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High throughput genotyping technologies are required for large-scale population genetics. 
Evolutionary biology studies, human disease research and large-scale agricultural breeding programs 
all lend themselves to technologies that are able to provide more information at lower cost. Over the 
past decade, genotyping technology has transitioned from PCR-based SNP assays to microarrays, 
and is now shifting toward high-throughput genotyping by sequencing (GBS). The Twist 96-Plex 
Library Preparation Kit allows for the preparation of NGS libraries from up to 960 individually 
barcoded samples in a few hours with automation. When combined with low coverage sequencing 
and imputation-based genotype analysis, the result is an order of magnitude greater information at 
a significantly reduced cost. Here we present data on 96 Zea mays (maize) samples consisting of 4 
parent populations and 92 recombinant inbred lines (RILs). For each sample, hundreds of thousands 
to millions of haplotype markers, including SNVs and structural variants, are accurately detected. 
A minimum of 95% complete coverage of direct and imputed markers is obtained for each RIL. The 
approach can be applied to any species, regardless of genome size or GC content. In this study, a 
median of >1 million markers were genotyped by sequencing on an Illumina HiSeq 4000 instrument 
for an estimated cost of library construction and sequencing of < $25 per sample.

Raw sequence data was of high 
quality with mean Q scores > 30 for 
both Read 1 and Read 2 (Figure 3).

Mapping rates across all samples 
ranged from 92%–97% with a 
median of 95%. Median read 
counts were 22.4 million and 7.1 
million for the 100 ng and 4 μL 
samples (3 lanes versus 1 lane 
of the flow cell) for an estimated 
genome coverage of 1.4X and 
0.44X, respectively (assuming a 
2.4 Gb genome size). 

Results from the NRGene 
GenoMAGIC haplotype analysis 
show that hundreds of thousands 
to millions of haplotype markers 
were detected per sample. A 
median of >1.057 million haplotype 
markers were detected for the 
4 μL samples and a median of 
>1.9 million haplotype markers 
were detected for the 100 ng 
samples. Haplotype markers 
are evenly distributed across 
genomes. Figure 4 below shows 
the distribution of markers across 
chromosome 1 of the B73 parental 
sample (100 ng input). To compare 
this genotyping method to a known 
genotyping method in maize, we 
compared the haplotype markers 
detected by GBS to the Affymetrix 
Axiom 616K maize genotyping SNP 
marker set. The number of Axiom 
SNP markers detected by GBS in 
each RIL population is presented  
in Table 1.

Based on haplotype marker 
profiles, the GenoMAGIC platform 
can infer similarity between 
samples. Figure 5 shows a 
graphical display of the similarity 
inference for chromosome 1 of  
the B73 x PH207 RIL population.

Samples were obtained from a public cornfield in Iowa. Parental lines include B73, PH207, LH82 
and PHG39. RILs include B73 x PH207 (n=16), B73 x PHG39 (n=40), B73 x LH82 (n=16) and LH82 
x PH207 (n=20). Plant material was sent to LGC US laboratory (Beverly, MA) for DNA extraction. 
DNA concentrations ranged from 7.6 – 18 ng/mL with a mean of 12 ng/L. All samples were treated 
as though the DNA concentrations were 12 ng/mL. 100 ng of DNA was used as input into the 
RipTide library prep” with “Twist 96-Plex library prep (see Figure 1). In a separate, virtually identical 
experiment, 4 μL of each sample were used as input in the same library prep protocol. Libraries were 
prepared and sequenced at the University of Illinois Roy J. Carver Biotechnology Center (Urbana, IL). 
The 100 ng input samples were sequenced on 3 lanes of a HiSeq 4000 flow cell using 2 x 150 bp 
paired-end chemistry. An additional lane on the flow cell was used for the 4 μL samples. Data was de-
multiplexed (Fulcrum Genomics) and uploaded to the GenoMAGIC™ pipeline (NRGene) for haplotype 
calling and genotype imputation.

• �Twist 96-Plex library-generated data is of high quality and reads are distributed uniformly across the 
genome. Uncovered regions are small and the overall ability to infer haoplotypes is high.

• �The GenoMAGIC pipeline enables the sequence imputation of haplotype in RIL progeny with >99% 
accuracy and to >94% completeness in every sample (based on 0.01X coverage).

• �Translating the haplotypes to SNP markers allow more than 92% of the Axiom 616K SNP set to be 
imputed successfully.

• �The combination of the cost-effective Twist 96-Plex library prep, ultra low-coverage sequencing 
and high-resolution haplotype imputation offered by NRGene enables high quality, high throughput 
genotyping at low cost.

