
Supplementary Material A: Materials and Methods for Asthma Network Analysis

Data Description
Source. The asthma data were collected by a consortium-wide study [65], and the network analysis constituted a secondary analysis of the data.
Molecular Variables. Bronchoalveolar lavage (BAL) samples from the lower respiratory tract were obtained from 40 severe, and 43 non-severe asthma patients, from which levels for 25 cytokines were measured. Because 50% of values in 7 cytokines (IL-12, IL-1b, IL-7, IL-10, IL-13, GM-CSF, and IFN-) had out-of-range low values, they were removed from the dataset, with 18 cytokines remaining (for additional details, please see our earlier publication [65]).
Clinical Variables. We used the consensus definition of the American Thoracic Society [66] to classify the patients as severe and not-severe, and the two groups were balanced by age and gender. The dataset included 6 pulmonary function measures (Max FVCpp/MPVLung, Max FEV1pp/MPVLung, Baseline FEV1pp, Baseline FEV1/FVC, Max FEV1 Reversal, and PC20 Methacholine) determined to be independent measures by the domain experts. 
Data Analysis
The analysis consisted of three major steps described in Figure 1. Each of the major steps and substeps are described below:  
1. Exploratory Visual Analysis
A. The data were inspected for outliers and normalized using the min-max range normalization method with the following formula:
c'ij = (cij – mini) / (maxi – mini),
where cij is the raw expression value for cytokine i of patient j, c'ij is the corresponding normalized value, and mini and maxi represent the minimum and maximum raw expression values of cytokine i across all patients. This method performs a linear transformation on the data, resulting in each cytokine to range from 0-1. This normalization preserves the relative distances between the values of the patients for each cytokine. This method is useful when outliers are meaningful such as what tends to occur in asthma cytokine expression due to biological diversity [66].
B. The data were converted into a bipartite network where white nodes represented cytokines, black nodes represented cytokines, edge thickness represented the normalized cytokine values, and the node diameter was used to signify the sum of edge weights connected to that node. This enabled us to determine for example, which patients have overall high aggregate cytokine values, in addition to how such patients relate to the rest of the network.
C. Global patterns in the network were analyzed and visualized using the Kamada-Kawai layout algorithm [57]. The Kamada-Kawai layout algorithm is approximate and is mainly used to explore the data using different starting conditions, and the resulting topology verified using appropriate quantitative methods. This algorithm results in pushing together nodes with similar edge weight profiles, and pushing apart those with dissimilar profiles. This algorithm is fast but approximate and ideal for small to medium-sized networks consisting of between 50-1000 nodes [50].
D. The network layout was visually inspected to identify the nature of the clusters and to determine the nature of cluster analysis to conduct.
2. Quantitative Verification and Validation
A. The network layout suggested distinct clusters for patients and for cytokines. To identify the number of clusters and the boundaries of the clusters, we used the agglomerative hierarchical clustering method. For the clustering, we used the Manhattan dissimilarity measure (to handle the weighted edges) with the Ward linkage function [55]. Number of clusters and their boundaries were identified using the standard approach used in hierarchical analysis [55] which is to find natural breaks in the cytokine and patient dendrograms (as shown by the red dotted lines in Figure 3-2a and explained in more detail in [54]). To validate the existence of clusters in the network we compared the kurtosis, variance, and skewness of the heights in the dendrogram of the data, to the variance, skewness, and kurtosis of the heights in dendrograms of 1000 random permutations of the data, while preserving the size and distribution of edge weights. For each random network permutation we preserved the total number of nodes, the number of edges connected to each node, and the edge weight distribution of cytokines when analyzing the cytokine dendrogram; and vice versa when analyzing the patient dendrogram. Compared to the same measures from the random networks, significant breaks in the asthma cytokine or patient dendrograms would result in a significantly larger kurtosis, variance, and skewness of the dendrogram heights.
B. The results of the above cluster boundaries for patients and cytokines were superimposed onto the network as shown in Figure 2.
C. To analyze the overall significance of 6 independent pulmonary functions, the one-way, two-tailed Kruskal-Wallis test was used to address the skewed values. The false discovery rate (FDR) procedure was also used to correct for multiple comparisons. Finally, to analyze the significance for the above patient variables between each pair of clusters, we used the Dunn’s test procedure.
D. The significant variables were then visualized on the network to enable an integrated understanding of molecular and clinical variables.
3. Inference of Heterogeneities and Mechanisms
A. The network topology based on the molecular profile, in addition to how the patient clusters were similar and different based on clinical variables, were used by the domain experts to identify the pathways in each of the patients clusters identified. 

B. The domain experts integrated the molecular and clinical variables to infer the heterogeneities in asthma.



Supplementary Material B: Materials and Methods for Rickettsia Network Analysis

Data Description
Source. Our dataset consisted of 36 MSF and 49 DEBONEL patients that were diagnosed using PCR detection and/or serological assays (IFA) of rickettsial DNA amplicons from blood samples [58].   

Molecular Variables. Serum samples were collected from patients between 0-20 days after symptoms first appeared. This was followed by a bioplex analysis used to measure the expression of 26 candidate cytokines. The cytokine expression for both diseases were determined using a single standard curve [58].

Data Analysis 

The analysis consisted of three major steps described in Figure 1. Each of the major steps and substeps are described below:  
1. Exploratory Visual Analysis
A. The data were inspected for outliers and normalized using the min-max range normalization method explained in Supplementary Material A. 
B. The data were converted into a bipartite network where circle nodes represented cytokines, the triangle nodes represented MSF patients, the square nodes represented DEBONEL patients, edge thickness represented the normalized cytokine values, and the node diameter was used to signify the sum of the edge weights that were connected to that node. 
C. Network topology was analyzed and visualized using the Kamada-Kawai layout algorithm [58] (described in Supplementary Material A).
D. The network layout was visually inspected to identify the nature of the clusters and to determine the nature of cluster analysis to conduct.
2. Quantitative Verification and Validation
A. The network layout suggested the presence of a distinct core and a distinct periphery cluster for patients and for cytokines. We therefore used the agglomerative hierarchical clustering method to determine the boundaries of the clusters and to verify the number of clusters. We validated the clusteredness of the network using the method as described in Supplementary Material A. 
B. The results of the above cluster boundaries for patients and cytokines were superimposed onto the network as shown in Figure 5.
C. [bookmark: _GoBack]We calculated the weighted degree centrality for each patient node to identify whether the patients in the core of the network had a significantly higher overall cytokine expression. A Mann-Whitney U test was then conducted to compare the weighted degree centrality of patients in the periphery, to those in the core. Similarly, we used this measure to compare the weighted degree centrality of cytokines in the periphery to the cytokines in the core. Furthermore, we analyzed the platelet counts of patients in the core to determine their severity of disease. 
D. The clinical and phenotype variables were superimposed onto the network to enable comprehension of how each related to the core and periphery topology. 
3. Inference of Heterogeneities and Mechanisms
A. The network topology based on the molecular profile, in addition to how the patient clusters were similar and different based on clinical variables, were used by the domain experts to identify the pathways in each of the patients clusters identified. 
B. The domain experts integrated the molecular and clinical variables to infer the heterogeneities in rickettsial diseases and their respective pathways. 

5

