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1.  Supplementary figures

Figure S 1: Evaluation of the method combination CNPR and the 27 individual
methods applied to the 7 HIV-1 datasets. The x-axis indicates the 28 assessed methods
which are ordered according to their performance ranking (CNPR with the best ranking is
positioned on the left). The y-axis indicates four statistical measurements (AUC,
accuracy, harmonic distance, Euclidean distance) used for the assessment of coevolution
predictions given 7 HIV-1 datasets. The L and L/2 top-ranked predictions are evaluated
by the measurements of accuracy, harmonic distance and Euclidean distance. The z-axis
indicates the performance ranking of individual methods, where one method with the best
ranking has the shortest bar. Based on the performance ranking, bars are colored by green
(ranking: 1-5), yellow (ranking: 6-10), orange (ranking: 11-15), blue (ranking: 16-20) and
red (ranking: 21-28). Grey cones are used when no long-range couplings were predicted
by the corresponding sequence-based methods (e.g. AUC is not evaluated for NNcon in
predicting long-range couplings in the p6 protein). Ranking data is provided in Table S3.
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Figure S 2: Jaccard and association coefficients between CNPR and 27 sequence-
based methods. The x-axis indicates the cutoff of the top-ranked couplings used for the
calculation of Jaccard and association coefficients, where L is the number of AA
sequence in the sequence inputs.
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Figure S 3: HIV-1 nucleocapsid coevolving pairs predicted by CNPR. (a) The contact
map of HIV-1 nucleocapsid (bottom right) and the predicted coevolving pairs (top left)
are illustrated. Green dots indicate true positive pairs predicted in protein contact map.
The helix secondary structure H1 is shown along the x- and y-axes. (b) HIV-1
nucleocapsid structure crystalized with a RNA stem loop. PDB code: 1ALT.
Visualization software: Matlab and PyMOL V1.5.
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Figure S 5: Contact map of HIV-1 matrix and coevolving pairs predicted by 28
sequence-based methods. For each subplot, the protein contact map is shown at the
bottom right and the top-ranked coevolving residues (L=99) predicted by sequence-based
methods are shown as asterisk in the upper left side. True positive coevolving pairs are

those falling within the contours of the protein contact map, and indicated as green
asterisk. The others are red.
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Figure S 6: Contact map of HIV-1 capsid and coevolving pairs predicted by 28
sequence-based methods. For each subplot, the protein contact map is shown at the
bottom right and the top-ranked coevolving residues (L=231) predicted by sequence-
based methods are shown as asterisk in the upper left side. True positive coevolving pairs
are those falling within the contours of the protein contact map, and indicated as green
asterisk. The others are red.
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Figure S 7: HIV-1 nucleocapsid contact map and coevolving pairs predicted by 28
sequence-based methods. For each subplot, the protein contact map is shown at the
bottom right and the top-ranked coevolving residues (L=55) predicted by sequence-based
methods are shown as asterisk in the upper left side. True positive coevolving pairs are
those falling within the contours of the protein contact map, and indicated as green
asterisk. The others are red.



2. Supplementary tables

Table S 1: Summary of 7 sequence datasets for detecting HIV-1 coevolution.

HIV-1 protein MA CA NC p6 PR p6-PR | CSM-PR
Number of sequences | 605 656 768 1030 1762 788 292
Percentage of gaps | 0.21% | 0.01% | 0.05% | 0.09% | 0.02% | 0.02% 0.22%
Amino acid diversity | 12.46% | 4.57% | 9.37% | 14.30% | 7.59% | 11.95% | 9.77%

Table S 2: Summary of Pl-associated Gag and protease substitutions reported in
experimental or clinical studies.

