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Major Goals:  Purchase an Illumina MiSeq FGx sequencing platform for two ongoing and future studies.

Accomplishments:  C.1. Project 1: High Accuracy Genotyping of Complex Mixtures and Damaged DNA

Due to its high success rate and cost effectiveness, STR analysis for forensic genotyping has become the primary 
method in human identification casework. Since STR analysis depends on length variations in short poly-nucleotide 
repeats that are amplified using PCR, there are inherent limitations in this technology. For example, sample 
degradation due to environmental exposure leads to the breakdown of DNA molecules, which can result in 
significantly biased and artifactual peak heights,leading to inconclusive or erroneous genotyping calls. Even with 
pristine samples, there are complicating factors that are intrinsic to current STR methods, such as spurious 
background peaks resulting from PCR stutter, co-migration, signal oversaturation, and machine noise. Of particular 
concern are PCR stuttering artifacts, which arise from slippage of the DNA polymerase of the DNA template. 
Damaged or degraded DNA is particularly prone to this form of error due to the prevalence of DNA adducts that 
cause erroneous base pairings and enzyme stalling. While there are techniques that allow for the statistical 
exclusion of stutter peaks, DNA mixture samples of three or more contributors, especially combined with DNA 
damage and template degradation, present a significant challenge. The recent advent of NGS offers the hope of 
being able to resolve complex DNA mixture samples. Unlike conventional STR analysis, which simply reports the 
average genotype of an aggregate population of molecules, NGS technology digitally tabulates the sequence of 
many individual DNA fragments, thus offering the unique ability to detect MAFs within a heterogeneous DNA 
mixture. The use of NGS in forensic DNA analysis offers numerous advantages over conventional STR analysis; 
however the technology is not without its disadvantages. The most notable is that NGS is based on PCR during 
library construction, which has an associated stutter and base misincorporation rate. These initial misincorporation 
and stutter events can be propagated to all of the reads, thus giving the appearance of a MAF in a putative DNA 
mixture. Similar to STR analysis, the chance of a false signal significantly increases on damaged DNA templates. 
Furthermore, the ability to practically detect MAFs is limited to about 1-2% due to sequencing errors associated 
with various sequence contexts and base miscalls. Damaged DNA is known to worsen this background]. While 
better than current methods, the field of forensic DNA analysis has profound legal consequences, therefore, it is 
imperative that the detection of false MAFs be eliminated.

The purpose of the effort and the associated development under the DURIP Grant No. W911NF- 17-1-0158 was to 
acquire a massively parallel sequencing platform to facilitate the development of a high accuracy sequencing 
method for forensic human identification conducted as part of ARO/RIF Cooperative Agreement W911NF-15-2-
0127. The purchased equipment was used to more fully develop Duplex Sequencing for forensic applications. This 
work focused on three areas related to library preparation. 1) Optimization of preparatory steps of sample DNA; 2) 
Optimization steps of PCR amplification; and 3) Optimization of target genome capture. Focus areas 2) and 3) 
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required the use of the purchased equipment.

Optimization steps of PCR amplification. For Duplex Sequencing to function efficiently, the ligated product needs to 
be amplified prior to sequencing with the optimal amplification being an average of 3 to 10 sequenced PCR copies 
per starting DNA molecule. The conditions needed to consistently obtain these values must be standardized, since 
too many PCR copies of the same tag will reduce the number of unique families per DNA sample sequenced. 
Importantly, the number of DNA fragments used in the PCR reaction is the primary adjustable variable that dictates 
the number of sequencing reads that share the same tag sequence. A critical confounder to achieving the 3-10 
PCR copies per tag has been the ligation step. Incompletely ligated molecules are unable to amplify during PCR, 
however, the presence of non-amplifiable molecules are also measured and will result in an overestimation of the 
amount amplifiable DNA being used in the PCR. This situation can lead to too many PCR copies per molecule and 
a substantial reduction in data yield.

