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ABSTRACT

We use the protein geometry database (PGD 1.1) for obtaining the high-resolution Ramachandran distributions as 2D-binned
probability histograms (Figures S1 to S20). The optimal bin area ( 1.895° x 1.895°) dividing the Ramachandran map was
obtained with the method of Shimazaki & Shinomoto.? Figure S21 shows the correlation matrix plot with significance levels
between the replacement inertia Iy and the mutability of the full set of replacement matrices used in the present study (Table
S1).



Figure S1. High-resolution Ramachandran distribution Py;,(¢, ) of alanine as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S2. High-resolution Ramachandran distribution Py,(¢, y) of arginine as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S3. High-resolution Ramachandran distribution Py, (@, y) of asparagine as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S4. High-resolution Ramachandran distribution Py, (¢, ) of aspartic acid as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S5. High-resolution Ramachandran distribution Pcy(¢, y) of cysteine as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S6. High-resolution Ramachandran distribution Pg;, (¢, ¥) of glutamine as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S7. High-resolution Ramachandran distribution Pgy, (¢, ¥) of glutamic acid as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S8. High-resolution Ramachandran distribution Pg;y (¢, w) of glycine as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S9. High-resolution Ramachandran distribution Py;s(¢, w) of histidine as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S10. High-resolution Ramachandran distribution Py, (¢, ) of isoleucine as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S11. High-resolution Ramachandran distribution Pp.,x (¢, ) of leucine as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S12. High-resolution Ramachandran distribution Py, (¢, y) of lysine as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S13. High-resolution Ramachandran distribution Py (¢, ¥) of methionine as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S14. High-resolution Ramachandran distribution Ppp,. (¢, ¥) of phenilalanine as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).

15/24



10°

180°

180° 0,

Figure S15. High-resolution Ramachandran distribution Pp,, (¢, ¥) of proline as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S16. High-resolution Ramachandran distribution Ps.,.(¢, ) of serine as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S17. High-resolution Ramachandran distribution Prj,, (¢, y) of threonine as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).

18/24



10°

180° 0,

Figure S18. High-resolution Ramachandran distribution Pr,, (¢, y) of tryptophan as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S19. High-resolution Ramachandran distribution Pry.(¢, y) of tyrosine as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).
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Figure S20. High-resolution Ramachandran distribution Py, (¢, ) of valine as derived from the PGD 1.1 database at
1.895° x 1.895° bin size (logartihmic scale).