A) Random primers with 5’ barcoded Illumina adapter sequences are annealed to a denatured DNA 
template (Figure 1). A polymerase extends each primer, generating a copy of the DNA template. 
Polymerization is terminated with a biotinylated dideoxynucleotide of which there is a small fraction 
in the nucleotide mix. B) Primer-extended products are captured on streptavidin-coated magnetic 
beads. The beads are washed to remove excess reactants. C) A second 5’ adapter-tailed random 
primer is used with a strand-displacing polymerase to convert the captured DNA strands to a dual 
adapter library. D) The beads are washed once again to remove excess reactants and displaced 
primer-extended products. E) PCR is used to amplify the products and add an index barcode. In the 
high throughput version of the library prep, individual samples are uniquely labeled in a 96-well plate 
with the use of a uniquely barcoded random primer in each well of the plate. After the initial labeling 
step, products from all wells are pooled and all subsequent steps are performed in a single tube. An 
optional plate barcode is added during the PCR step to allow for multiple 96-sample plates to be 
sequenced simultaneously.
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Mapping rates across all samples ranged from 92% - 97% with a median of 95%. Median read counts were 22.4 million and 7.1 million for the 
100 ng and 4 µL samples (3 lanes versus 1 lane of the flow cell) for an estimated genome coverage of 1.4X and 0.44X, respectively (assuming 
a 2.4 Gb genome size).

Results from the NRGene GenoMAGIC haplotype analysis show that hundreds of thousands to millions of haplotype markers were detected 
per sample. A median of >1.057 million haplotype markers were detected for the 4 µL samples and a median of >1.9 million haplotype 
markers were detected for the 100 ng samples. Haplotype markers are evenly distributed across genomes. Figure 4 below shows the 
distribution of markers across chromosome 1 of the B73 parental sample (100 ng input). To compare this genotyping method to a known 
genotyping method in maize, we compared the haplotype markers detected by GBS to the Affymetrix Axiom 616K maize genotyping SNP 
marker set. The number of Axiom SNP markers detected by GBS in each RIL population is presented in Table 1.

Based on haplotype marker profiles, the GenoMAGIC platform can infer similarity between samples. Figure 5 shows a graphical display of 
the similarity inference for chromosome 1 of the B73 x PH207 RIL population.

Conclusions
•  RipTide library-generated data is of high quality and reads are distributed uniformly across the genome. Uncovered regions are 

small and the overall ability to infer haoplotypes is high.

• The GenoMAGIC pipeline enables the sequence imputation of haplotype in RIL progeny with >99% accuracy and to >94% 
completeness in every sample (based on 0.01X coverage).

• Translating the haplotypes to SNP markers allow more than 92% of the Axiom 616K SNP set to be imputed successfully.

• The combination of the cost-effective RipTide library prep, ultra low-coverage sequencing and high-resolution haplotype 
imputation offered by NRGene enables high quality, high throughput genotyping at low cost.
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Figure 5: Haplotypes similarity across chromosome 2 of four RIL lines belonging to a B73 x LH82 segregating population. Blue and red bars 
represent B73 and LH82 haplotypes, respectively. Black bars represent regions of uncertainty where similarity could not be reliably inferred.

Figure 6: Relationship between sequencing coverage and the % of genome for which similarity could not be reliably inferred. Points represent 
the coverage depths used in the experiment. Data was collected from the whole B73 x LH82 RIL population (16 samples–mean and SE shown) 
and summarized across the whole genome.

Population p1 # of  
markers

p2 # of  
markers

Number  
of progeny

Average markers  
called per progeny

Average  
error rate (%)

b73Xlh82 607,672 603,109 16 576,955±13,058 0.84%

lh82Xph207 603,109 608,716 20 583,543±6,854 0.82%

b73Xphg39 607,672 554,081 40 563,232±3,410 0.82%

Table 1: Average number of SNPs markers (out of the 609,442 possible on the Axiom 616K) detected in each of the RIL populations.

Figure 4: Distribution of markers across chromosome 1 of the B73 parental sample(100ng)

Distribution of haplotype positions on iGenomX B73
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the coverage depths used in the experiment. Data was collected from the whole B73 x LH82 RIL population (16 samples–mean and SE shown) 
and summarized across the whole genome.
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b73Xlh82 607,672 603,109 16 576,955 ± 13,058 0.84%