Gag substitutions # Protease substitutions Ref
L449F+P453T L10F+G16E+K20T+A28S+M461+A71V [1]
R452K Q58E+A71V [1
L449F L10F Al
L449F L10F+I84V [2]
L449F L10F+M461+150V [2]
L449F L10F+M461+147V+150V [2]
R452S L10F+K201+M361+M461+154V/+L63P+A71V+G73S+I84A [3]
L449F L10F+M461+L63P+A71V+I84A :[ﬁ
A431V+L449Q L10V+M461+L63A/P+A71V+I84A [3]
A431V L101+M461+L63P+A71V+L76V+I84A [3]
A431V+S4511 L10F+L191+M461+147V+154V+L63P+A71V+I84A [3]
A431V L10V+K201+M361+M461+A71V+G73S+L76V+I84A [3]
L449F L101+M461+L63P+A71V+VT71+I84A [3]
A431V L101+M461+L63H+A71V+V771+I84A [3]
A431V+L449V+R452K L10F+K201+M461+154M+L63P+A71V+G73T+V771+I84A [3]
A431V+L449F L10F+M461+L63P+A71V+VT771+I84A [3]
A431V+L449Q+S451T L101+L33F+M461+154V+L63P+A71V+L76V+I84A [3]
R452S L10F+K201+M361+M461+154V/+L63P+A71V+G73S+I84A [3]
S451N K201+M361+V821+184C [3]
L449F L101+L191+L 241+ L 63H+I84C [3]
A431V L10I+G16A+M461+L63P+L76V+184C [3]
A431V+L449F L10F+L19V+L241+M46L+L63P+184C [3]
A431V+L449F L101+L241+M46L+L63P+A71T+G73S+V771+184C [3]
A431V M461+L76V [4]
A431V M46l [4]
A431V L76V [4]
P453L D30N-+N88D [5]
E12K+L75R+H219Q+V390D+R409K L10F+D30N+K451+A71V [6]
E12K+L75R+H219Q+V390D+R409K D30N+M461+V771 [6]
L75R+H219Q+V/390D L10F+V321+M461+184V 7
A431V L10F+K20T+L33F+M361+M461+154\V/+L63P [8]
A431V L101+K20R+L33F+M46L+I54L+L63P+A71V+G73S+V82A+L90M | [8]
1437V L101+G48V+154V+L63P+V771+V82A [8]
L483P+K490R L101+115V+E34Q+M361+T37N+I54A+Q58E+V82A [9]
1376V+ L483P+K490R L101+115V+E34Q+M361+T37N+I54A+Q58E+V82A [9]
1376V+E398V+L483P+K490R L101+115V+E34Q+M361+T37N+I54A+Q58E+V82A [9]
L449P+P453L L19Ins+E21D+A22V+M461/L63P+A71V+I84V+I93L [10]
L449P+P453L M461+L63P+A71V+I84V+I93L [10]
L449F 150V [11]
L449F M461+150V [11]
P453L 150V [11]




Gag substitutions # Protease substitutions Ref
P453L M461+150V [11]
A431V L90M [12]
A431V N88D+L90M [12]
A431V N88D [12]
A431V D30N+N88D+L90M [12]
A431V D30N+N88D [12]
A431V 184V [12]
A431V V82A [12]
A431V 150L [12]
A431V 184V+L90M [12]
A431V V82A+L90M [12]
K436R L90M [12]
K436R 184V+L90M [12]
K436R 184V [12]
K436R 150V [12]
1437V D30N+N88D [12]
1437V 150V [12]
1437V 184V+L90M [12]
1437V V82A [12]
1437V V82A+L90M [12]
1437V 184V [12]
L449F D30N+N88D [12]
L449F V82A [12]
L449F 150V [12]
L449F V82A+L90M [12]
L449F L90M [12]
L449F N88D [12]
R452S 184V/+L90M [12]
R452S 184V [12]
R452S L90M [12]
P453L 184V [12]
P453L 184V/+L90M [12]
P453L L90M [12]
P453L V82A [12]
P453L V82A+L90M [12]
A431V M461 +L76V [13]
P453L 184V [14]
A431V M461/L,V82A/FIT [14]
1437A V82A [15]
1437V G48V,150V,I54A/NV V82AIT [15]
P459Ins V82A/F/T/S [16]
S451N L10I [17]
1437T/V L76V [18]
A431V M46I [19]
N382A 115V [20]
A431V M46L/1+154V+ V82A [21]
L449P,S451N,P453L D30N+N88D [22]
A431V L241+M461/L+154V+V82A [23]
1437V 154V+V82F/T/S [23]
L449V 154M/L/SIT/IA [23]
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Gag substitutions # Protease substitutions Ref
L449F+R452S+P453L D30N+I84V [23]
P453L V82A [23]
L449F,S451N/T D30N+N88D [24]
A431V M461/L,154V , V82AIT/F [25]
S373Q,L449P K20I/R/M,L89M/I [25]
S125K+Y132F+G62R+1437V L10I+A71V+N88S [26]
P453L N88D [27]

#: Substitution: the symbol “+” indicates multiple amino acid substitutions observed
simultaneously (e.g. Y79F+T81A indicates the presence of both Y79F and T81A).

