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Romaine lettuce was grown, harvested, processed (cut, washed in
chlorinated water, and rinsed 3x), and stored at 5+1°C in modified
atmosphere packaging (MAP) for 7 to 14 days [1, 2]. Three fields in
Salinas, CA were harvested, an experimental USDA field in fall 2017, fall
2018, and spring 2018 (field 1), and a plot in a conventional grower’s field
in fall 2018 (field 2) and spring 2018 (field 3). Including the five harvests,
a total of 225 samples consisting of surface soil, harvested lettuce heads,
processed lettuce, and stored MAP lettuce were collected.

Shotgun metagenomic sequencing was performed on DNA obtained from
sample microbiomes using an Illumina NextSeq platform generating
paired-end 150 bp reads.

Classification of resistance determinants in the sequence datasets was
accomplished using MEGARes 2.0. [3].
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Figure 2. Non-metric multidimensional scaling plot
depicting the beta diversity of resistance gene classes
among sample types. The resistance gene profiles
among the four sample types are statistically different
(PERMANOVA, P<0.001).
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resistance gene classes and sample types differed among the five 20%
harvests. However, overall, the relative abundance of BRGs was highest

in lettuce after processing and before storage. MRGs were prevalent in

both soil and lettuce, with copper resistance particularly high in lettuce. 10%

(A) all resistance classes and (B) antibiotic
resistance classes in the resistomes of the
four sample types: (1) soil, (2) harvested
lettuce, (3) processed lettuce, and (4) lettuce
cold-stored in MAP.
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« While resistance gene alleles were detected in common between soil and
lettuce samples for each harvest, there were also resistance gene alleles,
including many ARGs, found in lettuce resistomes that were not found in
soil. Omitting genes conferring both drug and biocide resistance, and
including all samples, the greatest percentage of ARGs belonged to the
beta-lactam class (30%) followed by aminoglycosides (6.7%), and specific
allele sequences from both classes were observed in common between
soil and lettuce.
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Figure 4. Chord diagrams displaying the inter-relationships between resistance gene classes in the resistomes and sample type. The
five harvests are depicted separately and include three harvests in the (A) experimental field and two harvests in a (B) conventional
grower’s field.

FDA Mission Relevance: These results provide insight into the transfer of antimicrobial resistance genes from soil
to the lettuce phyllosphere and ready-to-eat packaged lettuce, thus their potential to enter the human food chain.
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