21/24



ve/ee

5 15 6 14 4 8 5 9 6 11 4 10 2 8 6 14 40 2 10 04 14 8 16 4 12 10 35 6 14
L1l LIl LI LIl LI LIl LIl Litil L1l LILL (NENN] [ANNEN LIt LILILL L
e e ] ] e ] prm e | T ] ™ o ] P e ] - o P o P o - e P T - . “E o
lx | 090 | 0927 091 | 091 | 092 | 090 | 092 | 096 | 080 | o83 | o84 | 083 | 083 | 080 | 091 [ oss [ oss [ oss [ os3 | 093 | 078 | 091 | 083 | 0% | o8t | 092 [ oss [ oee 052 06e =
IS - o
- ! 20” 099 [ 098 | 096 | 0.96 [ 0.96 | 093 | 090 | 071 | o080 | 082 | os1 | o081 [ o082 | 095 | 0.94 | 0.96 [ 085 | 091 | 0.92 [ oes | 088 | 091 | 0.94 | 0.90 | 0.96 | 0.94 | 084 [ oss 05
0 A
Bieau] e rm ™ o e - ™ ™ m Y - - e - P - = Y m P P - P -
20 | 098 | 097 [ 097 | 096 | 0.93 | 0.92 [ 071 | ost | o082 | o082 [ os2 | oes | 096 | 0.95 [ 096 | 087 | 092 | 0.93 [ oee | oeo | 092 | 0.94 [ 091 | 096 | 0.94 | 084 [ o= 0s8
4
Fomu] P o P = e - o - o - e P - P - e o o o P = P ] e - - -
o | 097 | 098 | 097 | 095 | 092 | 070 [ oso | o8 | osr | osr | 0s3 [ 097 [ 096 | 0.97 | oss | 004 | 0.01 [ o069 [ 087 | 0.94 | 096 | 003 | 007 [ 0.95 [ 07 | os 060
o
a LOSM 098" | 098" [ 0967 0.937| 070" 079”| oso | 079”| 078" | 082”| 096 | 0.95 | 0.97 | oss | 092 | oss | s | o082 | 092" | 0.95 | 0.90 | 0.96 | 091 | 078 [ s
o
o So [ 099 [ 098 | 096 | o74 [ os2 | os2 | osL [ osr [ oso | 0.96 | 094 [ 097 | oss | 0.90 [ 090 [ os7 | oss | 090 [ 094 | oss | 0.96 | 090 [ o077 o
~ BLOSUMI Sokk | ok Hkk, Hkk ok Hkk Hkk, dkk | sokk | kK Fkk, ek | ok Hkk ke kk kK kK ek | ok ok Hkk,
e 80 0.98 0.95 0.75 0.81 0.82 0.80 0.80 0.81 0.96 0.94 0.96 0.85 0.90 0.89 0.66 0.85 0.90 0.93 0.88 0.94 0.89 0.78 044
o 3 ) BLOSUMI 098 | o079 | 084 | 084 | 082 | o082 | o081 | 094 [ 091 | 0.93 | 087 | o087 | o0so [ oeo | o085 | os7 [ 0.90 | oss | 0.94 | oss [ 073 iz
g g
0 IBLOSUM| ek Hkk ok Hkk Hkk ok | okk | ok Hkk ek | ok k| Hkk okk | Hkk Hkk ek | ok ok ok
o 100 0.82 0.85 0.85 0.83 0.83 0.80 0.92 0.88 0.88 0.86 0.83 0.91 0.73 0.86 0.83 0.89 0.82 0.91 0.84 0.67 0.
N > Ao o S o S 3 P I - o — m m - - - Y e m Y - - m - - -
o| &0 o] 8970 | 0% PAM40| 095 | 0.93 | 091 | 091 0.82 0.79 0.74 066 0.82 0.73 0.81 0.88 0.83 073 062 0.74 0.73 063 053 065
©
o O] © 1205 ©° | PAM80| 0.99 0.98 0.98 0.93 0.87 0.85 0.74 0.94 0.85 0.88 0.90 0.88 0.85 0.73 0.87 0.82 0.75 0.71 0.71
o~ o & °
— ok k| k| k| ok k| k| ok | k| k| ok k| k] ek kx| k] ok ek
oo g% | o0 w o foog ° Y | 099 | 0.997| 0957 oss | 085 | o7s | 0.95 | 0e7 | 090  0.00 | 091 | os7 | o7a | oss | oss | o079 | 073 | 074
< d & a
S P P ™ m e o o - o - r o e — m m e T
od g o 03 > %6 oo 0986 o 160 | 100 | 097 | o8 | oss [ 075 | 096 | oss | 0.90 [ 091 | 090 | o8 | o073 [ ose | oss | 080 [ 073 [ 076
~ 3 & A
— N e o o o o o o P P r - o ] o o ] ]|
5 o o3 > 6 oo o086 d 200 | 097 | 089 | o8 | 075 | 096 | 088 [ 090 [ 091 [ 090 | oss | 073 | 089 | o84 | 080 | 073 | 076
o~ e =
o Q> ] 8 00 00 ) 0% o2 9 PAM 0.91 0.91 0.76 0.98 0.94 0.85 0.89 0.85 0.94 0.74 0.94 0.83 0.82 0.79 0.75 0.6
© (3 £ 4 ! S ° 250 T
- o o VTML ] o | ] ] ] ] ] o o] o o o ™ "
o oo o P 099 [ 095 | 092 | 097 [ 092 | 078 | 0.90 | 0.97 [ 0.93 | 096 | 0.96 | 0.92 | 084 | oso
o e o o 3 o 160
S S VTML ]| ]| o T o e o o P o o o - ;
b 9 5 A 0o o oo | o2 | 28 | < 200 | 093 | 0.93 [ 099 [ oso | 077 [ oss | 099 | 0.01 [ 097 | 094 | 0.02 | 087 [ e 060
- g ° o, 9 ©, ) ek | ok | ok | *k ok | ek ek ek | ok | P ok | *
o o op. 0% 5 o °S | &~ |opmiMA| o080 | 0.90 | oss | oer | o084 | 0.90 | 0.96 | oss | 0.97 | 0.92 | 070 ous 054
o g o o (] °
< ok ok ek | okk | ek Hkk k| k| ek ek | ok | k|
o 974 8.4 8 °%% 2% 4 2 0% o o °%% |PET91| 0.94 0.88 0.85 0.86 0.94 0.80 0.95 0.87 0.86 0.82 071 0.74
N Hkk, k| dokk | Hkk Fkk Sk | ok ok ok | ok
4 " “ ; o, “O9p | o7 | o797| oss | 100 | oss | 099 [ 093 [ 091 [ 090 | s | 0w
o o
ok ook ok Fokk ok ok | Hokk ek ok * —
° o oo y JONSON] 076™| 0.08”| 087" 0.017| o0se”| 0047 0037 07| s o =
o A 93 E o
< £ > 0%l ° ° ° o, mivaoy| osz”| 078 oe™| o8| 07t| oes | 0w | 077 | os
o o] o] x| ] ] o x|
o ° OVER | (g5 0.86 0.85 0.92 0.90 0.76 0.69 ©
92
® <
3 e = prm o e = -
o2 ( S A &g/ VOST | 05| 099 | 0937 | 091 [ 000 [ et | o
®
003 027 | a8 |PRLIC| 085 | 007 | 095 | o8t | ws | oss
00
< = 3 5 3 ° 0225 |STROMA| 0.91 | 0.90 | 0.90 | 070 058
N
* - <
o % 0980 e CROOKS| 0.06"| os:s™| ose™| o™
05 -
0. 85*” 0.62 - 0.54
g
Lt o USEP| 05| -
0 o
oogs >/ (Te P
o < o ~
@0 %
TTTTTT TTTTTT TTTTTT LLLLLLL TTTTTTT TTTTT

