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Abstract

Recent outbreaks of Ebola and Lassa virus have highlighted the need for real-time
monitoring of virus evolution and spread using genome sequencing to enable rapid
response efforts. For these category A pathogens, this effort requires development of well
vetted protocols that assure complete virus inactivation while preserving the quality of
nucleic acids. Such methods will allow for safe and effective high-throughput sequencing
work outside of biosafety level 4 (BSL-4) facilities, and can ease the burden of manual
sample processing, which can create bottlenecks during outbreaks.

The currently preferred methods of viral nucleic acid inactivation and extraction
are low to medium throughput at best, involving manual manipulation through every step
of the process. In response, I optimized an automated protocol using the KingFisher Flex
Magnetic Particle Processor for high-throughput nucleic acid extractions with
MagMAX™ bead-based kits, and compare its RNA yield and sequencing coverage
against the commonly used Qiagen spin column kit. I also automated many aspects of the
extraction and library construction protocol using the Bravo Liquid Handler in order to
further increase throughput. One of the most repeated and time-consuming steps in the
library construction process is nucleic acid purification using SPRI beads, I thoroughly
tested a protocol to automate high-throughput nucleic acid purification on the Bravo
Liquid Handler.

I found comparable yields from extractions performed by the KingFisher Flex
Magnetic Particle Processor using the MagMax Pathogen Kit and Qiagen spin column, in
terms of RNA yield and sequencing coverage, as quantified by RT-qPCR and Illumina

next-generation sequencing coverage. | also saw comparable results between high-



throughput automated and manual nucleic acid purification assays. Together, I have
developed an effective high-throughput protocol to inactivate and process clinical

samples that can enable real-time genome sequencing during viral outbreaks.
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Chapter 1

Introduction

Outbreak Burden

Many devastating viral outbreaks occur in rural and remote settings with little to
no technology, advanced medical care, or infrastructure available. Monitoring outbreaks
and acquiring samples from such places is exceptionally difficult, even when climate,
war, and politics are not factored into the equation. Western Africa is home to a myriad
of disease-causing viruses, including hemorrhagic fever-causing viruses (Kebede et al.,
2010; Gire et al., 2014), like Lassa virus (LASV) and Ebola virus (EBOV), as well as
other microbes including Plasmodium, yellow fever virus, and Salmonella typhi. The
clinical presentations for even severe diseases caused by these microbes and other highly
communicable diseases are indiscernible from each other based solely on symptoms
alone, without the help of advanced diagnostics. The geographic overlap of viruses in
areas of West Africa, and the similarities of clinical presentations, coupled with the lack
of advanced laboratory techniques, makes differentiating between these diseases
extremely difficult.

In order to monitor potential viral threats in near-real-time and prevent them from
becoming epidemic, it is critical to be able to analyze nucleic acid isolates from infected
individuals. The isolates will contain both human and viral RNA, and will allow most
importantly the ability to diagnose communicable diseases. This is not only important to

help identify and treat confirmed cases, but to protect the larger community. During
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active outbreaks suspected patients are quarantined in small quarters to prevent the spread
of disease. Unfortunately, not all suspected cases harbor the pathogenic agent. Some may
have similar clinical presentations but not be infected with the causative agent of the
outbreak. In these cases, the suspected patient has a higher chance of contracting the
agent from being housed in close quarters with actual cases of patients harboring the
pathogenic agent. In order to prevent infecting these individuals, the turnaround time
from drawing a sample to extracting nucleic acids must be shortened so that non-cases
can be removed from quarantine and given the care they need. Furthermore, when an
outbreak is in full swing, resources are limited and quarantining individuals who are not
infected with the outbreak causing pathogen diverts attention and care that could be
directed towards individuals that are more sick (Coltart et al., 2017).

Beyond diagnosis, analyzing nucleic acid from viral isolates can shed light on
important aspects of outbreak response. It can help identify mutations that can impact
prospective diagnostics, vaccines and therapies, elucidate the rate of mutations, and
identify the mode of transmission and spread of the virus. For example, during the recent
West African EBOV outbreak, scientists were able to learn when and how the virus
spread into Sierra Leone and the most probable mode of transmission along with the rate
of mutation by comparing viral sequences to previously published sequences from older
outbreaks (Gire et al., 2014).

During the chaos of an active outbreak, the existence of such small quantities of
viral nucleic acids in the d clinical samples is often less than ideal for the sensitivity
required for investigating viral genome diversity (Park et al., 2015). The highly reactive

molecular structure of ribonucleic acids, coupled with the high rate of degradation by



ribonucleases, makes isolation of high-quality, full-length transcripts difficult (Blank et
al. 1981; Jones, 1920). Therefore, it is crucial to test and implement collection protocols
that preserve the integrity of full-length RNA sequences and inhibit ribonuclease activity.
At the same time, the isolation method employed must also inactivate the pathogen so as
to not to risk the lives of researchers working with the samples.

Even in places with adequate technology and infrastructure to study deadly
disease-causing agents, the safety and health of researchers and the general public, in
case of accidental exposure, must be highly scrutinized. The National Institute of Allergy
and Infectious Diseases (NIAID) rates infectious agents that pose the highest risk to
national security on a scale from A-C. Currently, the NIAID rates LASV, EBOV,
Marburg virus, Bacillus anthracis, Yersinia pestis, and Francisella tularensis, among
others as Category A priority pathogens (NIAID, 2016). Category A priority is reserved
for pathogens that pose the highest risk to national security and public health due to a
myriad of risks, ranging from pathogenicity to a lack of public health preparedness for a
potential outbreak. All research done with live Category A priority pathogens must be
carried out in a biosafety level 4 (BSL-4) facility to ensure maximal containment and
prevent spread of the pathogen (VSPB, 2013). If category A priority pathogens are to be
removed from a BSL-4 lab, the pathogen must be inactivated prior to removing. With the
highly interconnected world we live in today and the advent of sophisticated travel,
which allows us to access even the most remote regions, viruses and disease
unfortunately have the same opportunity to easily become pandemic if they are

accidentally released. As recent outbreaks of viral hemorrhagic fevers have shown us, it



is easy for travelers to carry the virus across continents during the incubation period.

Therefore, it is crucial to ensure proper inactivation of these pathogens.

Definition of Terms

“Ambisense”: RNA that is able to code for protein in both 3°-5 direction and 5°-
3’ direction.

“Arenavirus”: a virus of the arenaviridae class; containing many mitochondria
from the host.

“Bravo”: an automated liquid handler developed by Agilent

“BSL-4": Biosafety level 4, research that poses the highest risk to the researcher
and the public and therefore must be carried out under high containment practices.

“CDC”: Centers for Disease Control

“Ct”: number of cycles of PCR required for fluorescence to increase beyond
background levels

“CMV”: Cytomegalovirus a DNA virus of the herpesviridae family that causes
fever and pneumonia in humans

“CSF”: Cerebrospinal fluid, normally found around the brain and spinal cord

“DNA”: Deoxyribonucleic Acid the primary components of genetic instruction
found in a double helical shape within the nucleus of cells.

“EBOV”: Ebola virus a RNA virus of the filoviridae family that causes
hemorrhagic Ebola virus disease (EVD)

“EV”: Enterovirus a RNA virus of the picornaviridae family that causes a myriad

of human diseases



“Hemorrhagic Lassa fever (LF)”: a zoonotic disease in humans caused by
exposure to Lassa virus.

“LASV”: Lassa virus, an ambisense RNA virus from the arenaviridae family that
causes hemorrhagic LF in humans.

“Negative Sense”: the complementary sequence to the template sequence.

“Positive sense’: the strand of RNA that can directly code for protein.

“RNA”: Ribonucleic Acid, a component of the central dogma of biology that
contains genetic instruction, coded by DNA, which codes for protein.

“SPRI beads”: Solid Phase Reversible Immobilisation beads, used to remove
contaminants and impurities from nucleic acids.

“RT-qPCR”: reverse transcription quantitative polymerase chain reaction

“WB”: Whole blood containing all naturally occurring components and

anticoagulants.

The Importance of Studying Nucleic Acids

All organisms have nucleic acids (DNA for most species, and in some viruses
RNA), which make up their genomes. The genome carries information that will code for
all cellular processes, molecular machinery, and a plethora of RNA that code for proteins
using amino acids based on a degenerate three nucleotide codon (Crick et al., 1961).
Nucleic acids are fundamental in all organisms ranging from multicellular humans, to
inanimate viruses. Therefore, studying nucleic acids is a great way to gain insight on how
organisms change over time. Moreover, the specific nature of nucleic acid sequence in
different organisms makes it possible to use it to diagnose and track the spread of

disease-causing agents (Gire et al., 2014, Lipkin, 2014). For example, when a malaised
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patient’s blood sample is obtained, the causative agent should be found in the sample.
Studying nucleic acids from the causative agent allows for the identification of idiopathic

diseases (Lipkin 2014).

Current Viral Extraction Practices and Compatibility

Current commonly used inactivation and isolation protocols involve a variety of
low-throughput means including using the viral lysis buffer AVL for inactivating plasma.
Nucleic acid is then isolated from inactivated samples using the QIAamp Viral RNA
Mini Kit (Qiagen). Since the current commonly used approved inactivation protocols are
based on utilizing proprietary viral inactivation buffers, I will test the efficacy of
extracting RNA from samples that have been inactivated using Qiagens’ buffer AVL,
using MagMax kits, which are produced by ThermoFisher. I will test if RNA isolated
using this combination of inactivation and extraction yields successful sequencing results
on the Illumina MiSeq platform.

The QIAamp kits involve manual manipulation throughout the process of
extracting RNA and therefore is low to moderate throughput, at best. Furthermore, the
number of samples that can be extracted in one run is influenced by the number of spin
columns a centrifuge can accommodate.

During the 2014 EBOV outbreak in West Africa, the Centers for Disease Control
(CDC) introduced another extraction approach. They collected 98 blood samples from
patients with EVD in Bo, Sierra Leone (Park et al., 2015) from August 20, 2014 through
January 10, 2015. The CDC Viral Special Pathogens Branch BSL-4 laboratory in Atlanta,
Georgia inactivated the samples and extracted RNA using the MagMAX Pathogen

RNA/DNA isolation kit (Pathogen kit) (ThermoFisher). These MagMAX kits can be
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automated when used with the KingFisher Flex with 96 deep well plates, making the
process high-throughput. Figure 1 depicts the KingFisher Flex.

One limitation of automating the extraction process is the need for
adequate space in the extraction hoods to accommodate the KingFisher Flex footprint.
The Sabeti Lab was able to use a secondary containment hood with featured a laminar
flow design to protect researchers from exposure. Furthermore, I assessed if it is feasible
to implement an automated extraction process in West Africa, considering consumables
must also be provided from manufacturers in the United States. Therefore, it is
paramount that the nucleic acid yield can justify the costs of shipping kits and

consumables to West Africa.

Figure 1: KingFisher Flex Image (ThermoFisher.com)




Finally, I validated that the nucleic acids extracted using the MagMax platform
are comparable in regards to quality and yield to nucleic acids extracted using Qiagens’
spin column kits; I performed downstream RT-qPCR and sequencing with the Illumina
platform. Specifically, I assessed the viral nucleic acid yield and CT values using RT-
gqPCR and successful library construction spanning the LASV coding region for

sequencing.

Goals, Hypothesis, and Research Aims

Aim 1

During the first phase of this study I aimed to test the efficacy and feasibility of
automating various MagMax kits, which are designed for the extraction of nucleic acids
from a variety of samples, using the KingFisher Flex Magnetic Particle Processor. This
allowed me to choose a kit that is able to reproducibly and sensitively isolate nucleic
acids from a broad range of sample types. I used BL2 safety level approved viral spike-
ins of RNA and DNA based viruses with differing genome lengths and viral
concentrations to extract nucleic acids, using two separate MagMax kits on the
Kingfisher Flex. This work was carried out at the Broad Institute in the Sabeti Lab’s
BL2+ facility. Use of this facility allowed me to assess how well each kit was able to
isolate nucleic acids of differing sizes from various sample types, as I attempted to
recapitulate the differing sizes of viral genomes found in nature. Furthermore, I used
various upstream inactivating agents approved for inactivating BSL4 category pathogens
prior to extraction (Blow et al., 2004). Since category A pathogens must be inactivated

prior to studying them outside of a BSL 4 lab, this helped me glean insight into



compatibility of proprietary reagents and how well the kits perform when using
alternative inactivation agents currently approved for certain category A pathogens.

