Direct genome-scale mapping of human LINE-1 ORF2p endonuclease activity

Hanna Kodama'~? Syndi Koltz3, John Thompson3, Gerwald Jogl?, Martin Taylor!
'Department of Pathology and Laboratory Medicine, Brown University, Providence, Rl; Department of Molecular Biology, Cellular Biology, and Biochemistry, Brown University, Providence, Rl; SNabsys 2.0 LLC, Providence, Rl

/Abstrqct \ / \ / \

Method: Electronic genome mapping L1-EN Nicking of Genomic DNA
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Background: The LINE-1 retrotransposon is a virus-like DNA parasite
that has written at least a third of the human genome and is our
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Methods: Electronic genome mapping (EGM) uses solid-state nanodetectors to survey long o Bin Number (100bp intervals)
DNA molecules and construct high-density maps to detect structural variants (Sng and 0 ‘ ‘ “
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detection of low-level nicking. The frequency of nicks increased in an EN activity- and
concentration-dependent manner. Mapping of low-frequency nicks to specific sites is
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Conclusion: These results reveal a powerful new method to directly measure genome-scale Figure 4. EGM detector and analyzer. EGM is enabled by the novel, solid-state nanodetectors Bin Number (100bp intervals)
endonucﬂ}eas[)eancklnoglg.%.Futyre appolllcéqtlons of this tlechnology may also be used to directly developed by Nabsys. The OhmX Detector houses 256 parallel nanochannels, each with its own c & |
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c 5 Phosphate 3' OH Sl | - Figure 8. The distribution of nicks across the E. coli and human genomes. (a) Across the ~4.5 Mbp
cDONA gUNA Primer genome of E. coli, there are hot spots of nicks only appearing in presence of EN. Segments such as
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b- show strong alignment to the distribution of nicks on the reference.
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Figure 1. Hur..un L1 encodes retrotransposition-facilitating machinery. (a) LI-ORF2p is a 1275 using the OhmX Analyzer, and (5) data analysis + BssS 1.2 22.3 8.59 - 807
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Figure 2. EN Consensus sequence is likely mfluenc’:ed by later steps during L1insertion. (a) The the left. When the DNA molecules enter the nanochannel, a change in voltage is observed. Whenever a
commonly cited LI-EN consensus sequence (5'-TTTTT/AA-3') was derived from genomic site-specific tag on the DNA is also present, the voltage changes again. The time between tags is
insertion sites, which inherently select for sequences that support reverse-transcription converted to distance in base pairs.

primingl2] (see Fig. 1c). (b) Ll-expressing cells show substantially elevated DNA damage
(YH2AX) relative to the number of observed insertion events, indicating that many EN nicks do

not progress to fullinsertionsl® Validation of EN nicking detection by EGM

Figure 9. Remapping fragments to reference genomes reveals potential new EN motifs.
(CS EN nicking sequence motifs (bold) were identified using MEME Suite from regions of high EN-

2 DrallEN 1 Dral/EN. 0 Dral/EN ingluced signal in E. colj DNA..Remapping.fragr.n.ents usir)g only canonical nickqse site(s) yielded poor
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intensive downstream analysis.
Figure.3. L1-EN nicks plasmids with or wi.thout consensus sequence. Purified L1 EN activity on Figure 7. Nicking profile along Lambda DNA shows nicks appearing in an EN-dependent manner.
plasmid DNA prc?duces a nicked (opep circle) product. Plasmids with two consensus EN/Dral Including sites 6 and 11 (nqn—BspQI S|tes) reveals EN-dependent signal at site 6 (starred), where . Impact: Improving our understanding of LINE-1 endonuclease promiscuity will
cut sites (one o'-TTTTAAA and one 5'TTTAAA), ‘one canonical EN/Prﬂl cut site (5 ‘TTTTAAA), increasing WT EN leads to increased ratio of nick calls (black) to control signal (blue). Red bars helo link LINE=1 activity to disease-causing mutations and obens new avenues
and zero canonical EN/Dral cut sites showed similar rates EN cutting activity on both native denote nicks not present in the reference, comprising both true false positives and bona fide EN nicks P ) Y . : 9 ) P
and denaturing agarose gel revealing a lack of EN cutting specificity for the consensus sitel4l. occurring outside the TTTTT/AAA consensus. for future experiments, including ongoing studies of EN mutants.
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