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Figure S1: All 101 published cryo-EM α-synuclein amyloid fibril structures listed on Amyloid 
Atlas1 (as of September 2024), related to STAR Methods. The domains are coloured as follows; 
N-terminal domain in blue, NAC region in red, and C-terminal domain in green. Regions shown 
contain residues that are present in the ordered fibril core detected by cryo-EM.  
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Figure S2: All 68 published cryoEM 4R or 3R+4R tau amyloid fibril structures listed on 
Amyloid Atlas1 (as of September 2024), related to STAR Methods. The regions are coloured as 
follows; R1 in red, R2 in green, R3 in orange, R4 in blue and the remaining residues in white. 
Regions shown contain residues that are present in the ordered fibril core detected by cryo-EM. 
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Figure S3: Q-Score filtering to remove poorly resolved structures and individual residues in 
-synuclein amyloid structures, related to STAR Methods. A) The average Q-Score for each 
cyro-EM α-synuclein structure. The mean Q-score of all structures and the mean minus one 
standard deviation are shown by the black and red lines, respectively. Structures with a Q-score 
lower than the mean - 1SD were removed from subsequent analysis. B) A density plot showing 
the per residue Q-score for the remaining structures. Again, the overall mean Q-score and mean 
- 1SD are shown by black and red lines. Residues with a Q-score lower than the mean - 1SD were 
removed from subsequent analysis. C) A bar plot showing the number of times each residue 
position occurs across all structures. The bars are coloured by the number of times the given 
residue position is above or below the Q-score threshold. D) Shown are the residues resolved in 
the fibril core of the solved amyloid structure for each PDB. Dotted lines indicate regions of 
unresolved residues within the core. Note that -synuclein has 140 residues. Residues 101-140 
are not observed at high resolution in any cryo-EM maps. 
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Figure S4: Q-Score filtering to remove poorly resolved structures and individual residues in 
3R+4R and 4R tau amyloid structures, related to STAR Methods. A) The average Q-Score for 
each cyroEM tau structure. The mean Q-score of all structures and the mean minus one standard 
deviation are shown by the black and red lines, respectively. Structures with a Q-score lower than 
the mean - 1SD were removed from subsequent analysis. B) A density plot showing the per 
residue Q-score for the remaining structures. Again the overall mean Q-score and mean - 1SD are 
shown by black and red lines. Residues with a Q-score lower than the mean - 1SD were removed 
from subsequent analysis. C) A bar plot showing the number of times each residue position 
occurs across all structures. The bars are coloured by the number of times the given residue 
position is above or below the Q-score threshold. D) Shown are the residues resolved in the fibril 
core of the solved amyloid structure for each PDB. Dotted lines indicate regions of unresolved 
residues within the core. Residues spanning the four repeats (R1-R4) are individually coloured. 
Note that 4R and 3R tau can be a maximum of 441 and 410 residues respectively, with the R2 



6 

 

domain absent in 3R tau. Residues 1-248 are not observed at high resolution in any of the cryoEM 
maps.  

 

