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1. Supplementary Figures 
 

 

 
Supplementary Fig. 1 Bacterial and viral genome variation across the phytoplankton blooms. Bacteria (51 most abundant genomes), a, and viruses b, as determined by read 
based analysis on abundance trimmed data. Legends indicate species represented with dark gray circles denoting those that are labelled in the chart. Light gray circles on 
middle plot indicate day of sampling.  Middle Plot shows phytoplankton abundance and bacterial abundance as reported in Figure 1. a, Orange portion of small pie charts 
above larger species pie charts represents 51 abundant genomes during the experiment and blue represents the remainder of the population.  Abundance determined by 
number of samples above 0.5% of population and by sum of fraction of samples across blooms. Expanded pie charts demonstrate the identity and abundance of these 
species. Identities derived from bulk 0.2–3 μm samples.  b, Virus species from 0.025–0.2 μm bulk samples. Error bars indicate s.d. and estimated error in aerosol 
measurements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Supplementary Fig. 2 Abundance of draft genomes. 18 bacterial and 6 viral draft genomes determined by assembly based methods.  Heatmap indicates fractional 
abundance of species in the sample.  Day of sample is indicated on top columns.  For each 9-square group size fraction is indicated from left to right: >3 µm, 0.02 – 3 µm, and 
0.025 – 0.2 µm, and top to bottom: Aerosol, SSML, and bulk water compartments.  Schematic in upper right corner indicates this sample arrangement. Blanks indicate 
samples below threshold limits. 
 



 
Supplementary Fig. 3 Genome spatial coverage trimmed bacterial and viral populations aerosolization distribution. The ratio of fraction of genomes in aerosols to the fraction 
in bulk plotted against ratio of fraction of genomes in aerosols to those in sea surface is shown for bacteria, a, and viruses, b, in genome spatial coverage trimmed data sets 
on select days. The upper right quadrants of a and b indicate genomes enriched in aerosol relative to both bulk and SSML (A:B and A:S > 1); the lower left quadrants 
indicates genomes that are primarily waterborne (A:B and A:S < 1). The upper left quadrants indicates genomes enriched relative to bulk but not SSML (A:B > 1, A:S < 1), and 
the lower right indicates genomes enriched in aerosol relative to the surface but not bulk (A:B < 1, A:S > 1). The data sets represent a, 76 bacterial genomes, and b, 30 viral 
genomes identified by read-based taxonomic assignments trimmed of species with low genome spatial coverage.  
 
 
 
 
 
 
 

 
Supplementary Fig. 4 Population distribution of aerosolization and surface enrichment data sets. Histograms of all aerosolization factors (AFs) and surface enrichment factors 
(S:B)  for bacteria, a–c, and viruses, d–f given by log values.  a, d represent pooled AF and S:B values for abundance trimmed but not coverage trimmed data. b, e 
demonstrate day resolved variance in A:B distributions of these partially trimmed data sets.  c, f show the pooled AF and S:B values for the fully trimmed data sets.  
 
 
 
 
 



 
Supplementary Fig. 5 Bacterial aerosolization and surface enrichment. Taxonomy, aerosolization factors, and surface enrichment of bacterial genomes of spatial coverage 
and abundance trimmed data. Phylum, class, and orders are color coded to reflect species relationships.  Genome annotation by read-based analysis, Heat map column 
labels indicate day and measurement. Aerosolization factor is expressed as the fraction of genomes in aerosol to bulk or surface (A:B or A:S). Surface enrichment is the 
fraction in SSML to the fraction in the bulk (S:B). Heat map values indicate ratio values (bottom legend). Species abundance is reported as the sum of fraction of the 
population across the experiment and as the number of samples above 0.5% of the population. 



 

 
Supplementary Fig. 6 The genetic basis of bacterial and viral aerosolization in the abundance trimmed data set. Genome-based phylogenetic trees based on 197 bacterial 
genome sequences in a and 46 viral genomes in b. Sequences are derived from read-centric analysis of above 0.1% of the population but not trimmed of genomes with low 
spatial coverage. The bacteria are a subset of this data that contains 700 bacterial genomes total.  The heatmaps display aerosolization factor (AF), A:B and A:S, on  different 
days. AF intensity specified by the legend: Blue = Diminished aerosolization; Yellow = Neutral aerosolization; Red = Enhanced aerosolization. a, Bacteria class is indicated on 
outer ring to further denote species and aerosolization relationships.  Yellow highlights, i –iv indicate closely related species with differing aerosolization patterns. b, Line 
colors denote viral family and shading indicates order as shown by legend. Additionally, labels on the inner ring specify lipid-enveloped or non-enveloped classifications. 
Blanks indicate samples below threshold limits. 



