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Primary torsion dystonia (PTD) is a clinically and genetically heterogeneous group of movement disorders, usually
inherited in an autosomal dominant fashion with reduced penetrance. The DYT1 gene on chromosome 9q34 is respon-
sible for most cases of early limb-onset PTD. Two other PTD loci have been mapped to date. The DYT6 locus on
chromosome 8 is associated with a mixed phenotype, whereas the DYT7 locus on chromosome 18p is associated with
adult onset focal cervical dystonia. Several families have been described in which linkage to the known PTD loci have
been excluded. We identified a large Italian PTD family with 11 definitely affected members. Phenotype was character-
ized by prominent cranial-cervical and upper limb involvement and mild severity. A genome-wide search was performed
in the family. Linkage analysis and haplotype construction allowed us to identify a novel PTD locus (DYT13) within a
22 cM interval on the short arm of chromosome 1, with a maximum lod score of 3.44 between the disease and marker
D1S2667.
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Dystonia is characterised by sustained involuntary mus-
cle contractions causing twisting movements and ab-
normal postures, without other neurological signs.1

Primary torsion dystonia (PTD) is a movement disor-
der in which dystonia is the primary and indeed sole
abnormality directly attributable to the condition.2

PTD has a wide clinical spectrum and may be gener-
alized, segmental or focal, its severity being largely de-
termined by the age of onset. Patients with onset in
childhood tend to develop severe generalized dystonia,
whereas onset in adult life (commonly in cranial or cer-
vical muscles) is less frequently associated to spreading
to other body districts and to generalization.3 PTD is
often inherited in an autosomal dominant pattern with
reduced penetrance (30–40%).2 Three PTD loci have
been mapped to date. The gene responsible for early
limb-onset generalized dystonia (DYT1) has been
linked to chromosome 9q344 and has recently been
cloned. The only detected mutation is a three–base
pair (GAG) deletion, resulting in loss of a glutamic-

-acid residue in a conserved region of a novel adenosine
triphosphate (ATP)-binding protein, termed TorsinA.5,6

A form of adult-onset, focal PTD (DYT7) has been
linked to chromosome 18p in a German family,7

whereas in two German-Mennonite families showing a
mixed phenotype a novel locus (DYT6) has been
mapped to chromosome 8.8 Linkage to known chromo-
somal locations has been excluded in several PTD fam-
ilies, in which other genes are likely to be involved.9–14

The identification of novel PTD genes is particularly
difficult, as families with dystonia are often too small for
linkage purposes and the heterogeneity of clinical pre-
sentation does not allow pooling of families.

The large Italian PTD family described here was
considered highly informative and a suitable resource
to identify a novel PTD gene. We performed a
genome-wide search and mapped a novel locus, named
DYT13, on chromosome 1p36.13–36.32, to a 22cM
region with high gene density.
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Subjects and Methods
Subjects
A large Italian family composed of 45 family members and
11 spouses was investigated; the methodology and the clini-
cal characterization of the family have been reported else-
where.11 After obtaining informed consent, venous blood
samples were taken from all examined subjects for DNA
analysis. Family members have been followed up (last exam-
ination in March 2000).

DNA and Linkage Analysis
We extracted DNA from leukocytes using standard tech-
niques. Exclusion of linkage between the disease and the al-
ready known PTD loci (DYT1, DYT6, and DYT7) has been
reported elsewhere.11,13 A simulation study performed with
the program SLINK15 revealed a maximum expected lod
score of 3.56 at recombination fraction (u) 5 0.00. The
family was then considered suitable for a genome-wide anal-
ysis. We analyzed 400 highly polymorphic fluorescent mic-
rosatellite markers spanning the 22 autosomes with an aver-
age distance of 10 cM (Linkage Mapping Set version 2; PE
Applied Biosystems, Foster City, CA). All available family
members were genotyped to allow haplotype construction
and the reconstruction of deceased gene carrier haplotypes
with a maximum certainty. Microsatellite markers were am-
plified from genomic DNA using the polymerase chain re-
action (PCR) technique as specified by the manufacturers,

and electrophoresed on a denaturing acrylamide gel using a
377 DNA Sequencer (PE Applied Biosystems). DNA frag-
ment size analysis was performed semiautomatically using the
Genescan and Genotyper software (PE Applied Biosystems)
to determine genotypes.

