








FIGURES 

 

Figure 1. EMBR-seq+ depletes rRNA from E. coli total RNA at high efficiency without 

introducing technical biases using a small number of rRNA-specific probes. (A) Schematic 

for EMBR-seq+ shows that a combination of blocking primers and RNase H-based targeting is 

used to deplete rRNA. (B) Cumulative percentage of reads mapping along E. coli 16S and 23S 

rRNA for different depletion methods. Bold lines indicate mean values and shaded regions 

indicate the minimum and maximum over three independent experiments. Inverted triangles 

indicate location of hotspot regions targeted by blocking primers. Insets highlight the depletion of 

reads from hotspot locations along the 16S and 23S rRNA sequence. (C) Percent of sequencing 

reads mapping to rRNA and mRNA in E. coli. Bars indicate mean values and error bars indicate 

standard deviations over three independent experiments. (D) Number of genes detected above 

different gene expression thresholds for E. coli. Points indicate mean values and error bars 

indicate standard deviations over three independent experiments. (E) Correlation of gene 
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expression between the “No depletion” and “EMBR-seq+” conditions (Pearson’s r = 0.95). RPM 

is computed after removal of rRNA reads. The x- and y-coordinates of each point indicate mean 

values over three independent experiments in the two conditions. For consistent comparison 

across methods, panels b and d show data that has been downsampled to 1 million sequencing 

reads.  
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Figure 2. EMBR-seq+ can be easily extended to diverse bacterial species. (A) Percent of 

sequencing reads mapping to rRNA in F. succinogenes strain UWB7 and G. metallireducens for 

different rRNA depletion methods. Bars indicate mean values and error bars indicate standard 

deviations over three independent experiments. (B) Cumulative percentage of reads mapping to 

16S and 23S rRNA of F. succinogenes strain UWB7 for different rRNA depletion methods. Bold 

lines indicate mean values and shaded regions indicate the minimum and maximum over three 

independent experiments. Inverted triangles indicate the location of hotspots targeted by blocking 

primers. (C) Number of genes detected above different gene expression thresholds for F. 

succinogenes strain UWB7. Points indicate mean values and error bars indicate standard 

deviations over three independent experiments. (D) Correlation of gene expression between the 

“No depletion” and “EMBR-seq+” conditions for F. succinogenes strain UWB7 (Pearson’s r = 

0.94). RPM is computed after removal of rRNA reads. The x- and y-coordinates of each point 

indicate mean values over three independent experiments in the two conditions. For consistent 

comparison across methods, panels b and c show data that has been downsampled to 1 million 

sequencing reads.  
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Figure 3. EMBR-seq+ efficiently depletes rRNA of F. succinogenes strain UWB7 grown in 

co-culture with A. robustus. (A) Schematic of fungal mRNA and rRNA removal from co-culture-

derived total RNA samples for more efficient bacterial mRNA sequencing. (B) Percentage of 

reads mapping to the bacterial and fungal genomes using the three strategies described in panel 

A: total RNA isolated from co-culture pellets treated with EMBR-seq to remove bacterial rRNA 

(“Unprocessed total RNA”), fungal poly-adenylated mRNA depleted total RNA treated with EMBR-

seq to remove bacterial rRNA (“Poly-A depleted”), and “Poly-A depleted” EMBR-seq library 

additionally treated with RNase H to remove fungal and bacterial rRNA (“Poly-A depleted & 

RNase H treated”). For the “Unprocessed total RNA” library, n = 1. For “Poly-A depleted” and 

“Poly-A depleted & RNase H treated” libraries, n = 3. Bars indicate mean values and error bars 

indicate standard deviation from the mean. (C) Cumulative percentage of sequencing reads from 

the “Poly-A depleted” EMBR-seq library that align to the C. churrovis genome scaffold 672. The 

three rRNA hotspots were inferred to be the 3’-ends of 18S, 28S, and 5.8S rRNA for C. churrovis. 

Black inverted triangles and italicized text indicate target locations of the five RNase H probes 
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used for fungal rRNA depletion in the EMBR-seq+ libraries. (D) Percent of sequencing reads 

mapping to the rRNA of F. succinogenes strain UWB7 for different depletion methods when grown 

in co-culture with A. robustus or C. churrovis. All four samples are poly-A depleted to remove 

fungal mRNA. Bars indicate mean values and error bars indicate standard deviation over three 

independent experiments. (E) Volcano plot of differentially expressed genes of F. succinogenes 

strain UWB7 grown in monoculture vs. co-culture with A. robustus, for the “No depletion” condition 

and after rRNA depletion using EMBR-seq+. n = 3 for both culture conditions and for both the 

library preparation conditions. Colored points indicate differentially expressed genes, determined 

by thresholds of |log!(&'()	+ℎ-./0)| > 0.8, Padj < 0.05, and RPM > 2. (F) Heatmap of differentially 

expressed CAZymes in F. succinogenes strain UWB7 grown in monoculture vs. co-culture with 

A. robustus. Genes are colored on the left side of the heatmap based on the CAZyme family they 

are associated with. 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 5, 2023. ; https://doi.org/10.1101/2023.05.04.539346doi: bioRxiv preprint 

https://doi.org/10.1101/2023.05.04.539346
http://creativecommons.org/licenses/by-nc-nd/4.0/