 
 
 
 

 
 
Supplementary Fig. 7 Draft genome bacterial and viral aerosolization and surface enrichment. Taxonomy, aerosolization factors, and surface enrichment of assembled draft 
genomes. Heat map column labels indicate day and measurement. Aerosolization factor is expressed as the fraction of species in aerosol to bulk or surface (A:B or A:S). 
Surface enrichment is the fraction in SSML to the fraction in the bulk (S:B). Heat map values indicate ratio values (bottom legend). Genome abundance is reported as the sum 
of fraction of the population across the experiment and as the number of samples above 0.5% of the population. 

 



 
Supplementary Fig. 8 Bacterial aerosolization of abundance trimmed data set. Taxonomy, aerosolization factors, and surface enrichment of 197 bacterial genomes from 
abundance trimmed but not coverage trimmed data presented in three sets, a, b, c. Phylum, class, and orders are color coded to reflect genome relationships.  Genome 
annotation by read-based analysis, exact assignment in parentheses.  Heat map column labels indicate day and measurement as well as enrichment factor. Aerosolization 
factor is expressed as the fraction of a genome in aerosol to bulk or surface (A:B or A:S). Surface enrichment is the fraction in SSML to the fraction in the bulk (S:B). Heat map 
values indicate ratio values as given in legend.  Bars on right indicate genome abundance (number of samples containing above 0.5% of the total population). 



 
Supplementary Fig. 8 Bacterial aerosolization of abundance trimmed data set. (continued). 



 
Supplementary Fig. 8 Bacterial aerosolization of abundance trimmed data set. (continued). 



 
Supplementary Fig. 9 Viral aerosolization and surface enhancement. Taxonomy, aerosolization factors, and surface enrichment of viral genomes in the abundance and 
genome coverage trimmed data set. Heat map column labels indicate day and measurement. Aerosolization factor is expressed as the fraction of genomes in aerosol to bulk 
or surface (A:B or A:S). Surface enrichment is the fraction in SSML to the fraction in the bulk (S:B). Heat map values indicate ratio values (bottom legend). Genome 
abundance is reported as the sum of fraction of the population across the experiment and as the number of samples above 0.5% of the population. Blanks indicate samples 
below threshold limit. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

2. Supplementary Tables 
 

 
Supplementary Table 1  DNA extraction yields 

 
*Bulk and SSML measurements are per mL of seawater, aerosol is per mL of air 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Table 2 Trimmed and filtered read statistics 

 



Supplementary Table 3 Spatial coverage of scaffolds to Kraken assigned genomes 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Table 4 CheckM statistics of genome bins 

 

 
 
 
Supplementary Table 5 Genome bin summaries 

 

 
 
 



Supplementary Table 6 Analysis of draft genomes using k-mer based taxonomic profiling 

 
Taxonomic assignment of assembled metagenomics scaffolds using k-mer analysis (Kraken) with NCBI Refseq database. Assembled draft genomes identified utilizing 
APIS and manual curation. The assemblies were analyzed by Kraken to yield taxonomic assignments for comparison to raw read generated assignments.  More complete 
genomes resulted in more accurate Kraken assignments. The diatom fragment derived from a chloroplast genome resulting in a cyanobacterial annotation in Kraken. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Table 7 Population statistics for partially trimmed, fully trimmed, pooled, and day-resolved data sets 
 

 
Normality is tested by the Anderson–Darling (AD) normality test, skewness, kurtosis (excess), and inspection of histograms.  For the AD test, p-values below 0.05 
demonstrate data is significantly non-normal.  Departure from zero indicates increasing non-normality in skewness and kurtosis values. 