lh82Xph207 603,109 608,716 20 583,543 ± 6,854 0.82%

b73Xphg39 607,672 554,081 40 563,232 ± 3,410 0.82%

Figure 1: Schematic of the Twist 96-Plex workflow

Abstract
High throughput genotyping technologies are required for large-scale population genetics. Evolutionary biology studies, human disease 
research and large-scale agricultural breeding programs all lend themselves to technologies that are able to provide more information at 
lower cost. Over the past decade, genotyping technology has transitioned from PCR-based SNP assays to microarrays, and is now shifting 
toward high-throughput genotyping by sequencing (GBS). The  RipTide High Throughput Rapid DNA Library Prep allows for the preparation 
of NGS libraries from up to 960 individually barcoded samples in a few hours with automation. When combined with low coverage 
sequencing and imputation-based genotype analysis, the result is an order of magnitude greater information at a significantly reduced cost. 
Here we present data on 96 Zea mays (maize) samples consisting of 4 parent populations and 92 recombinant inbred lines (RILs). For each 
sample, hundreds of thousands to millions of haplotype markers, including SNVs and structural variants, are accurately detected. A minimum 
of 95% complete coverage of direct and imputed markers is obtained for each RIL. The approach can be applied to any species, regardless 
of genome size or GC content. In this study, a median of >1 million markers were genotyped by sequencing on an Illumina HiSeq 4000 
instrument for an estimated cost of library construction and sequencing of < $25 per sample.

Overview
Samples were obtained from a public cornfield in Iowa. Parental lines include B73, PH207, LH82 and PHG39. RILs include B73 x PH207 
(n=16), B73 x PHG39 (n=40), B73 x LH82 (n=16) and LH82 x PH207 (n=20). Plant material was sent to LGC US laboratory (Beverly, MA) for 
DNA extraction. DNA concentrations ranged from 7.6 – 18 ng/mL with a mean of 12 ng/L. All samples were treated as though the DNA 
concentrations were 12 ng/mL. 100 ng of DNA was used as input into the RipTide library prep (see Figure 1). In a separate, virtually identical 
experiment, 4 µL of each sample were used as input in the same library prep protocol. Libraries were prepared and sequenced at the 
University of Illinois Roy J. Carver Biotechnology Center (Urbana, IL). The 100 ng input samples were sequenced on 3 lanes of a HiSeq 4000 
flow cell using 2 x 150 bp paired-end chemistry. An additional lane on the flow cell was used for the 4 µL samples. Data was de-multiplexed 
(Fulcrum Genomics) and uploaded to the GenoMAGIC™ pipeline (NRGene) for haplotype calling and genotype imputation.

Schematic of the RipTide Workflow
A) Random primers with 5’ barcoded Illumina adapter sequences are annealed to a denatured DNA template (Figure 1). A polymerase 
extends each primer, generating a copy of the DNA template. Polymerization is terminated with a biotinylated dideoxynucleotide of which 
there is a small fraction in the nucleotide mix. B) Primer-extended products are captured on streptavidin-coated magnetic beads. The 
beads are washed to remove excess reactants. C) A second 5’ adapter-tailed random primer is used with a strand-displacing polymerase to 
convert the captured DNA strands to a dual adapter library. D) The beads are washed once again to remove excess reactants and displaced 
primer-extended products. E) PCR is used to amplify the products and add an index barcode. In the high throughput version of the library 
prep, individual samples are uniquely labeled in a 96-well plate with the use of a uniquely barcoded random primer in each well of the plate. 
After the initial labeling step, products from all wells are pooled and all subsequent steps are performed in a single tube. An optional plate 
barcode is added during the PCR step to allow for multiple 96-sample plates to be sequenced simultaneously.

Results
Raw sequence data was of high quality with mean Q scores > 30 for both Read 1 and Read 2 (Figure 3).
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Mapping rates across all samples ranged from 92% - 97% with a median of 95%. Median read counts were 22.4 million and 7.1 million for the 
100 ng and 4 µL samples (3 lanes versus 1 lane of the flow cell) for an estimated genome coverage of 1.4X and 0.44X, respectively (assuming 
a 2.4 Gb genome size).

Results from the NRGene GenoMAGIC haplotype analysis show that hundreds of thousands to millions of haplotype markers were detected 
per sample. A median of >1.057 million haplotype markers were detected for the 4 µL samples and a median of >1.9 million haplotype 
markers were detected for the 100 ng samples. Haplotype markers are evenly distributed across genomes. Figure 4 below shows the 
distribution of markers across chromosome 1 of the B73 parental sample (100 ng input). To compare this genotyping method to a known 
genotyping method in maize, we compared the haplotype markers detected by GBS to the Affymetrix Axiom 616K maize genotyping SNP 
marker set. The number of Axiom SNP markers detected by GBS in each RIL population is presented in Table 1.

Based on haplotype marker profiles, the GenoMAGIC platform can infer similarity between samples. Figure 5 shows a graphical display of 
the similarity inference for chromosome 1 of the B73 x PH207 RIL population.

Conclusions
•  RipTide library-generated data is of high quality and reads are distributed uniformly across the genome. Uncovered regions are 

small and the overall ability to infer haoplotypes is high.

• The GenoMAGIC pipeline enables the sequence imputation of haplotype in RIL progeny with >99% accuracy and to >94% 
completeness in every sample (based on 0.01X coverage).

• Translating the haplotypes to SNP markers allow more than 92% of the Axiom 616K SNP set to be imputed successfully.

