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Supplementary Materials and Methods

Supplementary Methods 1. Neuroimaging review

Qualitative and semi-quantitative assessments of the cerebellar atrophy and supratentorial
white matter volume reduction were performed as previously reported. Additional information
regarding the presence of cerebellar cortex T2 hyperintensity, cerebellar dentate nuclei T2
hyperintensity, pontine hypoplasia, degeneration of transverse pontocerebellar tracts and
median pontine raphe nuclei (aka “hot cross bun sign”), and olivary nuclei degeneration were
noticed. Moreover, basal ganglia were carefully assessed for the presence of atrophy and signal
alterations. Finally, presence of white matter signal alterations, corpus callosum abnormalities,
enlargement of the CSF spaces, simplified gyral pattern nodules of gray matter heterotopia,
and olfactory bulb signal alterations were noted. Continuous variables were summarized as
mean, and categorical variables were summarized as frequencies and percentages. Age
differences at last brain MRI for clinical and neuroimaging features were tested using the

Mann-Whitney U test. The associations between clinical and neuroradiological findings were



evaluated by the Chi-squared and Fisher exact test. Statistical significance was set at p = 0.05.
Statistical analyses were performed using SPSS Statistics software, v26 (IBM, Armonk, NY,

USA).

Supplementary Methods 2. Multiple sequence alignment

A multiple sequence alignment was constructed by aligning with Muscle? the MED27 protein
sequence from the following species: human (Homo sapiens, Q6P2C8), mouse (Mus musculus,
AAH16537.1), zebrafish (Danio rerio, NP_956954.1), fruitfly (Drosophila melanogaster,
NP_649569.1), stony coral (Orbicella faveolate, XP_020601219.1), a basal fungus (Mortierella
antarctica, KAF9985203.1), thalecress (Arabidopsis thaliana, NP_001325465.1). The
inclusion of M. antarctica was driven by the loss of MED27 is the fungal crown group orders,

which includes the ascomycotan Saccharomyces cerevisiae.

Supplementary Video Legends
Supplementary Video 1. This video shows the affected siblings from Family 3.

F3:P1 has perioral dyskinesia, tongue dystonia, elbow joint contractures, dystonia in the upper
limbs, clenched fists, and hypertrophy of the sternocleidomastoid muscle on the left side (most

likely due to dystonia).

F3:P2 has generalized dystonia with perioral dyskinesia, tongue and jaw dystonia, an

opisthotonic extension of the trunk, and strabismus.
Supplementary Video 2. This video shows the affected sibling from Family 5.

Segments 1 and 2 show F5:P1who has generalized dystonia with perioral dyskinesia and tongue

dystonia.



F5:P2 has dystonia in the upper limbs and perioral dyskinesia together with jaw-opening

dystonia.

Supplementary Video 3. This video shows the affected sibling from Family 11.

F11:P1 shows a mild gait imbalance and difficulty performing tandem gait.

F11:P2 shows an unremarkable gait.

Supplementary Video 4. This video shows the affected siblings from Family 24.

F24:P1 has a jerky rest tremor in her right hand, a suggestion of tongue dystonia, dysarthric
speech, a suggestion of jaw dystonia, and bilateral rest tremor in the upper limbs. The right-
hand tremor worsens upon extending her arm suggesting a clonic-myoclonic tremor

component, and her gait is clumsy.

F24:P2 shows a suggestion of right leg dystonia and slightly dysarthric speech.

F24:P3 has an inverted left foot upon walking

F24:P4 has generalized dystonia involving the posturing of the upper limbs, stooping of his
body, dystonic tremor in his hands, lower limb dystonia, impaired speech with dysarthria, and

perioral dyskinesia.

F24:P5 drags her left leg, probably due to dystonia and her gait is unstable. Her speech is

dysarthric.

F24:P6 walks with feet slightly inverted and has a rest tremor in her right hand.

F24:P7 has a sardonic smile, forward bending of the trunk, right>left inverted feet on walking,

mild flexion of her right knee joint, and dystonic flexion of her left arm.

F24:P8 has very mild perioral dyskinesia.



F24:P9 has an abnormal head and vertical eye movements suggestive of oculomotor apraxia or

oculogyric upgaze.

Supplementary Video 5. This video shows the affected siblings from Family 25.

F25:P1 has antero-laterocolis with perioral dyskinesia and tongue dystonia. His right fist is

clenched and there is generalized muscle weakness.

F25:P1 has no head control and stiffness in the limbs.

Supplementary Video 6. This video shows the affected individual from Family 26.

