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[bookmark: _Toc483470041]Vaccine sequences
The vaccine insert sequences were as follows: gag, subtype B strain HXB2 (K03455); pol and nef, subtype B strain NL4-3 (M19921)]. The subtype A, B, and C env sequences were from 92RW020 (CCR5-tropic, U08794), HXB2 (CXCR4-tropic, K03455), and 97ZA012 (CCR5-tropic, AF286227), respectively.
[bookmark: _Toc483470042]Reference sequences
The HIV-1 subtype B consensus 2004 (B.Con), ancestral (B.Anc), and subtype B HXB2 (K03455) sequences served as additional references.
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[bookmark: _Toc483470044]Evaluation of evidence for positive selection
Evidence of positive selection was examined at each codon separately for the vaccine and placebo groups by measuring the nonsynonymous (dN) minus synonymous substitution rates (dS), dN-dS [1] using SLAC, a fixed effects likelihood (IFEL) method and MEME, under the GTR nucleotide substitution model as implemented in HyPhy [2]. Sites with dN-dS significantly greater than 0 (1-sided p < 0.025) were considered to be under positive selection. 
[bookmark: _Toc483470045]Identification of potential N-linked glycosylation sites and Co-receptor specificity
Potential N-linked glycosylation sites (PNLGS) were identified from either mindist or all sequences were compared between treatment groups as described previously [3]. CCR5 and CXCR4 Co-receptor usage was predicted via the Web PSSM [4] (http://indra.mullins.microbiol.washington.edu/webpssm/) using the X4R5 matrix for HIV-1 subtype B.
[bookmark: _Toc483470046]Reconstruction of maximum-likelihood phylogenetic trees
Maximum-likelihood phylogenetic trees were reconstructed using PhyML [version 3.0]) [5] implemented in DIVEIN [6] (http://indra.mullins.microbiol.washington.edu/cgi-bin/DIVEIN). Pairwise and tree-based distances were calculated between participant-derived sequences and HIV-1 reference sequences (vaccine inserts or subtype B central sequences) using the General Time Reversible nucleotide substitution model (GTR + I + G) or the HIVb model of protein evolution [7]. Trees were also reconstructed for Env-gp120 after removing amino acid positions from variable segments in the signal peptide 10-16; V1 loop 132-152; V2 loop 186-191; V3 loop 309-310; V4 loop 392-413; and V5 loop 460-464 (HXB2 positions).  These measures were summarized as a single value (mean) per participant and compared between the vaccine and placebo groups using Mann-Whitney tests with exact 2-sided p-values.
Analyses of both near full-length genomes and individual genes were conducted to estimate the number of founder variants. Note that as 10 genomes per participant represents a small fraction of the viral population, there was a 65% probability of observing a variant that corresponded to only 10% of the viral population. Alignments and trees were visually inspected; the timing of the most recent common ancestor [using BEAST [8] and Poisson-fitter [9]] was estimated; phylogenetically-informative (shared in at least two sequences) and private mutations were compared [6].
[bookmark: _Toc483470047]CTL epitope predictions
CTL epitope predictions were obtained using NetMHCpan version 2.8 [10] (http://www.cbs.dtu.dk/services/NetMHCpan/) and adaptive double threading (ADT)  [11]. Unique HLA-peptide combinations (9-mers only) that qualified as strong or weak binders based on their predicted binding affinity were used in analyses (strong binders <50 nM; weak binders <500 nM). A participant-derived predicted epitope was considered matched to the vaccine/reference epitope when both 9-mer peptides were identical or differed by a maximum of 3 residues. Matched epitopes were compared by calculating both the difference in predicted binding affinity between the two peptides and the evolutionary distance between them; evolutionary distances were computed using the HIVb matrix [7]. Summary values corresponding to participant-specific mean binding affinity or mean evolutionary distance were calculated for each participant and compared using Mann-Whitney tests. Predicted epitopes in Env-gp120 were analyzed on an epitope-by-epitope basis when an epitope was identified in at least three vaccine and three placebo recipients.
