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Supplementary Figure 1. Diagrammatic representation of PhenoSeq-B.
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Supplementary Figure 2. Diagrammatic representation of PhenoSeq-D.
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Supplementary Figure 3. Diagrammatic representation of PhenoSeq-AE.
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Supplementary Figure 4. Diagrammatic representation of PhenoSeq-A/AG
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Supplementary Figure 5. Diagrammatic representation of PhenoSeq-C



>seql
TGTACAAGRCCCAACAATAATACAAGAAAAAGTRTAAGGATAGGACCAGGACAAGTATTCTATGCAACAGGT
GACATAATAGGAGACATAAGACAAGCACATTGT

Bulk2clonal generates all possible nucleotide combinations
\ based on IUPAC nomenclature

>seql.l
TGTACAAGACCCAACAATAATACAAGAAAAAGTATAAGGATAGGACCAGGACAAGTATTCTATGCAACAGGT
GACATAATAGGAGACATAAGACAAGCACATTGT

>seql.2
TGTACAAGGCCCAACAATAATACAAGAAAAAGTGTAAGGATAGGACCAGGACAAGTATTCTATGCAACAGGT
GACATAATAGGAGACATAAGACAAGCACATTGT

>seql.3
TGTACAAGACCCAACAATAATACAAGAAAAAGTGTAAGGATAGGACCAGGACAAGTATTCTATGCAACAGGT
GACATAATAGGAGACATAAGACAAGCACATTGT

>seql.4
TGTACAAGGCCCAACAATAATACAAGAAAAAGTATAAGGATAGGACCAGGACAAGTATTCTATGCAACAGGT
GACATAATAGGAGACATAAGACAAGCACATTGT

Each nucleotide sequence is translated to protein and
) coreceptor usage is predicted by PhenoSeq

&

PhenoSeq-B
Prediction
>seql.l
CTRPNNNTRKSIRIGPGQVFYATGDIIGDIRQAHC R5
>seql.2
CTRPNNNTRKSVRIGPGQVFYATGDIIGDIRQAHC R5
>seql.3
CTRPNNNTRKSVRIGPGQVFYATGDIIGDIRQAHC R5
>seql.4
CTRPNNNTRKSIRIGPGQVFYATGDIIGDIRQAHC R5

Supplementary Figure 6. Illustration of bulk2clonal functionality.



Supplementary Table 1. Summary of sensitivity, specificity and AUROC of genotypic algorithms for predicting coreceptor usage of

subtype B V3 sequences.

