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ABSTRACT Libraries were sequenced on a single run on the lon S5™ Figure 5. Mean Read Uniformity Figures 7 and 8. Novel SNPs
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genotyping. Vith the ttliization of next-generation call for each marker and sample (Figure 2). 2 0% g S 200
sequencing, labs can test hundreds of samples across S 0795 Mean Uniformity: 99.8% +/- 0.3% B 45
thousands of SNPs simultaneously in a simple high = oo 5
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amplification and re-sequencing workflow, each panel’s Kits 0.720
performance was tested on >96 diverse cattle and swine “ AOmMAnORR SR HRER T DSCeRNIRR P EREE ~RRLRE R ISR RRE
DNA samples. Libraries were sequenced on the lon S5™ Sample Name
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using an lon 540 ™ chip with genotyping calling generated Figure 2. The complete workflow (from DNA to results) can be 20
using the Torrent Variant Caller (TVC) plugin completed in as little as three days.  Libraries are constructed the Figure 5. Read uniformity is the percentage of target bases covered bt AR i b PRt R R b R b o e o
AgriSeq HTS Library kit in either 96-well or 384-well format. Template . 592,995,658 858558605 0506000060806 00,60060600006000,
orep is performed on the lon Chef™ System and samples are by at least 0.2X of the average base read depth. Itis a measure of EEE b b RS bbb b b b
The mean genotype call rate of markers across the sequenced on the lon S5™ XL System. Data is automatically hov]:/ evenly you are c0\|/er|0r|19 targe; arr(;pllconf? W|2|h reads. IILow S555555555555555555555555555555555555555555
>0Q0 >0R0 : : ' , uniformity (<90%) can lead to marker drop-off and poor call rates. _ _ _ _ _
samples was >38% for the cattle panel .and _96 % for the analyzed using the Torrent Variant Caller plugin to generate genotype The mea>r11 (read u)niformity for both panelspwas excepllent. The Bovine Figures 7 and 8. Since AgriSeq is based off next-generation
swine pqnel. Con.COI‘dance aClross repll.Cate |Ibl‘ary calls for all markers tested. ISAG SNP Parentage Panel (2013) had a mean uniformity of 97.7% sequencing technology, it has the advantage of being able to identify
preparations and independent sequencing runs was and the Porcine panel mean uniformity was 99.8%. additional SNPs that fall within the targeted amplicon regions.
>99.9% for both panels. Panel results were compared with Additional SNPs can be utilized for linkage analysis and the generation
results from a DNA array and the genotype call _ _ _ of microhaplotypes for improved marker specificity or enhanced
concordance was >99% with the AgriSeq workflows. The Call rate, t_h_e percent of markers generating a genotype call Figure 6. Call Rate Across Breed Comparison discrimination in parentage/traceability analysis. Figure 7 shows 495
ttl | | d on field les b ' for a specific sample, was calculated for all samples tested. Call Rate by Breed additional variants identified in the USDA gDNA samples at varying
cattie pan€l was also Used on T1iela samples by a Mean call rates were determined across sample technical frequencies (between 4-384 samples). An average of 101 additional