In the first trial of this phase, I inactivated spiked-in virus following the
manufacturer's protocol, by using the already incorporated viral lysis buffer. Next, I
recapitulated current inactivation protocols for LASV and EBOV by isolating nucleic
acids from samples that had been inactivated in buffer AVL and ethanol. I assessed the
yields across all the trials to compare the efficacy of MagMax kits across a broad
spectrum of inactivation procedures on a variety of sample types with varying viral spike-
in concentration. To do this, I isolated nucleic acids from cerebrospinal fluid (CSF),
plasma, and whole blood (WB) with spiked in Enterovirus (EV), and Cytomegalovirus
(CMV). I then fractionated the isolate into three parts. On the first fraction, I performed a
DNase treatment prior to RT-qPCR, while I performed qPCR on the second fraction. This
allowed me to assess the level of DNA isolated from each sample set compared to the
RNA. Table 1 shows the experimental setup for Aim 1.

Table 1: AIM 1 experimental setup.

Sample | Plasma | Plasma | CSF | CSF | WB | WB
Inactivation | LBS AVL [LBS|AVL |LBS|AVL Fraction 1 Fraction
2
Spike In EV RT-gPCR
Spike In CMV DNase + RT- qPCR
qPCR

I did this to asses which kit has the highest yield of nucleic acids across varying

sample types and viruses. I assessed quality of isolation by comparing concentration




values from RT-qPCR. Since viral titers for EV are in the range of 1x10"3 - 1x10"6
copies per milliliter of CSF, and CMV titers range from 1x1072 - 1x10"5 copies per
milliliter of blood, I also assessed how sensitive the kits are, by testing various dilutions
of sample concentration. To determine the reproducibility of the assay I tested both
biological and technical replicates. Aside from testing the yield and minimum sample
concentration required for successful isolation, I also compared the overall cost of
implementing the various MagMax kits. Due to the high costs associated with sending
kits, reagents, and consumables to remote areas of West Africa, it is essential that the cost
of the MagMax kits be justifiable by yield. In addition to providing a means for high-
throughput nucleic acid extractions, implementing the MagMax kits in West Africa
would resolve the issue of inactivating viruses prior to shipment out of the home country,
due to the preexisting inactivation buffer incorporated into the kit.

Aim 2

The second phase of this project was to compare the yield and quality of samples
isolated using the MagMax Pathogen kit, which had superior results and cost efficiency
from the first phase of the project, to that of the existing extraction protocol using the
Qiagen QIAamp Viral RNA Mini Kit, in the context of RNA viruses.

As our primary interests are in RNA viruses, specifically LASV and EBOV
infections, I isolated RNA from plasma samples spiked with EV and inactivated in AVL
using both the Qiagen and the MagMax Pathogen kit. I tested if the MagMax kit had
comparable results to the current Qiagen protocol at various concentrations of viral
spike to mimic and test the efficiency of RNA isolation from a variety of viral titers. This

was assessed by comparing RNA concentration from RT-qPCR.
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I also compared the cost of extracting RNA using the Qiagen kit versus using the
automated MagMax kit. Due to the high cost of kits, consumables, and shipping, along
with downstream sequencing, it is imperative to keep costs to a minimum when trying to
implement a new extraction kit. Therefore, I conducted a cost analysis to ensure the
feasibility of implementing the MagMax kits in place of the Qiagen kit.

To confirm the quality of isolated RNA for viral genomics applications I
constructed sequencing libraries and sequenced isolates from both MagMax and Qiagen
to assess quality of nucleic acids for downstream processing. This was done on the
[llumina miSeq platform in the Sabeti Lab at the Broad Institute.

Aim 3

Once I tested the efficacy of automated RNA extraction using MagMax kits on
the KingFisher platform, I demonstrated its capacity to extract RNA from clinical
samples. During the third phase of this project, I isolated and sequenced RNA from 24
samples of plasma that had been acquired from patients with LASV infection and had
been inactivated in AVL and ethanol. I compared results from Qiagen and MagMax kit
extractions done in parallel. I followed clinical samples through sequencing and
compared sequencing coverage from nucleic acids extracted using the Qiagen kit.

I compared sequencing results to ensure satisfactory downstream results of the
isolated RNA by assessing the ability to assemble a quality genome with high depth and
uniformity of coverage across the entire genome. As was found during the 2013 EBOV
outbreak, regulatory changes to inactivation agents slowed the processing timeline of
clinical samples. This delay in processing may have caused degradation of sample’s

which would interfere with successful sequencing (Park et al., 2015) Implementing the
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MagMax protocol in West Africa would significantly reduce delays and allow for
inactivation, extraction, and sequencing by the genomics centers in country, thereby
alleviating the need to inactivate sample prior to shipping and preserving sample integrity
by reducing delays in processing.
Expectations of MagMAX Trials:

I expected the MagMAX trials to yield RNA at a comparable level as the Qiagen
QIAamp kit. I also expected the sample processing time from receiving to extracted RNA
would be considerably less than the current standard operating procedure using the
Qiagen QIAamp kit. Finally, I expected to get similar coverage of the LASV genome

when I sequenced samples using both isolation techniques.

Known Research Limitations

The safety standards for working with BSL-4 level pathogens, which is required
by federal agencies for this type of work, is always changing. One of the major
limitations of this study is the premise that BSL-4 category pathogens dont require
different inactivation agents, aside from AVL or Trizol, before shipment. I am also
limited by the quality of samples I receive from field sites. Since our field sites are
located in remote underdeveloped locations in Africa, cold supply chain is limited and
this greatly hinders the quality of ribonucleic acids isolated for sequencing.

Furthermore, many of the kits utilized in this extraction process are proprietary.
Therefore, the exact constituents are unknown. If the reagents are changed such that they

are no longer compatible, this work would be difficult to reproduce.
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Chapter 2

Materials and Methods

The purpose of this study was to examine the efficacy, feasibility, and validity of
utilizing the MagMax system for category A viral nucleic isolation in remote locations
such as West Africa. This work was conducted under the supervision of Professor Pardis

Sabeti and Dr. Katherine Siddle.

Ethics statement

Lassa fever (LF) patients were recruited using protocols approved by human
subjects committees at Tulane University, Harvard University, Broad Institute, Irrua
Specialist Teaching Hospital (ISTH), Kenema Government Hospital (KGH), Oyo State
Ministry of Health, Ibadan, Nigeria and Sierra Leone Ministry of Health. For LF patients,
treatment with Ribavirin followed the currently recommended guidelines and was
generally offered as soon as LF was strongly suspected. All patients were treated with a
similar standard of care and were offered the drug Ribavirin, whether or not they decided

to participate in the study.

Sample Collection and Inactivation Processing

Blood samples were collected from human patients who presented with an
undiagnosed acute febrile infection from affiliated health centers in Africa. Samples were
collected in vacutainers with purple tops via venipuncture according to established

protocols implemented by the Sabeti Lab at Irrua Specialist Teaching Hospital (ISTH)
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(Anderson et al. 2016). All samples were tested for LASV infection along with EBOV
and other agents causing acute febrile infection.

10 mL of whole blood was centrifuged at 2,300 rpm for 15 minutes to separate the
plasma layer from the buffy coat and red blood cell (RBC) layers. 140 uL of plasma was
transferred into tubes containing 560 puL of Buffer AVL/BME (Qiagen). The tubes were
then vortexed well, and left at room temperature for 10 minutes. The inactivated plasma
and AVL was then stored and shipped with dry ice. One vial of inactivated plasma was
shipped to the Broad Institute of MIT and Harvard (the Broad Institute). All samples

were retested at the Broad Institute.

RNA Extraction Protocol for Plasma in AVL using Qiagen Spin Columns

16 pL of Linearized acrylamide (LA) was added to a fresh 2 mL container of
AVE Buffer. This will be referred to in the protocol as ‘AVE + LA’. Next, 25 mL of
ethanol was added to buffer AW1 and 30 mL ethanol was added to AW2. Samples were
thawed in a biosafety cabinet then sprayed and wiped with 5% Lysol solution followed
by RNase Away. To ensure the tubes were free of RNase, a tissue wipe doused in RNase
Away was run under the lip of the threaded tube.

If Beta-Mercaptoethanol (BME) was not added to the sample during AVL
inactivation, 5 uL. BME was added at this point and mixed with a vortex mixer for 10
seconds followed by an incubation for 15 minutes at 56 °C. Next, 560 uL of ethanol was
added to the sample and mixed with a vortex mixer. and incubated for 5 minutes at room
temperature. Next, 650uL of lysate was added onto QiaAmp Mini Spin columns, without

wetting the rim, in two fractions. The mix was centrifuged for 1 minute at 10,000 rpm
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after each fraction was added. Next, 500 uL. AW1 was added to the Spin column and
centrifuged for 1 minute at 10,000 rpm. Next, 500uL. AW2 was used to wash the Spin
column and centrifuged for 1 minute at 10,000 rpm. A final wash with 500 pL of ethanol
was added to the Spin column and centrifuged for 1 minute at 10,000 rpm. Next, the Spin
column was centrifuged for 3 minutes at max speed to dry the column of any residual
ethanol. Finally, 60 uL of AVE + LA was added to the center of the silica gel matrix of
the Spin column and allowed to incubate on the matrix for 5 minutes. The RNA was then
eluted by centrifuging for 1 minute at 8,000 rpm. The eluent was reapplied to the column
and allowed to incubate at room temperature for 5 minutes. For the final elution the Spin
column was centrifuged at 12,000 rpm for 1 minute. Finally, 1:20 dilutions were
separated in a strip tube for viral qRT-PCR and 1:50 dilutions for human 18S ribosomal

RNA, the remaining sample was stored in screw-cap cryotubes at -80°C.

MagMax Pathogen and mirVana Extraction Protocols

Pathogen RNA/DNA Kit Protocol

The MagMax Pathogen RNA/DNA Kit, purchased from ThermoFisher, includes:
Wash Solution 1 Concentrate, Wash Solution 2 Concentrate, Elution Buffer, Lysis
Enhancer, Bead Mix, and Lysis Binding Solution Concentrate.