Training Set
Los Alamos HIV Database
93 CXCR4-using, 269 R5

Test Set 1
Mulinge et al

12 CXCR4-using, 41 R5

Test Set 2

Los Alamos HIV Database
92 CXCR4-using, 269 R5

Sens Spec PPV NPV AUROC Sens Spec PPV NPV AUROC Sens Spec PPV NPV AUROC

PhenoSeq-B 80.7 82.9 62 92.6 0.82 100 87.8 70.6 100 0.94 78.4 80.3 57.6 91.6 0.79
g2p FPR 1% 37.6 99.3 94.9 82.2 0.69 (p<0.01) 25 100 100 82 0.56 (p<0.01) 33.7 99.3 94.3 81.4 0.67 (p<0.01)
g2p FPR 2.5% 58.1 96.7 85.9 87 0.77 (p=0.12) 33.3 100 100 83.7 0.58 (p<0.01) 58.7 97.8 90.1 87.4 0.78 (p=0.41)
g2p FPR 5% 68.8 94.1 80.1 89.7 0.82 (p=0.40) 100 97.6 92.4 100 0.99 (p=0.17) 70.7 92.9 77.3 90.3 0.82 (p=0.23)
g2p FPR5.75% 68.8 93.7 79.1 89.7 0.81 (p=0.40) 100 97.6 92.4 100 0.99 (p=0.17) 70.7 92.2 75.6 90.2 0.82 (p=0.32)
g2p FPR 10% 75.3 86.6 66 91 0.81 (p=0.40) 100 90.2 74.9 100 0.95 (p=0.44) 72.8 84 60.9 90 0.78 (p=0.41)
g2p FPR 15% 76.3 79.2 55.9 90.6 0.78 (p=0.17) 100 85.4 66.7 100 0.93 (p=0.44) 72.8 80.3 55.8 89.6 0.77 (p=0.32)
g2p FPR 20% 78.5 67.3 45.4 90.1 0.73 (p=0.02) 100 82.9 63.1 100 0.92 (p=0.35) 77.2 72.5 49 90.3 0.75 (p=0.18)
WebPSSMxars 53.8 95.8 81.6 85.7 0.75 (p=0.05) 41.7 95.1 71.4 84.8 0.68 (p<0.01) 55.4 96.3 83.7 86.3 0.76 (p=0.24)
WebPSSMsi/nsi 61.3 94.7 80 87.6 0.78 (p=0.17) 16.7 87.8 28.6 78.3 0.52 (p<0.01) 62 94.1 78.2 87.9 0.78 (p=0.41)
11/25 55.9 93.3 74.3 86 0.75 (p=0.05) 41.7 92.7 62.6 84.5 0.67 (p<0.01) 50 92.6 69.8 84.4 0.71 (p=0.04)
11/24/25 58.1 92.9 73.9 86.5 0.76 (p=0.08) 41.7 92.7 62.6 84.5 0.67 (p<0.01) 52.2 91.4 67.5 84.8 0.72 (p=0.06)
11/25+V3 charge 58.1 93.7 76.1 86.6 0.76 (p=0.08) 58.3 92.7 70 88.4 0.76 (p=0.04) 54.3 94.4 76.8 85.8 0.74 (p=0.13)
HIVcoPRED (SAAC) 67.7 94.4 80.7 89.4 0.82 (p=0.40) 83.3 90.2 71.3 94.9 0.87 (p=0.20) 69.6 94.8 82.1 90.1 0.82 (p=0.23)
(S}KCCSIP;EE?T) 68.8 94.1 80.1 89.7 0.75 (p=0.05) 83.3 90.2 71.3 94.9 0.87 (p=0.20) 71.7 94.8 82.5 90.7 0.83 (p=0.16)
dsKernel 53.8 96.3 83.4 85.8 0.75 (p=0.05) 100 34.1 30.8 100 0.67 (p<0.01) 55.4 94.4 77.2 86.1 0.75 (p=0.18)




Sens, % sensitivity for correctly predicting CXCR4-usage (relative to phenotypic tropism assay results) was calculated by dividing the
number of correctly predicted CXCR4-using sequences by the total number of CXCR4-using sequences, then multiplying by 100. Spec, %
specificity for correctly predicting R5 strains (relative to phenotypic tropism assay results) was calculated by dividing the number of
correctly predicted R5 sequences by the total number of R5 sequences, then multiplying by 100. PPV, % positive predictive value was
calculated by dividing the number of correctly predicted CXCR4-using sequence by the total number of V3 sequences predicted to be
CXCR4-using, then multiplying by 100. NPV, % negative predictive value was calculated by dividing the number of correctly predicted
R5 sequence by the total number of V3 sequences predicted to be R5, then multiplying by 100. P-values (two-tailed) for comparing area
under the receiver operator characteristic curves (AUROC) was performed according to Hanley et al'. P-values <0.05 were considered

significant and are highlighted in bold italicized text. FPR, false positive rate.



Supplementary Table 2. Summary of sensitivity, specificity and AUROC of genotypic algorithms for predicting coreceptor usage of

subtype D V3 sequences.