• The combination of the cost-effective RipTide library prep, ultra low-coverage sequencing and high-resolution haplotype 
imputation offered by NRGene enables high quality, high throughput genotyping at low cost.

Figure 2: High throughput workflow
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Figure 5: Haplotypes similarity across chromosome 2 of four RIL lines belonging to a B73 x LH82 segregating population. Blue and red bars 
represent B73 and LH82 haplotypes, respectively. Black bars represent regions of uncertainty where similarity could not be reliably inferred.

Figure 6: Relationship between sequencing coverage and the % of genome for which similarity could not be reliably inferred. Points represent 
the coverage depths used in the experiment. Data was collected from the whole B73 x LH82 RIL population (16 samples–mean and SE shown) 
and summarized across the whole genome.
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b73Xlh82 607,672 603,109 16 576,955±13,058 0.84%

lh82Xph207 603,109 608,716 20 583,543±6,854 0.82%

b73Xphg39 607,672 554,081 40 563,232±3,410 0.82%

Table 1: Average number of SNPs markers (out of the 609,442 possible on the Axiom 616K) detected in each of the RIL populations.

Figure 4: Distribution of markers across chromosome 1 of the B73 parental sample(100ng)
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Abstract
High throughput genotyping technologies are required for large-scale population genetics. Evolutionary biology studies, human disease 
research and large-scale agricultural breeding programs all lend themselves to technologies that are able to provide more information at 
lower cost. Over the past decade, genotyping technology has transitioned from PCR-based SNP assays to microarrays, and is now shifting 
toward high-throughput genotyping by sequencing (GBS). The  RipTide High Throughput Rapid DNA Library Prep allows for the preparation 
of NGS libraries from up to 960 individually barcoded samples in a few hours with automation. When combined with low coverage 
sequencing and imputation-based genotype analysis, the result is an order of magnitude greater information at a significantly reduced cost. 
Here we present data on 96 Zea mays (maize) samples consisting of 4 parent populations and 92 recombinant inbred lines (RILs). For each 
sample, hundreds of thousands to millions of haplotype markers, including SNVs and structural variants, are accurately detected. A minimum 
of 95% complete coverage of direct and imputed markers is obtained for each RIL. The approach can be applied to any species, regardless 
of genome size or GC content. In this study, a median of >1 million markers were genotyped by sequencing on an Illumina HiSeq 4000 
instrument for an estimated cost of library construction and sequencing of < $25 per sample.

Overview
Samples were obtained from a public cornfield in Iowa. Parental lines include B73, PH207, LH82 and PHG39. RILs include B73 x PH207 
(n=16), B73 x PHG39 (n=40), B73 x LH82 (n=16) and LH82 x PH207 (n=20). Plant material was sent to LGC US laboratory (Beverly, MA) for 
DNA extraction. DNA concentrations ranged from 7.6 – 18 ng/mL with a mean of 12 ng/L. All samples were treated as though the DNA 
concentrations were 12 ng/mL. 100 ng of DNA was used as input into the RipTide library prep (see Figure 1). In a separate, virtually identical 
experiment, 4 µL of each sample were used as input in the same library prep protocol. Libraries were prepared and sequenced at the 
University of Illinois Roy J. Carver Biotechnology Center (Urbana, IL). The 100 ng input samples were sequenced on 3 lanes of a HiSeq 4000 
flow cell using 2 x 150 bp paired-end chemistry. An additional lane on the flow cell was used for the 4 µL samples. Data was de-multiplexed 
(Fulcrum Genomics) and uploaded to the GenoMAGIC™ pipeline (NRGene) for haplotype calling and genotype imputation.

Schematic of the RipTide Workflow
A) Random primers with 5’ barcoded Illumina adapter sequences are annealed to a denatured DNA template (Figure 1). A polymerase 
extends each primer, generating a copy of the DNA template. Polymerization is terminated with a biotinylated dideoxynucleotide of which 
there is a small fraction in the nucleotide mix. B) Primer-extended products are captured on streptavidin-coated magnetic beads. The 
beads are washed to remove excess reactants. C) A second 5’ adapter-tailed random primer is used with a strand-displacing polymerase to 
convert the captured DNA strands to a dual adapter library. D) The beads are washed once again to remove excess reactants and displaced 
primer-extended products. E) PCR is used to amplify the products and add an index barcode. In the high throughput version of the library 
prep, individual samples are uniquely labeled in a 96-well plate with the use of a uniquely barcoded random primer in each well of the plate. 
After the initial labeling step, products from all wells are pooled and all subsequent steps are performed in a single tube. An optional plate 
barcode is added during the PCR step to allow for multiple 96-sample plates to be sequenced simultaneously.