Percent epitope mismatch distances [12] to the reference sequence were compared between treatment groups using choplump Wilcoxon tests [13]. For each breakthrough infection, the this distance between was computed as one minus the percentage of predicted epitopes in the reference sequence that were identical to the corresponding epitope in all of the breakthrough sequences, with predicted epitopes defined as weak binders. Two analyses were done, for weak binders defined by NetMHCpan or ADT. 
[bookmark: _Toc483470048]Site scanning methods 
[bookmark: _Toc483470049]GWJ, EGWJ, MBS, PCP, and QEMD methods
At each site, the AA distribution was compared across treatment groups using the Gilbert, Wu, Jobes (GWJ) [14] method, which uses a single representative sequence per participant, and the Expected Gilbert, Wu, Jobes (EGWJ) method, which uses all the participant’s sequences [3]; Numeric weights signify a match (1) or mismatch (0) between the AA in the breakthrough sequence and the AA in the vaccine insert [3, 14]. For EGWJ, the match/mismatch weight corresponding to a particular participant at a particular site is the expected value over the frequency distribution of AAs for that participant/site. GWJ and EGWJ compute 2-sided p-values by randomly permuting vaccine/placebo labels of participants 10,000 times, which preserves covariation of sequences. The Model-Based Sieve (MBS) method calculates the posterior probability that the AA distribution of breakthrough infections differs between treatment groups, and computes a 2-sided p-value via 10,000 permutations [15]. The Physico-Chemical Property (PCP) method compares counts of Taylor properties at each AA site between each breakthrough sequence residue and the insert residue [16]. This analysis was restricted to 4 of 10 properties, namely hydrophobicity, polarity, charge and small steric volume, with the analysis conducted separately for each of the 4 properties; 2-sided p-values were computed with a two-sample t-test. The Quasi-Earth Mover’s Distance (QEMD) method examines whether the pairwise similarity scores between vaccine and placebo sequences are different from what would be expected under the null hypothesis that they came from the same distribution. This approach does not use a reference sequence. QEMD was computed using Hamming distance as the summary measure of similarity and a 2-sided p-value computed by 10,000 permutations. [3].
[bookmark: _Toc483470050]PF test statistic
To compute the PF test statistic, each mindist sequence was first converted into a vector of indicator variables defined by the presence or absence of one AA or gap at a given site. Each vector has a length of 21 times the number of sites. Next, these vectors were averaged by treatment group resulting in a vector of frequencies of each AA or gap at each position for each group. Finally, the PF statistic was defined as the Euclidean distance between these two frequency vectors. Mid p-values [17] based on 10,000 permutations were used to test the null hypothesis that the distance equals zero.
[bookmark: _Toc483470051]Specific sets of AA for site scanning
[bookmark: _GoBack]Sets of known mAb contact sites were defined for 44 known interactions between a ligand and a mAb or CD4 [3] and corresponded to the CD4bs, CD4i, V3, Glycan, Quarternary, Env-gp41 N-terminal heptad-repeat (NHR), Env-gp41 immunodominant cluster II and Env-gp41 membrane proximal external region (MPER) (Supplementary Table S17 Table). Sets corresponding to peptide microarray hotspots were defined based on the results of microarrays conducted on Month 0 and 7 plasma from a pilot immunogenicity study of randomly sampled HIV-1 uninfected participants (40 vaccine and 10 placebo recipients).  Peptide microarrays covered Env-gp160 consensus sequences for HIV-1 Group M, subtypes A, B, C, D, CRF01_AE and CRF02_AG with 1423 peptides (15-mers overlapping by 12 amino acids). Antibody reactivity hotspots were defined via the method of Imholte et al. [18] based on a response rate threshold of 30%. Two hotspots were identified; one in the V3 loop (HXB2 positions AA304-318) and another in the cluster I immunodominant region in Env-gp41 (HXB2 positions AA581-593) [19]. 