Training Set Test Set
Los Alamos HIV Database A4001064
57 CXCR4-using, 80 R5 43 CXCR4-using, 44 R5
Sens Spec PPV NPV AUROC Sens Spec PPV NPV AUROC

PhenoSeq-D 87.7 87.5 83.3 90.9 0.88 80.5 77.3 77.6 80.2 0.79
g2p FPR 1% 49.1 97.5 93.3 72.9 0.73 (p<0.01) 51.2 88.6 81.4 65 0.56 (p<0.01)
g2p FPR 2.5% 70.2 87.5 80 80.5 0.79 (p=0.046) 79.1 72.7 73.9 78.1 0.70 (p=0.06)
g2p FPR 5% 86 70 67.1 87.5 0.78 (p=0.03) 81.4 72.7 74.5 80 0.76 (p=0.34)
g2p FPR5.75% 86 67.5 65.3 87.1 0.77 (p=0.02) 88.4 61.4 69.1 84.4 0.77 (p=0.40)
g2p FPR 10% 89.5 53.8 58 87.8 0.72 (p<0.01) 90.7 59.1 68.4 86.7 0.75 (p=0.29)
g2p FPR 15% 89.5 52.5 57.3 87.5 0.71 (p<0.01) 90.7 54.5 66.1 85.7 0.75 (p=0.29)
g2p FPR 20% 89.5 48.8 55.5 86.7 0.69 (p<0.01) 81.4 65.9 70 78.4 0.73 (p=0.19)
WebPSSMxars 89.5 55 58.6 88 0.72 (p=0.03) 69.8 63.6 65.2 68.3 0.74 (p=0.24)
WebPSSMsinsi 86 67.5 65.3 87.1 0.77 (p=0.02) 34.9 84.1 68.2 56.9 0.67 (p=0.05)
11/25 78.9 63.8 60.8 80.9 0.71 (p<0.01) 34.9 81.8 65.2 56.3 0.60 (p<0.01)
11/24/25 78.9 61.3 59.2 80.3 0.70 (p<0.01) 48.8 81.8 72.4 62 0.58 (p<0.01)
11/25+V3 charge 68.4 70 61.9 75.7 0.69 (p<0.01) 51.2 81.8 73.3 63.2 0.65 (p<0.01)
Raymond et al D-HIV 50.9 95 87.9 73.1 0.73 (p<0.01) 48.8 95.5 91.4 65.6 0.72 (p=0.05)
HIVcoPRED (SAAC) 82.5 86.3 81.1 87.4 0.84 (p=0.25) 88.4 31.8 55.9 73.7 0.60 (p<0.01)
HIVcoPRED (SAAC+BLAST) 82.5 86.3 81.1 87.4 0.84 (p=0.25) 88.4 31.8 55.9 73.7 0.60 (p<0.01)




Sens (% sensitivity), Spec (% specificity), PPV (% positive predictive value) and NPV (% negative predictive value) were calculated as
described in Supplementary Table 1 legend. P-values (two-tailed) of the difference in the area under the receiver operator characteristic
curves (AUROC) between PhenoSeq and the indicated alternate genotypic algorithm are shown in parenthesis, calculated as described

by Hanley et al'. P-values <0.05 were considered significant and are highlighted in bold italicized text. FPR, false positive rate.



Supplementary Table 3. Summary of sensitivity, specificity and AUROC of genotypic algorithms for predicting coreceptor usage of

subtype CRFO1_AE V3 sequences.