4 8

4 12

2

12

4 8

6 16

Figure S21. Correlation matrix plot with significance levels between the replacement inertia Iy and the mutability of the full set of replacement matrices used in the
present study (Table S1). The lower triangular matrix is composed by the bivariate scatter plots with a fitted smooth line. The upper triangular matrix show the Pearson
correlation plus significance level (as stars). Each significance level is associated to a symbol: p-values 0.001 (***), 0.01 (**), 0.05 (*). This plot was generated with the
Performance Analytics package in the R program.? The abbreviations used in this plot are detailed in Table S1.



Table S1. Abbreviations used in the present study (left) and the corresponding description (center) of the set of substitution
matrices with their respective source or AAindex code (right).

Name Description AAindex Entry/Source
BLOSUM30  The BLOSUMS30 matrix ftp://ftp.ncbi.nih.gov/blast/matrices/
BLOSUM40  The BLOSUM40 matrix ftp://ftp.ncbi.nih.gov/blast/matrices/
BLOSUMS0  The BLOSUMS0 matrix HENS920104
BLOSUM62  The BLOSUMG62 matrix HENS920102
BLOSUM70  The BLOSUM70 matrix HENS920103
BLOSUMS80  The BLOSUMS80 matrix ftp://ftp.ncbi.nih.gov/blast/matrices/
BLOSUM90  The BLOSUMO90 matrix ftp://ftp.ncbi.nih.gov/blast/matrices/
BLOSUMI100 The BLOSUM100 matrix ftp://ftp.ncbi.nih.gov/blast/matrices/
PAM40 The PAM40 matrix DAYM780302
PAMS0 The PAMS80 matrix ftp://ftp.ncbi.nih.gov/blast/matrices/
PAM120 The PAM120 matrix ALTS910101
PAM160 The PAM160 matrix ftp://ftp.ncbi.nih.gov/blast/matrices/
PAM200 The PAM200 matrix ftp://ftp.ncbi.nih.gov/blast/matrices/
PAM250 The PAM250 matrix DAYM780301
VTML160 The VTML160 matrix MUET020101
VTML200 The VTML250 matrix MUET020102
OPTIMA The OPTIMA matrix KANMO000101
PET91 The 250 PAM PET91 matrix JOND920103
GONNET92  The mutation matrix for initially aligning GONG920101
JOHNSON93  Structure-based amino acid scoring table JOHM930101
MIYA91 Base-substitution-protein-stability matrix MIYS930101
OVER92 STR matrix from structure-based alignments OVEJ920101
VOGT95 Amino acid exchange matrix VOGGI950101
PRLICO0 Homologous structure derived matrix PRLA000102
STROMA STROMA score matrix for the alignment of known distant homologs QUIB020101
CROOKSO05 Substitution matrix computed from the Dirichlet Mixture Model CROGO050101
BLAKEO1 Matrix built from structural superposition data for identifying potential BLAJ010101
SAUSAGE_P  Amino acid similarity matrix based on the SAUSAGE force field DO0SZ010101
THREAD_P Amino acid similarity matrix based on the THREADER force field DOSZ010103
BENNERY%4 Genetic code matrix BENS940104
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