Figure S5: α-Synuclein amyloid: Comparing FoldX calculated ∆G° per residue with the 
Eisenberg group’s solvation free energy calculations, related to STAR Methods. A) The 
average ∆G° per residue across all unique α-synuclein structures calculated using FoldX2,3 (red) 
and Eisenberg’s solvation free energy4,5 (blue). Note data are scaled so that the minimum value is 
set to 0 and the maximum value is equal to 1. B) Scatter plot comparing the unscaled FoldX and 
Eisenberg calculated ∆G° per residue values. The Pearson correlation coefficient is shown in the 
top left. Numbers within each black circle denote the residue number in the 140 residue α-
synuclein sequence. 
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Figure S6: Tau amyloid: Comparing FoldX calculated ∆G° per residue with the Eisenberg 
group’s solvation free energy calculations, related to STAR Methods. A) The average ∆G° per 
residue across all unique 3R+4R and 4R tau amyloid structures calculated using FoldX2,3 (red) and 
Eisenberg’s solvation free energy4,5 (blue). Note data are scaled so that the minimum value is set 
to 0 and the maximum value is equal to 1. B) Scatter plot comparing the unscaled FoldX and 
Eisenberg calculated ∆G° per residue values. The Pearson correlation coefficient is shown in the 
top left. Numbers within each black circle denote the residue number in the 410/411 residue 
3R/4R tau sequences.  
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Figure S7: Intra-PDB differences between the Rg of protofilaments for α-synulcein (A) and 
tau (B), related to STAR Methods. Shown are the percentage differences between the Rg of 
protofilaments. The threshold for two protofilaments to be considered distinct was set to 5%, 
indicated by the black dashed line. Example asymetric unit structures for α-synuclein and Tau 
fibrils are shown. 
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Figure S8: Using RMSD to measure the similarity of different α-synuclein amyloid structures, 
related to STAR Methods. A) RMSD scores (Å) of each α-synuclein amyloid fold compared with 
the structure 6cu76. B) Heat map showing the pairwise RMSD comparisons across all α-synuclein 
amyloid folds. 
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Figure S9: Using RMSD to measure the similarity of different 3R+4R and 4R tau amyloid 
structures, related to STAR Methods. A) RMSD scores (Å) of each tau amyloid fold compared 
with the structure 6tjx7. B) Heat map showing the pairwise RMSD comparisons across all tau 
amyloid folds. Grey regions correspond to structures with no overlapping residues resulting in no 
calculated RMSD scores. 
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Figure S10: Scree plots showing the Euclidean distance cut height and the resulting number 
of cluster groups for α-synuclein (A) and tau (B) , related to STAR Methods. The manually 
assigned cut heights are shown by the red line. 
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Figure S11: Hierarchical clustering of amyloid fold similarity between solved PDB structures 
of tau amyloid clustered from their RMSD values, related to Figures 2 and 3. A) 11 structural 
classes result, shown in different colours. The PDB code for each structure is given below. PDB 
codes are coloured as follows: 4R structures in blue and 3R+4R structures in red. B) Distributions 
of ∆G° per residue for published tau amyloid structures after Q-score validation. The blue line 
denotes ∆G° per residue of 0, with positive values indicating a destabilizing contribution and 
negative values indicating overall stabilizing residues. C,D) Bar charts showing the normalized 
number of times each amino acid was found to be either C) stabilizing (mean - 1 SD) or D) 
destabilizing (mean + 1 SD). E) Network diagrams showing the number of times stabilizing regions 
are found within <10.8Å. Nodes represent the stabilizing regions and are coloured as in Figure 
S13B. The intra-protofilament (within a single layer) and inter-protofilament contacts are shown 
by black and red lines, respectively. The width of the edges indicates the number of times a 
contact between the stabilising regions occurs across all members of the group. The tau 
structures are separated into distinct polymorphs based on their cluster groups identified in (A). 
The percentage of structures involved in each contact within a group is presented in Table S4. 
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Figure S12: Violin plots showing the Pearson correlation between α-synuclein and Tau ΔG° 
per residue profiles, related to Figure 3. Pearson correlations were calculated between ΔG° per 
residue profiles traces in a pairwise fashion for every unique amyloid fold. Boxplots display the 
median and interquartile range for each group. 
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Figure S13: Defining stabilizing regions in amyloid structures related to Figure 3 and STAR 
methods. The thermodynamic profiles of A) α-synuclein and B) tau obtained using FoldX were 
smoothed using a sliding window of size 3. Stabilizing regions are indicated by the vertical 
coloured bars. 
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Figure S14: Comparing stability and β-strand propensity for α-synuclein (A) and 3R+4R or 4R 
tau (B), realted to STAR methods. The dashed line represents the number of times a given 
residue was found in a β-strand consisting of at least 4 residues as a proportion of the total 
number of occurrences for each residue across all analysed PDBs. The solid line represents the 
mean ∆G° per residue across all analysed PDBs which is then scaled so the minimum (most 
destabilizing) and maximum value (the most stabilizing) equal 0 and 1, respectively. The coloured 