Two-point lod scores were generated using the
FASTLINK version of the MLINK program,16,17 using an
assumption of equal male–female recombination rate, auto-
somal dominant inheritance, reduced penetrance (0.40), a
gene frequency of 0.0001, and equal allele frequencies for
each marker. Family members diagnosed as having undeter-
mined phenotype (see Results) were not included in the link-
age analysis.

When an lod score $ 1 was obtained at a given locus or
when linkage between the disease and uninformative markers
could be neither proved nor excluded, the surrounding re-
gions were saturated with closely spaced microsatellite mark-
ers (average distance 2 cM) and haplotypes were constructed
manually. Phase was assigned based on the minimum num-
ber of recombinants. Marker order and genetic distances
were based on framework markers of the latest Genetic Lo-
cation Database chromosome 1 consensus map.

Results
Clinical Analysis
A simplified pedigree of the family is shown in the Fig-
ure. The family was examined for the first time in

Fig. Simplified pedigree of the family and haplotypes of marker loci spanning the linked region on chromosome 1p36. Black symbols
denote individuals affected by PTD, a question mark denotes individuals with undetermined phenotype, and a thick vertical bar
within the symbol denotes individuals affected by history. Deceased members are marked with a diagonal bar. A thin horizontal bar
above symbols indicates members of the family who were examined clinically. The black bar denotes the haplotype segregating with
the disease in the family, whereas any other haplotype is represented by a white bar. To protect patient confidentiality and erroneous
conclusions regarding gene status, only the haplotypes of affected family members have been included, and a diamond symbol has
been used to mask identity of unaffected individuals.
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1994; at that time, eight individuals received a diagno-
sis of definite dystonia and six a diagnosis of probable
dystonia.11 The age at onset in definitely affected sub-
jects ranged from 5 to 40 years. The phenotype was
characterized by focal or segmental dystonia with onset
either in the cranial-cervical region or in the upper
limbs, mild course, and occasional generalization.

All probably affected and unaffected family members
agreed to be reevaluated in March 2000. At that time,
three more individuals (III:11, IV:9, and III:20) had
developed a definite dystonia. Individuals III:11 and
IV:9 had been diagnosed as unaffected in 1994. On
the latest examination, individual III:11 presented with
dystonic tremor and posturing of the neck. Individual
IV:9 presented with marked irregular tremor and bilat-
eral dystonic posturing of the upper limbs, and writer’s
cramp. Individual III:20 had received a diagnosis of
probable dystonia in 1994. On the latest examination,
she had dystonic posturing of the right arm while writ-
ing, and dystonic jerks and posturing of the neck par-
tially controlled by a sensory trick. In these three sub-
jects, aged 55, 41, and 58, respectively, the age at onset
could not be accurately defined, as dystonia was mild
at onset and worsened slowly over time. The patients
or relatives did not take special notice of the symptoms
and could not be precise as to date of onset. The re-
maining five individuals who were diagnosed as prob-
ably affected in 1994 did not present evolution over 6
years. They still had minor clinical signs (jerks of neck
or of the arm or mild tremor), but no spasmodic
movements or postures were evident, and no direc-
tional or task-activated movements or sensory tricks.
These people have been considered in this study as
“undetermined phenotype” and were not included in
the linkage analysis.

The inheritance of PTD was autosomal dominant,
with affected individuals spanning three consecutive
generations and male-to-male transmission. A summary

of the clinical presentation of dystonia in the family is
given in Table 1.

