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Summary

Ensuring an accurate pedigree is important for breeding applications, having both economic
and animal health implications. Targeted Genotyping by Sequencing (GBS) is emerging as a
valuable tool for high throughput, low cost SNP detection in animal genomics. High-
throughput targeted amplification and re-sequencing, using the Applied Biosystems
AgriSeq™ target enrichment technology and the Ion S5 sequencing system, allows for
genotyping of up to 5000 variants to identify disease susceptibility, favorable traits, as well as
determine parentage. While AgriSeq library preparation is a highly efficient multiplex PCR
chemistry, conducting the workflow manually can be more laborious and time consuming
than desirable in high throughput applied markets. To improve lab efficiency, we have
developed a powerful, flexible and customizable automated amplicon re-sequencing
workflow, using the AgriSeqTM HTS Library Kit, for targeted sequencing of known SNPs,
MNPs, and INDELs. This high throughput library preparation workflow is capable of
processing hundreds to thousands of samples per day, with sequencing results in as little as
two days. Here we describe automation of the AgriSeq HTS library kit on the Gilson
PipetMAX 268 platform that improves reproducibility, reduces operator fatigue and the
potential for technical errors. . Performance of the Gilson automated AgriSeq HTS library Kit
was validated with two amplicon panels, over 6 runs and 192 samples and compared against
manual processing. Equivalent performance was achieved between the automated and
manual workflows including genotyping call rate, percent on target, and coverage uniformity
with high intra-run and inter-run genotype concordance. This automated AgriSeq HTS
Library Kit enables up to 384 samples to be processed with <1 hours hands on time,
providing a fast and efficient platform for high throughput, low cost genotyping.
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Introduction

DNA based tests have broad applicability in agrigenomics to assign breeding values, perform
marker assisted selection or assign parentage in animal herds. GBS, performed on Next
Generation Sequencing (NGS) platforms, can cost-effectively generate a large amount of data
using either restriction enzyme-mediated techniques or amplicon re-sequencing, Zhang
(2011). While non-targeted GBS approaches such as restriction site–associated DNA
sequencing (RAD-seq) can be susceptible to allele dropouts and missing data, Cariou (2016),
high-throughput targeted amplification and re-sequencing, using the Applied Biosystems
AgriSeq target enrichment technology and the Ion S5 sequencing system, allows for the
consistent genotyping of user-defined SNPs across populations of animals to reproducibily
interrogate the heritage, genetic health or breeding value of an animal.

For Amplicon re-sequencing the target DNA sample must be amplified and tagged
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with universal priming sites to create a library for next generation sequencing. This library
preparation, a key part of the GBS workflow, is a multi-step process which can become
laborious and error prone as sample numbers scale. Automation of the Agriseq HTS kit,
coupled with the streamlined library pooling step that reduces the overall sample handling in
library clean up allows the up to four 384-well plates to be completed in a single day with less
than 1 hour of an operator time. In this article, we describe the performance of an automated
AgriSeq library preparation workflow that delivers more efficient high throughput genotyping
without sacrificing performance.

Material and methods

The AgriSeq HTS library preparation is described in detail in the kit instruction manual,
downloadable from the ThermoFisher Scientific web site (Figure 1). In brief, the AgriSeq
workflow begins with 10ng of DNA per reaction. The first step is massively parallel PCR
utilizing the AgriSeq Amplification Mix and target-specific AgriSeq primer pools. Following
amplification, reactions are treated with a pre-ligation enzyme to remove residual primer
dimers allowing for more efficient sequencing. Then unique barcoded adapters are ligated to
each library to allow them to be pooled for subsequent clean-up, normalization and
sequencing while retaining traceability to the original sample during analysis. Libraries are
pooled with n=16 (AgriSeq 384-well protocol) or n=12 (AgriSeq 96-well protocol) libraries
to allow for clean-up to be performed in a 96-well plate using significantly less reagents than
the standard library preparation protocols. Barcoded libraries go through two rounds of bead-
based clean-up in order to remove small non-specific PCR products and primer dimers.
Libraries are normalized using a bead-based Normalization reagents to generate libraries of
100pM each which can be pooled 1:1 and directly used for template preparation on the Ion
Chef™ instrument and subsequently sequenced using the Ion 540™ on the Ion S5 XL
machine.
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Figure 1. Agriseq Sequencing Workflow: The complete workflow (from DNA to results) can be
completed in as little as two days. Libraries are constructed the AgriSeq HTS Library kit in
either 96-well or 384-well format. Template prep is performed on the Ion ChefTM System and
samples are sequenced on the Ion S5TM XL System. Data is automatically analyzed using the
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Torrent Variant Caller plugin to generate genotype calls for all markers tested.

AgriSeq HTS library preparation was automated using the PipetMAX platform from
Gilson (figure 2) which uses Gilson Pipetman® technology for consistent and reliable
pipetting. Coupled with the Gilson’s Trilution micro software, a modular workflow was
created for the PipetMAX that enables processing of either 192 samples in two 96-well plates
or 384 samples in one 384 well plate. The AgriSeq Trilution workflow consists of 8 modules
allowing for the separation of processes, flexibility and ease of use.