Wash Solution 1 was prepared by adding 125 mL of 100% isopropanol to the
bottle of Wash Solution 1 Concentrate, then mixing well by inverting. Wash Solution 2
was prepared by adding 232 mL of 100% ethanol to the bottle of Wash Solution 2
Concentrate, and also mixing well by inverting. The Lysis/Binding solution was prepared
by mixing 200 puL of Lysis/Binding Solution Concentrate, 1 pL Linear Acrylamide, and

200 pL of 100% isopropanol and vortexed, for each sample that was to be processed.
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Finally, the Bead mix was prepared lastly by vortexing the Nucleic Acid Binding Beads
thoroughly. 10 uL of Nucleic Acid Binding Beads and 10 puL of Lysis ENHANCER were
combined on ice and mixed well by vortexing, for each sample that was to be processed.
A KFF-96 Deep Well Tip Comb was placed in one KFF-96 Deep Well Plate.
Then, 300uL of prepared Wash Solution 1 was added to two KFF-96 Deep Well Plates.
Followed by, 450uL of prepared Wash Solution 2 to two separate KFF-24 Deep Well
Plates. Then, 90 uL of Elution Buffer was added to one KFF-24 Standard Plate. Finally,
the sample plate was prepared by adding 20 puL of prepared Bead Mix to one KFF-96
Deep Well Plate. Followed by adding 100uL of sample and shaking the plate for 1
minute using a vortex shaker at moderate speed. Next, 252 uL of prepared Lysis/Binding
Solution was added to the plate and shaken at moderate speed for 1 minute. Finally, the
plates were loaded into the KingFisher Flex Magnetic Particle Processor following the
instructions on the LCD. The pre-loaded 4462359 DW_HV KFF-24 script was be used

for the isolation.

mirVana Low-Cell Content Protocol
The MagMax mirVana Kit comes with, Wash Solution 1 Concentrate, Wash Solution 2
Concentrate, Lysis/Binding Solution Concentrate, Proteinase K, Proteinase K Digestion
Buffer, RNA Binding Beads, and Elution Buffer

For each sample, 41 pL of Proteinase K Digestion Buffer was mixed with 9uL of
Proteinase K. This mixture was mixed with low cell content samples for 5 minutes on a

vortex mixer. The plate was then set to incubate at 65°C for 30 minutes. While the

samples were incubating, 150 uL of Wash solution 1 was dispensed into 1 plate, while
150 uL of Wash Solution 2 was dispensed into 2 plates. Finally, 75uL of Elution Buffer
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was dispensed into 1 plate. Next, 100 pL of Lysis/Binding Mix was mixed with 1 pL of
2-Mercaptoethanol, this mixture was added to each sample. TCEP may be used instead of
2-Mercaptoethanol. Followed by, 20 uL of Bead Mix. The sample plate was then shaken
for 5 minutes. Finally, 270 pL of isopropanol was added to each sample, and the plate
was shaken for 10 seconds. The plates were then loaded into the KingFisher Flex by

following prompts on the LCD for A27828 FLEX Biofluids script.

mirVana Whole Blood Processing
55 pL of Proteinase K Digestion Buffer was mixed with S5uL of Proteinase K.
This mixture was mixed with whole blood samples for 5 minutes on a vortex mixer. The

plate was then set to incubate at 65°C for 15 minutes. While the samples were incubating,

150 uL of Wash solution 1 was dispensed into 1 plate, while 150 pL of Wash Solution 2
was dispensed into 2 plates. Finally, 75uL of Elution Buffer was dispensed into 1 plate.
Next, 130 pL of Lysis/Binding Mix was mixed with 1 pL of 2-Mercaptoethanol, this
mixture was added to each sample. Followed by, 20 uL of Bead Mix. The sample plate
was then shaken for 5 minutes. Finally, 270 pL of isopropanol was added to each sample,
and the plate was shaken for 10 seconds. The plates were then loaded into the KingFisher

Flex by following prompts on the LCD for A27828 FLEX Biofluids script.

Clinical Sample Nucleic Acid Extraction using MagMAX™ Pathogen RNA/DNA kit

Preparing Reagents
Wash Solution 1, and Wash Solution 2 were prepared as described above. The
Lysis/Binding solution was prepared by mixing 200 pL of Lysis/Binding Solution

Concentrate, 1 pL Linear Acrylamide, and 200 pL of 100% isopropanol and vortexed.
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Finally, the Bead mix was prepared lastly by vortexing the Nucleic Acid Binding Beads
thoroughly. 10 uL of Nucleic Acid Binding Beads and 10 puL of Lysis ENHANCER were

combined on ice and mixed well by vortexing.

Plate Preparation

A KFF-24 Deep Well Tip Comb was placed in one KFF-24 Deep Well Plate.
Then, 1500uL of prepared Wash Solution 1 was added to two KFF-96 Deep Well Plates.
Followed by, 2550uL of prepared Wash Solution 2 to two KFF-24 Deep Well Plates.
Then, 150 pL of Elution Buffer was added to one KFF-24 Standard Plate. Finally, the
sample plate was prepared by adding 100 puL of prepared Bead Mix to one KFF-96 Deep
Well Plate. Followed by adding 750uL of inactivated plasma and shaking the plate for 1
minute using a plate shaker at moderate speed. Next, 2800 pL of prepared Lysis/Binding
Solution was added to the plate and shaken at moderate speed for 1 minute. Finally, the
plates were loaded into the KingFisher Flex Magnetic Particle Processor following the
instructions on the LCD (ThermoFisher). The pre-loaded 4462359 DW HV KFF-24

script was be used for the extraction protocol. (See Appendix)

Viral and 18S RT-qPCR

LASV Nigeria specific standards were prepared, using a gblock, in 10-fold
dilutions from 1x1076 copies/uL to 1 copy/uL. Human 18S specific standards were
prepared, using a gblock, in 10-fold dilutions from 1x10"4 copies/uL to 1 copy/uL.
Enterovirus standards were prepared, using a gblock, in 10-fold dilutions from 1x1076
copies/uL to 1 copy/uL. Cytomegalovirus standards had a range of 1x10"7 copies/uL to

1 copy/uL. The sequences of the gblocks is provided in Table 2 (Peres et al., 2010,
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Andersen et al., 2015). The standards were gently mixed with a vortex mixer, and

centrifuged. 13.5 pL of each standard was aliquoted into a separate strip tube to allow

addition to the 96-well plate with a multichannel pipette.

Table 2: Oligonucleotide Sequences for RT-qPCR

LASV NG
Gene Block CGAAGTGCGTCTAGTCCTTGTATCCAAGGCAAGCCCGACATAGGTTGGTAAA
GAGCTATTTCCACAGGGTCTTCTGGACGACCTTCAATGTCTATCCAGGTTTTG
GCACTTGGGTCAAGCTGCATCATTGAGTCTTTAAGTGTCATCAACTGAGAATA
GTAAGCAAGAGTCTGCGACTCCTGTGGATCTAC
Forward YACAGGGTCYTCTGGWCGACC
Primer

Reverse Primer

RATGATGCARCTTGACCCAAG

CMV
Gene Block AGGCCCAGACAGAGCAAGAAGGTGCAGGTGCCCTGCACGGCCACGGTGCTG
TAGACCCGCATACAAAGTAAAAAGCGACGTACGTCGTTCGTCGAGACGGAG
GAAATCATAATGACTCCGCGCGAGGGTCGCGGGGGTGGGGGCGCCCAGG
Forward GAAGGTGCAGGTGCCCTG
Primer
Reverse Primer | GTSTCGACGAACGACGTACG
EV
Gene Block AGTGCGGACTGTGGGGACCTCCAAGTCCAAGTACCCTTTAGTGGTTAGGATT
TACATGAGAATGAAGCACGTCAGGGCGTGGATACCTCGCCCGATGCGTAACC
AGAACTACCTATTCAAAGCCAACCCAAATTATGCTGGCAACTCCATTAAGCC
AACTGGTGCCAGTCGCACAGCGATCACCACTC
Forward AGGATTTACATGAGAATGAAGCA
Primer
Reverse Primer | GCATAATTTGGGTTGGCTTT
Human 18S

Gene Block

CGAAGTGCGTCTAGTCCTTGTATCCAAGGCAAGAGTCCACTTTAAATCCTTTA
ACGAGGATCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAG
CTCCAATAGCGTATATTAAAGTTGCTGCAGTTAAAAAGCTCGTAGTTGGATCT
TGGTAAGCAAGAGTCTGCGACTCCTGTGGATCTAC
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Forward TCCTTTAACGAGGATCCATTGG
Primer

Reverse Primer | CGAGCTTTTTAACTGCAGCAACT

All reagents were thawed, mixed with a vortex mixer, and centrifuged. 1.32uL of
Nuclease free water was combined with, 0.6uL of sense and antisense primers, along
with SpuL of Power SYBER, and 0.08uL of 125x Reaction Mix to create the master mix.
One master mix was created for the viral quantification using LASV NG forward and
reverse primers that target NP on the S segment. Another master mix was created for the
18S quantification using 18S forward and reverse primers that targets the 18S sequence.

Following the plate map, 7 uLL of master mix was added to each reaction well in
the qPCR plate. Next, 3 uL of sample or standard was added to the appropriate wells,
directly into the plate, by following the plate map. For the NTC, 3uL of nuclease-free
water was used.

The plate seal was placed, sticky-side down, on top of the plate ensuring even
coverage across all wells. Using a paddle, the seal was affixed to the PCR plate. The plate
was run with the following cycler conditions: Pre-incubation at 48°C for 1800s followed
by 95°C for 600s. Next, 2 Step Amplification was performed at 95°C for 15 seconds
followed by 60°C for 30 seconds for a total of 45 cycles. The final melt peak settings
were at 95°C for 15 seconds followed by 55°C for 15 seconds, and finally 95°C for 15

seconds.
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Nextera Library Preparation

Turbo DNase

This protocol was used to deplete any remaining double stranded DNA from the
isolated samples. Firstly, extracted RNA was thawed on ice and mixed with a vortex
mixer followed by centrifugation. 50 pL. samples were transferred to a 96-well plate. The
Turbo DNase master mix was prepared according to the (Table 2). 20 uL of the master
mix was added to each sample and allowed to incubate at 37°C for 30 minutes in a
thermocycler. Next, a 2X RNA SPRI was performed. At room temperature, 140 uLL. RNA
SPRI beads were added to each sample and mixed thoroughly. The mixture was allowed
to incubate for 5 minutes at room temperature followed by a 5 minute incubation on a
magnetic block. Next, 200uL of buffer was removed and washed twice with an equal
volume of 71% ethanol. Finally, all excess ethanol was removed and the samples were
allowed to dry until matte and cracked. Next, 16uL of elution buffer, Nuclease-free water
+ Tris HCL, was used to resuspend the pellet. The sample was then allowed to incubate
for 10 minutes at room temperature, then placed on a magnet to incubate for an additional
5 minutes until the sample became clear. Finally, 15uL of each sample was transferred to

a new eppendorf tube and stored at -80°C.

cDNA synthesis

5.28 puL of turbo DNAsed sample was mixed with 3.72 puL of Nuclease-Free
water. 1 uL of spike-in at a concentration of 1 pg/uL was also added to the initial sample.
Next, 1 uL of random primers were added to each well. The mixture was then vortexed
and spun down before incubating at 70°C for 10 minutes in the thermocycler. After

incubation, the samples were placed on ice. The first strand synthesis master mix was
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prepared. Once prepared, 9 pL of the master mix was added to each sample well. The
mixture was gently vortexed and spun down before incubating for 10 minutes at room
temperature. Following a 10 minute room temperature incubation, the samples were
incubated at 55°C in a thermocycler for 60 minutes. In order to terminate the reaction,
samples were placed on ice. The second strand synthesis master mix was prepared. 60 uL
of master mix was immediately added to each sample and vortexed to mix well followed
by a spin down. The samples were incubated for 2 hours at 16°C in a thermocycler. After
two hours, the samples were spun down and placed on ice. In order to stop the reaction, 5
puL of 0.5M EDTA was added to each sample.

Finally, a 1.8X SPRI cleanup was performed by mixing 153 pL of room
temperature SPRI beads to each sample thoroughly. The samples were allowed to
Incubate for 5 minutes and then placed on magnetic block and let sit for 5 minutes until
the beads cleared. 228 pL of buffer was removed and the beads washed twice with 200
pL of 71% ethanol. All excess ethanol was carefully removed and the samples were
allowed to dry for 10 minutes or until the samples became matte and cracked. EB buffer
was prepared, and 10 pL was added to the dry, cracked and matte sample and allowed to
incubate for 10 minutes after thoroughly mixing. Next, the plate was placed on a magnet
to incubate for an additional 5 minutes. 10 pL of eluent was removed from the plate and

stored in cryotubes and stored at -80°C until use for Nextera Library preparation.