Results
Raw sequence data was of high quality with mean Q scores > 30 for both Read 1 and Read 2 (Figure 3).
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Mapping rates across all samples ranged from 92% - 97% with a median of 95%. Median read counts were 22.4 million and 7.1 million for the 
100 ng and 4 µL samples (3 lanes versus 1 lane of the flow cell) for an estimated genome coverage of 1.4X and 0.44X, respectively (assuming 
a 2.4 Gb genome size).

Results from the NRGene GenoMAGIC haplotype analysis show that hundreds of thousands to millions of haplotype markers were detected 
per sample. A median of >1.057 million haplotype markers were detected for the 4 µL samples and a median of >1.9 million haplotype 
markers were detected for the 100 ng samples. Haplotype markers are evenly distributed across genomes. Figure 4 below shows the 
distribution of markers across chromosome 1 of the B73 parental sample (100 ng input). To compare this genotyping method to a known 
genotyping method in maize, we compared the haplotype markers detected by GBS to the Affymetrix Axiom 616K maize genotyping SNP 
marker set. The number of Axiom SNP markers detected by GBS in each RIL population is presented in Table 1.

Based on haplotype marker profiles, the GenoMAGIC platform can infer similarity between samples. Figure 5 shows a graphical display of 
the similarity inference for chromosome 1 of the B73 x PH207 RIL population.

Conclusions
•  RipTide library-generated data is of high quality and reads are distributed uniformly across the genome. Uncovered regions are 

small and the overall ability to infer haoplotypes is high.

• The GenoMAGIC pipeline enables the sequence imputation of haplotype in RIL progeny with >99% accuracy and to >94% 
completeness in every sample (based on 0.01X coverage).

• Translating the haplotypes to SNP markers allow more than 92% of the Axiom 616K SNP set to be imputed successfully.

• The combination of the cost-effective RipTide library prep, ultra low-coverage sequencing and high-resolution haplotype 
imputation offered by NRGene enables high quality, high throughput genotyping at low cost.
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Figure 5: Haplotypes similarity across chromosome 2 of four RIL lines belonging to a B73 x LH82 segregating population. Blue and red bars 
represent B73 and LH82 haplotypes, respectively. Black bars represent regions of uncertainty where similarity could not be reliably inferred.

Figure 6: Relationship between sequencing coverage and the % of genome for which similarity could not be reliably inferred. Points represent 
the coverage depths used in the experiment. Data was collected from the whole B73 x LH82 RIL population (16 samples–mean and SE shown) 
and summarized across the whole genome.
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b73Xlh82 607,672 603,109 16 576,955±13,058 0.84%

lh82Xph207 603,109 608,716 20 583,543±6,854 0.82%

b73Xphg39 607,672 554,081 40 563,232±3,410 0.82%

Table 1: Average number of SNPs markers (out of the 609,442 possible on the Axiom 616K) detected in each of the RIL populations.
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Abstract
High throughput genotyping technologies are required for large-scale population genetics. Evolutionary biology studies, human disease 
research and large-scale agricultural breeding programs all lend themselves to technologies that are able to provide more information at 
lower cost. Over the past decade, genotyping technology has transitioned from PCR-based SNP assays to microarrays, and is now shifting 
toward high-throughput genotyping by sequencing (GBS). The  RipTide High Throughput Rapid DNA Library Prep allows for the preparation 
of NGS libraries from up to 960 individually barcoded samples in a few hours with automation. When combined with low coverage 
sequencing and imputation-based genotype analysis, the result is an order of magnitude greater information at a significantly reduced cost. 
Here we present data on 96 Zea mays (maize) samples consisting of 4 parent populations and 92 recombinant inbred lines (RILs). For each 
sample, hundreds of thousands to millions of haplotype markers, including SNVs and structural variants, are accurately detected. A minimum 
of 95% complete coverage of direct and imputed markers is obtained for each RIL. The approach can be applied to any species, regardless 
of genome size or GC content. In this study, a median of >1 million markers were genotyped by sequencing on an Illumina HiSeq 4000 
instrument for an estimated cost of library construction and sequencing of < $25 per sample.

Overview
Samples were obtained from a public cornfield in Iowa. Parental lines include B73, PH207, LH82 and PHG39. RILs include B73 x PH207 
(n=16), B73 x PHG39 (n=40), B73 x LH82 (n=16) and LH82 x PH207 (n=20). Plant material was sent to LGC US laboratory (Beverly, MA) for 
DNA extraction. DNA concentrations ranged from 7.6 – 18 ng/mL with a mean of 12 ng/L. All samples were treated as though the DNA 
concentrations were 12 ng/mL. 100 ng of DNA was used as input into the RipTide library prep (see Figure 1). In a separate, virtually identical 
experiment, 4 µL of each sample were used as input in the same library prep protocol. Libraries were prepared and sequenced at the 
University of Illinois Roy J. Carver Biotechnology Center (Urbana, IL). The 100 ng input samples were sequenced on 3 lanes of a HiSeq 4000 
flow cell using 2 x 150 bp paired-end chemistry. An additional lane on the flow cell was used for the 4 µL samples. Data was de-multiplexed 
(Fulcrum Genomics) and uploaded to the GenoMAGIC™ pipeline (NRGene) for haplotype calling and genotype imputation.