Training Set
Los Alamos HIV Database
50 CXCR4-using, 128 R5

Test Set
Mulinge et al

14 CXCR4-using, 25 R5

Sens Spec PPV NPV AUROC i Sens Spec PPV NPV AUROC

PhenoSeq-AE 88 92.2 81.5 95.2 0.90 85.7 96 92.3 92.3 0.91
g2p FPR 1% 60 97.7 91.1 86.2 0.79 (p<0.01) 21.4 100 100 69.4 0.55 (p<0.01)
g2p FPR 2.5% 80 89.8 75.4 92 0.85 (p=0.14) 64.3 92 81.8 82.1 0.78 (p=0.10)
g2p FPR 5% 82 79.7 61.2 91.9 0.81 (p=0.03) 78.6 80 68.8 87 0.79 (p=0.12)
g2p FPR5.75% 82 76.6 57.8 91.6 0.79 (p=0.02) 78.6 68 57.9 85 0.73 (p=0.046)
g2p FPR 10% 88 56.3 44 92.3 0.72 (p<0.01) 85.7 56 52.2 87.5 0.71 (p=0.03)
g2p FPR 15% 88 50 40.7 91.4 0.69 (p<0.01) 92.9 44 48.2 91.7 0.68 (p=0.02)
g2p FPR 20% 90 39.8 36.9 91.1 0.65 (p<0.01) 92.9 44 48.2 91.7 0.68 (p=0.02)
WebPSSMxars 78 78.9 59.1 90.2 0.79 (p<0.01) 85.7 72 63.2 90 0.79 (p=0.11)
WebPSSMsi/nsi 80 81.3 62.6 91.2 0.81 (p=0.03) 85.7 76 66.7 90.5 0.81 (p=0.15)
11/25 50 97.7 89.5 83.3 0.74 (p<0.01) 7.1 100 100 65.8 0.52 (p<0.01)
11/24/25 52 97.7 89.8 83.9 0.75 (p<0.01) 21.4 100 100 69.4 0.55 (p<0.01)
11/25+V3 charge 54 97.7 90.2 84.5 0.76 (p<0.01) 21.4 100 100 69.4 0.55 (p<0.01)
Raymond et al AE-HIV 72 93 80.1 89.5 0.83 (p=0.06) 71.4 96 90.9 85.7 0.84 (p=0.22)
HIVcoPRED (SAAC) 88 85.2 69.9 94.8 0.87 (p=0.22) 85.7 92 85.7 92 0.89 (p=0.41)
HIVcoPRED (SAAC+BLAST) 90 85.2 70.4 95.6 0.88 (p=0.29) 85.7 92 85.7 92 0.89 (p=0.41)
dsKernel 92 74.2 58.2 96 0.83 (p=0.07) 78.6 88 78.6 88 0.83 (p=0.21)




Sens (% sensitivity), Spec (% specificity), PPV (% positive predictive value) and NPV (% negative predictive value) were calculated as
described in Supplementary Table 1 legend. P-values (two-tailed) of the difference in the area under the receiver operator characteristic
curves (AUROC) between PhenoSeq and the indicated alternate genotypic algorithm are shown in parenthesis, calculated as described

by Hanley et al'. P-values <0.05 were considered significant and are highlighted in bold italicized text. FPR, false positive rate.



Supplementary Table 4. Summary of sensitivity, specificity and AUROC of genotypic algorithms for predicting coreceptor usage of

subtype A and CRF01_AG V3 sequences.