Tagmentation of Input DNA
Tagmentation of DNA involves the process of fragmentation of long DNA strands
into smaller strands, and adding Nextera adaptors to the ends of the DNA strands after

performing an end-repair process. The tagmentation master mix was prepared according

22



to (Table 5) in a 1.5 mL snap-cap tube. 6 pL of tagmentation master mix was added to
each sample containing 4 pL. of cDNA synthesis product. Once added, the sample was
centrifuged at room temp for 1 min. Followed by an incubation at 55°C for 5 min
concluding in a hold at 10°C. Once at 10°C, 2.5 uL of neutralize tagmentation buffer was
added to end the reaction. The inactivated samples were incubated at room temperature
for 5 minutes, and centrifuged at room temperature for 1 minute.
Index Ligation and PCR Amplification

7.5 uL of Nextera PCR Master Mix, and 2.5 pL of primer indices were added to
each reaction. The samples were mixed using a vortex mixer and centrifuged for one

minute. Finally, the samples were placed in the thermocycler for PCR as outlined in

Table 3.
Table 3: Nextera Tagmentation PCR cycling Conditions
Nextera Cycling Conditions
Temp. Time Cycles
72°C 3 minutes
95°C 30 seconds
95°C 10 seconds
55°C 30 seconds LGHes
72°C 30 seconds
72°C 5 minutes
4°C Hold
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Automated DNA SPRI cleanup on Bravo Liquid Handler

In order to facilitate a faster and automated library construction process a protocol
was written and extensively test for automated SPRI cleanup on the Bravo Liquid
Handler. Figure 2 Shows the deck layout of the Bravo Liquid Handler. A graphical user
interface (GUI) was created to help make operating the Bravo SPRI protocol more user
friendly. A 0.6x DNA SPRI cleanup was performed on samples using the Bravo liquid
handler by Agilent. 35.5 pL of elution buffer (EB) was added to each sample to bring the
volume up to 58 pL. Then, 34.8 pL of SPRI beads were added to a 96 well Nunc plate,
71% ethanol and EB were added to respective reservoirs. The individual components
were added to the Bravo deck as shown in Figure 3.

Figure 2: Deck Layout of Bravo Liquid Handler
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Samples were aspirated from deck location 9 and mixed with SPRI beads at deck
location 5. The mixture was then allowed to incubate for 5 minutes, after which time, the
tubes were placed on a magnetic block at deck location 7, and allowed to sit for 5
minutes. After the mixture was cleared, 200 pL of buffer was removed and washed twice
with 200 pL of 71% ethanol. After removing excess ethanol, the sample was allowed to
dry for 10 minutes or until the sample became matte and cracked. Next, 11 pL of EB was
used to re-suspend the cracked matte pellet by aspirating and shaking the mix, and
allowed to incubate for 5 minutes. After incubating, the plate was placed on a magnet and
allowed to incubate for an additional 5 minutes. Finally, 10 uL of eluent was transferred
to a fresh 2 mL screw cap tube for long term storage at -20°C until KAPA library

quantification.
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KAPA Library Quantification qPCR

The KAPA assay is utilized to determine the quantity of Nextera-adapted DNA
libraries within the sample. Only strands of DNA that have the Illumina indexes and
primers properly ligated would be detected in the assay. Each sample was diluted 1:4k
and run in triplicates. Sample dilutions were prepared using nuclease-free water in a 1.5
mL tube. A 1:4000 dilution was used for each sample.

KAPA standards were pre-prepared in the KAPA kit and stored at -20°C. The
standards were thawed, gently mixed with a vortex mixer, and centrifuged. 13.5 pL of
each standard was aliquoted into a strip tube to allow addition to the 96-well plate with a
multichannel pipette.

All reagents were thawed, mixed with a vortex mixer, and centrifuged. The
master mix was prepared on ice by combining 6uL. of KAPA 2x Mix, containing primers,
and 0.2uL of ROX High, a fluorescent dye added to create a baseline of fluorescence
within the plate and to equalize light emissions from each well.

Following the plate map, 6.2 pL of master mix was added to each reaction well in
the qPCR plate. Next, 4 uL. of sample or standard was added to the appropriate wells,
directly into the plate. For the NTC, 4uL of nuclease-free water was used.

The plate seal was placed, sticky-side down, on top of the plate ensuring even
coverage across all wells. Using a paddle, the seal was affixed to the PCR plate. The plate
was run with the following cycler conditions: Pre-incubation at 48°C for 1800s followed
by 95°C for 600s. Next, 2 Step Amplification will be performed at 95°C for 15 seconds
followed by 60°C for 30 seconds for a total of 45 cycles. The final melting phase will be

at 95°C for 10 seconds followed by 65°C for 60 seconds, and finally 97°C for 1 second.
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DNA Library Normalization and Pooling

Each sample was normalized to the lowest KAPA qPCR concentration as long as
it was not lower than 1.5 nM. Each sample was normalized to a volume of 5 pL.

Library pooling was done with samples that have been normalized and do not
contain the same 15 and 17 indexes. 4 uL of each normalized DNA sample was added into
one well of a strip tube. This is also when low concentration samples, that were not
normalized, were added in 5 pL. volumes. Once all samples are added, the total pool
volume was raised to 50 uL with EB. Next, the strip tube was capped, mixed with a
vortex mixer, and spun-down.

Next, DNA clean up was performed using 0.7x SPRI beads. 35 pL of SPRI beads
were added to each tube and mixed thoroughly. The mixture was then allowed to
incubate for 5 minutes at room temperature, after which time, the tubes were placed on a
magnetic block and allowed to sit for an additional 5 minutes. After the mixture cleared,
all of the buffer was removed and washed twice with 200 pL of 71% ethanol. After
removing excess ethanol, the sample was allowed to dry for 10 minutes or until the
sample became matte and cracked. Next, 10 pL. of EB was used to re-suspend the
cracked, matte pellet and allowed to incubate for 10 minutes at room temperature. After
incubating, the plate was placed on a magnet and allowed to incubate for an additional 5
minutes. Finally, 10 puL of eluent was transferred to a fresh 2 mL screw cap tube for long

term storage at -20°C until ready to run on the MiSeq.
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MiSeq Loading and Operation

Machine Washing and Preparation

The MiSeq was washed with 0.5% Tween 20 in laboratory-grade water before
every use. The MiSeq was washed using the ‘Post-Run Wash’ option in the MiSeq
Control Software using 0.5% Tween 20 solution.

A ‘CSV’ sample sheet was created by using Microsoft Excel. Using the format
shown in figure 4 The sample sheet was saved to a sample sheet folder on the MiSeq for
use while setting up the sequencing run on the machine.

Figure 4: miSeq Loading Sample Sheet

[Header]

IEMFileVersion 4
Investigator Name Rickey

Experiment Name 2117_LASVNG_THESIS

Date 2/1/17

Workflow GenerateFASTQ

Application FASTQ Only

Assay Nextera XT

Description Firstrunforthesis

Chemistry Amplicon

[Reads]

151
151

[Settings]

ReverseCompleme 0

Adapter CTGTCTCTTATACACATCT

[Data)

Sample_ID Sample_Name Sample_Plate Sample_Well |7_Index_ID index I5_Index_ID index2 Sample_Project Description

971/14 N702 CGTACTAG S501 TAGATCGC

958/14 N703 AGGCAGAA S501 TAGATCGC

885/14 N704 TCCTGAGC S501 TAGATCGC

827/14 N707 CTCTCTAC  S501 TAGATCGC

370/15 N701 TAAGGCGA $502 CTCTCTAT
2826 N705 GGACTCCT 5502 CTCTCTAT
2806 N708 CAGAGAGG S502 CTCTCTAT
2798 N701 TAAGGCGA S503 TATCCTCT
2766 N704 TCCTGAGC $503 TATCCTCT
2764 N705 GGACTCCT 5503 TATCCTCT
2754 N706 TAGGCATG S503 TATCCTCT

1434MN N701 TAAGGCGA S507 AAGGAGTA
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Reagent and Sample Preparation

The Miseq cartridge was thawed in a water bath before sequencing using room
temperature tap water. 4M Sodium Hydroxide (NaOH) was prepared at least one day
prior to using but, no more than 3 months. Fresh 0.2M NaOH was prepared from the 4M
stock, to denature the DNA Library Pool.

The appropriate sample preparation protocol was followed depending on the
KAPA gPCR concentration of the final library pool. The pool was diluted to 4 nM with
EB. 5 pL of the 4 nM dilution was added to a new 1.5 mL tube and mixed with 5 pL of
0.2 N NaOH by a vortex mixer to yield a 2 nM concentration. The pool was allowed to
incubate for 5 minutes at room temperature to denature the DNA in the sample. Next,
990uL of Hybridization Buffer (Illumina) was mixed with the 2 nM concentration of
10uLL sample, further diluting the sample to 20pM. The final loading concentration of
10pM was achieved by mixing 300uL of Hybridization Buffer (Illumina) with 300uL of

20pM sample.

Cleaning the Flow Cell and Loading the Reagent Cartridge

After ensuring all the reagents in the MiSeq reagent cartridge wells had
completely thawed, position 17 on the cartridge was pierced using a 1uL pipette tip.
Using a fresh tip, 600 uL of the 10 pM library pool was added to position 17. The flow
cell was rinsed thoroughly with laboratory-grade water and blot dry with a lint-free tissue
wipe. Following these steps, the MiSeq was immediately loaded with the flow cell by
opening the flow cell holder door, and pressing the white button to release the used flow
cell that was being held in place. Once the flow cell RFID was identified, the reagents

were loaded into the MiSeq by following the prompts. Firstly, the PR2 sipper was lifted
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and a new bottle of PR2 buffer was placed into the MiSeq. Next, the sample sheet that
was created earlier was selected by using ‘Load Sample Sheet’. Next, pre-run fluidics
check was performed by selecting ‘Start Flow Check’. When the flow check was

completed, ‘Start’ was selected to start the run.

Viral NGS pipeline DNANexus

Once the sequencing run was complete, the bam file, with depleted human reads
were uploaded to DNAnexus. The Viral NGS pipeline, designed by the Sabeti lab, was
used to map the remaining reads to the LASV genome (Tomkins-Tinch et al., 2016).
Demultiplexed reads are saved as BAM files and uploaded to the Viral NGS pipeline,
which depletes human reads and assembles the cleaned reads to a given scaffold
sequence. The pipeline assess if enough reads are present to successfully build a
consensus sequence from the cleaned depleted bam files. The pipeline also searches all
the bam files against the NCBI BLAST database to map sequences generated by the
miSeq to known published sequences. Finally, the pipeline outputs a KRONA tree along
with a coverage map for any successfully assembled sequences. Figure 5 shows an

example KRONA tree and coverage map.
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Figure 5: KRONA Tree and Coverage Plot for LASV Sample.
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Chapter 3

Results

Developing Extraction Protocol for MagMax Pathogen Kit

I first tested which volume of sample input has the most robust yield. I performed
an extraction using enterovirus spiked into healthy human serum at 10 fold dilute
concentrations from 1x10"7 pfu/mL to 1x10"3 pfu/mL. I used sample volumes of 50uL,
100pL, and 300uL for each concentration. I found the 50uL sample volume had a
reliable limit of detection at a concentration of 1x10"5 pfu/mL. While, 100puL and 300uL
samples had a limit of detection at a concentration of 1x10"3 pfu/mL. When comparing
the yield of nucleic acids from 100uL and 300uL starting volumes, the 300uL. volume
did not yield a proportional increase in RNA yield, as compared to 100uL starting
volume. Table 4 shows the mean quantity of RNA as determined by RT-qPCR. Figure 6
depicts this relationship.