Linkage Analysis
Linkage to DYT1, DYT6, and DYT7 had been previ-
ously excluded.11,13 Four hundred microsatellite mark-
ers covering all autosomes were analyzed in the family.
All of them generated negative or nonsignificant lod
scores at all tested recombination fractions (u 5 0.0 to
0.5), except five markers on chromosomes 1, 5, 10, 12,
and 15, which generated maximum lod scores between
1.0 and 1.8. The regions surrounding these five loci
and all regions surrounding noninformative markers
were then saturated with closely spaced microsatellite
markers and haplotypes were constructed. The negative
lod scores obtained and the detection of different hap-
lotypes carried by the affected individuals in the family
allowed exclusion of all autosomes except a region on
the short arm of chromosome 1. All markers spanning
this candidate interval produced positive lod scores,
with a maximum lod score of 3.44 (u 5 0.0) between
the disease and marker D1S2667 (Table 2). Calcula-
tion of pairwise lod scores assuming different pen-
etrance values (0.20 to 0.80) and under the assumption
“affected individuals only” did not result in a signifi-
cant change (data not shown). All affected individuals
in the family shared a common haplotype between
D1S2663 and D1S2697 (see Fig), allowing the identi-
fication of a 22 cM interval containing a novel PTD
gene (DYT13). The upper extent of the region is de-
termined by recombinations detected in subjects III:14
and IV:9 between markers D1S2663 and D1S450.
The lower extent of the region is defined in individual
II:7 and his descendants between D1S407 and
D1S2697.

Table 1. Clinical Presentation of Dystonia in Definitely Affected Individuals (n 5 11)

Subject (Sex)

Onset Latest Examination

Age Site Age PTD Distribution

III:2 (F) 5 Cranial-cervical 71 Upper face, larynx, neck, upper limbs (segmental)
III:6 (M) 10 Cervical 67 Upper face, neck, upper limbs (segmental)
III:10 (F) 26 Cranial-cervical 63 Upper face, larynx, pharynx, neck, upper limbs (segmental)
III:11 (F) Unknown Cervical 65 Neck (focal)
III:14 (F) 5 Upper limbs 61 Upper face, larynx, neck, trunk, limbs (generalized)
III:16 (F) 5 Cervical 59 Upper and lower face, neck, trunk (segmental)
III:18 (M) 20 Cervical 56 Lower face, neck, limbs (generalized)
III:20 (F) Unknown Cervical 58 Neck, right upper limb (segmental)
IV:1 (M) 40 Right upper limb 45 Right upper limb (focal)
IV:3 (M) 14 Cranial-cervical 32 Lower face, larynx, neck (segmental)
IV:9 (M) Unknown Upper limbs 41 Upper limbs (segmental)

F 5 female; M 5 male.
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Discussion
We have identified a fourth locus for primary torsion
dystonia, DYT13, on the short arm of chromosome 1
in a non-Jewish family from central Italy. The pheno-
type is characterized by prominent involvement of the
cranial-cervical region and the upper limbs; age of on-
set is variable; progression is mild and disease course is
relatively benign with occasional tendency to generali-
zation. All affected individuals, including those with
generalized dystonia, were able to accomplish common
domestic chores and perform daily living activities.

Nineteen individuals partially or completely shared
the haplotype segregating with the disease; 11 of them
(58%) were affected by dystonia. This value of pen-
etrance is slightly higher than the penetrance usually
attributed to primary dystonia genes (30–40%)2; how-
ever, not all unaffected members of the family were
available for clinical examination and genotyping, so
the exact value of penetrance for the DYT13 gene re-
mains to be defined.

