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Progress of genetics and diagnosis of primary dystonia
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[Abstract] Dystonia is one kind of dyskinesia characterized by abnormal movement and/or posture caused by persistent or intermittent muscle
contraction. It also has distinguished features of repeatability and modeling, and can be induced or aggravated by random movements. Dystonia caused
by hereditary factors is named as primary dystonia. Currently, 28 phenotypes have already been found in primary dystonia. Development of genetic
technology has largely promoted the discovery of genetic mechanisms. Even so, many patients still have different genetic and clinical features from these
phenotypes. Diagnosis of primary dystonia is quite challenging. Clinical manifestations, imaging examinations, electromyography, gene testing and other
examinations should be taken into account for systematic diagnosis. This article reviews the genetic progress and diagnostic strategies of primary dystonia,
aimed at providing help for further clinical practice and scientific research.
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1.1 gtk Lok ke
1.1.1 DYTL 54 K TORIA (torsion-1A) Z il [y 2K
F1 2 5 AR AR . /030 22 a2 452 O B s e 1A Joi R 17
o 1ZE A C K 302/303 fL 2 A FR O R R %A, &
ATP Figd b I, A bk A e =,
1.1.2 DYT2 DYT2 == 2895 3 Kl HPCA (hippocalcin)
ALl D EE & R0 R T & Tk R4S A R A Kk
BRI, RIS B A R B A 45 8 - e 2 B g . 1% A
R S5 5 A L A7 T 1 T R 5

BEAh, Tuschl 2 15 T SLC39414 (solute carrier family
39, member 14) kK21, FKILA DYT2 #f i fiLAE
(hypermanganesemia with dystonia-2, HMNDYT2), % K 45
W aREEFizEA, 25 S HEHE,
1.1.3 DYT4 FJRsk[K TUBB4A4 (tubulin B-4A) Zihidh iy
EAET R B- R, FERB TN,
B RG22 DR 248 W] R B 2% L. T
RS R AN R B 1, dhmi SRR .
1.1.4 DYT6 itk [X| THAPI (THAP domain-containing
protein 1) 1) 4% 5 K FRe % B & &k, UL R Aml
TORIA WIZRik, 278 n] THLIZAMGIE - B, THAPI
W2 5 H b2 eI R e SRRt e 7
1.1.5 DYT23 DYT23 FEHIKHEE CACNAIB (voltage-
dependent N-type calcium channel subunit o-1B) Zifd N %
HL RS B B o-1B V3G, SRS A2 4 N
55 L 588 LS ) 4 R S 4 A AR 1 e 2 i I ) B ik
Ik 4, CIZ1 (CIPl-interacting zinc finger protein) J& [ 28
s AT sy DYT23 £M, CIZI widsde & 1, S54nie)E
S8R (R R B AT AR R p21 A AR AR, e A
p21 2 A i A {1 3 DNA 42 1l
1.1.6 DYT24 F)Eik K ANO3 (anoctamin-3) Zghith )&
FUR TG A E B E RO KIE, EiheERE,
ZE A5 AL BN R S A
1.1.7 DYT25 3)itkX] GNAL (guanine nucleotide-binding
protein, o-activating activity polypeptide, olfactory type)
it Golf & 1 o ME A&, Golf & 1 & % T4k &, 5 DRDI
gia)a, a5 B,y AR,
J5Wi# 5 GRK (G protein-coupled receptor kinase) %4 5l
A IR # 4r T-16 3. GNAL JER R A5 w8 p ik 5 v
WHELE A T T, Golf A AFEMEN N, W52 Eh%
Z54 19 DRD1 %f Golf 2 [ A4 shad oA Rz ks
1.1.8 DYT27 %45 % [Hl COL643 (collagen type VI o-3