Netherland service lab to successfully determine the replicates as well as a grand mean across all samples to 100 variants were identified across samples (Figure 8).
IE)na(t)rtehr;t? gsv\rlzlatlonshlps of 45 calves with 48 potential evaluate panel performance (Figures 3 and 4). Genotype In a service lab field test 96 animals were tested with the
' concordance, the percent of genotype calls across two or 0 AgriSeq workflow and Bovine ISAG panel (45 calves and 48
" - more replicate samples that are identical, was also potential mother cows). A mean expected heterozygosity of
'I(;I'éesdaa a rc(l)eargkc]) ?jrtr?;ftfetgen (;J tsll\llalnzf g:\? PAQQ: Oetq tiart]rgeted determined as well as concordance to an orthogonal method, g 0.45 and mean polymorphic information content (PIC) of 0.35
. IicaF:iF()J s 9 yping microarrays. Potential additional novel SNPs were identified 5 60 was found. The lowest observed heterozygosity (HO) was
PP ' that fell within the amplicon = observed for marker 90561 946 (0.10), while the highest HO
%E was observed for EF03408 (0.65). Based on the results it was
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concluded that of the 45 calves, 34 could be linked to a single
INTRODUCTION RESULTS mother. The remaining 11 calves could not be linked to a cow.
20 This could suggest that either the mother was not present on
Production agricultural applications require consistent Figure 3. Bovine Panel Mean Sample Call Rate the farm anymore or the calf was (illegally) imported to the
genotyping performance and high marker call rates to stable. The case study proves that the Bovine ISAG SNP
ensure accurate selection. Unlike non-targeted GBS . Bovine Panel Mean Call Rate 070 & FSEF L LIS LS P © & D E Parentage Panel (201_3_) ut?lizing the AgriSeq workflow can be
approaches (e.g. RADSeq) that are highly susceptible to 100 R a | B _ ey «° <‘°’\@®,& %\"‘Z o Cé. d,a. & x\‘-"\ @‘)(g(\ f: ‘““bv?‘b be'\%o“‘_‘ o @}*" used in parentage verification cases.
allele drop outs and missing data, AgriSeq targeted GBS 08 ' TR R oV T B P TR ¢ @ﬁ*@?“ e & 79 A
are designed to deliver reproducibly high marker call rates 9 ?
across diverse sample sets. 92 - - CONCLUSIONS
a0 Figure 6. An ANOVA was performed to determine whether there
B& was a statistical difference in call rate between the 20 different _ _ _
The AgriSeq workflow is a high-throughput, targeted GBS e bovine breeds tested. There was not a statistically significant The AgriSeq library prep workflow along with custom GBS
workflow designed to amplify and sequence thousands of oy difference in call rate between the different breeds. panels provide_ a st_reamlined,. COSt—effeCtiV.e method for bovine
genetic markers in a single multiplexed reaction. The 80 parentage verification and animal genotyping. Up to 4X 384-
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workflow can be automated on most standard liquid 76 well plates can be processed in a single day and full

handling platforms for decreased hands-on time and ~ Table 2. High Replicate Genotype Concordance seguencing results can be obtained in as little as three days.
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increased throughput. The AgriSeq workflow was tested 70 The flexibility of AgriSeq allows hundreds of samples to be
with the Bovine ISAG SNP Parentage Panel (2013), a o Call Concordance pooled together into a single sequencing run targeting

Mean Call Rate (%)

panel of primers targeting the 100 core and 100 additional E;‘ Bovine Intra-run Concordance 99.96% 0.13 hundreds to thousands of markers.
SNPs as standardized by the International Society of 50 ISAG Inter-run Concordance 100.00% 0.00
: . ) . i . .
Animal Genetics (ISAG) and a 1500 marker pig genotyping > — e | IR Conaeaee 99.94% 0.05 Our method ylelds_ calls for the vast majority of mar_kers (mean
panel. 54 1500 . 98.4% for the bovine panel and 96.3% for the porcine panel)
= Inter-run Concordance 99.90% 0.00 with no bias between bovine breeds. Run-to-run concordance
i is hi ' T EEEE NN NN RR AR T YL RR R R I RERERRRREE . . IS >99.9¢ ' '
AgriSeq data Is hlghly reproduc:lb_le and concordant to EEEE s . ¢ Table 2. To determine genotype concordance we ran a single IS. 99.9% and calls Woere hlghly concordant with orthogg_nal
orthogonal genotyping technologies, such as DNA Sample Number sample in 96 replicates through the AgriSeq workflow for both the microarray data (99.4%). While we demonstrated the utility of
microarrays. Unlike non-sequencing based approaches, bovine and porcine panels. The experiment was repeated on two lon Torrent sequencing tec_:hnology for assessing parentfage In
AgriSeq can also help discover add|t|ona|_r.10ve| var.|ants in Figure 3. For the bovine panel, an excellent mean call rate separaée da%/s. Library sdets were seqtljenlc?ddobn ?lfferer;:]sequ?nc;ng cattle anc_l genotyping in pigs, our approach can be applied to
the amplicons of the targeted SNPs. Additional variants (98.4% +/-1.9%) was observed during panel testing. 114 out of 115 runSh- enotype concordance ng calculate |'e ween the replicates other agricultural genotyping problems as well.
and microhaplotype information can provide new markers samples had mean call rates above 95%. gg;ugni?r%erjﬁg?ﬁ%ﬂ?ﬁréﬂgea%tra_ertmezg dr?r?tlecfrtﬁrsm ggnietSF?;ate | | | |
for linkage analysis or enhance discrimination in parentage concordance. Both inter-run and intra-run concordance was >99.9% n conclusmn_, th.e AgriSeq library prgp_klt and custom GB.S
and traceability applications. for all panels. panels combine into a robust and efficient workflow for animal