The clinical picture is noticeably different from the
DYT1 phenotype, where dystonia presents generally in
a limb, rarely affects the cranial-cervical region, and has
a higher tendency to generalize, producing a much
more disabling disease.5,18 The DYT6-associated phe-
notype is characterized by a wider distribution of body
regions involved at onset and in the course of the dis-
ease, which has the tendency to be more severe and to
generalize more frequently.8 The phenotype in our
family is also different from that described for the
DYT7 gene, which is characterized by adult-onset pure
focal cervical dystonia without tendency to spread to
other body regions.7

In several PTD families reported so far, linkage to
the known PTD loci has been excluded; in some of
these families the phenotype shares relevant clinical fea-

tures with DYT13-linked dystonia. In two large non-
Jewish families reported in 1996 by Bressman and co-
workers (one previously described by Uitti and
Maraganore19), the affected members presented with
early or adult-onset dystonia confined to cervical and
brachial region.10 Two other PTD families, of Swedish
and Italian origin, had a similar phenotypic presenta-
tion: variable age at onset (spanning from the second
to the fifth decade), cranial-cervical prominent involve-
ment, and upper limb tremor or occasional generaliza-
tion.14,20 Families whose phenotype is remarkably dif-
ferent from DYT13-linked dystonia have also been
reported. A family observed by Parker had a variable
phenotypic presentation, characterized by prominent
laryngeal involvement, torticollis, and infrequent gen-
eralization; Wilson’s disease also occurred in the same
family.21 The underlying dystonia gene in this family
was named DYT4, but its chromosomal location has
not been established. An Italian family from South Ty-
rol displayed an unusually variable phenotype: Most af-
fected members had cervical or upper limb dystonia
with onset in adulthood, although some patients suf-
fered from typical early-onset generalized dystonia.12

Some of these families may link to the DYT13 locus,
as many of them were characterized by variable age of
onset (juvenile or adult) and prominent cranial-cervical
involvement.

A large number of genes map within the 22 cM can-
didate interval identified in our family, but none of
them represents an obvious candidate for dystonia. The
most interesting gene mapping to the region is a gene
coding for a member of the heat-shock protein family,
called cvHsp. This protein is mainly expressed in car-
diovascular tissues, but a low expression has been also
detected in specific areas of the brain, i.e., putamen,
caudate, substantia nigra, and amygdala.22 This gene

Table 2. Pairwise lod Scores between PTD and Markers on Chromosome 1p36

Markers
Intermarker
Distance

lod Scores at u 5

0.0 0.01 0.05 0.1 0.2 0.3 0.4

D1S2663 25.94 1.24 1.76 1.81 1.56 1.10 0.51
1.8cM

D1S450 2.52 2.49 2.36 2.17 1.71 1.15 0.50
2.0cM

D1S508 2.81 2.76 2.56 2.29 1.70 1.06 0.40
4.0cM

D1S2667 3.44 3.39 3.17 2.88 2.23 1.49 0.67
4.9cM

D1S228 3.32 3.27 3.06 2.79 2.17 1.46 0.66
4.4cM

D1S507 3.03 3.00 2.83 2.60 2.05 1.39 0.63
0.8cM

D1S407 3.05 3.00 2.80 2.54 1.96 1.30 0.57
2.5cM

D1S2697 26.97 22.05 20.76 20.29 0.03 0.08 0.04
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represents an interesting candidate because TorsinA,
the DYT1 gene product, is a protein with high simi-
larities to heat-shock proteins.5,6 Other genes map
within the linked region and bear a possible role in
neurological diseases: SCNN1D, an amiloride-sensitive
nonvoltage gated sodium channel, isoform delta, ex-
pressed in brain and other tissues, is putatively in-
volved in neurodegeneration.23 EPHA2, a tyrosine ki-
nase receptor expressed in projecting neurones and
their target fields, is involved in short-range, contact-
mediated, axonal guidance.24 KCNA2B codes for the
b2 subunit of a voltage gated “shaker” potassium chan-
nel,25 and DVL1, a widely expressed homologue of a
Drosophila gene, is putatively involved in neural and
heart development.26

The role of this novel dystonia locus remains to be
tested in other PTD families and in the general popu-
lation, as most patients affected by cranial-cervical or
upper limb (focal or segmental) dystonia have a spo-
radic occurrence. The identification of other dystonia
families linked to chromosome 1p will help refine the
locus position on the genetic map, which is an essential
step toward identification of the gene and its function.
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