To overcome this problem, we have designed a synthetic DNA using IDT’s gBlocks product that is able to mimic 
the PCR product of a ligated fragment of DNA that is present in sequencing library preparation. By making serial 
dilutions of the synthetic DNA and verifying the concentration each dilution using the qPCR, we can then quantify 
the amount of ligated target DNA in the library preparation by using the P5 and a target specific primer. We then 
used the Illumina MiSeq FGx sequencer to sequence the test samples and determine the family size for the given 
DNA input.

Optimization of target genome capture. During our development phase, we noticed that <10% of the raw reads 
mapped to the CODIS20 loci, but with an optimal family size of ~20. However, performing a second round of 
targeted capture resulted in >90% of reads being localized to the genomic targets of interest. However, as a 
consequence of adding the second round of targeted hybridization, we observed a higher than desired family size 
is observed for the CODIS capture panels. Therefore, we wanted to develop an approach that removed one or both 
rounds of targeted capture. Again, the purchased Illumina MiSeq FGx was used for these experiments.

In vitro digestion with CRISPR/Cas9 has been proven to be a useful tool for multiplexed excision of large 
megabase fragments and repetitive sequence regions for PCR-free MPS and has even been used for STR loci. 
Therefore, to simultaneously address these issue of limited efficiency of target selection and the failure to fully 
traverse the STR loci, we sought to use targeted genome fragmentation approach based on CRISPR/Cas9 
digestion that produces DNA fragments of similar length. We reasoned that targeted in vitro CRISPR/Cas9 
digestion could be used to excise similar length fragments covering the areas of interest, which could then be 
enriched by size selection prior to library preparation, thereby eliminating one or both targeted capture steps. We 
designed this method to enable target enrichment while simultaneously eliminating sonication-related errors and 
biases arising from random genome fragmentation. In addition, by pairing this approach with Duplex Sequencing, 
we produced a method that preserves the sequencing accuracy of DS while increasing the recovery rate, thus 
enabling low DNA input and a simplified protocol for translational applications. The approach, termed CRISPR- DS, 
enables efficient target enrichment of small genomic regions, even coverage, ultra-accurate sequencing, and 
reduced DNA input. As a proof of principle, we developed the method for sequencing the exons of TP53 and a 
subset of CODIS20 loci. The basic steps of the method is illustrated in Figure 2. First, target regions are excised 
from genomic DNA by multiplexed in vitro CRISPR/Cas9 digestion (Figure 2A), followed by enrichment of the 
excised fragments by size selection using SPRI beads (Fig. 2B). The selected fragments are then coupled with the 
double-strand molecular barcodes used in DS (Figure 2C). These fragments are then amplified and captured with 
biotinylated hybridization probes using standard solution-based hybridization methods. In our proof-of-principal, we 
designed gRNAs to specifically excised the coding regions and their flanking intronic sequence of TP53 to be ∼500 
bp in size in order to maximize read space of an Illumina MiSeq v3 600 cycle kit while allowing for sequencing of 
the molecular barcode (10 bp) and 3’-end clipping of 30 bp to remove low-quality bases produced in the later 
sequencing cycles.

We performed CRISPR/Cas9 dig
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Sponsor: Army research Office (ARO) 
PI: Scott R Kennedy 
Program Title: Massively Parallel Sequencing Platform for High Accuracy Variant Detection 
 
 
A. Abstract 
Sequencing technologies have rapidly progressed in the past 15 years from “classic” Sanger 
sequencing to the current generation of massively parallel sequencing (MPS) platforms, which are 
capable of simultaneously sequencing hundreds of millions of small DNA fragments. Due to how these 
technologies work, it is possible to digitally tabulate the sequence of individual DNA molecules, thus 
allowing for the detection of sequences occurring in the minority of DNA molecules. While a significant 
improvement over original Sanger methods, MPS technology is not able to detect a variant in <1% of 
sequencing reads. To overcome the high error rate of MPS, we developed a highly accurate MPS 
methodology termed Duplex Sequencing (DS). DS dramatically improves the ability to detect low level 
variants and delivers a >10,000-fold improvement in accuracy compared to conventional MPS. In this 
DURIP program an Illumina MiSeq FGx massively parallel sequencing platform was purchased to 
facilitate the development of DS for use in a variety of applications of interest to the DoD. The instrument 
is also available to other research groups at the University of Washington, where it has been used to 
attract significant external funding focused on early detection of ovarian cancer and forensics, both of 
significant interest to the DoD. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