Table S 3: Ranking of sequence-based methods using individual HIV-1 datasets

Sequence-based Avrea-under-curve (AUC) Accuracy(1) | Harmonic distance(2) | Euclidean distance(3)
method MA CA NC p6 PR PR-p6 | PR-GCS | L/2 L L/2 L L/2 L
APC 11.5* | 125 145 12 145 13.5 11 16 15 115 12.5 13 14
ASC 15 20 14.5 10 11 12 14 11 8 7 10 7 15
BN 45 125 10 13 4 18.5 0 24 22 26.5 23 27 24
CMPro 25 55 1 9 5 10 7 2 3 1 3 1 2
CoMap 255 235 11 0 19.5 0 225 27 27 14.5 9 9 8
Complementary 25.5 235 19.5 19 22.5 20 19 26 25 26.5 26 23 23
CTMP 21 235 0 0 14.5 9 0 28 28 28 245 11 7
DCA 18.5 12.5 145 8 26 11 10 17 17 13 17 14 12
DNcon 28 26.5 8 0 9 0 55 8 10 6 6 6 6
GREMLIN 15 16.5 12 6 10 16 13 12 14 115 15.5 12 16
Interdependency 7 7.5 6 0 7 0 0 19 18 14.5 12.5 18 13
LogR 18.5 16.5 245 7 19.5 17 19 15 16 18 18.5 19 21
Ml 27 16.5 17.5 2 12.5 4 3 6 7 9.5 12.5 15 18
MIBP 115 28 19.5 145 22.5 13.5 8 25 22 19 155 16 10.5
Mutagenetic 235 55 5 0 8 25 16 9 6 16.5 12.5 24 20
NBZPX2 15 235 24.5 17.5 21 22 22.5 23 22 235 24.5 26 25.5
NCPS 9.5 26.5 24.5 4 17 2.5 2 7 9 20.5 20.5 25 27
NNcon 6 2 3 0 1 0 0 3 2 3 1.5 3 3
PCC 235 9.5 22 0 26 18.5 15 21 24 235 27 20.5 25.5
PhyCMAP 1 35 4 16 6 55 19 5 5 5 5 5 4
PhysicoMI 8 9.5 27 2 28 8 12 20 26 25 28 28 28
PSICOV 15 75 245 175 26 22 21 18 19 22 20.5 20.5 17
RCW 21 20 17.5 5 17 5.5 4 13 11 9.5 75 10 10.5
SCA 21 16.5 21 20 125 7 5.5 10 125 16.5 18.5 17 19
Spidermonkey 9.5 12.5 9 14.5 24 22 17 22 20 20.5 22 22 22
SVMcon 4.5 1 7 0 2.5 0 0 4 4 4 4 4 5
ZRES 15 20 145 11 17 15 9 14 125 8 75 9
CNPR 2.5 815 2 2 25 1 1 1 1 2 15 1

(1): Rankings are obtained by the average accuracy of individual methods (Table S4)

(2): Rankings are obtained by the average Harmonic distance of individual methods (Table S5)
(3): Rankings are obtained by the average Euclidean distance of individual methods (Table S6).
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*: the average ranking of the method following the calculation procedures in [28]. We give a
simple example to explain the calculation of this average ranking:

In the example on right, the average ranking of the first and second methods is calculated as

Method 1:
Method 2:
Method 3:

AUC
0.9
0.8
0.7

Ranking
= 1
= 2
= 3

Method 1:
Method 2:
Method 3:

AUC

0.8
0.8
0.7

Ranking
= (1+2)=15
= (1+2)=15
= 3

(1+2)/2 = 1.5. For the method 3, it remains the same ranking as 3.

Table S 4: Accuracy of sequence-based methods on individual HIV-1 datasets
(threshold of contact distance: 8 angstroms)