 
 
 
 
 

Supplementary Table 8 Percent of population in bacterial and viral reads in >3 µm, 3–0.2 µm, and 0.2–0.025 µm size fractions in bulk, SSML, and aerosol samples 
from read-based k-mer sequence analysis

 



3. Supplementary Notes 
 
 
 

Supplementary Note 1: Bloom dynamics  
 

Chlorophyll a peaked at 21.7 µg L-1 for bloom 1 and 30.0 µg L-1 for bloom 2 (Fig. 1, 

Supplementary Fig. 1). Major phytoplankton blooms at Scripps Pier generally have 

chlorophyll a levels in the range of 18 – 219 µg L-1 1, placing this on the low end of 

natural major bloom from the same source water.  Bacteria counts were found to be in 

the range of 0.65 X 106 ± 0.01 X 106 to 3.98 X 106 ± 0.02 X 106 cells mL-1  in bulk water, 

0.36 X 106 ± 0.01 X 106 to 3.34 X 106 ± 0.03 X 106 cells mL-1 in SSML, and 0.09 X 107 ± 

0.06X 107 to 5.83 X 107 ± 0.58 X 107 cells  m-3 in aerosol. Oceanic values for bacteria 

range from 104 to 106 cells mL-1 2, making the values here on the high end of ocean 

concentrations. However, considering bacterial abundance increases linearly with 

chlorophyll 3 and under certain conditions oceanic concentrations have been found to 

up to 108 cells mL-1  4, these values seem especially relevant. Aerosol bacteria 

concentrations are estimated to be ~102 to 104 cells m-3 5. Virus abundances were found 

to be 1 X 107 to 8 X 107  cells  mL-1 in bulk and SSML and 0.3 X 107  to 7.7 X 107  cells 

m-3 in aerosol which is ~10-fold higher than water bacteria concentrations and 

approximately the same as bacterial concentrations in aerosol.   

 

     Supplementary Note 2: Genomic data analysis 

     DNA yields. DNA recovery and estimated original concentrations in native samples 

are given in Supplementary Table 1. DNA  abundance was determined by Qubit™ 

(ThermoFisher). 



 
 
    Metagenomic sequencing. A total of 625 million reads were trimmed and quality 

filtered generating on average 3.0 million sequence reads with lengths of 2 x 142 bp 

and GC content of 48% (Supplementary Table 2). Taxonomic profiling generated a total 

of 700 bacterial, 10 archaeal and 28 viral species in samples from the 0.02–3 µm size 

fraction after data filtering.  The >3 µm and 0.025–0.2 µm fraction were also trimmed 

similarly to generate 613 species (576 bacteria, 8 archaea, 29 viruses) and 627 species 

(585 bacteria, 7 archaea, 35 viruses), respectively. The viral species from the three 

fractions were pooled to yield 46 viral species.   

 

    Coverage analysis. 198 bacteria and 46 viral species identified using Kraken were 

further examined for genomic coverage.  Scaffolds from species’ assignments were 

examined against published genomes (Supplementary Table 3).  This represented 28% 

of the species above abundance thresholds. Species below 0.1% spatial coverage were 

removed resulting in a coverage trimmed set of 76 bacterial and 30 viral species. 

 

    Genomic assembly and annotation. Sixty-two metagenomes resulted from 

assembly of shotgun reads. k-mer based binning (Vizbin) isolated seven bins (Np-bin1, 

2, 3, 4, 5, 6, 8) and a mosaic bin (bin7). The remaining bin7 was a mosaic of genomes 

and thus was examined using sample-specific sequencing coverage vectors and 

hierarchical clustering, generating a further 14 bins. Completeness of bins was 

assessed using CheckM (Supplementary Table 4). 

 

 



Genome bins, while mostly not complete, were recovered for Bacteria, Eukarya, and 

multiple viral lineages. The completeness appears to be mostly due to more conserved 

regions of the genome fragmenting during the secondary co-assembly, which did 

decrease large contigs. The low completeness (CheckM) for several genomes rather 

large in size is consistent with this.  Annotation of genomes was performed by APIS and 

manual curation6.  Summaries of genome bins are given in Supplementary Table 5.  

Additionally, the resulting draft genomes were run through read-based pipeline utilizing 

Kraken to detect similarity between the annotations of the different approaches.  There 

was good agreement between annotations when genome coverage was adequate. 
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