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Hybridization Capture for Feral Pig Diet

Feral pigs are omnivores, consuming a wide range of plants and animals. Determining their diet via
metabarcoding fecal material has been challenging, as primers that amplify prey often amplify host, thus
overwhelming the prey signal. So-called blocking primers have not been effective in preventing host
amplification such that prey becomes more detectable. Amplification-free shotgun sequencing requires
too much sequencing depth to identify prey to be cost prohibitive. As an alternative to these approaches,
hybridization capture with RNA baits has the potential to isolate prey DNA while removing all non-target
species including host and bacteria. The technique generates a large number of biotinylated probes that
hybridize to potential prey species but not host. Extracted DNA is prepared for shotgun sequencing, the
DNA is hybridized to the baits, non-target DNA is washed away, and the remaining DNA is amplified
before sequencing. If successful, the technique would allow for assembly of large stretches of prey
mitochondrial DNA, increasing the probability of detection as well as taxonomic certainty of prey
identification.

Methods: We compiled a list of 2590 potential prey species found in the United States: 345 amphibians,
601 reptiles, 1430 birds, and 214 rodents. Of these, 1306 species had at least partial 12S rRNA reference
sequences in NCBI: 160 amphibians, 335 reptiles, 685 birds, and 126 rodents. 62% of references were
full length 12S rRNA. From each reference sequence, baits were designed using 80 nt (80mer) probes by
Arbor Biosciences using a custom pipeline. References were softmasked for simple and low complexity
repeats, and strings of Ns 1 - 10 nt long were replaced with T. In total, 33410 80mer probes were
designed with 2x tiling across 12S rRNA references (i.e., one probe every ~40 nt). To ensure no
cross-reactivity with feral pig, all bait candidates were BLASTed against Sus scrofa complete mitogenome
references. 26630 baits had no BLAST hits to Sus scrofa mitogenomes and were no more than 80%
similar to Sus scrofa 12S rRNA. After clustering these baits for 98% overlap and 100% sequence identity,
19838 baits remained and were synthesized.

Pig samples were chosen from JVB1835. Samples were selected based on the number of
non-mammalian reads detected with BatR01 primers (16/24 samples), or samples that only had pig (8/24
samples). DNA was used from previously extracted samples (the same pool as was run previously).
Samples were indexed using the NEBNext Ultra Il FS DNA Library Pre kit following the supplied protocol.
Fragmentation was kept as low as possible to keep longer fragments intact. The indexes were selected
from the Unique Dual Index UMI Adaptors DNA Set 1 plate. One set of 8 samples was indexed twice,
once as a 1x reaction volume and once at 0.5x volume.

Samples were then enriched following the MyBaits protocol. Indexed samples were combined into pools
of 8-16 samples and hybridized to the custom MyBaits overnight at 63 °C (16-18 hr incubation). After
hybridization each sample pool was washed and cleaned using magnetic beads.

After cleanup the enriched samples were amplified using lllumina i5 and i7 primers (which were included
in the initial indexing). Promega GoTaq was used in the first round of experiments, NEB Ultra Il Q5
polymerase was used in the sound round. The Q5 polymerase resulted in much lower background noise
(non-indexed sequences) in the sequencing results. Amplified enriched samples were prepared according
to the Nanopore protocol for sequencing using a MinlON cell on the GridION.
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After sequencing, the raw Nanopore pod5 files were converted to fastq format using dorado and the
super-high-accuracy basecalling model (dna_r10.4.1_e8.2_400bps_sup@v5.0.0). The resulting reads
were then trimmed demultiplexed using cutadapt and phenigs, allowing 1 bp mismatch in each of the
paired 8 bp multiplexing index. For the resulting reads, host sequences were removed by mapping
against the host genome with bowtie2 and the remaining reads were filtered to putative target sequences
by mapping against a reference library for full length 12S sequences. Final de novo assembly of prey
contigs was carried out in Geneious using default settings.

Results: In samples where metabarcoding with the BatR0O1 primers had detected prey species, the same
species were detected with baits, except with assembled sequences that consistently covered the entire
12S gene and beyond (Table with samples as row, taxonomic ID and sequence length for each
approach). For example, one sample found Micrurus fulvius with 51 bp amplicon. Baits assembled xx bp
amplicon across over 35k reads, with the same resultant taxonomic assignment. Assembled sequence
length could be as long as 3000 bp with individual sequences > 1000 bp.

Table 1. Selection of samples and results

Metabarcoding Baits
Sample ID Taxonomy Reads Length (bp) | Taxonomy Reads Length
S053622 Micrurus fulvius 21800 51 Micrurus fulvius 35280 932
S053641 n/a n/a n/a Lampropeltis getula 1834 1536
S053642 Sistrurus miliarius 18715 51 Sistrurus miliarius 6295 946
S053643 Ambystoma sp. 17805 51 Ambystoma sp. 3803 925

For the samples analyzed here, vertebrate prey was detected in 3 of 8 samples where previously only pig
DNA was detected with BatR01 metabarcoding. For example, sample S053641 had no prey detected
using metabarcoding, but Lampropeltis getula was detected with baits via 1834 reads that assembled to a
1536 bp contig (Table 1, Figure 1). Other assembled prey sequences exceeded 3000 bp, with contributing
individual sequences exceeding > 1000 bp in length. Of the 8 samples that were indexed twice, 2 had
prey, and results were similar between the full and half indexing reactions.
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T R ————— = tests with RNA baits for pig diet
= =—— appear successful. We were
able to identify the same prey as
was found with metabarcoding,
but with greater taxonomic
certainty given the ability to
reconstruct full length 12S. In
addition, we were able to identify
prey that were obscured by host
DNA in 3 of the 8 samples
tested. Whether the remaining

Figure 1. Assembled contig sequence for Lampropeliis getula
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samples had consumed species in our bait set or not is unknown, but the technique did increase
detection regardless.

There are multiple objectives for future research. We are uncertain why many samples yielded pig and
bacterial DNA. We have yet to test the efficacy of other gene regions such as COI, which is more
commonly sequenced as a reference than 12S so could increase the number of prey species targeted by
baits. Future bait testing could also include a broader range of species such as invertebrates that feral
pigs might be consuming. There also might be a benefit to determine whether ratios of sequences
sequenced relate to initial ratios of sequences to infer the relative contribution of different species to diet.
Bioinformatic processing could be improved with alternative algorithms that may better separate closely
related species. Given the length of the assembled sequences, algorithms for taxonomic assignment may
need to be improved given that some species only have partial reference sequences, which could
generate a low overall match score despite being a high match over the range it was sequenced.

Given the greater effort and resources required to perform hybridization capture, additional testing should
examine how to make the work more economical. This could include increasing the number of samples
included in a hybridization reaction, though it should be noted that the minimum number of reactions that
can be purchased is 16, so there is little benefit to multiplexing more samples if less than 384 samples (16
x 24) are being run in total. To reduce costs, half reactions for shotgun preparation could also be used.
Different economizing techniques have the potential to reduce costs to ~$20/sample in reagent costs.
Automating sample preparation and bioinformatic processing will also reduce costs moving forward. As
the number of samples run increases, costs will also decline. Currently, 16 reactions of baits costs $4680
($292.50/reaction), whereas 384 reactions costs $31,150 ($81.12/reaction). This lowers cost from $12.18
to $3.12 per reaction per sample, but requires 9216 samples to be run to achieve this economy.
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