Sequence-based Accuracy of the L/2 top-ranked long-range couplings Accuracy of the L top-ranked long-range couplings
method MA CA NC p6 PR PR-p6 | PR-GCS | Average | MA | CA NC p6 PR PR-p6 | PR-GCS | Average
APC 9% 6.9% [17.9% |0%# [22% |9.2% |10.7% |10.8% |9% 4.3% [19.6%|0% |14% |[4.6% [8.7% 8.6%
ASC 75% |6.9% [21.4% |0% |[20% |17.1% |32% 15% 6.8% |4.7% [17.9%(1.9% [19% |[11.2% |20.7% 11.7%
BN 6% 25% [7.1% |0% [16% |6.6% |2.9% 5.9% 56% |25% |6.5% [1.9% [11% [6.4% [2.9% 5.2%
CMPro 41.8% [26.7% |64.3% [0% |64% |0% 5.3% 28.9% |30.8%|17.7%|50% |1.9% |49% |0% 8% 22.5%
CoMap 75% |52% [10.7% |0% |0% 0% 4% 3.9% 6.8% |3.9% [89% [0% |4% 0% 6.7% 4.3%
Complementary [4.5% |52% [7.1% |0% |[6% 53% |0% 4% 6% 43% |3.6% |0% |[6% 5.3% |8% 4.7%
CTMP 9.3% [2.7% |0% 0% |0% 11.1% | 0% 3.3% 9.3% |2.7% |0% 0% |0% 11.1% | 0% 3.3%
DCA 3% 9.5% [17.9% |3.7% | 4% 53% |21.3% |9.2% 6% 6% 14.3% | 1.9% | 4% 3.9% |13.3% 7.1%
DNcon 20.9% [18.1% [10.7% |0% [62% [0% 4% 16.5% [17.3%[14.2%[8.9% [0% [35% |0% 3.7% 11.3%
GREMLIN 10.4% |52% [17.9% |0% [26% |[13.2% |24% 13.8% |6.8% [3% 12.5% (0% [17% [9.2% |[18% 9.5%
Interdependency [45% |7.7% |11.1% |4.2% [20% |0% 3.3% 7.3% 57% |7.7% [11.1%|4.2% |17% |[0% 3.3% 7%
LogR 6% 78% |[17.9% |[0% |18% [9.2% [21.3% |11.4% |6% 52% |14.3%|0% |15% |5.3% |[12.7% 8.3%
Mi 75% |52% [17.9% |7.4% |24% |23.7% | 40% 179% [45% [3.9% |16.1%|3.8% |16% |18.4%|25.3% 12.6%
MIBP 6% 0% 17.9% |[0% | 8% 0% 0% 4.5% 53% |1.7% |17.9%|0% |12% [0% 0% 5.3%
Mutagenetic 10% [91% [20% |0% [22.2%[14.3%[35.7% [159% [10% [9.1% [20% |0% [22% |14.3%|35.7% 15.9%
NBZPX2 10.4% [34% [71% |0% [14% [2.6% [5.3% 6.1% 6.8% |3% 8.9% |0% [10% |2% 6% 5.2%
NCPS 0% 34% [17.9% |7.4% [12% [31.6% |46.7% |[17% 0.8% |2.2% |10.7%|3.8% [14% [21.1% |28.7% 11.6%
NNcon 37.2% [22.4% |67.9% [0% |70% |2.6% |0% 28.6% |37.2%|20% |44.6%|0% |62% |2.6% |0% 23.8%
PCC 75% [34% |71% |[0% [6% 79% |17.3% |7% 45% [43% [36% |0% [9% [3.9% [0.1% 5%
PhyCMAP 34.3% [23.3% |28.6% [0% |44% |2.6% [2.7% 19.4% |33.8%|15.9% [30.4% (0% [|33% |4.6% |2.7% 17.2%
PhysicoM| 3% 0.9% [10.7% |7.4% |12% [5.3% [10.7% |7.1% 15% |0.4% [7.1% [3.8% | 7% 53% |7.3% 4.6%
PSICOV 10.4% [13.8% [10.7% [ 0% [4% 11.8% | 8% 8.4% 75% 16.9% |54% [0% |9% [7.9% [6.7% 6.2%
RCW 9% 6.9% [21.4% |0% [14% |132%|21.3% |[123% [8.3% |4.3% |19.6%|1.9% [14% [10.5% |18% 10.9%
SCA 75% |[52% |10.7 0% [20% [28.9%[37.3% [15.7% |[6% 3.9% |08.9%|0% [14% [17.8% |24.7% 10.8%
Spidermonkey 45% [43% |14.3 0% |8% 2.6% |12% 6.5% 3.8% |34% [10.7%|0% |9% 2.6% |0.1% 5.7%
SVMcon 47.8% [19.8% |46.4 [0% |58% [0% 0% 24.6% |38.5%)18.8%(32.1%|0% |39% |0% 0% 18.3%
ZRES 10.4% [6.9% |17.9 3.7% [16% [7.9% [21.3% |[12% 8.3% |4.3% |19.6%|3.8% [13% [7.9% |18% 10.7%
38.8% | 25% |57.1% | 7.4% | 56% |19.7% | 38.7% | 34.7% |30.3% |21.2% |42.9% | 3.8% | 44% |17.9% | 28.9% 26.9%
CNPR 2 2 |1 G (Y] B [ 4 ®) @) Gl O [B]lE]E (@3] 1)
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Table S 5: Harmonic distance of sequence-based methods using individual HIV-1 datasets