bars represent the defined stabilizing regions as in Figure S11. 
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Figure S15: Visualization of the network diagrams for example tau structures, related to 
Figure 4. Shown are three example structures; 8OT68, 6TJX7 and 7P679 taken from the three 
largest cluster groups (Figure S11A), group 3, 6 and 8, respectively. Network diagrams showing 
the number of times contacting residues are found within <10.8Å. Nodes represent single 
residues and are coloured based on the stabilizing regions identified in Figure S13B. All 
structures are formed from two protofilaments. For each structure, a single protofilament has 
been labelled with its stabilizing regions denoted by small numbered circles and contacts within 
<10.8Å shown as solid lines. For both the network diagrams and the annotated structures, the 
intra- and inter-protofilament contacts (per layer) are shown by black and red lines, respectively. 
For simplicity, the second protofilament for each structure is unlabelled except for instances of 
inter-molecular contacts. 
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Figure S16: All-residue contact maps of different α-synuclein amyloid polymorphs, related 
to Figure 4. Network diagrams showing the number of times residues are found within <10.8Å. 
Nodes represent single residues and are coloured (and numbered for one group) based on the 
stabilizing regions identified in Figure S13A. Grey edges denote intra-protofilament interactions 
within a layer, with red edges indicating inter-protofilament interactions. The α-synuclein 
structures are separated into distinct polymorphs based on the cluster groups identified in Figure 
2. 
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Figure S17: All-residue contact maps of different tau amyloid polymorphs, related to Figure 
4. Network diagrams showing the number of times residues are found within <10.8Å for the 3 
largest tau cluster groups. Nodes represent single residues and are coloured (and numbered for 
one group) based on the stabilizing regions identified in Figure S13B. Grey edges denote intra-
protofilament interactions per layer with red edges indicating inter-protofilament interactions. 
The tau structures are separated into distinct polymorphs based on the cluster groups identified 
in Figure S11A. 
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Figure S18: Thermodynamic stability of α-synuclein and tau amyloid fibrils formed under 
different conditions, related to Figure 5. Data are clustered by A,C) growth condition and B,D) 
RMSD cluster group. Box-and-whisker plots show the mean and standard deviation for each 
group. Individual points represent the ∆G° for a single PDB calculated by summing the mean ΔG° 
per residue score for each position across all interior chains. A,B) data for -synuclein amyloid 
fibrils, C,D) data for tau fibrils. Statistical analysis was not performed due to small numbers of 
entries in some classes and errors in calculating stability from structures of different resolution 
that limits statistical power. However, two pairs of groupings of -syn contain sufficient numbers 
for statistical analysis: fibrils generated completely in vitro (64 members) and those seeded from 
ex vivo fibrils (26 members) and RMSD cluster groups 4 and 8 (38 and 42 members, respectively). 
As both in vitro and group 8 data are not normally distributed (assessed using a Shapiro-Wilk test)  
a non-parametric Wilcoxon rank sum test was used and no significant difference was found for 
either pair (W = 988, p-value = 0.166 and W = 705, p-value = 0.375 for in vitro and seeded ex vivo 
and groups 4 and 8, respectively). 
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Figure S19: Visualization of the α-synuclein ex vivo MSA structures with a network diagram 
for each topology, related to Figure 5. A single layer of the 6xyo15 fibril has been labelled with its 
stabilizing regions denoted by small, numbered circles and contacts within <10.8Å shown as 
solid lines. For both the network diagrams and the annotated structures, the intra-protofilament 
(within a single layer) and inter-protofilament contacts are shown by black and red lines, 
respectively. Separate network diagrams are shown to display the different stabilizing region 
contacts within each of the two protofibrils. 
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Figure S20: High-resolution cryo-EM structures of tau amyloid grouped into RMSD clusters 
and coloured by stable regions, related to Figure 5. Solid line boxes denote structures solved 
from ex vivo samples with Alzheimer’s Disease in black, Down syndrome in red, Alzhiemer’s 
disease + Down Syndrome in brown, Cerebral Amyloid Angiopathy in grey, Age-Related Tauopathy 
in blue, Amyotrophic Lateral Sclerosis/Parkinsonism-dementia complex in green, Chronic 
Traumatic Encephalopathy in yellow, Subacute Sclerosing Panencephalitis in purple, 
Corticobasal Degeneration in pink, Argyrophilic Grain Disease in dark pink, Progressive 
Supranuclear Palsy in light orange, Globular Glial Tauopathy in orange, Limbic-predominant 
neuronal inclusion body tauopathy in dark orange. Dashed line boxes denote structures solved 
from point mutant samples with V337M in black, R406W in blue, D395G in red, P301S in green, 
P301L in brown, S396E + T403E + S404E in orange, S202E + T205E + S208E in purple. The order in 
which structures are shown in each group is based on their similarity (RMSD), with the order 
matching that shown in the dendrogram in Figure S11A (from left to right). Stable regions are 
coloured as shown in Figure S13B. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 