B. Budget 
The following table details the actual spent budget and the list of purchased equipment that are used 
in this setup. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C. Supporting Information 
Figure 1 shows the final purchased Illumina FGx sequencing platform. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C.1. Project 1: High Accuracy Genotyping of Complex Mixtures and Damaged DNA  

Due to its high success rate and cost effectiveness, STR analysis for forensic genotyping has 
become the primary method in human identification casework. Since STR analysis depends on length 
variations in short poly-nucleotide repeats that are amplified using PCR, there are inherent limitations 
in this technology. For example, sample degradation due to environmental exposure leads to the 
breakdown of DNA molecules, which can result in significantly biased and artifactual peak heights, 

Part # Description Manufacturer Quantity Unit Price Price 

SY-411-1001 MiSeq FGx Sequencing 
System 

Illumina 1 $124,999.60 $124,999.60* 

 
SE-550-1001 

ForenSeq Universal 
Analysis Software and 
Server 

Illumina 1 $16,500.00 $16,500* 

TG-143-1001 MiSeq FGx Reagent Kit Illumina 1 $1,400.00 $1,400.00 

TG-450-1001 ForenSeq DNA 
Signature Prep Kit 

Illumina 1 $15,500.00 $15,500.00 

    Sub-Total: $158,399.60 

    Tax (9.6%) $1,622.40 

    Grand Total $160,022.00 

*Tax exempt 

 
Figure 1. Photo of deployed 
Illumina MiSeq FGx. 



leading to inconclusive or erroneous genotyping calls. Even with pristine samples, there are 
complicating factors that are intrinsic to current STR methods, such as spurious background peaks 
resulting from PCR stutter, co-migration, signal oversaturation, and machine noise. Of particular 
concern are PCR stuttering artifacts, which arise from slippage of the DNA polymerase of the DNA 
template. Damaged or degraded DNA is particularly prone to this form of error due to the prevalence 
of DNA adducts that cause erroneous base pairings and enzyme stalling. While there are techniques 
that allow for the statistical exclusion of stutter peaks, DNA mixture samples of three or more 
contributors, especially combined with DNA damage and template degradation, present a significant 
challenge. The recent advent of NGS offers the hope of being able to resolve complex DNA mixture 
samples. Unlike conventional STR analysis, which simply reports the average genotype of an 
aggregate population of molecules, NGS technology digitally tabulates the sequence of many individual 
DNA fragments, thus offering the unique ability to detect MAFs within a heterogeneous DNA mixture. 
The use of NGS in forensic DNA analysis offers numerous advantages over conventional STR analysis; 
however the technology is not without its disadvantages. The most notable is that NGS is based on 
PCR during library construction, which has an associated stutter and base misincorporation rate. These 
initial misincorporation and stutter events can be propagated to all of the reads, thus giving the 
appearance of a MAF in a putative DNA mixture. Similar to STR analysis, the chance of a false signal 
significantly increases on damaged DNA templates. Furthermore, the ability to practically detect MAFs 
is limited to about 1-2% due to sequencing errors associated with various sequence contexts and base 
miscalls. Damaged DNA is known to worsen this background]. While better than current methods, the 
field of forensic DNA analysis has profound legal consequences, therefore, it is imperative that the 
detection of false MAFs be eliminated.  

The purpose of the effort and the associated development under the DURIP Grant No. W911NF-
17-1-0158 was to acquire a massively parallel sequencing platform to facilitate the development of a 
high accuracy sequencing method for forensic human identification conducted as part of ARO/RIF 
Cooperative Agreement W911NF-15-2-0127. The purchased equipment was used to more fully 
develop Duplex Sequencing for forensic applications. This work focused on three areas related to 
library preparation. 1) Optimization of preparatory steps of sample DNA; 2) Optimization steps of PCR 
amplification; and 3) Optimization of target genome capture. Focus areas 2) and 3) required the use of 
the purchased equipment.  
 