Harmonic distance of the L/2 top-ranked long-range Harmonic distance of the L top-ranked long-range

Sequence-based couplings couplings
method MA CA NC p6 PR |Average| MA CA NC p6 PR | Average

APC 0.032 | 0.037 | 0.043 | 0.012 | 0.073 | 0.039 | 0.018 | 0.024 | 0.034 0.017 | 0.04 | 0.027
ASC 0.025 | 0.029 | 0.066 | 0.057 | 0.078 | 0.051 0.015 0.02 0.024 0.022 | 0.058 | 0.028
BN 0.014 | 0.004 0 -0.013 | 0.04 | 0.009 0.01 | 0.004 | -0.01 0.002 | 0.035 | 0.008
CMPro 0.177 | 0.161 | 0.222 | 0.07 | 0.198 | 0.166 | 0.139 | 0.113 | 0.175 0.064 | 0.16 0.13
CoMap 0.033 | 0.023 | 0.032 | 0.078 | -0.022 | 0.029 0.032 | 0.017 0.027 0.078 | -0.007 | 0.029
Complementary | -0.003 | 0.034 | -0.013 | 0.005 | 0.016 | 0.008 0.003 | 0.023 | -0.025 0.001 0.01 0.003
CTMP 0.045 | -0.003 0 -0.038 | 0.017 | 0.004 | 0.045 | -0.003 0 -0.038 | 0.017 | 0.004
DCA 0.027 | 0.048 | 0.047 | 0.028 | -0.003 | 0.03 0.023 | 0.037 | 0.045 0.007 | 0.002 | 0.023
DNcon 0.119 | 0.103 | 0.059 | 0.003 | 0.182 | 0.093 | 0.104 | 0.086 | 0.054 | -0.013 | 0.119 | 0.07
GREMLIN 0.034 | 0.024 | 0.041 | 0.015 | 0.087 | 0.04 0.019 | 0.005 | 0.023 0.009 | 0.061 | 0.024
Interdependency | 0.016 | 0.028 | -0.022 | 0.046 | 0.071 | 0.028 | 0.016 | 0.028 | -0.022 | 0.046 | 0.062 | 0.026
LogR 0.012 | 0.037 | 0.029 | -0.01 | 0.053 | 0.024 | 0.006 | 0.024 | 0.016 | -0.007 | 0.037 | 0.015
Ml 0.017 | 0.017 | 0.023 | 0.078 | 0.08 | 0.043 | -0.002 | 0.009 | 0.018 0.045 | 0.06 | 0.026
MIBP 0.048 | 0.009 | 0.049 | -0.016 | 0.017 | 0.021 | 0.041 | 0.013 | 0.057 | -0.029 | 0.035 | 0.023
Mutagenetic 0.029 | 0.016 | 0.034 | -0.034 | 0.09 | 0.027 | 0.029 | 0.016 | 0.034 | -0.034 | 0.09 | 0.027
NBZPX2 0.031 | 0.018 | -0.004 | -0.011 | 0.023 | 0.011 | 0.009 | 0.017 | -0.003 | -0.011 | 0.011 | 0.005
NCPS -0.013 | -0.005 | 0.006 | 0.066 | 0.037 | 0.018 | -0.018 | -0.01 | -0.007 | 0.038 | 0.053 | 0.011
NNcon 0.134 | 0.135 | 0.197 | 0.064 | 0.209 | 0.148 | 0.134 | 0.116 | 0.146 0.064 0.2 0.132
PCC 0.024 | 0.027 | -0.003 | 0.008 | 0.008 | 0.013 | 0.001 | 0.02 | -0.023 -0.01 | 0.011 0
PhyCMAP 0.155 | 0.159 | 0.121 | 0.025 | 0.131 | 0.118 0.157 | 0.135 0.118 0.018 | 0.108 | 0.107
PhysicoMI -0.002 | -0.041 | -0.016 | 0.051 | 0.052 | 0.009 | -0.014 | -0.029 | -0.01 0.031 | 0.018 | -0.001
PSICOV 0.051 | 0.063 | -0.022 | -0.007 | -0.003 | 0.016 | 0.032 | 0.036 | -0.019 0 0.013 | 0.012
RCW 0.03 | 0.042 | 0.048 | 0.057 | 0.042 | 0.044 0.02 | 0.024 0.04 0.03 | 0.043 | 0.032
SCA 0.032 | 0.018 | 0.015 | -0.008 | 0.079 | 0.027 | 0.015 | 0.007 | 0.004 0.001 | 0.052 | 0.016
Spidermonkey | 0.009 | 0.012 | 0.016 | 0.011 | 0.041 | 0.018 | 0.001 | 0.013 | 0.003 0.004 | 0.031 | 0.01
SVMcon 0.192 | 0.128 | 0.152 | 0.037 | 0.189 0.14 0.165 | 0.124 0.113 0.027 | 0.128 | 0.111
ZRES 0.034 | 0.044 | 0.053 | 0.061 | 0.041 | 0.046 | 0.022 | 0.024 | 0.037 0.044 | 0.035 | 0.032