(dopamine receptor 1)
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HIZMLIB (G A& T T4 el 120 Rl 22 A5 sE 2 2 (1 &1
Jeta JFRAS, SRR AT AE S R 2k
1110 HAbAHXEHEE ATM (ataxia telangiectasia mutated
gene) ANty & O & T o NEREILEE 3- B4, =5
DNA &5 Iz ZH A 5 I JR4% . Necpal 5 " il 1 1 {5l
5 ATM JE R 28 728 F A P 3 5% 2k UR ) 17 B PR ALK o B 28
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ATM 55 s 2Pk Lk P A7 e — e AR,
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1.2.1 WUk FRehT & e S AR R

(1) DYT3 DYT3 {50k T4F1 (TATA box-binding
protein-associated factor 1) Z@hf TF 11 D (transcription factor
I D) L TATA &4, #9p DNA 5 EHE AF, [
RNA [ilg - I 9 Z 53k ihid fe. &k Rtk T4F1 B
R AFEHEHLE

(2) DYTS, DYTI4, SPRJE[H%¢4E DYTS i1 DYT14
Aok FERS, LA SPR (sepiapterin reductase) 7t [K] 2345
5 2 LGk o B fig-2 TR O P9 22 LR A i 32 S AT 3500 ™7
DYTS 8l GCHI (GTP cyclohydrolase 1) ##fih GTP
IoKALEE 1, 2SI & ikt & 2 ERERIFR
WHE, DYT14 fIEupiE R TH (tyrosine hydroxylase) #ght
Bk AR LS, W R IR A Ji e 2 LR S Bg, SPR
S LR mbth 2 1 2 5 U S0 P aene By A I e

(3) DYT12 %y 3 (Kl ATP143 (sodium/potassium-
transporting ATPase subunit a-3) Zgfith Na™-K'-ATP [iff a3 [l
K, TEREA RSB TR SRk s 288 Wt 5200 2K
G SRR E R . IR REOLT, I%EE R e
ATP UAZERFZHM N MR B iR, AR S, B
2 N Bl s 1 s R AN, RS B s B AiEsth,
AP AN ESIR B . 4 I%BBThRESE A, AR BES FHERR,
SIS I IS, AR NS B TR EOE .

(4) DYT16 DYTI16 H# £ HAF{E PRKRA (interferon-
inducible double-stranded RNA-dependent protein kinase
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ifi elF2a (eukaryotic translation initiation factor 2A), J5#
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(5) HAtAHSCHE R Bris % ™ 3l T 1 il NDUFS4
(NADH-ubiquinone oxidoreductase Fe-S protein 4) & [K] 28
AR E T 2 b R ILK I BE RS PRI A AR B 12 Sk
Wi, FIRAKEEE N R LA SE, & R RS, I
BB WD, PRORALAE, B EERIIN SRR, NDUFS4
Zifth NADH A fLih 5 i Fe-S A 4, %82 5L Zks
PRI 5%, Ff T\ NADH £ = L1232 &, X} ATP 1y
HERE R,

Rauschendorf % ® #1473 7% 2 {§i] SYNJI (synaptojanin 1)
SEIN S AR . IR A PEE, B S Lk R4
Sy PEIILSK D PRt e8RSk ERARR P R ) ™ R B VP R
2 EIRTT ARG BCF R ST E LT B B AR (single
photon emission computed tomography, SPECT) /=2 fih
i 2 e ia EARIRE TR, R AN~ 2 %
B BURBE . SYNJT ZmR i 28 fil /1N i i R g -1 — PP 3R
PR NLBE BRI, (5 BEIE/NES AN ik ¥7R 5h 1 % b R4 1E
M, R ik A 2ETR DhREGR BE BT B 2 Wk A PR iG A
oL

PSENI (presenilin 1) K& [F 2¢ 45 ] 8% 4 4 0k B P
A AP R KR, AR R R AR 5 R Y Lk ) B
A B IR 4 AR A PR AR A 3E . Carecchio %5 ™ 458 T
— A HFEG, FEMERE LIER T RS 5 T kR,
PSENI #afih .23 -1, & v- o BRI fE(EEpsy, Jad &
SUEMAEE CRTA TN NOTCH 2K & Ik iR,