Figure 6 Sample Processing and Limit of Detection results.
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Table 4: Starting Sample Volume and Limit of Detection Mean Quantity of Nucleic

Acids

Sample Volume | 1.00E+07 | 1.00E+06 | 1.00E+05 | 1.00E+04 | 1.00E+03
50uL 2176 297.8 57.3 -- 0.05
100uL 6284 982.75 55.67 12.96 1.3
300uL 10400 1366 226.2 18 3.56

Compatibility of AVL with MagMax Pathogen Kit

Due to the high level of risk associated with working with BSL4 agents, only
approved inactivating agents can be used to lyse viral samples. As such, I assessed if
samples that were inactivated in Buffer AVL would still yield nucleic acids when
processed with the MagMax Pathogen kit. To do this, I inactivated plasma samples that
were spiked with enterovirus, in Buffer AVL, and tried to extract nucleic acids from the
inactivated samples with the MagMax Pathogen kit. 1 used varying volumes of
inactivated samples with varying volumes of the lysis binding buffer from the MagMax
Pathogen kit. Table 5 shows the yield of enterovirus RNA with varying permutations of
AVL inactivated sample with Lysis Binding Solution. Figure 7 shows a graphical

representation of this data.
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Figure 7: Samples Inactivated in AVL with/without LBS
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Table 5: Sample inactivated in AVL with/without LBS

Spike in Concentration
Sample Type 1.00E+07 | 1.00E+05 | 1.00E+03
700uL AVL + 300uL LBS | 49.59 0.26 --
700uL AVL 41.77 0.4 --
300uL AVL + 700uL LBS | 2771.94 | 26.31 - .

copies/uL

300uL AVL 34.01 0.28 --
100uL AVL +252ul LBS | 1015.46 | 12.11 0.05
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100pL AVL 13.73 0.16 --

Once I learned samples inactivated in Buffer AVL do yield nucleic acids on the
MagMax Platform, I tried different permutations of inactivated sample and lysis/binding
solution volumes. The highest yield was obtained from all three spike-in concentrations
(1x1077, 1x1075, 1x1073) when extracted using the manufacturer's recommended
protocol. Unsurprisingly, the lowest yield was obtained from using 100uL of sample
inactivated in Buffer AVL. Figure 8 depicts the total yield of enterovirus RNA from the
different permutations tested.

Figure 8: Enterovirus Extractions with AVL and LBS Pathogen Kit
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DNA Virus Extraction

Next, I assessed nucleic acid extraction from the DNA virus Cytomegalovirus
using the MagMax Pathogen Kit. In order to assess the differences in DNA extraction
from RNA extraction from cytomegalovirus, I compared qPCR results with RT-qPCR
results from a DNased sample. Table 6 shows the total number of copies extracted from
the Qiagen kit and the MagMax Pathogen kit as assayed through RT-qPCR, qPCR, and
DNased RT-qPCR. Figure 9 depicts the total copies of assayed through RT-qPCR, qPCR,
and DNased RT-qPCR, for MagMax Pathogen kit extractions with varying sample input
concentrations.

Table 6: DNA and RNA extraction efficiency across Pathogen kit and Qiagen

Sample Concentration | RT-qPCR [ qPCR | DNase + RT-qPCR
(pfu/mL) (copies) | (copies) (copies)
MagMax Pathogen 1.00E+07 2,425,500 | 1,512,900 2,880
MagMax Pathogen 1.00E+06 396,990 | 260,100 360
Qiagen QiaAmp 1.00E+07 7,320,000 | 1,560,000 198
Qiagen QiaAmp 1.00E+06 11,100 12,300 32

36




Figure 9: DNA and RNA Extraction comparison with Pathogen Kit
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Common Human Sample Types
I also assessed the ability of MagMax Pathogen kit to extract nucleic acids from
serum, plasma, and cerebrospinal fluid. I spiked enterovirus into each respective sample
type at three separate concentrations. Table 7 shows the data from these extractions.

Table 7: Extraction from Common Human Sample Types

Spike-in concentration | Serum Plasma CSF

(pfu EV/mL) (copies EV/uL) | (copies EV/uL) | (copies EV /uL)
1.00E+07 2761 2520 2390

1.00E+05 37 34 67

1.00E+03 1.3 0.3 0.7
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MagMax Pathogen vs MagMax mirVana Kit

I extracted nucleic acids from the same sample types with both the MagMax
Pathogen RNA/DNA kit and the MagMax mirVana Total RNA kit in order to assess the
yield of each kit. I used cerebrospinal fluid, whole blood, and plasma from healthy
donors to spike-in a DNA virus, Cytomegalovirus, or an RNA virus, enterovirus, in three
different concentrations (1x10"7 pfu/mL, 1x10"5 pfu/mL, 1x10"3 pfu/mL). Figure 10
depicts the Ct values for these extractions. Figure 11 shows the results of CMV extraction
qPCR data.

Figure 10: Enterovirus and Cytomegalovirus extraction with Pathogen and mirVana Kits
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Figure 11: Cytomegalovirus DNA Extraction Comparison with Pathogen and mirVana
Kits
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MagMax Pathogen vs Qiagen Kit

I assessed how well the Pathogen kit compared to the Qiagen kit, by extracting
the same sample type from both kits following the manufacturer's recommended
protocol. Due to the differences in sample input volume and elution volume, as described
earlier, I normalized the results based on total number of copies expected from starting
sample input volume. Table 8 shows these results.

Table 8: EV Extraction efficiency between Qiagen and MagMax kits

Qiagen | MagMax

Total copies of EV 102,720 | 582,108

39



Expected copies of EV | 140,000 | 600,000

Normalized Efficiency | 73.37% | 97.02%

Cost Analysis

In order to assess the cost benefit analysis of implementing a new extraction
protocol, I compared the most recent quotes for consumables and reagents for both the
Qiagen QIAamp kit and the MagMax Pathogen Kit. When including the cost of
consumables, the an extraction using the 96 well Pathogen kit assay was comparable, in
price, to Qiagen, when processing 10 samples. The 24 well Pathogen kit assay was
comparable at 9 samples. While the 96 well mirVana kit assay required 15 samples be
processed to compare to the cost per sample of the Qiagen assay. On the other hand,
when using all available space on the 96 well, and 24 well assay the cost per sample
significantly drops to: $1.23 and $3.20, respectively. While the mirVana 96 well assay

costs $3.24 per sample. As depicted in figures 12 and 13.
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Figure 12: Break Even Cost comparison between MagMax and Qiagen

| Pathogen Kit 96 well format |

Supplies Needed Qunatity/Run Qur Price Total Items/kit  Cost/ltem  Cost Per Run
Tip Comb 1 $410.90 100 $4.11 $4.11
Deep Well Plates 5 $256.20 50 $5.12 $25.62
Standard Well Plates 2 $120.40 48 $2.51 $5.02
Pathogen Kit [ 10 | 41756 480 $0.87 $8.70
$43.44 cost/sample = $4.34
| Pathogen Kit 24 Well Format |
Supplies Needed Qunatity/Run Our Price Total ltems/kit Cost/ltem Cost Per Run
Tip Comb 1 $197.25 50 $3.95 $3.95
Deep Well Plates B $84.50 50 $1.69 $10.14
Pathogen Kit [ 9 | sa1756 160 $2.61 $23.49
$a7.57 cost/sample = $4.17
| mirVana Kit |
Supplies Needed Qunatity/Run Qur Price Total Items/kit  Cost/ltem Cost Per Run
Tip Comb 1 $410.90 100 $4.11 $4.11
Deep Well Plates 1 $256.20 50 $5.12 $5.12
Standard Well Plates 4 $120.40 48 $2.51 $10.03
mirVana Kit 15 $291.72 96 $3.04 $45.58
$64.85 cost/sample = $4.32
| QlAamp Viral RNA mini kit |
Supplies Needed Qunatity/Run Qur Price Total ltems/kit  Cost/ltem Cost Per Run
QlAamp Viral RNA Mini 1 $943.20 250 $3.77 $3.77
Collection Tubes 4 $145.00 1000 $0.15 $0.58
$4.35 cost/sample = $4.35
Figure 13: Maximum Throughput comparison between MagMax and Qiagen
| Pathogen Kit 96 well format |
Supplies Needed Qunatity/Run Our Price Total ltems/kit Cost/ltem Cost Per Run
Tip Comb 1 $410.90 100 $4.11 $4.11
Deep Well Plates 5 $256.20 50 $5.12 $25.62
Standard Well Plates 2 $12040 48 $2.51 $5.02
Pathogen Kit 96 $417.56 480 $0.87 $83.51
$118.26 cost/sample = $1.23
| Pathogen Kit 24 Well Format |
Supplies Needed Qunatity/Run Our Price Total ltems/kit  Cost/ltem  Cost Per Run
Tip Comb 1 $197.25 50 $3.85 $3.95
Deep Well Plates 6 $84.50 50 $1.69 $10.14
Pathogen Kit 24 $417.56 160 $2.61 $62.63
$76.72 cost/sample = $3.20
| mirVana Kit |
Supplies Needed Qunatity/Run Qur Price Total ltems/kit  Cost/ltem Cost Per Run
Tip Comb 1 $410.80 100 $4.11 $4.11
Deep Well Plates 1 $256.20 50 $5.12 $5.12
Standard Well Plates 4 $12040 48 $2.51 $10.03
mirvana Kit 96 $291.72 96 $3.04 $291.72
$310.99 cost/sample = $3.24
| QiAamp Viral RNA mini kit |
Supplies Needed Qunatity/Run Our Price Total ltems/kit  Cost/ltem  Cost Per Run
QlAamp Viral RNA Mini 1 $943.20 250 $3.77 $3.77
Collection Tubes 4 $145.00 1000 $0.15 $0.58
$4.35 cost/sample = $4.35
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24 Well Pathogen Kit Testing Results

When inactivating samples AVL, for safe shipping and handling, the sample
volume increases 4-fold. Therefore, I tested and optimized a protocol for highest yield of
nucleic acids using a 1 milliliter starting sample volume. Figure 14 shows the Ct values
for different volumes of lysis binding solution. Next, I test the optimal elution volume for
highest nucleic acid yield. I tested three three separate volumes at a range of sample

concentrations. Figure 15 displays the Ct values for these experiments.

Figure 14: Ct Values for Varying LBS Volume for 24 Well Assay
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Figure 15: Ct Values for Varying Elution Buffer Volume 24 Well Assay
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Post-Microfluidics results comparing 96W vs 24W

In addition to the samples inactivated in AVL, samples post microfluidics
separation (PMF) were also large in volume - approximately 6mL. I compared an
extraction using 100uL of PMF and 1 mL of PMF using the 96 well, and 24 well assays,
respectively. Figure 16 shows the total copies of CMV that were extracted from each

experimental setup as quantified by RT-qPCR
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Figure 16: Total copies of CMV from 100uL and 1 mL extractions
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Automated SPRI Beads Purification

I optimized a SPRI cleanup protocol on the Bravo Liquid Handler. Before using
the protocol on research samples, I decided to test the efficiency of the Bravo against
manual SPRI cleanup. I used non-human primate cDNA samples, along with Ebola virus
seedstock cDNA for a direct comparison between manual and automated SPRI
purification. I tested 2X, 1X, and 0.6X concentrations. Table 9 shows the data comparing
these two methods using the non-human primate sample. Figure 17 shows a graph of the
sample intensity for each non-human primate sample processed on the Bravo. Along with
an image of the gel for samples processed manually and on the Bravo for the non-human
primate sample. 1 also tested two samples of Ebola virus seedstock ¢cDNA. Table 9

Contains the legend for Figure 17. Figure 18 shows the comparison of manual and
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automated SPRI cleanup for Ebola Virus seed stock DNA and non-human primate

cDNA.

Image 17: Sample Intensity Graph and Capillary Electrophoresis Results.
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Table 9: Automated and Manual SPRI Purification Comparison

bi 1

Sample Average Concentration Region % Yield Trace Color | Lane Number

Size (Bp) (pg/pL) Molarity Molarity in Figure 17 | in Figure 17
(pmol/L)

2X Bravo | 414 2800 11500 90.55 Blue 2

SPRI

1X Bravo | 419 2740 11100 87.40 Red 3

SPRI

1X 415 1190 4870 76.69 6

Manual
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SPRI

0.6X
Bravo
SPRI

558

506

1530

12.04

Green

0.6X
Manual
SPRI

415

324

964

15.18

No SPRI

411

921

3810

Yellow
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Figure 18: Comparison between Bravo and Manual SPRI for Ebola Virus Seedstock and

Non-Human Primate cDNA.
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Clinical Lassa Sample Extraction Comparison

After comparing spike-in sample extractions, between MagMax and Qiagen, I
decided to test extraction efficiency on clinical samples. Since clinical samples from
Africa must be shipped in the inactive form, all the samples were inactivated in Buffer
AVL. Unsurprisingly, samples may undergo freeze/thaw cycles during the shipping
process. Therefore, it is useful to test extractions on samples that most closely represent
samples that would be seen during an outbreak scenario. Table 10 represents the quantity
of nucleic acids extracted by the Qiagen and MagMax kits, along with Ct values, as
measured by RT-qPCR. As a final comparison, I sequenced the RNA isolated from the
MagMax kit and compared it to sequences generated from Qiagen extractions. Figure 19
depicts a phylogenetic tree with samples sequenced from MagMax and Qiagen

extractions clustering together for each sample.