0.175 | 0.155 | 0.19 | 0.08 | 0.178 | 0.155 | 0.144 | 0.137 0.16 0.068 | 0.152 | 0.132
CNPR @1 @ (©)] @ @) @ (©) @ (@3] @ @ | @59

Table S 6: Average Euclidean distance of the top-ranked long-range couplings predicted
by sequence-based methods

Average Euclidean distance of the L/2 top-ranked | Average Euclidean distance of the L top-ranked long-
Sequence-based long-range couplings (A) range couplings (A)
method MA CA NC p6 PR | Average | MA CA NC p6 PR Average
APC 16.45 | 21.64 | 1474 | 20.81 | 13.25 | 17.38 | 17.72 | 229 | 16.69 | 20.65 15.06 18.6
ASC 16.69 | 22.84 | 1353 | 16.67 | 12.31 | 1641 |17.73 | 23.54 | 17.63 | 20.54 14.01 18.69
BN 18.27 | 2553 | 17.65 | 23.8 | 1446 | 19.94 | 18.92 | 25.53 | 19.09 | 22.34 14.76 20.13
CMPro 9.01 | 1119 | 747 | 142 | 838 | 1005 |1051| 147 8.8 | 15.33 9.49 11.77
CoMap 15.63 | 21.88 | 14.56 | 14.31 | 17.87 | 16.85 | 15.95| 22.87 | 15.14 | 14.31 | 17.46 17.14
Complementary | 19.27 | 20.32 | 19.32 | 20.95 | 1552 | 19.08 | 18.82 | 22.6 | 19.91 | 22.35 16.37 20.01
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CTMP 15.36 | 27.88 27.72 | 1391 | 16.98 | 15.36 | 27.88 - 27.72 | 1391 16.98
DCA 1541 | 20.27 | 1453 | 19.76 | 17.18 | 1743 [16.52 | 21.6 | 15.18 | 21.96 17 18.45
DNcon 11.18 | 1569 | 1255 | 19.74 | 9.14 | 1366 | 11.6 | 16.62 | 13.87 | 22.35 | 11.12 15.11
GREMLIN 16.58 | 22.21 | 148 | 19.7 | 1239 | 17.14 |17.78 | 2497 | 16.2 | 21.52 | 13.37 18.77
Interdependency | 17.87 | 23.22 | 20.34 | 17.54 | 13.02 18.4 |1841| 2322 | 20.34 | 1754 | 13.38 18.58
LogR 17.68 | 21.95 | 15.72 | 22.64 | 14.2 18.44 |18.24 | 22.92 | 16.99 | 23.08 | 15.36 19.32
Ml 17.66 | 24.05 | 16.98 | 16.73 | 12.59 176 | 19.17 | 25,57 | 17.81 | 18.79 | 13.45 18.96
MIBP 14.06 | 21.77 | 13.89 | 23.39 | 15.9 178 | 1452 | 21.93 | 1349 | 2555 | 15.13 18.12
Mutagenetic 17.43 | 23.12 | 1553 | 27.77 | 11.82 | 19.13 |17.43| 23.12 | 1553 | 27.77 | 11.82 19.13
NBZPX2 16.52 | 23.51 | 17.53 | 23.77 | 16.23 | 19.51 | 18.22 | 23.68 | 18.31 | 24.03 | 16.76 20.2
NCPS 19.91 | 26.33 | 19.29 | 16.98 | 14.34 | 19.37 | 20.6 | 27.69 | 19.87 | 19.63 | 13.57 20.27
NNcon 1087 | 1415 | 835 | 1526 | 7.6 11.25 |10.87 | 1552 | 10.46 | 15.26 7.93 12.01
PCC 17.02 | 21.43 | 17.38 | 21.22 | 16.09 | 18.63 | 18.71 | 22.86 | 19.26 | 23.57 | 16.59 20.2
PhyCMAP 958 | 1117 | 1011 | 176 | 10.7 11.83 | 9.55 | 12.21 | 10.39 | 19.01 11.6 12.55
PhysicoMI 18.76 | 32.18 | 19.4 | 18.33 | 13.65 | 20.46 | 20.03 | 30.06 | 19.03 | 20.09 | 16.08 21.06
PSICOV 14.74 | 19.37 | 19.22 | 2249 | 17.33 | 18.63 | 16.18 | 20.36 | 18.15 | 2248 | 16.77 18.79
RCW 16.71 | 21.14 | 15.21 | 16.67 | 1467 | 16.88 | 17.36 | 22.56 | 15.93 | 20.07 | 14.66 18.12
SCA 16.36 | 24.03 | 16.07 | 22.61 | 12.22 | 18.26 | 17.78 | 24.77 | 17.39 | 21.86 13.6 19.08
Spidermonkey | 17.81 | 24.4 | 16.88 | 20.56 | 14.83 | 18.89 | 19.06 | 23.98 | 18.15 | 22.24 | 1541 19.77
SVMcon 852 | 133 | 954 | 16.82 | 8.89 1142 | 9.48 | 1343 | 11.02 | 17.96 | 11.38 12.65
ZRES 16.4 | 20.75 | 14.35 | 16.81 | 14.94 | 16.65 |17.23 | 22.69 | 16.32 | 18.93 | 15.24 18.08
9.0 (1123 | 7.77 | 13.67 | 8.65 10.06 | 10.06 | 12.78 | 9.41 15 9.77 11.4
CNPR Q1 e 1016 @ @1 ] @] @ (©)] @