1.2.2 WUk JFeehs S hnLES: &

(1) DYT11 SGCE (epsilon-sarcoglycan) 3 =
DYTI1 EZERE R, #E7E B X RIIBURREH K
I, HETRE R RARR A H A TCAER, 35 SGCE
B RENCA K. SGCE fEARFL B AR F A,
FEAS SEIVERAREAOZAE, Nk srER
BRI RE R i L T,

(2) DYT26 % Jp 3 Al KCTDI17 (potassium channel
tetramerization domain-containing protein 17) Zghthf 238
ERAEEEED 17, ek itn, EMERET
BER AT AR IR NS5 5 T2 L, N RS g A7
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(3) H: fth AH ¢ 2 Geiger % ™ 2 3 T 1 il 4% 4
TUBB2B (tubulin beta- Il B) % [K 22745 i HILR% 25 - L5k
FEfdd. &R T 16 %, mItiRMG (MRI) frH K
M £ E Y F. TUBB2B 407 A 8 T &
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Balicza % ™ @ik — K &, HhACEMLILHERY
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sk FERG, MRI 2 R28ilEd, NKX2-1 (NK2 homeobox 1)
ABORIER, H YRR e AR ZRET . B
S5 oA X3 B i R e B A SRR
1.2.3  RVEPEALIK DPERT &I H iz 2hFers

(1) DYT8 % %% MR (myofibrillogenesis
regulator 1) Z@fAYE A2 5 AR, ARSI U)L
B4y k3 i A, MR-1L. MR-1M Fil MR-1S, MR-1L 4%
FPEFRE TR RSE, MR-IM Fil MR-1S WIj ™ {Z ik
TAEEHL, 2274 20T MR-1L Fi1 MR-1S 1 N K,
% EUMERESS S5 S THRmsoR s

(2) DYTY9, DYTI8 % J5 SLC241 (solute
carrier family 2, facilitated glucose transporter member 1)
SRR R A 0 L N RO R R R i A i s R A, fE
HX 28 22 Gl e W e i vh R AR T SR 28788 mT 8L -
BEEEA RIS bERT, sRE P AKX R oRe B AR
5| 5 e P b

(3) DYT10 PRRT2 (proline-rich transmembrane
protein 2) & DYTI10 F= 225y i K, PRRT2 {EH A ffi 22
Z e ek, 5 SNAP25 (synaptosomal-associated protein
25) fFLEAHEAE . SNAP25 24 w] i #: SNARE (soluble
NSF-attachment protein receptor) Z<fiiji & [, fEEJET
A, 225 SNARE 54 0 FIAL) B0 R il 28 2 i 3 v 1 i
M, ESLET AR T TR S R TR R e, %k
(Rl 28 45 AT RE S | & A2 o4y PR e mi 85

(4) HAAREIE  ECHST H& PR 2 bt 45 o 45 ok il
KA, fEICZbi R IR IGIR B- LRI 28, RIFh 2
5 S W R AR AR A A, 2w R o 2N Sk
AT SO, BRI R AR s ahi Kk ALK D
BERRAML, K9 MRI Hhs (S Bk 5 52 HR B ™,

1.3 52 PENLSK ki

1.3.1 DYT29 DYT29 5% 4 tafhfathisft, JLEME
W, FERICH 2GR 2T SR ALK
TIBERG . FLIRIRRRAE 5 Sobn 8 (% AR L,
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fr, (HEFINMIBEFRT R B, Stk =W EhrEdc
B 2. 5 %, MECR (enoyl-[acyl-carrier-protein] reductase,
mitochondrial) Ay H: 8 A K, GRS br i S X -2- Ik
Wil AR EE, = 5ZRR IR A R e —F,
oL AR R i th A TR Y,
1.3.2  FH fth A 3¢ K& Ortega-Suero 2% ™" 6 15 58 1 {4
OPA1 (optic atropnhy 1 protein) K&[KZEA5 [y HE . 40 S
W, AR ARG CRIL, BE BRSO
Bl OPAL LN 5 Zh R rta e YEFnGE & R & DA,
ERSVIESS A ) |7 N E Y e e DR DA