Optimization steps of PCR amplification. For Duplex Sequencing to function efficiently, the ligated 
product needs to be amplified prior to sequencing with the optimal amplification being an average of 3 
to 10 sequenced PCR copies per starting DNA molecule. The conditions needed to consistently obtain 
these values must be standardized, since too many PCR copies of the same tag will reduce the number 
of unique families per DNA sample sequenced. Importantly, the number of DNA fragments used in the 
PCR reaction is the primary adjustable variable that dictates the number of sequencing reads that share 
the same tag sequence. A critical confounder to achieving the 3-10 PCR copies per tag has been the 
ligation step. Incompletely ligated molecules are unable to amplify during PCR, however, the presence 
of non-amplifiable molecules are also measured and will result in an overestimation of the amount 
amplifiable DNA being used in the PCR. This situation can lead to too many PCR copies per molecule 
and a substantial reduction in data yield.  

To overcome this problem, we have designed a synthetic DNA using IDT’s gBlocks product that 
is able to mimic the PCR product of a ligated fragment of DNA that is present in sequencing library 
preparation. By making serial dilutions of the synthetic DNA and verifying the concentration each 
dilution using the qPCR, we can then quantify the amount of ligated target DNA in the library preparation 
by using the P5 and a target specific primer. We then used the Illumina MiSeq FGx sequencer to 
sequence the test samples and determine the family size for the given DNA input. 
 
Optimization of target genome capture. During our development phase, we noticed that <10% of the 
raw reads mapped to the CODIS20 loci, but with an optimal family size of ~20. However, performing a 
second round of targeted capture resulted in >90% of reads being localized to the genomic targets of 



interest. However, as a consequence of adding the second round of targeted hybridization, we 
observed a higher than desired family size is observed for the CODIS capture panels. Therefore, we 
wanted to develop an approach that removed one or both rounds of targeted capture. Again, the 
purchased Illumina MiSeq FGx was used for these experiments. 

In vitro digestion with CRISPR/Cas9 has been proven to be a useful tool for multiplexed excision 
of large megabase fragments and repetitive sequence regions for PCR-free MPS and has even been 
used for STR loci. Therefore, to simultaneously address these issue of limited efficiency of target 
selection and the failure to fully traverse the STR loci, we sought to use targeted genome fragmentation 
approach based on CRISPR/Cas9 digestion that produces DNA fragments of similar length. We 
reasoned that targeted in vitro CRISPR/Cas9 digestion could be used to excise similar length fragments 
covering the areas of interest, which could then be enriched by size selection prior to library preparation, 
thereby eliminating one or both targeted capture steps. We designed this method to enable target 
enrichment while simultaneously eliminating sonication-related errors and biases arising from random 
genome fragmentation. In addition, by pairing this approach with Duplex Sequencing, we produced a 
method that preserves the sequencing accuracy of DS while increasing the recovery rate, thus enabling 
low DNA input and a simplified protocol for translational applications. The approach, termed CRISPR-
DS, enables efficient target enrichment of small genomic regions, even coverage, ultra-accurate 
sequencing, and reduced DNA input. As a proof of principle, we developed the method for sequencing 
the exons of TP53 and a subset of CODIS20 loci. The basic steps of the method is illustrated in Figure 
2. First, target regions are excised from genomic DNA by multiplexed in vitro CRISPR/Cas9 digestion 
(Figure 2A), followed by enrichment of the excised fragments by size selection using SPRI beads (Fig. 
2B). The selected fragments are then coupled with the double-strand molecular barcodes used in DS 
(Figure 2C). These fragments are then amplified and captured with biotinylated hybridization probes 
using standard solution-based hybridization methods. In our proof-of-principal, we designed gRNAs to 
specifically excised the coding regions and their flanking intronic sequence of TP53 to be ∼500 bp in 
size in order to maximize read space of an Illumina MiSeq v3 600 cycle kit while allowing for sequencing 
of the molecular barcode (10 bp) and 3’-end clipping of 30 bp to remove low-quality bases produced in 
the later sequencing cycles.  

