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Ribozyme-enabled RNA recording for analyzing mobile genetic element-

host associations in microbial communities
SUN Yanxin, WANG Shilong, YU Shengnan, JIANG Gaofei, WEI Zhong

( College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China)

Abstract: Horizontal gene transfer (HGT) is a major driver of genetic information exchange and functional evolution
in microbial communities, contributing to microbial adaptation, antibiotic resistance dissemination, and environmental
biosafety assessment. However, determining the recipient hosts and distribution patterns of mobile genetic elements in
complex environmental microbial communities remains a major technical challenge. Conventional approaches,
including cultivation-based methods, metagenomic sequencing, and spatial association technologies, provide valuable
information on genetic element dissemination or community genetic composition, but are often limited by host
culturability, insufficient linkage between genetic elements and their hosts, and challenges in interpreting association
signals. These limitations hinder comprehensive analysis of mobile genetic element host ranges, particularly in
complex communities containing abundant uncultured microorganisms. Recently, RNA-addressable modification
(RAM), an engineered ribozyme-based molecular recording technology, has provided a new strategy for identifying the
carriage states and host association patterns of HGT-related mobile genetic elements. RAM utilizes engineered group I
intron ribozymes to mediate RNA information recording, linking mobile genetic element-encoded RNA barcodes with
host 16S rRNA information and converting otherwise difficult-to-observe genetic element-host associations into
detectable molecular records. Recent studies have applied RAM to plasmid conjugation and phage transduction
systems, demonstrating its potential for revealing distinct host distribution patterns of different mobile genetic elements
in complex microbial communities. This commentary reviews the molecular recording mechanism of RAM, its
applications in HGT-related microbial community studies, and its current limitations, while further discussing its
complementary relationship with existing approaches for analyzing genetic element — host associations. The major
significance of RAM does not lie in replacing conventional HGT analysis strategies, but rather in changing how genetic
element — host relationships are characterized by converting associations previously inferred from sequence data,
spatial correlations, or cultivation-based validation into recordable molecular evidence. Importantly, RAM records
genetic element — host association states at specific sampling time points rather than reconstructing complete HGT

transmission histories. Future advances in engineered ribozyme optimization, integration with cumulative information
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storage systems, and expansion into ecologically relevant applications may further establish RAM as a molecular

recording platform for investigating mobile genetic element distribution patterns and host association characteristics in

microbial ecosystems.

Keywords: horizontal gene transfer; ribozyme; RNA-addressable modification; 16S rRNA; mobile genetic element;

host range
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Note: Comparison of major approaches for analyzing mobile genetic element - host associations. Cultivation-based reporter and selection meth-
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tion but generally lacks direct linkage between mobile genetic elements and hosts; Hi-C and epicPCR provide different forms of genetic element -

host association information but are subject to method-specific biases; RAM generates molecular records linking mobile genetic element identities

with host 16S rRNA information at specific sampling points.
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