Segment 1 shows F26:P1 who is unable to stand up and has hypotonia.

Segment 2 shows F26:P1 has an unstable gait and drooling.

Segment 3 shows F26:P1 has an unsteady gait, mild hand dyskinesia, and head tremor.

Supplementary Video 7. This video shows the proband from Family 28.

Segment 1 shows the proband with generalized dystonia involving craniocervical muscles,
upper and lower limbs, and his trunk with the episodes of opisthotonos movements. He has
torticollis to the right with predominant hypertrophy of the left sternocleidomastoid muscle.
He is not able to speak, has dysarthria, swallowing is impaired, and is unable to walk due to
joint contractures and probable spastic-dystonia in the lower limbs. A periodic left myoclonic

jerk in the left arm can be seen.

Segment 2 shows the proband with bilateral foot dystonia, toe deformities, knee joint
contractures, and dry skin around the knees. Dystonia in the hands, neck, and perioral

muscles could also be noticed.

Supplementary Video 8
Shows the proband from Family 29.



Segment 1 shows tongue and hand dystonia

Segment 2 shows a suggestion of axial hypotonia, tongue and hand dystonia, and
contructures at the knee joints.

Segment 3 shows intermittent horizontal nystagmus, tongue dystonia, bilateral jerky tremor
in the hands, and hand dystonia.

Supplementary Video 9
Shows the proband from Family 30.
Segment 1 shows mild gait incoordination and posturing of the left hand

Segment 2 shows mild hand dysmetria, left hand dystonia and mild positional jerky hand
tremor

Segment 3 shows slightly dysarthric speech

Segment 4 shows hand dystonia and tremor

Supplementary Figures Legends

Supplementary Figure 1. Haplotype and conservation analysis. A) Pictorial representation
of Exonic variants from 6 probands across ~22 Mb of chromosome 9g33.1-g34. 3
encompassing the homozygous missense MED27 variants. Colour codes are as follows:
homozygous single nucleotide polymorphisms (SNPs) as blue, heterozygous SNPs as yellow,
and wild type as grey. Probands carrying homozygous p.His179Pro variant (green bar) showed
similar haplotypes pattern (highlighted in pink). Probands carrying homozygous p.Gly291Ser
(red bar) showed at least 2 distinct haplotype patterns surrounding the variant (Family 9 and
26, highlighted in green; Family 9, 26 and 24, highlighted in blue; Family 28, highlighted in
orange). B) Multiple sequence alignment of diverse species showing the spans where
pathogenic variants have been found (red squares). The variants are colour coded based on
whether in silico analyses from Supplementary Results predict the to be destabilising (red,

AAGibbs > +2 kcal/mol), affecting a phosphorylation site (blue) or reduce flexibility (green).

Supplementary Figure 2. Genotype-phenotype correlation in MED27-related disease.



Three levels of the phenotype severity are shown and the carriers of the same MED27

variants are highlighted in red, green, blue, yellow and brown.

Supplementary Figure 3. Basal ganglia anomalies in subjects with MED27-related
disease. Axial T2-weighted or FLAIR images demonstrate variable degree of volume
reduction of the caudate nuclei and/or putamina with additional diffuse caudate and

putaminal signal alterations (thick arrows) or more focal hyperintensities of the posterior
portions of the putamina in the majority of patients (arrowheads). Note the different degree of
periventricular white matter volume reduction with ventricular enlargement and cortical

atrophy in some affected subjects.

Supplementary Figure 4. Cerebellar atrophy in subjects with MED27-related disease.
Sagittal T1 or T2-weighted images reveal mild to severe cerebellar atrophy with prevalent
superior cerebellar vermis involvement in all affected subjects (thick arrows). Note the

associated pontine hypoplasia (arrowheads) and thin corpus callosum (dashed arrows).

Supplementary Figure 5. Evolution of neuroimaging findings in 12 subjects with
MED27 variants. There is mild to moderate progression of the cerebellar atrophy in all
subjects either at the level of the cerebellar vermis (thick arrows) and cerebellar hemispheres
(thin arrows). Some of the patients develop also atrophy with signal alterations of the basal
ganglia (arrowheads) and loss of white matter volume with thinning of the corpus callosum

(empty arrows).