We performed CRISPR/Cas9 digestion of targeted TP53 exons on a range of DNA input 
amounts (10–250 ng) followed by SPRI size selection to remove undigested high molecular weight 
DNA fragments (>1 kb in size). The selected DNA fragments were ligated to DS adapters, PCR 
amplified, and sequenced. No hybridization capture or any other type of target enrichment was 
performed. Mapping of raw reads revealed between 0.2% and 5% reads on-target. Because the TP53 
target region only amounts to 0.0001% of the human genome, this corresponds to approximately 2000X 
to 50,000X enrichment, which matches or exceeds what is typically achieved with solution-based 
hybridization for small target size. Notably, lower DNA inputs showed the highest enrichment, 
potentially reflecting more efficient digestion or improved removal of off-target, high molecular weight 
DNA fragments when they are in lower abundance. Notably, 25 ng of DNA prepared with CRISPR-DS 
produced a post-processing depth comparable to 250 ng with standard-DS (Figure 3), indicating that 
size selection for excised fragments not only removes a step from the library preparation, but increases 
the recovery of input DNA, thereby enabling deep sequencing with greatly reduced DNA requirements. 
A manuscript that describe our CRISPR-DS method were prepared and accepted for publication in 
Genome Research (See Section C3).  
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Schematic representation of key 
aspects of CRISPR-DS. (a) CRISPR/Cas9 digestion 
of TP53. Seven fragments containing all TP53 coding 
exons were excised via targeted cutting using 
gRNAs. Dark grey represents reference strand and 
light grey represents the anti-reference strand. (b) 
Size selection using 0.5x SPRI beads. Uncut, 
genomic DNA binds to the beads and allows the 
recovery of the homogenously sized excised 
fragments in solution. (c) Double-stranded DNA 
molecule fragmented and ligated with DS-adapters. 
Adapters are double-stranded and contain 10-bp of 
random, complementary nucleotides and a 3’-dT 
overhang.  (d) Error correction by DS.  
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C.2. Project 2: Genetic Determinants Influencing the Maternal Transmission and Somatic 
Accumulation of Mitochondrial Mutations 

The focus of the grant is on mitochondrial diseases. Owing to their evolutionary history, 
mitochondria have retained a small circular genome that encodes essential components of the electron 
transport chain, which provides the majority of the energy required for an organism to live. Mutations in 
the mitochondrial genome can cause the electron transport chains to become dysfunctional. These 
mutations can be potentially passed to the offspring of the female carrier or accumulate with advancing 

 
Figure 3. Technical comparison of 250ng, 100ng and 25ng of DNA sequenced with 
both standard-DS and CRISPR-DS. Measurements were obtained by sequencing 
samples prepared with standard-DS (blue) using one and two rounds of hybridization 
capture and CRISPR-DS (red) with only one round of hybridization capture. (A) The 
percentage of raw sequencing reads on-target (covering TP53) post-capture(s) was 
comparable between Standard-DS with two rounds of capture and CRISPR-DS with one 
round of capture, demonstrating the target enrichment efficiency of the novel method. (B) 
Percentage recovery was calculated as the percentage of genomes in input DNA that 
produced DCS reads. CRISPR-DS increases recovery thanks to the initial CRISPR-based 
target enrichment, which eliminates one round of hybridization capture. (C) After creating 
DCS reads, the median DCS depth across all targeted regions was calculated for each 
input amount. The increased recovery enabled by CRISPR-DS translates into 5-10 times 
more sequencing depth for the same input DNA.  
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age. If these mutations reach a high enough level within a tissue, a number of devastating diseases 
can occur. Remarkably, there is significant evidence to suggest that mechanisms have evolved to 
prevent the transmission or accumulation of the most deleterious of these mutations. However, even in 
the presence of these selection mechanisms, diseases involving mtDNA mutations occur. The goal of 
the funding is to understand the mechanism(s) that are involved in preventing the accumulation of these 
mutations either through the germline or during development and aging of the somatic tissue by 
identifying candidate genes involved in this process. To begin to identify these mechanisms, we are 
using the common fruit fly, Drosophila melanogaster, as a model organism to pursue two aims. The 
first aim will focus on using a novel, high accuracy, next-generation sequencing methodology to perform 
a genome wide screen for genes involved in selecting against the accumulation and/or transmission of 
mtDNA mutations. The second aim will focus on characterizing the effects of putative modifiers on 
mitochondrial bioenergetics and morphology in hopes of providing insight into how these modifiers 
function.  