Rossi 2 * #3& T 1§l POLG (polymerse DNA gamma)
BRRBREE: FOMRW, RIUAEGIF2S MK D
g it £ PR SN UUMR S, POLG Rt 24 A& DNA £ 5

A1 JFR MUK T B R 382 4% 2 K I R ARFALE

Tab 1 Genetic and clinical characteristics of primary dystonia

2020, 40 (3)

Wy, 22421 POLG iKW AL 1M 38 4 M A0 il 5],
RIER R DNA F 55848 F / sl e sesoHA5 DR D
Radha Rama Devi 2 " 4§ & T 2 {4l SERACI (serine
active site-containing protein 1) J& [K 28 725 {8, £ I A
PR 4 B PENLSK H A P DR AT, WA N R IME,
MRI $£71% Leigh #9548 . SERACI Fatth iR 1 £ T2 Sk lEEE
HIMEIE R, SR ShREFIANNE N A [ iz i O H 2L,

1.4 /h&h

J A PERLTK Bt BA AR (& S vk, H AT E
(& I 127 e I R AE /T L3R 1, BRSh, (A Elor
TURI8 A R i JEE 1, Rk 2628 | U 2 A B
Tb—2 T RZIRI R IR L

Phenotype (MIM *) Gene Location Clinical characteristic Inheritance Reference
1. Isolated dystonia
DYTI (128100) TORIA 93411 Childhood or adolescence-onset, generalized dystonia without AD (23]
involvements of head or laryngeal muscles
Childhood or adolescence-onset, slowly progressive, generalized
DYT2 (224500) HPCA 1p35.1 dystonia which first affects distal limbs and later involves the AR [4]
orofacial and craniocervical regions
DYT2 with hypermanganesemia, loss of motor milestones, globus
HMNDYT2 (617013 8p21.3 AR 5
( ) SLE39A14 2 pallidum and dentate nucleus dysfunction in the first years of life (5]
P ive | 1 honia that lops in th to thi
DYT4 (128101) TUBB4A 19p13.3 rogressive laryngeal dysphonia that develops in the second to third AD 6]
decade
DYT6 (602629) TN $pl121 Adolescence-onset dystonia W?th f':arly involvement of craniofacial AD [3. 7]
muscles and secondary generalization
DYT7 (602124) - 18p? Adult-onset torsion dystonia AD [40]
Dystonia with involvements of craniocervical regions or upper
DYTI3 (607671) - 1p36.32-p36.13 . AD [41]
limbs
DYTI17 (612406) - 20p11.2-q13.12 Segmental or generalized dystonia with distinct dysphonia AR [42]
DYT21 (614588) B 2q143-21.3 Adult-onset generélized 9r multiAfocal dystoAnia with %nvolvements of AD [43]
laryngeal and craniocervical regions, especially eyelid muscles
Adult-onset li Itifocal dystonia with invol ts of
DYT23 (614860) CACNALB 9q34.3 dult-onse generé ized 9r multifocal dystonia with involvements o AD 8]
laryngeal and craniocervial muscles
CIZ1 9q34.11 AD [9]
DYT24 (615034) ANO3 11p14.3-p14.2 Adult-onset focal or segmental dystonia AD [10-11]
DYT25 (615073) GNAL 18p11.21 Adult-onset focal or segmental dystonia AD [12]
DYT27 (616411) COL6A43 2q37.3 Early-onset focal or segmental dystonia AR [13-14]
DYT28 (617284) VT 19q13.12 Childh(?od—onset progressive generalized dystonia which first affects AD [15-16]
lower limbs
II. Combined dystonia
1. Dystonia-parkinsonism
DYT3 (314250) TAF1 Xql3.1 Dystonia-parkinsonism with neurodegeneration XL [19]
DYT5 (128230) GCHI1 14q22.2 Dopa-responsive dystonia-parkinsonism AR, AD [20]
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Continued Tab