Supplementary Figure 6. Leigh-like neuroimaging features in 2 subjects with MED27
variants. A-C) Axial T2-weighted and D-F) diffusion weighted images in F9:P2 reveal
swelling and T2 hyperintensity with restricted diffusion at the level of the inferior olivary
nuceli (thick arrows) associated with multiple symmetrical similar lesions at the level of the

central midbrain (white arrowheads), superior colliculi (black arrowheads), cerebral



peduncles (dashed arrows) and subthalamic nuclei (empty arrows). G-1) Axial T2-weighted
and J-L) diffusion weighted images in F26:P1 show symmetrical focal hyperintensities in the
pontine tegmentum in the region of the medial longitudinal fasciculus (thin arrows) and
lateral spinothalamic tracts (dashed arrows), in the central midbrain (arrowheads) and

subthalamic nuclei (empty arrows).

Supplementary Tables

Supplementary Table 1. MED27 variant characteristics and genetic methods. Available as a

separate excel table

Supplementary Table 2. Detailed clinical features of the cases with biallelic MED27 variants.

Available as a separate excel table



Supplementary Table 3. Neuroimaging features and clinical-neuroradiological associations in MED27-related disease

N° Subjects (%0) Severe clinical P Notambulant P Ataxia P Dystonia/Dyskinesia P
phenotype (N=21) (N=14/34) (N=12/20) (N=24/34)

PCF features
Cerebellar atrophy 34/34 (100)*
moderate/severe CA 13/34 (38.2) 13/21 (61.9) <.001 10/14 (71.4) 001  212(16.7) 1 11/24 (45.8) 358
Cerebellar cortex T2 hyperintensity  6/34 (17.6) 6/21 (28.6) .062 6/14 (42.9) .004  0/12 (0) NA 6/24 (25) .302
Cerebellar dentate nuclei T2 7134 (20.5) 6/21 (28.6) 210 6/14 (42.9) .028  0/12(0) .200 6/24 (25) 1
hyperintensity
Pontine hypoplasia 16/34 (47) 12/21 (57.1) 172 8/14 (57.1) 479 4/12(333) .1 12/24 (50) 196
Hot cross bun sign® 3/34 (8.8) 3/21 (14.3) 270 3/14 (21.4) .081  0/12(0) NA 3/24 (12.5) 1
ON degeneration 3/34 (8.8) 3/21 (14.3) 1 2/14 (14.3) 196 0/12 (0) NA 2124 (8.3) 1
Basal ganglia anomalies
BG atrophy and signal alterations ~ 15/34 (44.1) 11/21 (52.4) 296 9/14 (64.3) 076 3/12 (25) 1 12/24 (50) 657
Severe CN volume reduction 14/34 (32.3) 10/19 (52.6) .700 8/13 (61.5) 257  2/10 (20) .091 10/22 (45.5) 1
Severe putamen volume reduction 16/34 (44.1) 12/24 (66.7) 1 9/13 (69.2) .685 3/6 (50) 464 12/19 (63.2) 1
CN signal alterations 11/34 (32.3) 6/21 (28.6) 709 5/14 (35.7) 1 4112 (333) 1 8/24 (33.3) 1
Putamen signal alterations 15/34 (44.1) 11/21 (52.4) .296 9/14 (64.3) .076 3/12 (25) 1 12/24 (50) .657
Other supratentorial anomalies
WM volume reduction/ ventricular ~ 26/34 (76.4) 20/21 (95.2) .002 14/14 (100) .009  5/12 (41.7) .200 21/24 (87.5) .016

enlargement



Moderate/severe WM volume
reduction

WM signal alterations
Thin corpus callosum
Enlarged CSF spaces

PVNH

OB signal alterations

13/34 (38.2)

19/34 (55.8)
12/34 (35.2)
24/34 (70.5)
2/34 (5.8)
5/34 (14.7)

13/20 (65)

14/21 (66.7)
11/21 (52.4)
17/21 (81.4)
1/20 (5)
4120 (20)

.015

.160
011
.130

.640

10/14 (71.4)

12/14 (85.7)
9/14 (64.3)
13/14 (92.9)
1/13 (7.7)
3/13 (23.1)

.036

.024
.007
.045

.648

1/5 (20)

4/12 (33.3)
0/12 (0)
4/12 (33.3)
1/10 (10)
1/9 (11.1)

525
.200
077

.455

11/21 (52.4)

15/24 (62.5)
11/24 (45.8)
19/24 (79.2)
2/21 (9.5)
4122 (18.2)

478

.660
.061
.049

Legend: BG, basal ganglia; CA, cerebellar atrophy; CN, caudate nuclei; CSF, cerebrospinal fluid; OB, olfactory bulbs; ON, Olivary nuclei; PVNH, periventricular nodular

heterotopia; WM, white matter

*All subjects had a variable degree of cerebellar atrophy, ranging from very mild to severe