Signature sites of interest from prior sieve analyses of HIV-1 vaccine efficacy trials included ten sites identified in the Step Study (Gag 84, 211, 403, 475; Pol 541 and 721; Nef 64a, 82, 116, 173), and five sites from RV144 (Pol 41; Env 169, 181, 307 and 317). These corresponded to published results with a sieve effect Q-value less than or equal to 0.2, or sites with a P-value below 0.05 and with follow-up analyses providing supportive experimental data [3, 20].
[bookmark: _Toc483470052]Machine learning sieve analysis
The feature space of each analysis was defined to include the following binary information at every AA position: the presence or absence of a residue; match or mismatch to the protein-relevant insert (using multiple inserts when necessary); match or mismatch to the population consensus of all of the HVTN 505 sequences; and, the presence or absence of one of ten physicochemical properties, as defined by Taylor [16]. This resulted in a high-dimensional data set that was reduced using the same site-specific filters as for the local sieve analysis, as well as a multicollinearity filter, where features with correlated data were grouped, and all but one of the correlated features were removed. The multicollinearity threshold was adjusted independently for each analysis to achieve a final dimensionality of the feature space (p/n) of less than 5.
Learning methods were chosen based on their facility of working with small datasets with a large feature space. The methods chosen were LASSO, Naïve Bayes, Random Forests, and boosted decision stumps as an ensemble of weak learners [21-24]. Each analysis was performed using 1,000 iterations of Monte Carlo cross validation (MCCV), with a training split of 65% and the remaining 35% for validation (appropriate to the size of the data set). The summary statistics of classification performance were the cross-validated area under the ROC curve (AUC) and classification accuracy, taken as the mean of the results on validation set data over all MCCV iterations. A level of signal was determined to be of interest if its cross-validated mean AUC was above 0.7.
[bookmark: _Toc483470053]Antibody-dependent cellular phagocytosis (ADCP)
[bookmark: _Toc483470054]Participants analyzed
To assay ADCP activity in antibodies elicited by the DNA/rAd5 vaccine regimen in HVTN 505, a subset of 50 trial participants (40 vaccinees and 10 placebo recipients) was selected. Participants were randomly selected from study participants that met all of the following criteria: had received all 4 study vaccinations within the appropriate window; had plasma, serum, and PBMC samples available from all four immunogenicity visits; and had completed the month 24 visit without evidence of HIV infection. 
[bookmark: _Toc483470055]Endpoints
The frequency and magnitude mean phagocytosis score responses were measured in serum samples from these 50 participants obtained at visit 7 (visit day 196), corresponding to 4 weeks post-final vaccination in treatment arms T1 and C1. Baseline samples were also assayed for positivity determination at visit 2 (visit day 0), corresponding to enrollment.
[bookmark: _Toc483470056]Laboratory methods
To assess the ability of antibodies induced by the DNA/rAd5 vaccine regimen to engage FcR, antibody-dependent cellular phagocytosis (ADCP) was measured as described [25, 26]. Briefly, neutravidin fluorescent beads were coated with a biotinylated HIV-1 antigen (ConSgp140), then incubated with monoclonal antibodies (positive control CH31 and negative control CH65) or IgG purified from participant serum samples. For the ADCP assay, THP-1 cells (pre-treated with anti-human CD4 to reduce CD4-Env mediated virus internalization) were incubated with the antibody/bead mixture, then paraformaldehyde-fixed before analysis by flow cytometry. A phagocytic score was determined based on the ratio of experimental sample to PBS control. Mean phagocytosis score is defined as: (% positive cells x MFI positive cells for participant IgG) / (% positive x MFI positive for no-IgG control). 
[bookmark: _Toc483470057]Statistical analysis of ADCP
Samples from post-enrollment visits were declared to have positive responses if both of the following criteria were met.
1. Mean phagocytosis score at follow-up > positivity threshold
2. Mean phagocytosis score at follow-up > 3x mean phagocytosis score at baseline
The positivity threshold is defined separately for each protocol and antigen as the 95th percentile of the mean phagocytosis score of baseline samples. Response rates and corresponding 95% confidence intervals were calculated by the Wilson score method [27]. Mean phagocytosis score was used to summarize the magnitude at a given time-point.  
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