We used the Illumina MiSeq FGx sequencer purchased by the W911NF-17-1-0158 funds to 
help develop a Drosophila model with germline specific expression of the cytidine deaminase 
APOBEC1. Briefly, Cyo/UAS-APOBEC1 flies were crossed with a strain of flies that expresses the 
transcription factor that stimulates the UAS sequence, Gal4, under the control of three different ovarian 
drivers (MTD): the Bloomington Drosophila Stock Center ID 31777 P{w[+mC]=otu-GAL4::VP16.R}1, 
w[*]; P{w[+mC]=GAL4-nos.NGT}40; P{w[+mC]=GAL4::VP16nos.UTR} CG6325[MVD1] (Fig.1). otu and 
nos drivers have previously been reported to be expressed in early oogenesis. Since both stocks (UAS-
APOBEC- 1 and 31777) were found in homozygous dose, the first progeny produced from these 
crosses (F1) would be expected to be heterozygous for both constructs  and therefore, expressing Gal4 
in early stages of oogenesis of the F1 females and consequently stimulating the expression of 
APOBEC-1.  

To test whether the heterozygous F1 females were expressing APOBEC and inducing mtDNA 
mutations in their germ-line as expected, the rate of low level mtDNA mutations was assessed by using 
the Illumina MiSeq FGx sequencer to perform mtDNA Duplex Sequencing of the F1 heterozygous 
females and their F2 progeny. Our data revealed a significantly increased frequency of point mutations 
in the F1 mothers and the F2 w daughters with G-A/C-T mutations as the predominant point mutation. 
Bioinformatic analysis of the sequence surrounding these G-A/C-T mutations were consistent with the 
APOBEC-1 mutation signature described in cancer. This difference was not seeing in F1 or F2 flies 
with the catalytically dead APOBEC-1. The increased frequency of mutations in the F1 progenitor 
suggests that both MTD-driven Gal4 and UAS_APOBEC-1 are being expressed very early in the 
embryogenesis of the F1 female progenitor and, because mutations are detected in the fly head 
(somatic tissue), these mutations are being expanded clonally as the fly developed and reached 
adulthood. This observation was confirmed by performing a replicate study with 3 additional 
independently obtained F1 females and this time including the original progenitor (PO) to exclude the 
possibility that the observed mutations were inherited.  

In a replication study, heterozygous F1 female virgins were crossed to w1118 males (the same 
genetic background of both stocks) instead of Cyo/Gla males and the rate of mtDNA mutations in the 
F1 mother and F2 daughters was performed as the initial study. By using w1118 males, this replication 
study eliminated phenotypic confounders that were associated with the Cyo/Gla background. In both 
the initial and the replication studies, the F2 progeny was also found to have an increased frequency 
of point mutations although in the initial study the frequency of point mutations in the F2 progeny is 
lower than in the replication. Since the F1 female flies are expected to express both transgenes in their 
germ-line, the mutations detected in F2 flies could be the result of both inheritance of mtDNA mutations 
from F1 mothers and induction of new mtDNA mutations by APOBEC during oogenesis. Interestingly, 
the clonality of each individual point mutation was found to increase from F1 to F2 females in both the 
initial and the replication studies while mutations in the F1 females did not exceed clonality of 0.1 many 
mutations detected in F2 females were above or double this clonality. This observation suggests that 
mtDNA point mutations detected by DS in this study are the result of a combination of mutagenesis in 
the early embryogenesis of the F1 female and in early cells in their germarium, the increased clonality 



of the mutations detected in F2 females may be the result of clonal expansion of mutations that escape 
the mitochondrial bottleneck  