° The hot cross bun sign refers to the MRI appearance of the pons when T2 hyperintensity forms a cross on axial images, representing selective degeneration of transverse
pontocerebellar tracts and median pontine raphe nuclei



Supplementary Table 4. Evolution of the neuroimaging features in 12 subjects with follow-up
brain MRI studies

Age first MR, yrs

Age second MR, yrs

FU duration, yrs

MRI findings

F8.P1

F14.P1

F15.P1

F19.P1

F20.P1

F20.P2

F22.P3

F23.P1

F25.P1

F25.pP2

F27.P1

F29.P1

1.9

1.8

0.5

0.9

10

15

11

3

1.7

11

2.5

18

10

1.2

1.3

1.2

11

15

6.5

15

Mild progression of CA, WM volume
loss, enlargement CSF spaces, no BG
changes

Progression of CA, WM volume loss,
enlargement of CSF spaces, BG
atrophy and signal alterations (post
putamen +++), OB signal alterations

Progression of CA, WM volume loss,
enlargement of CSF spaces, loss of
BG volume without signal alterations

Mild progression of CA, mild BG
volume loss

Progression of CA, WM volume loss,
enlargement of CSF spaces, BG
atrophy and signal alterations

Progression of CA, WM volume loss,
enlargement of CSF spaces, BG
atrophy and signal alterations (post
putamen +++)

Mild progression of CA

Mild progression of CA

Mild progression of CA, WM volume
loss, increased signal alterations of the
posterior putamen

Mild progression of CA, WM volume
loss

Mild progression of CA, marked WM
volume loss, enlargement of CSF
spaces, BG atrophy and signal
alterations

Severe progression of CA, marked
WM volume loss and enlargement of
CSF spaces, BG atrophy and signal
alterations

Legend: BG, basal ganglia; CA, cerebellar atrophy; CSF, cerebrospinal fluid; OB, olfactory bulbs; yrs, years;
WM, white matter.



Supplementary Table 5. Differences in median age at last MRI according to neuroimaging
features

Median Age at last MR, years (IQR) P

Degree of cerebellar atrophy
Very mild - Mild 5(6.2) .780
Moderate - Severe 7 (8.6)

Cerebellar cortex T2-SA
No 5.5 (7.3) 947
yes 5.7 (7.2)

Cerebellar dentate nuclei T2-SA
No 6 (7) 677
Yes 4 (6.5)

Pontine hypoplasia
No 5(8.3) 484
Yes 6(7.9)

Hot cross bun sign
No 6 (6.5) 564
Yes 2.5 (NA)

Olivary nuclei degeneration
No 6 (6.5) .645
Yes 2.5 (NA)

Basal ganglia atrophy and T2-SA
No 4 (6) .033
Yes 9(12)

Caudate nuclei VL
No 4.7 (13.1) 897
Yes 5.5 (6.7)

Degree caudate VL
Normal-Mild 4 (%) .033
Moderate-Severe 9(12.8)

Putamen VL .985



No
Yes
Degree putamen VL
Normal-Mild
Moderate-Severe
Caudate nuclei T2-SA
No
Yes
Putamen T2-SA
No
Yes
White matter VL
No
Yes
Degree white matter VL
Mild
Moderate-Severe
White matter T2-SA
No
Yes
Thin CC
No
Yes
Enlarged CSF spaces
No
Yes
Olfactory bulb T2-SA
No
Yes

4.5 (6.1)
6.5 (8.6)

2.7 (5.6)
7.7 (11.3)

3 (6)
11 (13)

4(6)
9(12)

8(13.7)
4(7)

3(6.5)
7(7.4)

5(12)
7 (6.6)

4.5 (6.625)
3(10)

6.5 (7.5)
45 (7.6)

4(7)
6(8.2)

136

.001

.033

.070

.840

.681

488

423

.552

Legend: CC, corpus callosum; IQR, inter-quartile range; NA, not applicable; PNH, periventricular nodular
heterotopias; T2-SA, T2 signal alterations; VL, volume loss



Supplementary Table 6. Differential diagnosis of MED27 with other MEDopathies. Available

as a separate excel table.

Supplementary Table 7. Differential diagnosis for MED27-related disorder. Available as a

separate excel table.