enotyping and parentage applications.
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MATERIALS AND METHODS

Porcine Panel Mean Call Rate

102

The Bovine ISAG SNP Parentage Panel (2013) 133 Table 3. 2015 ISAG/ICAR Parentage Results REFERENCES
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performance was tested on 115 diverse bovine DNA gj | Thermo Fisher S — Results |
samples. Samples included a panel of 96 samples obtained o7 Scientific Results Results 1. Cariou M, Duret L, Charlat S. How and how much does
from the USDA (MARC Beef Cattle Diversity Panel v2.9), gg Darent RAD-seq bias genetic diversity estimates? BMC Evolutionary
as well as samples contained within the 2015 ISAG/ICAR 6 Bovine 9 and 21 Parentage Verified Sgerir;igdge v Biology. 2016;16:240. doi:10.1186/s12862-016-0791-0.
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originated from 20 diverse bovine breeds. The Porcine S & Bovmele? il F;Earelntjag de PEareIntjagde v 2. Kidd, Kenneth K. et al. Current sequencing technology
SNP panel was tested with 96 diverse pig DNA samples g 8 XCluae XCILae makes microhaplotypes a powerful new type of genetic marker
from _North America obtain_ed from a gollaborator._ The | % iy Table 3. Two pairs of samples in the 2015 ISAG/ICAR 3¢ SNP Typing for forensics . Forensic Science International: Genetics ,
libraries were prepared using the AgriSeq HTS Library Kit ;3 Bovine Comparison Test were tested for parentage validation and Volume 12, 215 —224.
(Figure 1). 68 compared to the reported results. Using the AgriSeq workflow and
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10mginn | | multplex ST fes | | Signiicaht | {bead clean- 170 Figure 4. For the porcine panel , an excellent mean call rate Table 4. Concordance with Microarray Data
ta;g;: ° t;:;?;::? Z‘f‘,;‘,’;‘ﬂ,?j ;Zi?:gnst h rormalaton (92.3% +/-2.4%) wallgs obserl\g/ed during panel testing. All 96 4 TRADEMA RKS/ L ICENS | NG
barcoding samples had mean call rates above 90%. .
Samples run on both technologies 44 For Research Use Only. Not for use in diagnostic procedures. AgriSeq
Figure 1. In the first step, 10ng/rxn of porcine or bovine DNA was Total number of markers 8800 IS restricted for use with plants, agricultural animals or
amplified using the appropriate GBS panel. Each sample was treated companion animals only. This product is not for use with human
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for more efficient sequencing. Samples were ligated with unique Concordance (%) 99.4% Scientific Inc. All rights reserved. All trademarks are the property of
barcoded adapters allowing them to be pooled for subsequent clean- Thermo Fisher Scientific and its subsidiaries unless otherwise
up and sequencing while retaining traceability to the original sample Table 4. Bovine samples were hybridized to six microarrays in order to specified.

during analysis. N=16 samples were pooled after barcode ligation
allowing for simplified sample handling and decreased cost per
sample. Libraries were cleaned-up by a two-round AMPure

between samples run on the two different technologies divided by the
purification. A final bead-based normalization step helps ensure each total number gf markers (200) J y I hermo FISher
library is at a consistent final concentration suitable for direct input '

into template prep on the lon Chef™ instrument. All libraries were
pooled 1:1 for sequencing in a single reaction. S C I E N T I F I C

obtain consensus genotype calls for the microarray data. Concordance
was calculated as the number of times the genotype call matched
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