The sequencing data was further analyzed to identify specific mutations inherited from the F1 
female and past down in each generation. More detailed examination of specific G-A/C-T mutations 
inherited through 4 generations revealed different patterns of frequency and clonality. First, mutations 
that were shared from F1 to F4 progeny were considered to have originated during F1 embryogenesis. 
These shared mutations were observed to have increasing clonality from F1 to F3 which decreases in 
F4 progeny in most of the lineages. This pattern was similar between synonymous and nonsynonymous 
mutations. We are now using the characterized experimental system to study germline transmission of 
mtDNA mutations.  
 
C.3. Publications using DURIP purchased equipment. 

At the time of this final report, the Illumina MiSeq FGx sequencer has been used in one published 
manuscript and one manuscript under revision at Nature Communications 
 
1) Nachmanson D, Lian S, Schmidt EK, Hipp MJ, Baker KT, Zhang Y, Tretiakova M, Loubet-Senear 

K, Kohrn BF, Salk JJ, Kennedy SR, Risques R-A. Targeted genome fragmentation with 
CRISPR/Cas9 improves hybridization capture, reduces PCR bias, and enables efficient high-
accuracy sequencing of small targets. Genome Res 28: 1589-1599, 2018. 
 

2) Andreazza S, Samstag CL, Sanchez-Martinez A, Fernandez-Vizarra E, Gomez-Duran A, Lee JJ, 
Tufi R, Hipp MJ, Schmidt EK, Nicholls TJ, Chinnery PF, Minczuk M, Pallanck LJ, Kennedy SR, 
Whitworth AJ. A new mitochondrial DNA mutator model shows that quality not quantity of 
mutations affects organismal fitness in Drosophila. Nature Communications [Under revision]  
 

C.4. Role of DURIP purchased equipment in other DoD-funded research 
Below is a list of current or previous DoD-funded research supported by the equipment 

purchased as part of W911NF-17-1-0158. 
 
W81XWH-18-1-0339 
PI: Scott Kennedy 
Period of Performance: 8/1/18-7/31/20 
Funding Agency: DoD/CDMRP Lung Cancer Research Program 
Direct Funds: $400,000 
Title: Developing High-Accuracy Sequencing Methods for Use in Early Cancer Detection, Disease 
Stratification, and Chemotherapy Resistance with Cell-Free DNA 
Description: The presence of ctDNA in blood has been recognized for 40 years, but the recent 
emergence of ultra-sensitive methods has enhanced its status to a potentially transformative 
biomarker for the diagnosis and surveillance of cancer. The greatest challenge has been the 
identification of very low amounts of ctDNA within blood samples with variable amounts of cfDNA. 
This proposal focuses on developing  and validation the required technical capabilities (e.g. 
sensitivity, multiplexing, scalability, and low DNA input) of SPLiT-Seq to enable the use of liquid 
biopsies for non-small cell lung cancer diagnostics and treatment evaluation. 
Specific Aims: 
Specific Aim 1: Fully develop SPLiT-Seq to make it amenable for ctDNA detection in non-small cell 
lung cancer.  
Specific Aim 2: Demonstrate the utility of SPLiT-Seq for non-small cell lung cancer detection with 
ctDNA.  
 
C.5. Role of DURIP purchased equipment in other non-DoD-funded research  

Below is a list of current or previous non-DoD-funded research supported by the equipment 
purchased as part of W911NF-17-1-0158. 