Table S 7: Summary of long-range residue contacts derived from HIV-1 Gag and
protease protein structures

Protein Number of intra-domain long-range contact [Number of inter-domain long-range contact| Percentage(3)
) )
helix-helix [strand-strand |helix-strand |others(4) |helix-helix |strand-strand |helix-strand |others

Matrix 346 0 0 277 0 0 4 23 650/5995=10.46%
Capsid (5) 520 15 22 680 46 0 19 8 1310/22993=5.59%

Nucleocapsid 4 0 0 192 0 0 0 0 |196/1225=14.78%

P6 7 0 0 54 0 0 0 0 161/1081=5.19%

Protease 3 233 42 248 0 0 13 8 |547/4371=12.00%

Total 880 248 64 1451 46 0 36 39 |2764/36712=7.53%

Long-range residues are defined as two residues have at least 6 amino acids apart in the
protein sequence.Two residues are in contacts if the Euclidean distance of their Ca atoms
is less than 8 A in the protein 3D structure.
(1) Intra-domain long-range contacts: the number of long-range contacts of residue pairs
(see definitions in Methods) within a protein domain, which are classified according to
the type of secondary structures involved (e.g. a helix-strand contact indicates contact
between a protein residue in an alpha-helix structure and a protein residue in a beta strand
structure).
(2) Inter-domain contacts: residue contacts between different protein domains.
(3) Percentage: the proportion of long-range residue pairs in contact, calculated using
PDB data (e.g. for the matrix protein, 650/5995=10.46% indicates that 5995 possible
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long-range pairs of positions are resolved in the crystal structure and 650 of them are in
direct contact).

(4) Others: all the other residue contacts (helix-to-coil, strand-to-coil and coil-to-coil
contacts)

(5) Capsid contact map is based on crystalized hexamer.

PDB code: 1HIW (matrix), 3H4E (capsid), 1A1T (nucleocapsid), 2C55 (p6), 1TW7
(protease).

Table S 8: Accuracy of sequence-based methods on individual HIV-1 datasets
(threshold of contact distance: 5 angstroms)

