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RESULTS 

ABSTRACT 
 
Genotyping by Sequencing (GBS) has become an invaluable 

tool in animal and plant genomics to identify disease 

susceptibility, favorable traits, or even determine parentage.  

GBS is typically performed on Next Generation Sequencing 

(NGS) platforms using either restriction enzyme-mediated 

techniques or through amplicon re-sequencing.  AgriSeqTM 

library prep is a powerful, flexible and customizable amplicon 

re-sequencing workflow which utilizes ultra-high multiplex PCR 

for targeted sequencing of known SNPs, MNPs, and INDELs. 

 

Library preparation is one of the most costly and time 

consuming steps in the sequencing process. We have 

developed an optimized chemistry and workflow solution for 

high-throughput, cost-effective library prep in 384-well or 96 

well plates. By incorporating a pooling step into the workflow 

that allows the bead-based clean-up from up to four 384-well 

plates to be completed on a single 96-well plate resulting in 

significant time savings, we are able to reduce library 

processing time by >2.5 hours with >50% post-library prep 

purification reagents savings.   

 

Performance of the high throughput AgriSeq library prep 

workflow was validated with multiple primer panels.  384 

barcoded samples were processed with the high-throughput 

AgriSeq library prep workflow and sequenced on the Ion S5TM 

XL System.  Excellent performance was achieved including 

>97% genotyping call rates as well as high mean coverage 

depth and coverage uniformity.  The high throughput AgriSeq 

library prep workflow provides a fast and economical 

alternative to traditional lower throughput library prep methods 

without sacrificing performance. 

 

 

INTRODUCTION 
 
We have developed two options for high-throughput GBS 

library prep, one using 96-well plate formats and the other 

using 384-well plate formats.  Both protocols use AgriSeq 

targeted sequencing chemistry for rapid and high-throughput 

sequencing of informative SNPs, MNPs, and Indels with 

results available in two days (Figure 1).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The AgriSeq workflow (Figure 2) is optimized for high 

throughput processing of samples for GBS.  The incorporation 

of a pooling step after adapter ligation allows for clean-up of 

multiple (n=4) 384-well library plates in a single 96-well plate 

for faster processing and easier automation. 

 

The AgriSeq library prep workflow is an essential part of the 

GBS sequencing workflow.  Once complete, the AgriSeq 

library is placed on the Ion ChefTM instrument for template 

preparation and chip loading overnight.  Loaded chips are 

placed on the Ion S5 XL for sequencing the next day.  The 

entire process can be completed in two days for rapid turn-

around times. 

 

 

CONCLUSIONS 
 

The AgriSeq library prep workflow provides a streamlined, 

cost-effective method for GBS library prep.  Up to 4 384-well 

plates can be processed in a single day.  In-processes pooling 

allow for significant time savings (>2.5 hours of processing 

time per 384-well plate are realized when using the AgriSeq 

library prep kit with post-ligation pooling) when processing 

large number of libraries compared to non-pooled protocols. 

 

Full sequencing results can be obtained in as little as two 

days.  No loss in performance was observed with mean call 

rates ~98% for all workflows and mean call concordance 

>99%.  In conclusion, the AgriSeq is a robust and efficient 

library prep workflow that can be easily incorporated into the 

Ion sequencing workflow for high-throughput GBS.  Future 

development includes script development for common liquid-

handling robots. 

 

 

TRADEMARKS/LICENSING 
 

The purchase of this product conveys to the purchaser the 

limited, non-transferable right for the purchaser to use the 

product only to perform for the sole benefit of the purchaser 

internal agricultural research conducted with plants, 

agricultural animals or companion animals only.  No right to 

resell this product or any of its components is conveyed 

expressly, by implication, or by estoppel.     This product is not 

for use with human samples and/or in commercial 

applications of any kind, including, without limitation, quality 

control and commercial services such as reporting the results 

of purchaser’s activities for a fee or any other form of 

consideration.   For information on obtaining additional rights, 

please contact outlicensing@lifetech.com or Out Licensing, 

Life Technologies, 5791 Van Allen Way, Carlsbad, California 

92008. 

MATERIALS AND METHODS 
 

In order to validate the AgriSeq library prep protocol, we 

tested two GBS panels: 1) a bovine parentage panel 

containing 190 amplicons and 2) a porcine genotyping 

panel containing 3,681 amplicons (data not shown). For 

both panels, 96 samples were tested in replicates of n=2 

(porcine) or n=4 (bovine).  All samples were tested with two 

workflows the AgriSeq 96-well protocol and the AgriSeq 

384-well protocol.  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.  Workflow performance was 

assessed by analyzing 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. 

Figure 1.  Ion GBS Sequencing Workflow 

Figure 2:  The AgriSeq workflow utilizes 10ng of DNA per reaction.  

Libraries are amplified with specific primers and up to 384 

samples are barcoded at a time to allow for for unique 

identification and multiplexed sequencing of samples.  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.  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 

to generate libraries of 100pM each which can be pooled 1:1 and 

directly used for template prep and sequencing. 

Figure 2.  AgriSeq Workflow 

Figures 3-4.  Run Results 

Figures 3-4:  Excellent results were obtained from both sequencing 

runs.  Chip loading was >90% and total reads were between 87 

and 89 Million for all runs.  Mean read length (~165bp) and mean 

raw accuracy (98.8%) was consistent across the three runs. 

Figure 7.  Amplicon Coverage Comparison 

Figure 7:  There was no difference in mean  depth between the 

AgriSeq-96 and AgriSeq-384 protocols (difference = 23, p-Value 

0.67).  There was a very small difference in On Target reads (% of 

mapped reads that align over the target region) and coverage 

uniformity but the differences were so small as to not be 

practically significant (On Target difference=0.004, p-Value 0.03; 

Uniformity difference=0.002, p-Value <0.0001). 

Figure 5.  Call Rate Comparison 

Figure 7.  AgriSeq Mean Concordance 

Figure 6:  The mean call concordance (% of genotype calls that 

were identical)  between replicates was 99.64%.  There was one 

replicate from one sample that was an outlier.  With the removal of 

that sample from the calculation, the mean concordance rose to 

99.91% +/- 0.43%. 

98.6% 97.7% 

Figure 5:  While there was a statistically significant difference in 

call rate (the proportion of markers that generate a successful 

genotyping call ) between  the AgriSeq-96 and AgriSeq-384 

library prep workflows (Figure 6).  The difference was so small 

(0.85%) so as not to be practically significant.   

Tables 1.  Reagent Usage Savings 

Components 
% Reagent Savings with 

Post-ligation pooling 

Equalization Reagents ~90% 

AMPure XP Reagent 77% 

70% Ethanol 87% 

Tips 55% 

Table 1:  >50% Post-library prep purification reagents savings is 

realized when post-ligation pooling in implemented. 

AgriSeq-96 Workflow Run Summary 

AgriSeq-384 Workflow Run Summary 

Tables 2.  Sample Number vs. Panel Size 

Number of 

Samples 

# of Markers per chip 

Ion 540 Chip* Ion 530 Chip** Ion 520 Chip*** 

96 7292 1563 521 

192 3646 781 260 

288 2431 521 174 

384 1823 391 130 

*Assuming a run with 70M total reads. 

**Assuming a run with 15M total reads. 

***Assuming a run with 5M total reads. 

Table 2. Multiple samples can be barcoded for processing on the 

same run to save costs and improve efficiency.  Depending upon 

the chip used and number of markers in the panel, a different 

number of samples can be multiplexed on the same chip to 

achieve high quality genotyping data.  
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