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Primary torsion dystonia: the search for genes is
not over
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Abstract
A GAG deletion in the DYT1 gene ac-
counts for most early, limb onset primary
torsion dystonia (PTD). The genetic bases
for the more common adult onset and
focal PTD are less well delineated. Ge-
netic loci for an “intermediate dystonia”
phenotype and for torticollis, named
DYT6 and DYT7 respectively, have re-
cently been mapped in single families. To
evaluate the contribution of these genetic
loci to other families with familial “non-
DYT1” dystonia five large families with
dystonia were studied using genetic mark-
ers spanning the DYT6 and DYT7 regions.
There was no evidence of linkage to either
locus in any family. These findings illus-
trate the genetic heterogeneity of the dys-
tonias and indicate the existence of one or
more as yet unmapped genes for dystonia.
Large collaborative eVorts will be re-
quired to identify these, and additional
genes, causing PTD.
(J Neurol Neurosurg Psychiatry 1999;67:395–397)
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Dystonia is characterised by involuntary mus-
cle contractions which often cause twisting and
repetitive movements or abnormal postures.1

In the absence of an identified cause or other
neurological abnormalities, this syndrome had
been termed “idiopathic torsion dystonia”.
However, with the mapping and identification
of several genes causing idiopathic dystonia,
the term primary torsion dystonia (PTD) is
now preferred.2

DYT1, on chromosome 9q34, was the first
PTD gene mapped. A three base pair, GAG
(glutamic acid) deletion in this gene, which
encodes an ATP binding protein TorsinA
accounts for almost all early onset generalised
PTD in several ethnic groups.3 4 The typical
clinical features of DYT1 associated dystonia
are limb onset and spread to the trunk which
rarely aVects craniofacial muscles.5 6 By con-
trast, late onset PTD tends to begin in
craniocervical muscles or an arm and usually
remains focal or segmental in distribution.
There has been no relation found between
DYT1 and dystonia in families with prominent

craniofacial involvement,3 5 7 8 or late onset,
focal, cervical dystonia (torticollis).9 The ge-
netic basis of most adult onset PTD has not
been established. Up to 25% of patients with
focal dystonia have an aVected relative,10

suggesting the existence of one or more domi-
nantly inherited genes with reduced pen-
etrance.

Two loci causing these “non-DYT1” dysto-
nias have now been mapped. Leube et al
mapped DYT7, causing adult onset focal PTD,
to chromosome 18p,11 and Almasy et al
mapped DYT6, causing an “intermediate”
phenotype with features common to both early
and late onset PTD, to the pericentromeric
region of chromosome 8.12 As a first step in
evaluating the contribution of DYT6 and
DYT7 in PTD, we have analysed five families
with non-DYT1 PTD with markers spanning
these regions on chromosomes 8 and 18.

Patients and methods
PATIENTS

The clinical details of the five families studied
have been reported previously.8 9 13–15 Partici-
pating family members were examined by a
neurologist and the examination was video-
taped. Writer’s cramp was tested for in all
patients. Diagnosis was confirmed by inde-
pendent review of the tapes. Secondary dysto-
nia was excluded with appropriate investiga-
tions.

DNA ANALYSIS

DNA was extracted from peripheral blood
leucocytes using standard techniques. Micro-
satellite markers were amplified from genomic
DNA using the polymerase chain reaction. The
candidate regions containing the DYT6 and
DYT7 loci are large (40–50 cM). To fully
exclude either region for each family required a
marker density which varied with the size of
the family and the number of recombinations
with aVected members in each region. For the
DYT6 region, microsatellite markers between
markers D8S1791 (8p21) and D8S1475 (8q22)
were analysed. For the DYT7 candidate region,
markers from 18pter to D18S843 were analysed.
The number and average interlocus spacing of
markers typed for each family are given in table
1. All map distances are according to the
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Marshfield Clinic genetic maps at: http://
www.marshmed.org/genetics/

LINKAGE ANALYSES

In each family, pairwise LOD scores were cal-
culated for dystonia and markers in the candi-
date regions using the MLINK program.16

Multipoint analysis was performed using the
VITESSE program.17 An autosomal dominant
model of inheritance was used with a disease
gene frequency of 0.0001. Only definitely
aVected family members were classified as
“aVected” for linkage and unaVected and pos-
sibly aVected family members were classified as
phenotype “unknown”. This conservative, “af-
fecteds only”, methodology was used for all
analyses to avoid bias from the inclusion of
possibly aVected members or incorrect estima-
tion of penetrance or age at onset. The identi-
cal twins in family 1 were considered as one
person for the purposes of linkage. Marker
allele scoring was uniform across all families
and frequencies were estimated by allele
counting with all genotyped subjects. Under
the null hypothesis of no linkage, this gives
unbiased estimates of allele frequencies.