Table 10: Clinical LASV Samples Comparing QIA and MM extractions RT-qPCR data
and Sequencing Assembly

Sample | MM | QIA | MM Viral | QIA viral | MM | QIA | MM 18S | QIA 18S | MM QIA

Viral | Viral | Copies Copies 18S | 18S | Copies Copies LASV LASV

Ct Ct Ct Ct Assembly | Assembly
2730 31 35 1.73E+03 | 1.78E+03 | 17 18 8.75E+04 | 3.08E+06 | Failed Failed
2743 26 35 4.86E+04 | 2.07E+03 | 18 22 5.51E+04 | 7.90E+04 | Failed Failed
2754 33 40 3.32E+02 | 5.20E+01 | 24 23 2.66E+03 | 3.81E+04 | Failed Failed
2764 37 34 3.20E+01 | 2.41E+05 | 31 12 1.67E+02 | ASC Success Success
2766 28 32 1.04E+04 | 6.32E+03 | 19 17 3.46E+04 | 1.10E+05 | Success Success
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2781 27 30 3.36E+04 | 3.48E+05 | 23 13 431E+03 | ASC Success Success
2790 31 20 2.36E+03 | 6.67E+06 | 21 15 1.20E+04 | ASC Success Success
2798 25 33 1.00E+05 | 2.49E+03 | 18 23 5.92E+04 | 6.97E+03 | Success Success
2806 24 37 1.88E+05 | 2.06E+02 | 18 17 3.87E+04 | 4.17E+05 | Success Failed
2816 24 27 2.00E+05 | 1.61E+05 | 16 23 1.22E+05 | 6.28E+03 | Success N/A
2824 22 32 9.96E+05 | 1.26E+04 | 16 23 1.77E+05 | 6.38E+03 | Success Success
2826 31 27 1.53E+03 | 9.38E+04 | 17 23 7.40E+04 | 4.25E+03 | Success Success
1030/14 | 22 30 8.90E+05 | 2.75E+04 | 15 22 1.95E+05 | 1.37E+04 | Success Success
140/15 | 31 24 2.07E+03 | 6.74E+05 | 18 17 5.13E+04 | 4.32E+05 | Success Success
149/15 | 24 26 2.51E+05 | 2.64E+05 | 16 16 1.38E+05 | 7.40E+05 | Success Success
370/15 | 32 27 6.38E+02 | 1.02E+05 | 20 12 1.82E+04 | 1.62E+07 | Success Success
413/15 |28 30 1.06E+04 | 1.91E+04 | 19 22 2.46E+04 | 1.18E+04 | Success N/A
827/14 | 18 34 1.58E+07 | 4.42E+03 | 14 22 3.33E+05 | 1.52E+04 | Success Success
878/14 | 22 25 5.94E+05 | 4.52E+05 | 14 24 3.19E+05 | 3.02E+03 | Success Success
880/14 | 30 31 3.30E+03 | 2.17E+04 | 18 22 5.77E+04 | 1.01E+04 | Success Success
885/14 | 23 40 3.28E+05 | 1.09E+02 | 15 18 2.87E+05 | 2.17E+05 | Failed Failed
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958/14 | 38 40 1.80E+01 | 1.11E+02 | 23 20 3.79E+03 | 5.18E+04 | Failed Failed
971/14 36 31 6.40E+01 | 1.46E+04 | 28 28 2.61E+02 | 1.37E+02 | Success Success
987/14 | 37 31 2.70E+01 | 1.56E+04 | 26 16 9.71E+02 | 9.94E+05 | Failed Failed
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Figure 19: Phylogenetic Tree Comparing Qiagen and Pathogen Kit Clinical Lassa Virus
Extraction
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Chapter 4

Discussion

Observations on Methods and Materials

During outbreaks where it is difficult to assess individual exposures and
dangerous to quarantine suspected individuals with known cases, a high-throughput
extraction protocol allows for rapid diagnosis and differentiation of potential patients
from those experiencing similar clinical presentations caused by a less virulent non-
endemic pathogen. When investigating dangerous category A microbes, it is crucial to
carefully and objectively compare extraction methods for safety as well as speed and
effectiveness. If the extraction method leads to degradation of nucleic acids, downstream
tests would not be able to definitively diagnose an infection. Therefore, | tested a number

of variables to find proportions with the highest yield of nucleic acids.

96 well extraction assay development

Before being able to implement a new extraction protocol, parameters such as:
sample volume, lysis/binding buffer volume, and elution volume should be tested to find
the best combination for highest nucleic acid yield; accordingly, I examined these
parameters. When trying to find the ideal starting sample volume, I discovered that
100pL had a consistent yield compared to 50uL. sample volume, which had a reliable
limit of detection at 1x10"5 pfu/mL. Interestingly, a 300uL sample volume did not have a
proportionately higher yield as compared to the 100uL sample volume, but did require
higher volumes of wash solution buffers and lysis/binding buffer. Therefore, 100uL

starting volume was chosen as the most ideal starting sample volume. The limit of
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detection was 1x10"3 pfu/mL when using a 100uL, and 300uL sample volume, while the

reliable limit of detection for 5S0uL. was 1x10"5 pfu/mL.

Buffer AVL compatibility with MagMax

One of the major concerns when trying to implement the MagMax Pathogen kit as
a standard for extractions was its compatibility with Buffer AVL, which is produced by
Qiagen. Due to the highly infectious nature of BSL4 agents, it is essential to follow
stringent inactivation protocols. As such, only approved inactivation agents should be
used. Buffer AVL is one such approved agent for inactivating BSL4 pathogens in low
cell content samples. Therefore, it was imperative that samples inactivated in Buffer AVL
would still yield nucleic acids when extracted using MagMax kits. When the
compatibility of these kits was tested, it was found that using 100uL of inactivated
sample in AVL with 252uL. of LBS was the best combination for reliable results down to
1x10"3 pfu/mL. The second highest yield was with 300uL of inactivated sample in AVL
with 700uL LBS; however, this ratio did not yield a consistent result at 1x10"3 pfu/mL.

The best extraction efficiency was obtained when using a ratio of 1:2.5 (AVL:LBS).

Even though time is of the essence when performing extractions during an
outbreak, the ultimate quality of the the nucleic acids must be comparable to the existing
protocol. When testing how efficient the MagMax Pathogen kit was at extracting DNA
from CMV spike in samples compared to Qiagen QIAamp kit, the results were
normalized based on ideal starting volumes and elution volumes for each kit. I measured
percent yield from extractions using each kit and found the Pathogen kit had a higher

percent yield, 97.02, compared to Qiagen, 73.7. Pathogen vs. mirVana
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Before changing currently accepted extraction protocols, it is important to test
which potential kits perform optimally on a range of sample types. Therefore I decided to
test extraction on the most common sample types used for diagnostics and research
studies. When comparing the RNA yield from Pathogen kit extraction to the mirVana kit,
I noticed a higher yield of RNA from the Pathogen kit when working with low-cell
content (serum, plasma, urine, CSF) samples. Conversely, there was a higher yield of
RNA from the mirVana kit when working with high-cell content (whole blood) samples.
Since the majority of samples processed by the Sabeti lab are serum or plasma samples, |

decided to optimize the Pathogen kit further.

24 well pathogen kit testing

When extracting nucleic acids from samples inactivated in Buffer AVL, the
volume far exceeds the 300puLL maximum a standard 96 deepwell plate can accommodate.
Therefore, I tested extraction efficiency using a 24 deepwell plate that can accommodate
up to 1 mL of sample volume. After inactivating a sample with Buffer AVL the final
volume is around 700uL, 140uL live sample and 560uL Buffer, when following the
manufacturer's protocol. However, I optimized a protocol for 1 mL sample input volume,
as it is common practice to increase the live sample volume (Metsky et al. 2017). I found
the best combination of parameters to use was: 2350uL of Lysis/Binding Solution with
150uL of elution buffer, and 100uL of bead mix. This combination showed the best yield

in terms of quantifiable nucleic acids for enterovirus.
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Clinical LASV Sample Extraction

In order to truly test the efficacy of the kits, I compared their performance on a
clinical LASV plasma sample. I performed extractions on a sample that was split in
volume and followed the optimized protocol for the Qiagen QIAamp Viral RNA Kit and
the MagMax Pathogen RNA/DNA kit. Both kits used a sample inactivated in Buffer
AVL. I was not able to perform a direct comparison via RT-qPCR, as the Qiagen
extraction was performed for the African Centers of Excellence for Genomics of
Infectious Diseases (ACEGID) 2016 and the resulting RNA was used for sequencing
training. Therefore, the values reported in table 10 are of disparate quantifications by
various members of the Sabeti lab. In order to compare sequencing performance the
samples were sequenced on a MiSeq and analyzed on DNA Nexus using viral-ngs. The
sequencing results showed similar outcomes from both sets of extractions. The sequences
were used to generate a phylogenetic tree from both sets of extractions. The tree shows
every sample cluster in the sample clade regardless of extraction method. Furthermore,
the same samples that failed whole genome assembly of LASV from Qiagen extractions
also failed from the MagMax extraction and vice versa. This shows there is no difference
in downstream application of nucleic acids extracted using the Qiagen kit or the MagMax

kit.
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Automation

While performing the extractions necessary for this thesis, I realized one of the
most time consuming aspects of performing extractions using the KingFisher Flex
platform was stamping the reagents into their respective plates. To solve this issue and
reduce the sample processing time, I decided to automate the reagent stamping processes
by writing and significantly testing a protocol to perform this task using the Bravo Liquid
Handler. In order to facilitate easy use of this protocol by every member of the lab, I also
developed a graphical user interface to run the protocol on the Bravo. Figure 20 shows an
image of the user interface to perform the plate stamping operation using the MagMax
Pathogen kit 96 well assay. This interface reminds users how to lay out regents onto the
Bravo deck and check to see which columns contain tips. After that, the linked protocol is
initiated and the plate stamping commences. Once the reagents have been successfully
aliquoted into plates, the interface instructs the user to retrieve the plates and clear the

deck.

SPRI bead cleanup is a commonly used tool to clear impurities from a reaction
mixture and only retain DNA or RNA. SPRI cleanup is performed after every step in the
library construction process for sequencing. To help speed up the process, I also
automated this protocol and generated a graphical user interface to make executing the
protocol more user friendly. The automated process can handle up to 96 samples in one
run. If processing an entire plate, this method saves a considerable amount of time
compared to manual processing. As shown above, the results are similar when comparing

samples processed manually and on the Bravo Liquid Handler.
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Figure 20: Graphical User Interface for Bravo Reagent Plate Stamping Protocol

Elapsed Time: 00:00:00

Significance of Results

During viral epidemics there can be significant delays in extracting nucleic acids
from suspected patient samples, which can impact time of diagnosis and real-time
monitoring of disease spread. The major implication of these results is the viability of
using an automated extraction platform for rapid response viral inactivation and
extraction. My results show it is possible to use the KingFisher Flex platform along with
MagMax Pathogen RNA/DNA, and MagMax mirVana Total RNA kits for viral nucleic
acid extractions. Furthermore, these findings show samples inactivated in Qiagen’s
Buffer AVL are compatible with ThermoFisher’s line of MagMax kits. By validating a
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protocol for extracting nucleic acids from samples inactivated in Buffer AVL, this project
enables large scale surveillance of pathogen evolution and clinical diagnostics while

ensuring the safety of researchers.