Training Set
Los Alamos HIV Database
59 CXCR4-using, 172 R5

Test Set 1
A4001064
9 CXCR4-using, 69 R5

Test Set 2
Mulinge et al

8 CXCR4-using, 36 R5

Sens Spec PPV NPV AUROC Sens Spec PPV NPV AUROC Sens Spec PPV NPV AUROC
PhenoSeq-A/AG 59.7 87.1 61.4 86.3 0.73 88.9 76.8 333 98.1 0.83 62.5 97.2 83.2 92.1 0.80
g2p FPR 1% 16.1 100 100 77.7 0.54 (p<0.01) 0 100 0 88.5 0.50 (p=0.01) 12.5 100 100 83.7 0.53 (p=0.04)
g2p FPR 2.5% 25.8 98.5 85.5 79.5 0.62 (p=0.03) 22.2 98.6 67.4 90.7 0.60 (p=0.048) 375 100 100 87.8 0.59 (p=0.09)
g2p FPR 5% 29 96.5 74 79.8 0.63 (p=0.03) 44.4 97.1 66.6 93.1 0.71 (p=0.18) 37.5 94.4 59.8 87.2 0.66 (p=0.18)
g2p FPR5.75% 29 96 71.3 79.8 0.63 (p=0.03) 44.4 97.1 66.6 93.1 0.71 (p=0.18) 50 94.4 66.5 89.5 0.72 (p=0.30)
g2p FPR 10% 40.3 91.5 61.9 81.7 0.66 (p=0.10) 55.6 94.2 55.6 94.2 0.75 (p=0.27) 62.5 80.6 41.7 90.6 0.72 (p=0.29)
g2p FPR 15% 50 87.1 57.1 83.5 0.69 (p=0.20) 66.7 89.9 46.3 95.4 0.78 (p=0.36) 75 72.2 375 92.9 0.74 (p=0.34)
g2p FPR 20% 50 85.6 54.4 83.3 0.68 (p=0.16) 66.7 87 40.1 95.2 0.77 (p=0.32) 75 72.2 37.5 92.9 0.74 (p=0.34)
WebPSSMxars 27.4 92 54 78.7 0.60 (p<0.01) 44.4 87 30.8 92.3 0.66 (p=0.10) 375 88.9 42.9 86.5 0.63 (p=0.14)
WebPSSMsi/nsi 29 97 76.8 79.9 0.63 (p=0.04) 66.7 84 35.2 95.1 0.75 (p=0.28) 37.5 91.7 50.1 86.8 0.65 (p=0.16)
11/25 17.7 97 66.9 77.5 0.57 (p<0.01) 22.2 95.7 40.2 90.4 0.59 (p=0.04) 12.5 100 100 83.7 0.53 (p=0.04)
11/24/25 21 96.5 67.3 78.1 0.59 (p<0.01) 22.2 95.7 40.2 90.4 0.59 (p=0.04) 12.5 100 100 83.7 0.53 (p=0.04)
11/25+V3 charge 19.4 97.5 72.7 77.9 0.59 (p<0.01) 333 95.7 50.3 91.7 0.65 (p=0.09) 25 100 100 85.7 0.56 (p=0.06)
HIVcoPRED (SAAC) 80.6 92 77.6 93.3 0.86 (p<0.01) 88.9 56.5 21 97.5 0.73 (p=0.22) 50 66.7 25 85.7 0.58 (p=0.08)
(S}KESEEAE?T) 85.5 92 78.6 94.9 0.89 (p<0.01) 88.9 56.5 21 97.5 0.73 (p=0.22) 50 66.7 25 85.7 0.58 (p=0.08)
HIVcoPRED 85.5 92 78.6 94.9 0.89 (p<0.01) 77.8 63.8 21.9 95.7 0.71 (p=0.18) 62.5 72.2 333 89.7 0.67 (p=0.20)
(SAAC)+bulk2clonal
dsKernel 24.2 98 80.6 79 0.61 (p=0.02) 333 94.2 42.8 91.5 0.64 (p=0.08) 50 66.7 25 85.7 0.58 (p=0.08)
Net 24 46.8 59.2 28.2 76.4 0.53 (p<0.01) 44.4 68.1 15.4 90.4 0.56 (p=0.03) 37.5 63.9 18.8 82.1 0.51 (p=0.03)
Net 25 30.6 90.5 52.5 79.2 0.61 (p<0.01) 111 91.3 14.3 88.7 0.51 (p=0.01) 25 86.1 28.6 83.8 0.56 (p=0.06)
Total 28 21 84.1 31.2 75.6 0.53 (p<0.01) 11.1 95.7 25.2 89.2 0.53 (p=0.01) 37.5 88.9 42.9 86.5 0.63 (p=0.14)
Net 25 and Total 28 37.1 98.5 89.5 82 0.68 (p=0.16) 22.2 88.4 20 89.7 0.55 (p=0.02) 375 77.8 27.3 84.9 0.58 (p=0.07)




Sens (% sensitivity), Spec (% specificity), PPV (% positive predictive value) and NPV (% negative predictive value) were calculated as
described in Supplementary Table 1 legend. P-values (two-tailed) of the difference in the area under the receiver operator characteristic
curves (AUROC) between PhenoSeq and the indicated alternate genotypic algorithm are shown in parenthesis, calculated as described

by Hanley et al'. P-values <0.05 were considered significant and are highlighted in bold italicized text. FPR, false positive rate.



Supplementary Table 5. Summary of sensitivity, specificity and AUROC of genotypic algorithms for predicting coreceptor usage of

subtype C V3 sequences.

