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Supplementary Materials and Methods 

Specimen procurement and pre-processing 

Consented participants collected stool specimens using our previously published, 

standard collection method.[1] Patients did not take any probiotics or antibiotics for at 

least three weeks prior to the stool collection (verified by study investigators on 3 

separate occasions prior to the colonoscopy). Samples were kept on ice following their 

collection and then when transferred to the patient’s respective study center, they were 

frozen at -80°C. OUH samples were transferred to UCLA via overnight shipping on dry 

ice. No thawing took place during this transport. Prior to sequencing analysis, frozen 

samples were pulverized into separate cryovials using liquid nitrogen. 

 

16S rRNA gene sequencing and microbial composition analysis 

High-throughput sequencing analysis of bacterial rRNA genes was performed 

using extracted genomic DNA as templates. The PCR primers targeted the portion of the 

16S rRNA gene containing the hypervariable V4 region. De-multiplexing, quality 

control, and operational taxonomic unit (OTU) binning were performed using 

quantitative insights into microbial ecology (MACQIIME v1.9.0).[2] Low quality 

sequences were removed using the following parameters: (i) Q20, minimum number of 

consecutive high-quality base calls = 100 bp; (ii) maximum number of N characters 

allowed = 1; (iii) maximum number of consecutive low quality base calls allowed before 

truncating a read = 3. The remaining reads were subsequently used to select OTUs from 

the GreenGenes reference database (May 20, 2013), which automatically bins OTUs at 

97% identify. Prior to the analysis, the species level OTUs that were observed fewer than 
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two times were discarded. 16S rRNA sequence data will be deposited in NCBI 

Bioproject. 

 

Statistical and bioinformatics analyses 

Rarefraction and diversity analysis 

After selection of the OTUs from GreenGenes database, microbal OTUs were 

rarified down to 15,000 reads per sample using MACQIIME. To compare the microbial 

communities of SSc versus control samples, alpha and beta diversity were analyzed. 

Alpha diversity, which represents the complexity of composition within members of a 

group, was calculated using the metrics of phylogenetic diversity, Chao1, observed 

species, and Shannon index. The comparison of alpha diversity between the two groups 

was performed using the two-sided student t-test at a depth of 15000.  

Beta diversity represents the between-subject similarity of microbial composition 

and enables the identification of differences between samples within a group.[3] Beta 

diversity was performed in MACQIIME and utilized both unweighted and weighted 

UniFrac distances to estimate sample distributions. Analysis of variance using distance 

matrices (Adonis) significance analysis, a non-parametric test, was performed for each 

pairwise comparison of sample groups using the Adonis function from the R package. 

Principal coordinate analysis (PCoA) was performed to visualize the resulting UniFrac 

distance matrix.  

 

Microbial composition analysis 

Association between SSc disease state and bacterial phylotypes  
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To identify differentially abundant bacterial phylotypes in SSc and control 

samples, we performed a Linear Discriminant Analysis Effect Size (LEfSe) analysis [4] 

to determine the effect size for the association of differentially abundant taxa with disease 

status. We were mainly interested in genus level differences because although alterations 

in the abundance of broad bacterial groups, such as entire phyla, can be associated with 

GIT dysfunction, small introductions of pathogenic strains at lower taxonomic levels can 

may have a greater impact on diseases.[5] The log Linear Discriminant Analysis (LDA) 

score threshold was set at 2.5.   

 

Relationship between microbes and SSc GIT symptoms 

Differential expression analysis for sequence count data (DESeq2) [6] was used to 

compare differential abundance of bacterial species between patients with none to mild 

GIT 2.0 symptoms versus patients with moderate to severe GIT 2.0 symptoms as 

previously defined by Khanna et al.[7] We performed these analyses using the total GIT 

2.0 scores, as well as GIT 2.0 scores for the following individual domains reflecting 

lower GIT dysfunction: Distention/Bloating, Diarrhea, and Constipation. 
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Supplementary Table 1. Genera associated with GIT 2.0 total score and individual domains  
 

Organism Group Fold change q value 

Actinomyces Total GIT score, High -1.618 0.025 

Ruminococcus Total GIT score, High -1.758 0.025 

 Constipation, High -2.107 0.003 

Dorea Total GIT score, High -1.239 0.092 

Parabacteroides Constipation, High -1.838 0.021 

 Distention/bloating, High -1.744 0.057 

Undefined genus from 

Enterobacteriaceae family 

Constipation, High -1.887 0.036 

Prevotella Diarrhea, High -3.671 <0.0001 

 Distention/bloating, High -2.472 0.025 

Sutterella Distention/bloating, High -2.278 0.024 

SMB53 from the 

Clostridiaceae family 

Distention/bloating, Low 2.101 0.025 

Blautia Total GIT score, Low 1.648 0.025 

Clostridium Total GIT score, Low 1.329 0.092 

 Distension/bloating, Low 2.104 0.024 

Lactobacillus Constipation, Low 2.505 0.003 

 



Supplementary Figures 

 

Supplementary Figure 1. Alpha diversity of UCLA-SSc (blue line) and healthy (red line) 

samples. There were no significant differences in any of the alpha diversity metrics between 

the UCLA-SSc and healthy control samples based on the following metrics: phylogenetic 

diversity (p=0.330); observed species (p=0.528); Shannon index (p=0.958); and Chao 1 

diversity metric (p=0.657). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Figure 2. Alpha diversity of OUH-SSc (blue line) and healthy samples 

(red line). There were no significant differences in any of the alpha diversity metrics between 

the OUH-SSc and healthy control samples by the following metrics: phylogenetic diversity 

(p=0.078); observed species (p=0.206); Shannon index (p=0.265); and Chao 1 diversity 

metric (p=0.245) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Figure 3. Alpha diversity of UCLA-SSc (blue line) and OUH-SSc (red 

line) samples. There were no significant differences in any of the alpha diversity metrics 

between the UCLA or OUH-SSc samples by the following metrics: phylogenetic diversity 

(p=0.542); observed species (p=0.680); Shannon index (p=0.381); and Chao 1 diversity 

metric (p=0.674). 

 

 