This workflow also significantly reduces the amount of time required from
receiving a clinical sample to diagnosing the infectious agent. By processing up to 96
samples in parallel within 40 minutes, the extraction bottleneck was significantly
reduced. For situations where clinicians are trying to rule out cases involved in a known
epidemic, this protocol would essentially completely remove the sample processing
bottleneck. As samples are processed in less than 40 minutes, this approach could directly
be used for RT-qPCR diagnostics targeting known pathogens. If, however, the causative
agent is not known, the bottleneck would move to library construction processing, where
deep sequencing, using next generation technologies, could be used to diagnose the

causative pathogenic agent.

One of the most time-consuming aspects of nucleic acid extraction with the
MagMax family of kits is plate stamping reagents into their respective plates. To combat
this time consuming step, I developed and tested an automated protocol using the Bravo
liquid handler to plate stamp the required reagents. One of the major difficulties faced
with developing an automated protocol was the precision required when programing
movements of the tip head. Due to the limited number of deck locations on the Bravo
Option A, the layout of reagent reservoir, fresh tips, and spent tips must be carefully
considered so the movement of the tip head is not impeded. This is much more of an

issue when working the the LT, large volume, head of the Bravo. The LT head can
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accommodate tips with a working volume of upto 250uL, however, this means the tip
box for this size tip is also sits much higher on the Z-axis of the Bravo deck. Once the

basic commands

Issues for Further Investigation

Potential questions this study raises is if samples that have been inactivated in
TriZol, or other proprietary inactivating buffers can also be used in conjunction with the
MagMax array of kits to extract nucleic acids. Since TriZol is the only approved
inactivating agent for whole blood, it is be useful to know whether TriZol inactivated
samples are compatible with MagMax kits. Not only that, it would be useful to know
which ratios of inactivated sample would be needed with lysis/binding buffer and wash

solutions.

Since proprietary kits can be expensive, especially when considering cold-chain
shipping to remote locations in Africa, it would be beneficial to investigate the potential
of using SPRI beads in conjunction with polyethylene glycol (PEG), to recreate a cheaper
version of a bead based extraction assay. The addition of PEG would allow for a smaller
volume of SPRI beads to be used so that negatively charged nucleic acids can still bind to
negatively charged beads due to the reduction of steric hinderance. SPRI bead
purification of nucleic acids uses a magnetic bead to capture nucleic acids to wash away
impurities from a solution. If viruses are lysed, using an approved inactivating chaotropic
agent, the viral nucleic acids should be released into the sample buffer, thereby allowing

the nucleic acids to bind to magnetic beads and be isolated from solution. Similar to the
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MagMax wash solutions that use ethanol, SPRI beads call for ethanol washes to remove

impurities in the solution and elute nucleic acids into a pH buffered eluant.

One of the major questions this work raises is if the lysis/binding buffer in
MagMax kits is able to inactivate BSL4 category agents. Since the active ingredient in
both, Buffer AVL, and LBS is the cathrophic agent guanidinium thiocyanate, LBS should
be able to successfully inactive BSL4 pathogens, much like Buffer AVL. This knowledge
would bring down processing times, and allow for streamlining the extraction protocol as

only one kit would be needed to extract and inactive BSL4 pathogens.

Conclusion

In conclusion, I tested the efficacy of extracting nucleic acids from DNA and
RNA based viruses using the KingFisher Flex automated platform with MagMax
Pathogen and MagMax mirVana kits. I demonstrated that it is viable to extract nucleic
acids from samples with varying levels of viral titers. I also showed that Qiagen's Buffer
AVL is compatible with the MagMax family of kits for extraction of inactivated BSL4
pathogens. Furthermore, I validated an extraction protocol for samples inactivated in
Qiagen’s Buffer AVL along with a protocol for samples not inactivated prior to
processing with MagMax kits. In an effort to reduce time to set up the protocol, I also
wrote and tested a reagent stamping protocol using the Bravo Liquid Handler by Agilent
Technologies. This considerably reduces the time needed to prepare for an extraction
using the KingFisher Flex automated processor. Since the most time consuming hands-on

process of the extraction is stamping plates with appropriate wash solutions, automating
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this aspect of the extraction process helps to reduce user fatigue and speeds up the time

from receiving sample to having extracted nucleic acids.

Impact

The automated protocol developed and tested within this thesis can enable quick,
high-throughput processing of category A pathogens, critical to rapid response in
outbreak settings. I have trained numerous members of the Sabeti lab at Harvard
University and The Broad Institute of MIT and Harvard in nucleic acid extractions using
the newly developed high-throughput protocol on the KingFisher Flex. These members
have already begun to extract nucleic acids from various viral samples. Furthermore, they
are also trained on using the Bravo Liquid Handler to minimize the total time it takes to
perform an extraction by plate stamping reagents and performing an automated SPRI
bead clean up. They are therefore ready to respond to future outbreaks with

unprecedented speed and efficiency.

61



Supplementary Materials

96 Well MagMax Pathogen Kit Quick Sheet

MagMax Starting Input Short | Total Found
Assay: . Sample 100 L sampleType | 70 | e Mo Sample Valume 100 L
Date: FEEs Vo Bl wa -
Plstform:  KingFisher Flex 96 Plasma Plasms [) KFF-56 Script MagMAX_Pathogen_High_Volume
- [ [] Machine Configuration KFF-36 Deen Well Magnetic Head
PLATE LAYOUT Water/ NTC | H20/ NTC [} Tip Camb HFF-56 Dewp Well Tip Camb
F R ] ] %%k R B R Te " f12 Plate Positian Reagent Valurne Per Well bl
A "‘:‘ Description S0l
[ Beatt Mix 204
< 1 | semuiepiate | Semale ET
Lysis/ Birding
o aiston 131
4 z | Frtwasht ws1 150l
P T bl Y 150 4L
(] 2 | Frtwanz ws2 150 4L
H 5 *D‘""ﬂz Wash ws2 150l
6 Elutian
7 |rie coms plate
Teaa Low Cell [ N o wnoe [ v 1 o T |
Samales Blood Samples | 1
i
Starting Starting e 1
Sample 50l 200p | 300p | sample oo [FEESHTale !
Walume 1
Valume Valume I
1
1
REAGENTS for WB
1
REAGENTS for Law Cell Lysis/Binding Master Mix Lysis/Binding Master Mix | Resents for Dead Mix !
1
1
Lysis/Binding Lysis/Binding Nudeic Adid i
Salutian Qul aul Gul Salution Gul Birding Buads !
+
1
Carrier ANA Carrier RNA ) 1
laghal) ouL tul oul taghal) ouL Lysis Enhancer !
i
i
Total Besd
5 o i
100 " Gl Qul LI"8 0% | Qul Master Mix 1
[ [ Valume !
Total Total Volume Valume for 1 i
ouL ouL ouL ouL
Masterhix " # - for hssay " reaction !
Tots - o W [ p—" - i
upivo! wonio! | woner wp I
Masteriic DAiA oniA DAL | e for 1 A 1 H
Maghax — STATINE Input Short | Total Found
Assay: o0 Sample Type N Sample Volume 100 L
Pathogen Sample 100pul ple Ty Form in Plate Man
Date: Whoe Dok IUE] 1 p—
Platform:  KingFaher Flex 95 Plasma Plasms 1 86 Script
i [ 1 Machine Configuration KFF-96 Deep Well Magnetic Head
PLATE LAYOUT Water/NTC | H20/ NTC 1 Tip Comb WFF-56 Deep Well Tip Comb
;o h ] ] nERE B RRE T M "2 Plate Position Reagent Valumne Per Well TP RAETESE T
plasma m-{ — o
LS CCEE- s o | Description 50Ul
o feris |wrc Beat Mix 200
£ 1 |serpeniane | Semale S0l
Lysis/ Birding
o 181
Salation “
£ 2 | Fstwasht WS 1 1504l
F 3 5""““‘1 Wash ws1 150 ul
[ a | Frtwashz WS 150ul
H 5 S"“""’z Wash ws2 15041
[ Elution
7 i coms oate
Tokal Low Cell [ s Teawnee ) L i
Serales Blaed Semales 1
+
Starting Starting !
Starting Samal
Sample S0l 200p | 200pL | sample e H
Valume
Valume Valume 1
1
i
REAGENTS for WB
1
REAGENTS For Law Cell Lysis/Binding Master Mi LysisfBindling Master nix | Peapents for Bead Mix !
1
1
LyssBirding - Lysis/Binding Hudeit Acid i
Salution 1a3ul Sl IR Salution Biring Beads !
+
1
Carrier ANA Carrier RNA ) i
v zul aul aul v Lysis Enhances !
1
T
Total Bead
o o I
- 193 L ssopL | mow o Master Mix I
lsoaropanal lsopropanal Volume :
Total Total Volume Valume for 1 1
s | s N |
Tota o - Total Resgent 1
Masterhix B1M el | T2 e or 1 !
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96 Well mirVana Whole Blood Processing Quick Sheet

1

i 00Ul of P Digestion Buffer with L of Broteinase K

Combire | SOuL of F Dige

ian Mix with 10041 of whele bioad
Cover ane shake plate for S minutes

4 incubate st 65C far 1015 minutes

5 asd a af brod mix ta mach samale. Cover ard shake plate far & micutes
6 | w Bl | of Lysis Birding Mix with Out | af 2-Merczptoetharsl
7| asd 130ps | of Lysis binding sclution ta each samale.

Cower and shake glate for $ minates

Set up the processing plstes

13t Wash Sciutan 150p
2ng wizsh Salutien 150p x2
Etian Buffer s

propanac! to ssmple plste. cover and shake for 10 secancs

W 1155.0pL  of P Digestion Buffer with  £31.0 L of Fn

Combine | 60uL of P Digestian Mix with 100uL of whole bloodl.

Cover anc shake plate for S minutes

4| Incubate at 65C for 10-15 minutes.

5 hed 20 ul | of bead mix ta each samale. Cover and shake plate for & mirutes.
6 | Min 3227 L | of Lysis Binding Mix with 32yL | of 2-Mercaataetharal
7 hed 150 af Lysis binding sclution ta each samale.

Cover anc shake plate for S minutes

Set up the processing plates

15t Wash Solution 150pL

2nd Wash Salution

150uL

tian Buffer 50

WL of Isaprepanac] to s2mple plate, cover and shake for 10 secancs.

agrnax —
po T T T o [ s [ [ o [ [ [ e |
v - luid i
Date 10/12/16 #lasma psm |0 water/ NTC e o 1
o e e - o . :
2om amy H
! 1 2 3 a 5 5 7 B B 10 11 1z
A
s
<
o
E
;
=
H
WB Starting Er——
KFF-96 Script sample Volume
Machine Configuration KFF-96 Deep Well Magnetic Head SEIEETEL l\"'l‘f"“‘“"g P
Plate Position Reagent volume Per well | KFF-96 Lysis Buffer ouL
— plate -
Piate Description Seurs :5:3"""'“ IE":' wa see L, 2 opL
[Tatal nastermix
sample 100 uL o ot oL
= Digastion maix | 50wl o Bead M ouL
1 Sample Plate L“‘s'i’li'"o‘:'"g o o eep |Aeaments far K Digestion MIX far Low Cell
isoproponal o o P Digestion o
Bead Mix 20 uL o I °
2 First wash 1 Istws 1 2 2 Standasd ] acogencs for px Gigession mix for we
a First wash 2 1stws 2 o o seandard Doy oo putser o
s Second wash 2 2nd ws 2 o o standard o
s Elution 8 o o standard
7 Tig Comb Plate K5 F-96 Deep well Tip Comb in Plate |standard H
P B e e e e A S -
Assa aENaX o ;
mirvana | urne o Whale 8load w8 18 erebrospinal C5F [ |
¥ = Fluid 1
r 1
Date Plasma Plsm [ Water/ NTC o El 1
— il 1
Platf Kingfisher Total Low Cell Total Whole Blood 1
Flex 56 3 . 18 |
S a'nq# Sample;
! 1 2 3 4 5 & 7 8 9 10 n 12
————
A EVewWa JEVewa ]l EVe
da da Bl
8 EV+WE JEVewWa ] EVe
las las (Wi 1as
c EVewWa JEVewa ]l EVe
la3 la3 [WB la3
]
E H20 H20 H20
P TNV 4 CMV 4+ | Cvv +
WEB 1e7 | WB le7 JWEB le?
P TNV 4+ MY 4+ | OV +
WEB 1e5 § WB le5 JWEB le5
H CMV + CMV 4+ | Cvv +
WEB 1le3 | WB le3 JWEB le3
W Starting
KFF-96 Script Sample Volume
arting sample
Machine Conflguratio KFF-96 Deep Well Magnetic Head REAGENTS for Lysls/Rinding Msster
Plate Position Reagent Volume Per Well | KFF-36 Lysis Buffer
TR T plate -
Plate Description Starting Sample flow WB size 2
Lioe Lol Aercantostha
Total MasterMix
Sample 100 uL 100 uL
Volume
P& Digestion Mix 50 uL 60 uL Bead M
/
1 sample Plate byelsr 3inding R yog 0 | 1soue | 2% |eagents for ex Digestion ik for Low cel
Solution well
—
P Digestion
Isopropanal 270uL | 135400
Free . - Buffer 148.5 L
Bead Mix 20 uL 20uL
. - Srateinase & 16.5 ul
2 First Wash 1 1stWs1 150 uL 150 uL standard Aeagents for PK Digestion MIX for WB
4 First Wash 2 1stWs2 150 uL 150 uL standard PK Digestion Buffer sre
5 Second Wash 2 2nd W52 150ul §| 150wl |standard
Proteinase K 115.5
& Elution EB 50 uL S0l [standard :
7 Tip Comb Flate KFF-96 Deep Well Tip Comb in Plate | Standard :
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96 Well mirVana Low Cell Content Processing Quick Sheet