Training Set
Los Alamos HIV Database
80 CXCR4-using, 429 R5

Test Set 1
A4001064
55 CXCR4-using, 40 R5

Test Set 2
MERIT

18 CXCR4-using, 187 R5

Sens Spec PPV NPV AUROC Sens Spec PPV NPV AUROC Sens Spec PPV NPV AUROC

PhenoSeq-C 88.8 87.9 57.8 97.7 0.88 83.6 92.5 93.9 80.4 0.88 77.8 75.4 23.3 97.2 0.77
g2p FPR 1% 52.6 99.8 98 91.9 0.76 (p<0.01) 32.7 97.5 94.7 51.3 0.65 (p=0.03) 0 100 0 91.2 0.50 (p<0.01)
g2p FPR 2.5% 68.8 99.8 98.5 94.5 0.84 (p=0.14) 58.2 97.5 97 62.9 0.78 (p=0.17) 5.6 98.9 329 91.6 0.52 (p<0.01)
g2p FPR 5% 73.8 96.5 79.7 95.2 0.85 (p=0.20) 76.4 95 95.5 74.5 0.86 (p=0.19) 5.6 93 7.1 91.1 0.49 (p<0.01)
g2p FPR5.75% 75 96.5 80 95.4 0.86 (p=0.24) 78.2 95 95.6 76 0.87 (p=0.22) 111 93 13.2 91.6 0.52 (p<0.01)
g2p FPR 10% 81.3 93.7 70.6 96.4 0.88 (p=0.40) 81.8 95 95.7 79.2 0.88 (p=0.30) 50 82.4 21.5 94.5 0.66 (p=0.15)
g2p FPR 15% 85 91.4 64.8 97 0.88 (p=0.48) 83.6 90 92 80 0.87 (p=0.34) 61.1 75.4 19.3 95.3 0.68 (p=0.20)
g2p FPR 20% 86.3 88.8 59 97.2 0.88 (p=0.41) 85.5 85 88.7 81 0.85 (p=0.23) 61.1 69.5 16.2 94.9 0.65 (p=0.13)
WebPSSMsi/nsi-C# 82.5 89 58.3 96.5 0.86 (p=0.24) 85.5 77.5 83.9 79.5 0.82 (p=0.22) 61.1 81.3 239 95.6 0.71 (p=0.29)
11/25 45 98.1 81.5 90.5 0.72 (p<0.01) 47.3 97.5 96.3 57.4 0.72 (p<0.01) 111 98.4 40 92 0.55 (p=0.01)
11/24/25 47.5 96 68.9 90.7 0.72 (p<0.01) 52.7 95 93.5 59.4 0.74 (p<0.01) 22.2 97.3 44.2 92.9 0.60 (p=0.048)
11/25+V3 charge 57.5 97.7 82.3 92.5 0.78 (p<0.01) 52.7 95 93.5 59.4 0.74 (p<0.01) 22.2 98.4 57.2 92.9 0.60 (p=0.05)
HIE/SCXIE(}:{)ED 75 95.1 74.1 95.3 0.85 (p=0.19) 61.8 90 89.5 63.1 0.76 (p=0.20) 50 69 13.4 93.5 0.60 (p=0.04)
(S}:\R/CCSBPE’EET) 75 95.1 74.1 053 0.85 (p=0.19) 61.8 90 89.5 63.1 0.76 (p=0.20) 50 69 13.4 93.5 0.60 (p=0.04)
dsKernel 65 96.7 78.6 93.7 0.81 (p=0.03) 41.8 90 85.2 52.9 0.66 (p=0.08) 16.7 94.7 23.3 92.2 0.56 (p=0.02)
Lin et al 62.5 96.5 76.9 93.2 0.80 (p<0.01) 64.8 95.1 94.8 66.3 0.80 (p=0.07) 22.2 93 23.4 92.5 0.58 (p=0.03)




Sens (% sensitivity), Spec (% specificity), PPV (% positive predictive value) and NPV (% negative predictive value) were calculated as
described in Supplementary Table 1 legend. P-values (two-tailed) of the difference in the area under the receiver operator characteristic
curves (AUROC) between PhenoSeq and the indicated alternate genotypic algorithm are shown in parenthesis, calculated as described
by Hanley et al'. P-values <0.05 were considered significant and are highlighted in bold italicized text. FPR, false positive rate. #The

subtype C specific WebPSSMs;/nsi algorithm was used for subtype C HIV-1 predictions.
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