Results
PATIENTS

The clinical features of all five families have
been reported in detail.8 9 13–15 None of the
families have any apparent Ashkenazi Jewish
heritage. A summary of the clinical characteris-
tics of each family is given below. Selected
clinical details are presented in table 2.

Family 1 is American of German origin.14 Of
the 22 family members examined, five had
definite cervical dystonia, including a pair of
monozygotic twins. Five had possible cervical

dystonia including two obligate gene carriers.
Dystonia remained focal in all cases.

Family 2 is American of German origin9;
with no known relationship to family 1. Of the
21 patients examined, seven had definite
dystonia and four possible dystonia. Among
the definitely aVected members six had onset of
symptoms in the cervical muscles and one in
the arm. Dystonia remained focal in all but one
patient, in whom there was spread to an arm
(segmental dystonia).

Family 3 is Italian.8 Among the 45 family
members examined, eight had definite dystonia
and six had probable dystonia. Symptoms
began in the craniocervical region in six of the
definitely aVected patients and in the arms in
the remaining two. There had been progression
to mild generalised dystonia in two patients
and segmental dystonia in four at the time of
last examination.

Family 4 is Australian of English ancestry.15

At the latest assessment 11 family members
were definitely aVected among the 36 exam-
ined. Spasmodic dysphonia was prominent,
being present in all aVected members and the
presenting feature in most. Dystonia pro-
gressed to become generalised in eight patients
and segmental in one. Two siblings had
Wilson’s disease; both had dystonia indistin-
guishable from other family members; they
were therefore classified as aVected.

Family 5 is American of German ancestry,
unrelated to families 1 or 2.13 Of the 53 family
members examined seven had definite dysto-
nia, three probable dystonia, and 10 possible
dystonia. Symptoms began in the neck in six
definitely aVected members and progressed to
involve cranial and cervical muscles in all
seven. Dysarthria or dysphonia were present in
five members. One family member developed
generalised dystonia; symptoms remained seg-
mental or multifocal in the remainder.

LINKAGE ANALYSES

We found obligate recombinations between
dystonia and the informative markers across
the regions spanning DYT6 and DYT7 in all
five families. Multipoint analyses excluded
these regions (LOD scores<−2) except for
portions of the DYT6 region in family 1. The

Table 1 Summary of microsatellite maker numbers and density at each locus

Family

1
Uitti and
Maraganore14

2
Bressman
et al9

3
Bentivoglio
et al8

4

Parker15

5
Bressman
et al5

Number of markers typed:
Chromosome 8 14 13 10 10 17
Chromosome 18 7 21 14 12 10

Average marker spacing (cM):
Chromosome 8 3.4 3.7 4.9 4.9 2.8
Chromosome 18 7.8 2.3 3.6 4.2 5.2

Table 2 Summary of selected clinical features in DYT6/DYT7 kindreds and families studied

Family
Almasy et al12

(two families) Leube et al11

1
Uitti and
Maraganore14

2

Bressman et al9

3

Bentivoglio et al8

4

Parker15

5

Bressman et al5

Genetic locus Chr 8 (DYT6) Chr 18 (DYT7) Not mapped Not mapped Not mapped Not mapped Not mapped
Mean age at onset (y (range)) 19 (5–35) 43 (28–70) 35 (18–49) 31 (15–62) 16 (5–40) N/A (13–37) 28 (7–50)

18 (6–38)
Mean duration (y (range)) 28 (2–69) 10 (4–31) 19 (7–38) 15 (1–44) 41 (5–66) N/A 28 (10–50)

17 (4–24)
Definitely aVected members 15 7 5 7 8 11 7
Body part first aVected:

Cranial 4 1 — — 0 8 1
Cervical 3 6 5 6 6* 2 6†
Arm 7 — — 1 2 — —
Leg 1 — — — — 1 1

Craniocervical involvement:
Cranial (larynx) 11 (7) 1 (1) — 1 (1) 7 (—) 10 (10) 7 (2)
Cervical 5 6 5 6 7 2 7
Total 13 7 5 6 7 10 7

*Three cases had craniocervical onset.
†Three cases had craniocervical onset.
N/A=Information not available.
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LOD scores for these regions were<−1.5.
Recoding of the siblings with Wilson’s disease
in family 4 as phenotype unknown did not
aVect the exclusion. Pairwise LOD scores for
selected markers are given in table 3.