Supplementary Results
In silico modelling

MED27 is composed of two regions, a N-terminal region that forms a heterodimeric helical
bundle with MED29 and the other a C-terminal globular domain that interacts with various
head segment proteins (Fig. 2C and 2D). Except for one variant allele, the translated products
of the variants affect residues within the globular domain. The only variant that affects the
MED27-MED29 heterodimeric region is p.Val63Gly which is a structurally destabilising
substitution, affecting a residue close to the interface with MED29 (Fig. 2D). The majority of
the variants in the globular domain are predicted to be destabilising in the conformation
analysed (AAG > +2 kcal/mol). The variant p.Pro259Leu is predicted to be strongly stabilising
(6.9 kcal/mol) and rigidifying (42% of the RMSD of a brief ensemble). The variant
p.Ser232Phe is predicted to be neutral in terms of stability (+0.5 kcal/mol), as a result in a trade
in side chain interactions. The nearby variants p.11e230Arg and p.Val242Ala are predicted to
be destabilising (+2.3 kcal/mol, +2.1 kcal/mol), but less so than the other variants. The inframe
deletion p.Ser74_Val77del removes four residues in the structured loop between the first and
second helix bundle with MED29 (Fig. 2D). The lack of these residues alters the position of
the N-terminal helix most likely preventing bundle formation with MED29. In

PhosphoSitePlus® the C-terminal residues Serl77, Serl81, Tyr222, Ser232, Ser234, Tyr236



and Thr242 are found phosphorylated in high-throughput studies, the latter five cluster together

in a region where p.11e230Arg, p.Ser232Phe, and p.Val242Ala reside (Fig. 2D).

The variant predicted to be the most destabilising to the conformation is p.Gly291Ser (>+10
kcal/mol), which is in a buried hairpin and causes several backbone and sidechain alterations.
None of the C-terminal variants affect the strength of the interaction with the head protein. As
a reference for variants that are potentially neutral, gnomAD, a database of variants from the
healthy population, was inspected. There are only three stop-gain/frameshift and 42 missense
variants reported in the canonical transcript (Q6P2C8, ENST00000292035, NM_004269, 311
AA long), which is the sole transcript in the tissues reported in the GTex database*. Only one
variant, p.Val203lle, is homozygous and in only one individual; this rare variant (0.00012) is
predicted to be destabilising (+3.7 kcal/mol) in part due to the weakening of the interaction
with MED17 (+1.3 kcal/mol), but given that the substitution is from a hydrophobic residue to
a slightly larger one this could be an overestimate. Another rare variant (0.00012),
p.Prol74Ala, is in the C-terminal domain and is predicted to be destabilising (+3 kcal/mol).
p.Ser26Phe (0.000061) mapping to the N-terminus is predicted to be destabilising (+2
kcal/mol). The remaining variants are either structurally neutral or occur in amino acids within

the regions of missing density.

Supplementary Discussion

With an accurate structure of only one conformation, it is not possible to predict which is more
likely. Nevertheless, the picture may be more complex. The variant p.(Val203lle) from
gnomAD may help shed light on the mechanism, but the variant may not actually be
destabilising in vivo to any conformation or the individual with the variant may not be healthy
or they may not homozygous for that variant. Additionally, some variants in this cohort were

predicted to be near a cluster of phosphorylated residues found in high throughput studies?: this



may be either coincidental or indicative of an unreported regulatory mechanism. The mediator
complex triggers the phosphorylation of the RNA polymerase 1l as a result of a conformational
change®, therefore it is possible that some variants may favour one conformation over the other.
Two overlapping hypotheses are possible for the mechanism that gives rise to a pathogenic
phenotype in MED27: reduced mediator conformational switching or reduced functionally
active complexes. A less stable protein variant might partake in mediator complex formation,
but result in a lowered mediator activity, presumably due to hampered conformational
switching, or it might be less likely to participate in mediator complex formation due to its
aggregation and degradation, effectively lowering the concentration of functional active
complexes. Understanding the phenotypes associated with MEDopathies can additionally help
in understanding those involved in transcription factors and vice versa. Transcription factors
generally possess a structured DNA-binding N-terminal domain, frequently dimeric, and a C-
terminal tail, that is repeat-rich, disordered in isolation and frequently found modified post-
translationally in high-throughput studies, which is involved in recruiting the mediator
complex, by wrapping itself across particular regions of the complex®. With the advances
endowed by AlphaFold2 in modelling protein-protein interactions’, it may be possible to
iteratively across subsection of the mediator to determine the precise binding location of the C-
terminal tail of a transcription factor and better understand how the transcript initialisation

signals are integrated and the subtle differences between different MEDopathies.
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