Figure 2 PipetMAX 268 from Gilson. For AgirSeq HTS library preparation is
Machine is configured with an 8X20µl pipet head and an 8X200ul pipet head(left). AgriSeq
workflow modules for the PipetMAX(right)

In order to validate the AgriSeq library prep protocol, we tested two GBS panels. One
panel was a bovine parentage panel, Bovine ISAG SNP parentage panel (2013), containing
200 amplicons. The second panel was a porcine genotyping panel containing 1500
amplicons. For both panels, 96 samples were tested in replicates of n=2 (96-well workflow)
or n=4 (384-well workflow).processed with either the AgriSeq manual protocol or the
AgriSeq automated protocol on PipetMAX. Automated protocol runs were repeated across
several days to demonstrate run-to-run repeatability. All library preps from each protocol
were pooled onto separate chips and samples were sequenced using the Ion Chef and Ion S5
XL System on an Ion 540TM Chip Analysis was performed using the Coverage Analysis and
Torrent Variant Caller (TVC) plugins using the default settings for germline analysis.
Statistical analysis was conducted using JMP software from SAS. Workflow performance was
assessed by comparing call rates (the proportion of markers that generate a successful
genotyping call), call concordance between replicates, amplicon coverage, amplicon
uniformity, and % of on target reads.

Results

Call rate, the percent of markers generating a genotype call for a specific sample, was
calculated for all samples tested. Mean call rates were determined across sample technical
replicates as well as a grand mean across all samples to evaluate workflow performance.
Using the Bovine ISAG SNP parentage panel (2013) and a sample panel of 96 samples
obtained from the USDA (MARC Beef Cattle Diversity Panel v2.9), with samples tested in
duplicate, the Gilson AgriSeq-96 workflow generated call rates of 98.92 ±0.99, 98.07 ±1.8,
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and 98.8 ±0.90 for runs1, 2 and 3 respectively (Figure 3). The manual control produced a call
rate of 98.69 ±1.15. An ANOVA was performed to determine whether there was a statistical
difference in call rate between the runs examined. There was not a statistically significant
difference in call rate between the manual control and Gilson runs 1 and 3. While there was a
statistically significant difference in call rate between the manual control and Gilson run 2,
the difference was so small (<0.61%) so as not to be practically significant.

Figure 3. Call rate comparison of manual and automated 96-well workflows for the 200
Bovine ISAG SNP panel. The Gilson workflow generates call rates equivalent to that of the
manual.

To evaluate the performance of the Gilson 384-well Agriseq workflow, a porcine
genotyping panel targeting 1500 SNPs and 96 distinct porcine samples were used. The 96
samples were run in quadruplicate for each workflow. Gilson AgriSeq-96 workflow
generated call rates of 95.5 ±2.7, 97.4 ±3.6, 98.34 ±2.0, and 98.4±1.9 for runs1, 2,and
3respectively while the manual control produced a call rate of 96.34 ±2.33. ANOVA
examination of the 384 well workflow call rates show three of the four automated runs to be
significantly greater that the manual run. There was also a statistical difference in call rate
between the manual run and the Gilson AgriSeq384 run1, however, the difference was so
small(<1.1%) it was not of practical significance.
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Figure 3. Call rate comparison of manual and automated 384-well workflows.

The percentage of target bases covered by at least 0.2X of the average base read depth, or run
uniformity, measures of how evenly target amplicons are covered with reads. Uniformity less
than 90% can cause marker drop-off and poor call rates. An Analysis of Variance was
conducted for mean read uniformity comparing the manual and automated run of the AgriSeq
96 well workflow. No significant difference was observed between runs. Also, the percentage
of mapped reads that align over the target region, or % On Target was analysed. The
automated run on the Gilson machine produced higher % On Target compared to the manual
run , however, the difference observed( <0.28) was not practically significant(Figure 4).

Figure 4. Amplicon coverage metrics for comparison of manual and automated 96-well
workflows.

Intra-run concordance of genotyping calls was analysed for all runs, showing
consistent, reproducible results between replicate samples (table1). Concordance of
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genotyping calls between runs was also analysed showing robust, reproducible results (Figure
4).

Table 1. AgriSeq-96 workflow intra-run genotype concordance, similar results were obtained
for the 384-well workflow (data not shown).

Run
Mean Genotyping Call

Concordance
Stdev

Manual run 99.72% 0.7%
Gilson Agriseq-96 Run1 99.69% 0.7%
Gilson AgriSeq-96 Run2 99.12% 1.7%
Gilson AgriSeq-96 Run3 99.40% 1.2%

Figure 4. Gilson AgriSeq 384 run to run concordance similar results were obtained for the
96-well workflow (data not shown).

Conclusions

High throughput library preparation can be tedious process, and is often the bottleneck for
genotyping by sequencing applications. Use of modular automation solutions can be a cost
effective means to increase throughput while increasing consistency and reducing technical
errors, Gurevitch (2004). The Gilson PipetMAX 268 platform, with its small footprint and
lower price point (compared to traditional liquid handling stations) is ideally suited for
modular applications. Processes, such as pre- and post-amplification activities, can be
separated by placing PipetMAX machines in different areas. Also, ramp up of throughput can
be achieved by adding more PipetMAX machines at a fraction of the cost of more complex
liquid handlers. The AgriSeq HTS workflow on the Gilson PipetMAX provides a rapid,
reliable and economical automation solution for production animal genotyping applications.
The modular format of the AgriSeq HTS PipetMAX scripts allow for a flexible workflow
capable of processing 384 samples at one time. Full sequencing results can be obtained in as
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little as two days. Performance of the AgriSeq HTS PipetMAX workflows were compared
across amplicon panels of varying sizes (200 and 1500 amplicons). Equivalent performance
compared to the manual process was observed with mean call rates >98% (ISAG panel) and
>95% (porcine panel) for all workflow. The Gilson Machines also demonstrated high intra
run mean call concordance and robust run-to-run reproducibility. In conclusion, the AgriSeq
HTS PipetMAX workflow is a robust and efficient means of incorporating automated library
preparation into the Ion sequencing workflow for high-throughput GBS.
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