Sequence-based Accuracy of the L/2 top-ranked long-range couplings Accuracy of the L top-ranked long-range couplings
method MA CA NC p6 PR PR-p6 | PR-GCS | Average [ MA |CA NC p6 PR PR-p6 | PR-GCS | Average
APC 45% [1.7% |36% |0% |[2% 9.2% |10.7% |4.5% 3% 13% [3.6% |0% |1% [4.6% |8.7% 3.2%
ASC 45% [0.9% |7.1% |0% |[2% 17.1% | 32% 9.1% 3% 13% [3.6% |0% |1% |11.2%|20.7% 5.8%
BN 3% 0% 3.6% [0% |2% 6.6% |2.9% 2.6% 28% |0%% [3.2% [0% |[1.2% [6.4% |2.9% 2.4%
CMPro 9% 34% [10.7% |0% [6% 0% 5.3% 4.9% 53% [2.6% [125% (0% [6% |0%% |[8% 4.9%
CoMap 1.9% | 0% 0% 0% |0% 11.1% | 0% 1.9% 19% [0% |0%% [0% [0% |11.1% |0%% 1.9%
Complementary  |1.5% | 0% 0% 0% (0% |0% [4% 0.8% 15% [04% |18% [0% [1% |0% |6.7% 1.6%
CTMP 0% 0% 0% 0% |0% 5.3% | 0% 0.8% 1.5% [0.4% [0% 0% |0% |[53% |8% 2.2%
DCA 15% [1.7% [3.6% |0% |[0% 53% [21.3% |4.8% 23% |0.9% |3.6% [0% |0% [3.9% |[13.3% 3.4%
DNcon 3% 26% [36% [0% |[8% 0% 4% 3% 3% 1.3% [3.6% |[0% |6% |0% 3.8% 2.5%
GREMLIN 3% 09% [3.6% |0% [2% 13.2% | 24% 6.7% 2.3% |0.4% |3.6% (0% |2% [9.2% |18% 5.1%
Interdependency | 0% 1.1% | 0% 0% (0% |0% 3.3% 0.6% 11% [1.1% |0% 0% [0% [0% |3.3% 0.8%
LogR 3% 17% [36% [0% |[2% 9.2% |21.3% |5.8% 23% |13% |3.6% [0% |1% |[53% [12.7% 3.7%
Mi 3% 09% [71% |0% [2% 23.7% | 40% 11% 23% |0.9% [3.6% [0% |1% 18.4% | 25.3% 7.3%
MIBP 15% |0% 0%% |0% |0% [0% [0% 0.2% 0.8% |0%% [3.6% |0% |1% |0% |0% 0.8%
Mutagenetic 3.3% [0% 133 (0% |0% 14.3%|35.7% |9.5% 3.3% | 0% 13.3% | 0% | 0% 14.3% | 35.7% 9.5%
NBZPX2 3% 0% 0% 0% |0% 2.6% |5.3% 1.6% 23% |1.3% [0% 0% [1% [2% 6% 1.8%
NCPS 0% 09% [3.6% |0% [0% 31.6% [ 46.7% |11.8% |0% 04% [18% |0% [2% [21.1%|28.7% 7.7%
NNcon 7% 26% [71% |[0% |6% 2.6% |0% 3.6% 7% 33% [89% |[0% (8% [2.6% |0% 4.3%
PCC 3% 0.9% [0% 0% | 0% 79% |17.3% |4.2% 1.5% |0.4% |0% 0% [0% [3.9% |10% 2.3%
PhyCMAP 15% |09% [3.6% [0% |0% 11.8% | 8% 3.7% 15% [04% |18% [0% [1% |7.9% |6.7% 2.8%
PhysicoMI 75% |34% [7.1% |0% |4% 2.6% [2.7% 3.9% 6.8% [1.7% |54% [0% |3% |46% [2.7% 3.4%
PSICOV 1.5% |0% 3.6% |0% |0% 53% [10.7% |3% 0.8% |0% 18% |0% |0% [5.3% |7.3% 2.2%
RCW 45% [2.6% |36% [0% |0% 13.2%(21.3% |6.4% 3% 1.3 54% 0% (2% 10.5% | 18% 5.7%
SCA 3% 0.9% |3.6% |0% |[4% 28.9%(37.3% [11.1% |15% |04 36% |0% (2% |17.8%|24.7% 7.1%
Spidermonkey 13.4% |2.6% [10.7% [0% [6% |0% |0% 4.7% 94% |23 71% (0% 3% |0% [0% 3.1%
SVMcon 15% [09% |71% |0% [2% 2.6 12% 3.7% 0.8% (0.9 3.6% [0% [1% [2.6% |10% 2.7%
ZRES 6% 1.7% [3.6% [0% |0% 7.9 21.3% |5.8% 3% 13 54% (0% |1% |7.9% |[18% 5.2%
75% | 34% |17.9% | 0% | 4% |19.7% | 38.7% 13% | 53% | 2.6% |10.7% | 0% | 6% |17.8% | 28.7% 10.1%
CNPR @9 | @ | @ ©® | 4 ©) @ @ 25| B (25 [@B5 | (5 (0]
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