Schematic of the RipTide Workflow
A) Random primers with 5’ barcoded Illumina adapter sequences are annealed to a denatured DNA template (Figure 1). A polymerase 
extends each primer, generating a copy of the DNA template. Polymerization is terminated with a biotinylated dideoxynucleotide of which 
there is a small fraction in the nucleotide mix. B) Primer-extended products are captured on streptavidin-coated magnetic beads. The 
beads are washed to remove excess reactants. C) A second 5’ adapter-tailed random primer is used with a strand-displacing polymerase to 
convert the captured DNA strands to a dual adapter library. D) The beads are washed once again to remove excess reactants and displaced 
primer-extended products. E) PCR is used to amplify the products and add an index barcode. In the high throughput version of the library 
prep, individual samples are uniquely labeled in a 96-well plate with the use of a uniquely barcoded random primer in each well of the plate. 
After the initial labeling step, products from all wells are pooled and all subsequent steps are performed in a single tube. An optional plate 
barcode is added during the PCR step to allow for multiple 96-sample plates to be sequenced simultaneously.

Results
Raw sequence data was of high quality with mean Q scores > 30 for both Read 1 and Read 2 (Figure 3).
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Mapping rates across all samples ranged from 92% - 97% with a median of 95%. Median read counts were 22.4 million and 7.1 million for the 
100 ng and 4 µL samples (3 lanes versus 1 lane of the flow cell) for an estimated genome coverage of 1.4X and 0.44X, respectively (assuming 
a 2.4 Gb genome size).

Results from the NRGene GenoMAGIC haplotype analysis show that hundreds of thousands to millions of haplotype markers were detected 
per sample. A median of >1.057 million haplotype markers were detected for the 4 µL samples and a median of >1.9 million haplotype 
markers were detected for the 100 ng samples. Haplotype markers are evenly distributed across genomes. Figure 4 below shows the 
distribution of markers across chromosome 1 of the B73 parental sample (100 ng input). To compare this genotyping method to a known 
genotyping method in maize, we compared the haplotype markers detected by GBS to the Affymetrix Axiom 616K maize genotyping SNP 
marker set. The number of Axiom SNP markers detected by GBS in each RIL population is presented in Table 1.

Based on haplotype marker profiles, the GenoMAGIC platform can infer similarity between samples. Figure 5 shows a graphical display of 
the similarity inference for chromosome 1 of the B73 x PH207 RIL population.

Conclusions
•  RipTide library-generated data is of high quality and reads are distributed uniformly across the genome. Uncovered regions are 

small and the overall ability to infer haoplotypes is high.

• The GenoMAGIC pipeline enables the sequence imputation of haplotype in RIL progeny with >99% accuracy and to >94% 
completeness in every sample (based on 0.01X coverage).

• Translating the haplotypes to SNP markers allow more than 92% of the Axiom 616K SNP set to be imputed successfully.

• The combination of the cost-effective RipTide library prep, ultra low-coverage sequencing and high-resolution haplotype 
imputation offered by NRGene enables high quality, high throughput genotyping at low cost.
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Figure 5: Haplotypes similarity across chromosome 2 of four RIL lines belonging to a B73 x LH82 segregating population. Blue and red bars 
represent B73 and LH82 haplotypes, respectively. Black bars represent regions of uncertainty where similarity could not be reliably inferred.

Figure 6: Relationship between sequencing coverage and the % of genome for which similarity could not be reliably inferred. Points represent 
the coverage depths used in the experiment. Data was collected from the whole B73 x LH82 RIL population (16 samples–mean and SE shown) 
and summarized across the whole genome.
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Table 1: Average number of SNPs markers (out of the 609,442 possible on the Axiom 616K) detected in each of the RIL populations.
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n 3 lanes of a H
iSeq

 4000 
flow

 cell using
 2 x 150 b

p
 p

aired
-end

 chem
istry. A

n ad
d

itio
nal lane o

n the flow
 cell w

as used
 fo

r the 4 µL sam
p

les. D
ata w

as d
e-m

ultip
lexed

 
(Fulcrum

 G
eno

m
ics) and

 up
load

ed
 to

 the G
eno

M
A

G
IC

™
 p

ip
eline (N

RG
ene) fo

r hap
lotyp

e calling
 and

 g
enotyp

e im
p

utatio
n.

