 1.6

near the marker D5S428. The narrower disease definition

produced lod scores below 0.5 throughout the 5q23 region.

In contrast to the results with the PD susceptibility gene

analyses, the greatest evidence of linkage to the quantita-

tive age of onset phenotype was observed in the PROGENI

samples when the broader disease model was employed.

A maximum lod score of 2.0 was obtained near the marker

D5S422 in the more distal region of chromosome 5q,

corresponding to an empirical P-value of 0.065. A second

linkage peak (lod¼1.5) was seen in the more proximal

region near the marker D5S428. Evidence of linkage to a

gene contributing to the variation in age of onset was

minimal in the smaller set of PROGENI families meeting

the narrower disease definition (lodo0.25). The GSPD-

European Consortium families produced lod scores less

than 0.75 throughout the chromosome 5q23 region when

analyzing the age of onset phenotype.

Discussion
This study was designed to evaluate rigorously the evidence

for a gene on chromosome 5 contributing to PD suscept-

ibility in the largest sample of familial PD ever analyzed

using linkage methods. We have analyzed a sample of

1238 affected individuals from 569 multiplex ascertained

throughout North America and Europe. The subjects were

rigorously evaluated and a common set of microsatellite

markers was genotyped at approximately 5 cM intervals

throughout a 79 cM region.

Previously, evidence of linkage to chromosome 5 had

been obtained from four independent samples, although

the linkage results in each sample was modest. Despite the

large sample and extensive marker genotyping performed

in the current study, we did not detect significant evidence

of linkage to a PD susceptibility gene on chromosome 5.

To ensure maximal power to detect linkage, analyses were

performed using two disease models. There was greater

evidence of linkage in the GSPD-European Consortium

sample than in the PROGENI sample. However, even the

evidence in the primarily European sample did not reach

statistical significance. It should be noted that the sample

of PD families is relatively heterogeneous. Although

the sample is primarily Caucasian in origin, the families

in this study were recruited from seven different countries.

As a result, it is possible that our ability to detect linkage

may be reduced owing to underlying genetic heterogene-

ity. This is particularly likely if a PD susceptibility gene on

Figure 2 Evidence of linkage to chromosome 5q using two models
of PD susceptibility. The solid line depicts results using the broader
disease definition and the dashed line depicts results with the narrower
disease definition.

Figure 3 Evidence of linkage to chromosome 5q using age of
onset of PD as the phenotype. Analyses limited to only those
individuals meeting the criteria for the narrower definition of disease
are depicted with the dashed line and results with the expanded
sample meeting the criteria for the broader disease definition are
shown with the solid line.

Chromosome 5 and Parkinson disease
T Foroud et al

1109

European Journal of Human Genetics



chromosome 5 was only segregating in a subset of families.

With this potential limitation, we interpret our results in a

large sample to suggest that if there is a PD susceptibility

gene on chromosome 5, it is unlikely to have major or even

moderate effect on disease risk.

Owing to the evidence of linkage to chromosome 5q

using the age of PD onset as a quantitative phenotype,8 we

performed additional analyses to evaluate if the previously

reported linkage results might be owing to a gene, which

affected when an individual develops PD rather than their

disease susceptibility. Higher lod scores were obtained

when analyzing age of onset of PD. Similar evidence of

linkage was observed at both ends of the genotyped region.

However, even these linkage results are modest and do

not meet the criteria for statistically significant linkage

evidence. Interestingly, the evidence for linkage to a gene

contributing to the variation in PD age of onset is greater

in the PROGENI sample than in the GSPD-European

Consortium sample, the reverse of the findings observed

when analyzing PD susceptibility. These differing results

using age of onset as phenotype may be owing to the

greater size of the PROGENI sample and its corresponding

greater power to detect linkage to a quantitative trait.

However, it must be stressed that none of our linkage

findings were statistically significant.

Evaluation of several candidate genes in the chromo-

some 5q region, including the alpha-synuclein-interacting

protein gene (SNCAIP, also known as synphilin-1), has

not resulted in the identification of any significant

disease associations,14 – 16 although a potentially putative

mutation was reported.17 Sequencing of the SNCAIP gene

in the PROGENI samples did not identify any mutations

(unpublished data). These results in combination with the

analyses performed in the current study strongly suggest

that it is unlikely that there is a gene of major or moderate

effect on chromosome 5q contributing to PD susceptibility

or PD age of onset in familial PD.
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