Discussion
These data provide compelling evidence for the
existence of one or more genes in addition to
DYT1, DYT6, and DYT7 as a cause for PTD.
Although the experience with DYT1 indicates
that early onset, limb PTD is genetically
relatively homogeneous, the great majority
being accounted for by mutations of torsinA,
such is not the case for adult onset cervical
PTD.3 4

Considerable genetic diversity underlies the
phenotype of adult onset, predominantly crani-
ocervical, dystonia. Dystonia starting in or
confined to head and neck muscles may result
from mutations of one or more as yet unidenti-
fied genes segregating in the families studied
here, as well as from DYT6 and DYT7
mutations. Even DYT1 may rarely present in
this manner.5 The presence of allelic associ-
ation at D18S1098 in patients with torticollis
living in the same region of northern Germany

as the family studied to map DYT7,18 suggests
that this may be an important gene in some
geographical regions. However, the identical
phenotype in families 1 and 2, both of German
origin, is unrelated to DYT7. By contrast with
the families studied here the low recurrence
risk of dystonia in relatives of most patients
with torticollis might imply that other, low
penetrance, mutation(s) or non-genetic factors
may underlie most of this condition.19

Large families with non-DYT1 PTD suit-
able for linkage analysis are comparatively rare.
Further genetic linkage studies to identify the
gene or genes underlying dystonia in these
families are presently underway.
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Table 3 Two point LOD scores for selected chromosome 8 and 18 markers spanning the
DYT6 and DYT7 loci

LOD score
at è= 0 0.05 0.1 0.2 0.3

Family 1:
Chromosome 8 D8S1791 −3.15 −1.43 −0.88 −0.39 −0.15

D8S260 −2.8 −0.23 −0.01 0.1 0.08
D8S286 −2.8 −0.19 0.02 0.12 0.09

Chromosome 18 D18S59 −3 −1.29 −0.76 −0.3 −0.11
D18S452 −6.19 −1.44 −0.89 −0.39 −0.15
D18S843 −2.7 −0.72 −0.44 −0.19 −0.08

Family 2:
Chromosome 8 D8S1791 −2.2 0.07 0.23 0.24 0.13

D8S1113 −2.2 −1.15 −0.67 −0.25 −0.09
D8S279 −2.5 −1.15 −0.63 −0.2 −0.04

Chromosome 18 D18S59 −2.75 −0.97 −0.63 −0.29 −0.12
D18S54 −2.5 −1.17 −0.67 −0.25 −0.09
D18S391 −3.1 −0.72 −0.44 −0.19 −0.08

Family 3:
Chromosome 8 D8S1791 −5.48 −1.81 −1.3 −0.79 −0.45

D8S260 −5.48 −1.28 −0.73 −0.27 −0.09
D8S286 −2.53 −0.63 −0.43 −0.29 −0.21

Chromosome 18 D18S59 −5.48 −1.81 −1.3 −0.79 −0.45
D18S52 −2.85 −1.53 −0.99 −0.49 −0.24
D18S452 −5.61 −1.4 −0.93 −0.55 −0.34

Family 4:
Chromosome 8 D8S1791 −5.84 −2.99 −2.07 −0.98 −0.42

D8S260 −4.68 −1.89 −1.23 −0.6 −0.31
D8S286 −5.5 −0.91 −0.43 −0.07 0.05

Chromosome 18 D18S59 −4.33 −1.94 −1.29 −0.51 −0.16
D18S52 −4.05 −1.73 −1.16 −0.48 −0.17
D18S452 −7.69 −2.63 −1.82 −0.78 −0.25

Family 5:
Chromosome 8 D8S1791 −3.14 −1.54 −0.99 −0.47 −0.22

D8S260 −5.47 −1.11 −0.62 −0.25 −0.1
D8S1119 −5.96 −1.57 −1.01 −0.48 −0.22

Chromosome 18 D18S59 −5.45 −1.62 −0.87 −0.28 −0.08
D18S1154 −5.13 −0.58 −0.16 0.08 0.05
D18S967 −5.45 −1.48 −0.98 −0.53 −0.3
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