Schem
atic o

f the R
ipTid

e W
o

rkfl
o

w
A

) Rand
o

m
 p

rim
ers w

ith 5’ b
arco

d
ed

 Illum
ina ad

ap
ter seq

uences are annealed
 to

 a d
enatured

 D
N

A
 tem

p
late (Fig

ure 1). A
 p

o
lym

erase 
extend

s each p
rim

er, g
enerating

 a co
p

y of the D
N

A
 tem

p
late. Po

lym
erizatio

n is term
inated

 w
ith a b

iotinylated
 d

id
eoxynucleotid

e of w
hich 

there is a sm
all fractio

n in the nucleotid
e m

ix. B
) Prim

er-extend
ed

 p
ro

d
ucts are cap

tured
 o

n strep
tavid

in-coated
 m

ag
netic b

ead
s. The 

b
ead

s are w
ashed

 to
 rem

ove excess reactants. C
) A

 seco
nd

 5’ ad
ap

ter-tailed
 rand

o
m

 p
rim

er is used
 w

ith a strand
-d

isp
lacing

 p
o

lym
erase to

 
co

nvert the cap
tured

 D
N

A
 strand

s to
 a d

ual ad
ap

ter lib
rary. D

) The b
ead

s are w
ashed

 o
nce ag

ain to
 rem

ove excess reactants and
 d

isp
laced

 
p

rim
er-extend

ed
 p

ro
d

ucts. E
) PC

R
 is used

 to
 am

p
lify the p

ro
d

ucts and
 ad

d
 an ind

ex b
arco

d
e. In the hig

h thro
ug

hp
ut versio

n of the lib
rary 

p
rep, ind

ivid
ual sam

p
les are uniq

uely lab
eled

 in a 96-w
ell p

late w
ith the use of a uniq

uely b
arco

d
ed

 rand
o

m
 p

rim
er in each w

ell of the p
late. 

A
fter the initial lab

eling
 step, p

ro
d

ucts fro
m

 all w
ells are p

o
o

led
 and

 all sub
seq

uent step
s are p

erfo
rm

ed
 in a sing

le tub
e. A

n o
p

tio
nal p

late 
b

arco
d

e is ad
d

ed
 d

uring
 the PC

R
 step

 to
 allow

 fo
r m

ultip
le 96-sam

p
le p

lates to
 b

e seq
uenced

 sim
ultaneo

usly.

R
esults

Raw
 seq

uence d
ata w

as of hig
h q

uality w
ith m

ean Q
 sco

res >
 30 fo

r b
oth Read

 1 and
 Read

 2 (Fig
ure 3).
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M
ap

p
ing

 rates acro
ss all sam

p
les rang

ed
 fro

m
 92%

 - 97%
 w

ith a m
ed

ian of 95%
. M

ed
ian read

 co
unts w

ere 22.4 m
illio

n and
 7.1 m

illio
n fo

r the 
100 ng

 and
 4 µL sam

p
les (3 lanes versus 1 lane of the flow

 cell) fo
r an estim

ated
 g

eno
m

e coverag
e of 1.4X

 and
 0.44X

, resp
ectively (assum

ing
 

a 2.4 G
b

 g
eno

m
e size).

Results fro
m

 the N
RG

ene G
eno

M
A

G
IC

 hap
lotyp

e analysis show
 that hund

red
s of tho

usand
s to

 m
illio

ns of hap
lotyp

e m
arkers w

ere d
etected

 
p

er sam
p

le. A
 m

ed
ian of >1.057 m

illio
n hap

lotyp
e m

arkers w
ere d

etected
 fo

r the 4 µL sam
p

les and
 a m

ed
ian of >1.9 m

illio
n hap

lotyp
e 

m
arkers w

ere d
etected

 fo
r the 100 ng

 sam
p

les. H
ap

lotyp
e m

arkers are evenly d
istrib

uted
 acro

ss g
eno

m
es. Fig

ure 4 b
elow

 show
s the 

d
istrib

utio
n of m

arkers acro
ss chro

m
o

so
m

e 1 of the B
73 p

arental sam
p

le (100 ng
 inp

ut). To
 co

m
p

are this g
enotyp

ing
 m

etho
d

 to
 a know

n 
g

enotyp
ing

 m
etho

d
 in m

aize, w
e co

m
p

ared
 the hap

lotyp
e m

arkers d
etected

 b
y G

B
S to

 the A
ffym

etrix A
xio

m
 616K

 m
aize g

enotyp
ing

 SN
P 

m
arker set. The num

b
er of A

xio
m

 SN
P m

arkers d
etected

 b
y G

B
S in each RIL p

o
p

ulatio
n is p

resented
 in Tab

le 1.

B
ased

 o
n hap

lotyp
e m

arker p
rofiles, the G

eno
M

A
G

IC
 p

latfo
rm

 can infer sim
ilarity b

etw
een sam

p
les. Fig

ure 5 show
s a g

rap
hical d

isp
lay of 

the sim
ilarity inference fo

r chro
m

o
so

m
e 1 of the B

73 x PH
207 RIL p

o
p

ulatio
n.