r T
Assa MagMax ———— e ° Cereprosoinal | cep ° !
¥ mirvana Urine a Fluid A 3F PK Digestion Buffer with 0 of Proteinase K
— 51 H
Date 10/12f26 Plzsma Plsm o Wter NTC NTC o oz 50 pL | of PK Digestion Mix with 100ul of whale
Platf  KingFisher [ Total Low el o Total Whole o |
orm___Fex36 Samples Blgod Samples 1 ¢ and shake plate for 5 minutes
- '
/ : * 3 4 s & 7 & 2 o 1 = | & incusate at 65C for 30 minutes
2 e QL af Lysis Binding Mix with Q4 af2-Mercaptocthanal
'
8 | 6 Add 100uL | of Lysis binding solution to each sample.
¢ |
| 7 ada 20 UL | of sead mix to ach sarpie. Cover and shake plate for § minutes.
T
o | 8| cover and shake piste far 5 minutes
T
E I
| 9 Setup the processing olates
1
I
F '
'
1 1st Wash Solutian 150uL
1
= | .
1 2nd Wash Solution 150uL =2 plates
i
H : N .
| Eiution Buffar 50
1
[T~ T 77 [ Wb starting
KEF-96 Script MagMAX_Pathogen_Std_Volume sample Volume | 3¢ HE O
[STETENE SaT T
MaghMAX_Pathogen_High_Volume o
R
Machine Configuration KFF-96 Deep Well Magnetic Head iimdran == &
Plate Position Reagent Volume Par Well | KFF-96 Lysis Buffer ouL
=T s e plate -
Plate Description e Low cell] wa £ ouL
1 Total MasterMix
sample 100 pL o ol for ouL
PK Digestion Mix| 50 L o Bead Mix ouL
1 sample Plate Lysis/ Bindling o o BEEp | erts for P Digestion M for Low Co
Solution well
PR Digastion
Isoproponal o o Buttar °
Bead Wi 20 o
ead Mix L Proteinase K o
2 First Wash 1 1st WS 1 o Q Reagents for PK Digestion MIX for W
4 First Wash 2 1stwWs 2 o o I °
s Second Wash 2 2nd WS 2 o o Proteinaes K o
6 Elution [ o E]
7 Tip Comb Plate | KFF-96 Deep Well Tip Comb in Plate
L4 T
Assa  MagMax . Whale Blood WE ° Cerebrospinal csF 18 | ) - -
¥y  mirvana Urine a Fluid : 1 Mix 2079.0 L of PK Digestion Buffer with 2310 pl of &
H2O
Sy |
ThE WD Plasma Plsm - Weaterf NTC NTC 3 | 2|fombine 50l of PK Digestion Mix with 100ul of whale blood
Platf  yingFisher Total Low Cel a2 Totzl Whnole o !
orm _ Flex 96 Samples Elzod Samplas : 3 nd shake plate far 5 minutes
- 1
1 3 " 5 & 7 & 2 o 1 = | 4| ncuate at 65C for 30 minutes.
=T 47 TV + | oA + | Craw + I 46 pL af 2-M) |
| Pl 127§ Plsmn Plem N _#lerm J#iem 1a7 | 5| M 2574l of Ly Binding Mx with L af 2-Mescaptaethiana
EV + EV + Y TN 1
Plsm 1a5 ) Plsm Plsm Pl BPlsm leS : 6 Add 100ul | of Lysis binding solution to each sample.
K TV + | GV +
EV+Plsm| EV+ MY + i
S| iea [pismaea] o Plam f Fsm 163 I
| 1 | 7 Add 2l er and shaice plate for 5 minutes.
= 21 o3 !
o 1
K] nd shake plate far 5 minutes
T
E H2O0 H2O H2O Plsm Plsm Plsm ! . .
| 9| Set up the processing alates
T
p o fEvecsEpevacse] evs Chv e | oy« | oMy 4 H
ler le? CSF 1a7 CSF 1e7 JCSF 127 | C5F 1a7 1
| 13t Wash Seiution | 150ul
T
& EV +CSF | EV + CSF ) EV + CMV =+ | CMV + CMV + 1
1e5 1e5  [csF1es csF 105 | esF 105 | €55 105 ! Ind Wash Solution | 150uL 22 plates
I
H EV + CSF L EV + CSF ) EV + CVV + | TV + CMV + |
I
te3 ted  JesFies €5 103 | csF 103 | €5F 103 ! Bution Buffer s
I
1

10 Add 270 uL | of lsopropanacl ta amale plate,

wer and shake far 10 seconds.

T westarting

MagMAX_Path: Std_Vol
SEMAR_Pathogen_Ste_Volume sample Volume

50 pL Only

KFF-96 Script
MagMAX_Pathogen_High_Volume
Machine Canfiguration KFF-96 Deep Well Magnetic Head o
Plate Position Reagent Volume Per Well |KFF-961  |ysis guffer
Plate Description |0 :i: MRE ) ow can]  we T::e =
Sample 100 pl a Tut:‘l’::::ef::‘h
PK Digestion Mix§l 50 uL 0 Bead Mix

. _ Lysis/ Binding Deep
- Sample Plate Solution well
PK Digestion
Isopropanzl 270 uL o BuFfar 2079.0 L
Bead Mix 20 L 0

Proteinase K 2310 EL

2 First Wash 1 1stWs 1 150 ul 0 Reagents for PH Digestion MIK for W8
4 First Wash 2 ISt WS Z 150 pL Q PK Digestion BuFer °

5 Second Wash 2 2nd WS 2 150 pL 1] Proteinase K a

E Elution EE S0 pL a

¥ Tip Comb Plate KFF-96 Deep Well Tip Comb in Plate

i
1
I
1
i
T
i
1
1
1
t
1
1
T
1
i
+
i
1
i

100 uL 0 kagents for P Digestion MO for Low ce] |
1
i
1
I
1
i
1
T
1
1
1
1
1
1
i
T
i
1
i
1
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24 Well MagMax Pathogen Kit Quick Sheet

MagMax Pathogen

hesay ::A/nNA ar

Date

Magnet 24 Well Head

2 4 5 6

A
B
C
D
WS 1-1 1500l Sample Plate Bead Mix LBS
WS 1-2 1500l Sample 1000pL Beads f o|LBS T 0
WS 2-1 22500l Bead Mix  100puL Lysis Enhancer” 0| Isoprnpon' 0
WS 2:2 2250uL LBS 2350pL Total Volume OuL|Total Valume ouL
EB 150uL

) MagMax Pathogen

RNA/DNAKIT
Date
Magnet 24 Well Head
2 4 5 6

A |WB Plasma
B |CSF NTC
C
D
W5 1-1 1500uL Sample Plate Bead Mix LBS
Ws121500.  |Sample  1000pL  |Beads [ w[lBs T s
WS 2-1 2250uL Bead Mix  100pL Lysis Enhancer [ 220) Isoprnpnn' 5170)
W5 2:2 22500 LBS 2350pL Total Volume 240uL|Total Volume  10,340uL]
EB_ 150uL

1 Obtain six 24W plates for the KingFisher Flex (located on the matrix rack across from the BL2+)
2 Obtain one 24W Tip Comb
3 Dispense 1500uL of Wash Solution 1 into two separate plates, WS1 contains guanidine thiocyanate-treat as hazardous waste.

4 Dispense 2250yl of Wash Solution 2 into two separate plates.
5 Dispense 150pL of Eluticn Buffer following the above plate-map
6 At room tem ouL of LBS AND Isoproponal. LBS contains guanidine thiocyanate---please treat as hazardous waste.
7 Onice, mix 0uL of beads AND Lysis Enhancer.

8 Dispense 2350ul of LBS into your sample plate wells.

9 Dispense 1000ul of sample into your sample plate
10 Dispense 1004L of Bead Mix into your sample plate.
11 On the KFF, move to DNA/RNA protocols. Select the 24W Pathogen protacol and fallow onscreen instructions.

1 Obtain six 24W plates fer the KingFisher Flex (located on the matrix rack across from the BL2+)
2 Obtain one 24W Tip Comb
3 Dispense 1500y of Wash Solution 1 into two separate plates. WS1 contains guanidine thiocyanate--treat as hazardous waste.
4 Dispense 2250ul of Wash Solution 2 into two separate plates.
5 Dispense 150uL of Elution Buffer following the above plate-map.
£ At room tem 5,170uL of LBS AND Isoproponal. LBS contains guanidine thiocyanate---please treat as hazardous waste.
7 On ice, mix 220uL of beads AND Lysis Enhancer.
8 Dispense 2350ul of LBS into your sample plate wells.
9 Dispense 1000uL of sample into your sample plate
10 Dispense 100yl of Bead Mix into your sample plate.
11 On the KFF, move to DNA/RMA protocels. Select the 24W Pathogen protocol and follow onscreen instructions.
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Bravo Liquid Handler Graphical User Interface for Plate Stamping

Reset Tip State

Run Plate
Pause

Full Screen on/off

Variable Volume AMPure

Parameters

1) Enter number of columns of samples

S

2) Specify Additional Protocol Specific Parameters Below

‘SPRJBeadVollmle(IS—m;l_)

‘DNA Volume (10 - 180 pL)

‘Elllien Volumne (10 - 180 pL)

3) Source Plate Type

|56 PCR Plate in Red Alum Tnsert

L™ Bravo Deck e
Position 1 Position 2 Position 3
Waste Reservoir New Tips Seahorse Reservoir
(Axygen 2mL Deep with Elution Buffer /
Well Plate) H20

Position 4: CPAC 1

Position 5: Shaker

Position 6: CPAC 2

~Current Tip State

Select columns of unused tips
Select columns of used tips

Reset Tip Boxes |

(Box 2)

LS T2 T 2 2 2 T T T

(Box B)

e SRR R R

Clear |

New Eppendorf Munc Plate with Seahorse Reservoir
Twin.tec Plate Specified Volume of with 70 / 80% EtOH
RT AMPure Beads RT
Position 7: Magnet Position 8 Position 9: Chiller
Used Tips les Source
Plate Type in RED

INSERT

jo°c|

~Additional Inforrmation

Advanced Settings

Run Variable Volume
AMPure Protocol

| w Pause

Full Screen on/off

| I~ Enable Audio Alerts

v Ignore All Incubation Times (TESTING ONLY)
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