 

Table S4: Tau contact frequency between stable regions for each RMSD cluster group, related to Figure 3 and STAR methods 

RMSD 
cluster 
group 

Stable Regions 
Within (<10.8Å) 

Occurrences Unique 
Structures 
per Group 

Contact 
Frequency 

(%) 

1 12 -- 17 1 1 100 

1 13 -- 14 1 1 100 

1 15 -- 15 1 1 100 

1 16 -- 17 1 1 100 

2 10 -- 11 1 1 100 

2 11 -- 12 1 1 100 

2 12 -- 16 1 1 100 

2 13 -- 14 1 1 100 

2 15 -- 17 1 1 100 

2 4 -- 14 1 1 100 

2 5 -- 13 1 1 100 

3 10 -- 11 25 40 63 

3 4 -- 12 40 40 100 

3 6 -- 11 40 40 100 

3 6 -- 6 9 40 23 

3 6 -- 7 21 40 53 

3 7 -- 10 40 40 100 

3 7 -- 11 7 40 18 

3 7 -- 7 5 40 13 

3 7 -- 8 9 40 23 

3 8 -- 10 16 40 40 

3 8 -- 9 34 40 85 

4 1 -- 2 1 2 50 

4 1 -- 4 2 2 100 

4 1 -- 5 2 2 100 

4 2 -- 4 2 2 100 

5 1 -- 10 1 1 100 
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5 1 -- 11 1 1 100 

5 1 -- 8 1 1 100 

5 1 -- 9 1 1 100 

5 10 -- 11 1 1 100 

5 2 -- 7 1 1 100 

5 2 -- 8 1 1 100 

5 3 -- 4 1 1 100 

5 3 -- 6 1 1 100 

5 4 -- 5 1 1 100 

6 1 -- 12 1 5 20 

6 1 -- 2 3 5 60 

6 11 -- 12 1 5 20 

6 2 -- 12 2 5 40 

6 2 -- 4 2 5 40 

6 2 -- 5 5 5 100 

6 3 -- 10 5 5 100 

6 3 -- 11 5 5 100 

6 3 -- 4 5 5 100 

6 3 -- 9 5 5 100 

6 4 -- 7 5 5 100 

6 5 -- 6 5 5 100 

6 7 -- 8 5 5 100 

7 1 -- 6 1 1 100 

7 2 -- 5 1 1 100 

7 3 -- 4 1 1 100 

7 4 -- 10 1 1 100 

7 4 -- 11 1 1 100 

7 4 -- 9 1 1 100 

7 6 -- 7 1 1 100 

8 1 -- 6 7 7 100 

8 10 -- 11 1 7 14 

8 11 -- 12 6 7 86 
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8 2 -- 5 6 7 86 

8 3 -- 11 4 7 57 

8 3 -- 4 7 7 100 

8 4 -- 10 7 7 100 

8 4 -- 11 3 7 43 

8 4 -- 8 5 7 71 

8 4 -- 9 4 7 57 

8 6 -- 7 7 7 100 

8 9 -- 10 3 7 43 

9 13 -- 14 1 1 100 

9 15 -- 15 1 1 100 

10 1 -- 3 1 1 100 

10 2 -- 3 1 1 100 

10 3 -- 4 1 1 100 

11 1 -- 2 1 2 50 

11 1 -- 4 1 2 50 

11 1 -- 5 1 2 50 

11 2 -- 4 1 2 50 

11 3 -- 4 1 2 50 
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