C
o

nclusio
ns

• 
 RipTid

e lib
rary-g

enerated
 d

ata is of hig
h q

uality and
 read

s are d
istrib

uted
 unifo

rm
ly acro

ss the g
eno

m
e. U

ncovered
 reg

io
ns are 

sm
all and

 the overall ab
ility to

 infer hao
p

lotyp
es is hig

h.

• 
The G

eno
M

A
G

IC
 p

ip
eline enab

les the seq
uence im

p
utatio

n of hap
lotyp

e in RIL p
ro

g
eny w

ith >
99%

 accuracy and
 to

 >
94%

 
co

m
p

leteness in every sam
p

le (b
ased

 o
n 0.01X

 coverag
e).

• 
Translating

 the hap
lotyp

es to
 SN

P m
arkers allow

 m
o

re than 92%
 of the A

xio
m

 616K
 SN

P set to
 b

e im
p

uted
 successfully.

• 
The co

m
b

inatio
n of the co

st-effective RipTid
e lib

rary p
rep, ultra low

-coverag
e seq

uencing
 and

 hig
h-reso

lutio
n hap

lotyp
e 

im
p

utatio
n offered

 b
y N

RG
ene enab

les hig
h q

uality, hig
h thro

ug
hp

ut g
enotyp

ing
 at low

 co
st.

Fig
ure 2: H

ig
h thro

ug
hp

ut w
o

rkflow

x10

A
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le p
rep

 occurs in one tub
e

U
p

 to 960 sam
p

les p
er flow

 cell

B)

B
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 p
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d
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o
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Rand
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 p
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D
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D
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o
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Fig
ure 1: Schem

atic of the  RipTid
e w

o
rkflow

Fig
ure 3:  RipTid

e m
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Fig
ure 5: H

ap
lotyp

es sim
ilarity acro

ss chro
m

o
so

m
e 2 of fo

ur RIL lines b
elo

ng
ing

 to
 a B

73 x LH
82 seg

reg
ating

 p
o

p
ulatio

n. B
lue and

 red
 b

ars 
rep

resent B
73 and

 LH
82 hap

lotyp
es, resp

ectively. B
lack b

ars rep
resent reg

io
ns of uncertainty w

here sim
ilarity co

uld
 not b

e reliab
ly inferred

.

Fig
ure 6: Relatio

nship
 b

etw
een seq

uencing
 coverag

e and
 the %

 of g
eno

m
e fo

r w
hich sim

ilarity co
uld

 not b
e reliab

ly inferred
. Points rep

resent 
the coverag

e d
ep

ths used
 in the exp

erim
ent. D

ata w
as co

llected
 fro

m
 the w

ho
le B

73 x LH
82 RIL p

o
p

ulatio
n (16 sam

p
les–m

ean and
 SE

 show
n) 

and
 sum

m
arized

 acro
ss the w

ho
le g

eno
m

e.

Pop
ulation

p1 # of  
m

arkers
p2 # of  
m

arkers
N

um
b

er  
of p

rog
eny

A
verag

e m
arkers  

called
 p

er p
rog

eny
A

verag
e  

error rate (%
)

b73X
lh82

607,672
603,109

16
576,955±13,058

0.84%

lh82X
p

h207
603,109

608,716
20

583,543±
6,854

0.82%

b73X
p

hg
39

607,672
554,081

40
563,232±

3,410
0.82%

Tab
le 1: A

verag
e num

b
er of SN

Ps m
arkers (o

ut of the 609,442 p
o

ssib
le o

n the A
xio

m
 616K

) d
etected

 in each of the RIL p
o

p
ulatio

ns.

Fig
ure 4: D

istrib
utio

n of m
arkers acro

ss chro
m

o
so

m
e 1 of the B

73 p
arental sam

p
le(100ng

)

D
istrib

ution of hap
lotyp

e p
ositions on iG

enom
X

 B
73

Figure 2: High throughput workflow

Figure 3: Twist 96-Plex mean quality scores

Figure 4: Distribution of markers across chromosome 1 of the B73 parental sample (100 ng)

Figure 5: Haplotypes similarity across chromosome 2 of four RIL lines belonging to a B73 x LH82 segregating population. 
Blue and red bars represent B73 and LH82 haplotypes, respectively. Black bars represent regions of uncertainty where 
similarity could not be reliably inferred.

Figure 6: Relationship between sequencing coverage and the % of genome for which similarity could not be reliably 
inferred. Points represent the coverage depths used in the experiment. Data was collected from the whole B73 x LH82 RIL 
population (16 samples–mean and SE shown) and summarized across the whole genome.

Table 1: Average number of SNPs markers (out of the 609,442 possible on the Axiom 616K) detected in each of the 
RIL populations.

96-Plex100 ng TTAGGCAT L00M R2 001 
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