 
2017-DN-BX-0160 
PI: Scott Kennedy 
Period of Performance: 1/1/18-12/31/20 
Funding Agency: National Institute of Justice/ Research and Development in Forensic Science for 
Criminal Justice Purposes 
Direct Funds: $509,728 
Title: Developing SPLiT-Seq: A Massively Parallel Sequencing Method to Remove PCR Artifacts for 
Forensic STR Genotyping 
Description: The utility of modern forensic DNA analysis is greatly limited by the presence of DNA 
damage or multiple contributors. The goal of this proposal is develop and extend the high accuracy 
Duplex Sequencing methodology for use in forensic DNA analysis. While the underlying method 
being developed as part of this proposal is the same as is proposed in the DoD/CDMRP Lung Cancer 
Research Program proposal, the genomic loci being targeted are very different. Knowledge gained 
from this proposal will be helpful for the Lung Cancer Research Program work.  
Specific Aims:  
Specific Aim 1: Fully develop and optimize a SPLiT-Seq protocol for genotyping the CODIS20 loci 
and evaluate the assay’s accuracy, precision, sensitivity, and specificity. 
Specific Aim 2: Validate SPLiT-Seq for genotyping DNA mixtures.  
 
Minnesota Ovarian Cancer Alliance Early Detection Award 
PI: Barbara Norquist 
Period of Performance: 09/1/2018 – 08/31/2019  
Funding Agency: Minnesota Ovarian Cancer Alliance     
Direct Funds: $60,000 
Title: Detection of Ovarian Cancer using Uterine Lavage and Crispr-Duplex Sequencing 
Description: The goal of this project is to detect tumor-derived TP53 mutations from minimally 
invasively collected uterine lavage samples to develop an early detection test for ovarian cancer. 
Specific Aims: 
Specific Aim 1: Collection of neoplastic DNA through uterine lavage, pap smears, and tumor biopsy in 
women with advanced ovarian cancer 
Specific Aim 2: Detection of TP53 mutations in uterine lavage and Pap smear specimens from 
women with advanced ovarian cancer using Crispr-DS sequencing. 
 
R01 CA181308 
PI: Risques 
Period of Performance: 1/4/2014 – 3/31/2019      
Funding Agency: NIH/NCI 
Direct Funding: $1,037,500 
Mitochondrial Biomarkers for Early Detection of Cancer in Ulcerative Colitis  
Description: The goal of this project is to develop a clinically feasible mitochondrial biomarker for 
cancer detection and prediction in ulcerative colitis according to the guidelines of the Early Detection 
Research Network. This biomarker will be based on immunohistochemistry of mitochondrial proteins 
and NanoString analysis of mitochondrial transcripts.  
Specific Aims: 
Specific Aim 1: Development of a mitochondrial biomarker based on IHC 
Specific Aim 2: Development of a mitochondrial biomarker based on NanoString 
Specific Aim 3: Validation of the mitochondrial biomarkers 
 
Rivkin Foundation Research Grant 
PI: Risques 
Period of Performance: 01/4/2017-3/31/2018 



Funding Agency: Rivkin Center 
Direct Funding: $74,943 
Title: Characterization of TP53 mutations in BRCA carcinogenesis 
Description: This project will uses Duplex Sequencing to characterize with extremely high resolution 
the TP53 mutational landscape that precedes the development of ovarian cancer in BRCA mutation 
carriers. 
Specific Aims: 
Specific Aim 1: Comparison of TP53 mutations in histologically normal fallopian tube epithelium 
(fimbria) and blood of women BRCA+ and age-matched BRCA- controls 
Specific Aim 2: Comparison of TP53 mutations in normal fallopian tube epithelium (fimbria) and blood 
of women BRCA+ that developed HGSOC and women BRCA+ cancer-free 
 
Mary Kay Foundation Cancer Research Grant 045-15 
PI: Rosana Risques 
Period of Performance: 7/1/2015-6/30/2017  
Funding Agency: Mary Kay Foundation      
Direct funding: $86,956  
Title: Early detection of ovarian cancer by ultra-sensitive sequencing of Pap smear DNA 
Description: The goal of this project is to develop a method for early detection of ovarian cancer using 
Duplex Sequencing to analyze p53 mutations in DNA extracted from Pap smears. 
Specific Aims: 
Specific Aim 1: To determine the sensitivity for the detection of ovarian tumor DNA in Pap smears 
using Duplex Sequencing 
Specific Aim 2: To determine the specificity for the detection of ovarian tumor DNA in Pap smears 
using Duplex Sequencing 
Specific Aim 3: To extend the Duplex Sequencing assay to more common somatic passenger 
mutations 
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