Phenotype (MIM *) Gene Location Clinical characteristic Inheritance Reference

DYTI12 (128235) ATPI1A43 19q13.2 Rapid-onset dystonia-parkinsonism AD [21-22]

DYT14 (605407) TH 11p15.5 Dopa-responsive dystonia-parkinsonism AR [20]

DYTI16 (612067) PRKRA 2q31.2 Dopa-irresponsive dystonia-parkinsonism AR [3-23]

2. Myoclonus-dystonia

DYTI1 (159900) SGCE 7q21.3 Myoclonus-dystonia AD [27]

DYTI15 (607488) - 18pl1 Myoclonus-dystonia AD [27]

DYT26 (616398) KCTD17 22q12.3 Myoclonus-dystonia AD [28]

3. Paroxysmal dystonia with other motor features

DYTS (118800) MRI 235 Paroxysmal ngnkinesigenic dyskinesia that can be induced by AD B31]
alcohol or caffeine
P 1 ise-i tonic ch thetosi

DYT9 (601042) SLC2A1 1p342 aroxysrna exefrmse mdl}ced dystonic choreaoathetosis and AD (32]
progressive spastic paraplegia

DYTI10 (128200) PRRT2 16p11.2 Paroxysmal kinesignegic dyskinesia AD [33]

DYTIS (612126) SLC2A] 1p342 P-arox?/smal e?(ercise—i-nduced dyskin-esia responsive to kAetogenic AD [32]
diet with or without epilepsy, hemolytic anemia and/or ataxia

DYT19 (611031) - 16q13-g22.1 Paroxysmal kinesignegic dyskinesia AD [31]

DYT20 (611147) B 231 Paroxysmal‘ nonk%nesigenic dyskinesia of which alcohol or caffeine AD 31]
are not obvious triggers

TM. Complex dystonia
DYT29 (617282) R 1p35.3 Childhood-onset dystonia with optic atrophy and basal ganglia AR [36]

abnormalities

Note: “MIM number is a numerical assignment for inherited diseases, genes and functional segments of DNA, as listed in the comprehensive catalog Mendelian Inheritance

»

in Man. “—" indicates that no corresponding pathogenic gene has been found. AD—autosomal dominant inheritance. AR—autosomal recessive inheritance. XL— X-linked

inheritance.

2 OBnSRES

B LK DR %, IR A, b
el 7T RIHLL T BB TLAISH ¥,
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SR, RS ETA B T HERRAR S MR IR P ALSK B
B, B LA EAR NI AL o R BRIk Ty Feeat
WS E s D RETCRE BN AR A s (AR s d R+
bk, EEMERAL, Pl S LR 2R i — i AR
fhahleds, SERREDRE, ARSI B A ME, R
P, RGBTEA A Lz s .

2.2 WIHtE A AFAEAR A P P 2%
WL AR Sk DR A A & R A Mo 0, DA e
FH W % EREZPR 7 Al 5 1 R LSk DRehs, MRk
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T, ORI EF SO BAREIAER. O HIHE
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@ sy pr BRI CRPIAERE . ALl AN R AL &
JRIRF) . OB a, #EHNPINFES T
RERTUGATE, R B T &R KAy, RIS A7 (LT
HERRA,

2.4 IhEh

EUR, DR PRI B f (412 W 7% 3 S 080T e IR T
B, oy T IEAHOR M AT e B R o ARt b, %
PR TR IS T, fRkbE R isWiRRE (& 1) 27
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|
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r I
I |
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I |
I |
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I |
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I |
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] DYTI6 |
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Note: As no corresponding pathogenic gene has been found for DYT7, DYT13, DYT15, DYT17, DYT19, DYT20, and DYT21, they cannot be diagnosed definitely by genetic
test. DYT-SPR means dystonia with SPR gene mutation. DYT-ECHS1 means dystonia with ECHS! gene mutation.

1 REMIK N EEFHIS R E
Fig 1 Diagnosis flow chart of primary dystonia
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