


Figure 5.5 Coverage and variants histogram with the circos plot.
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Previously, it has been reported that BL cell lines PBHR1 and Daudi have
deleted regions spanning nuclear protein-coding EBNA2 gene (Kelly, Bell, and
Rickinson 2002b). Additionally, loss of regions that encode for miRNA sequences in
B95-8 and loss of EBNA3C in Raji strains have also been reported (B. D. Parker et
al. 1990; Polack et al. 1984). We could not detect deletion of the mentioned genes in
our 1isolates, however; one of the genomes in eBL tumors carries a large deletion
between roughly 100kb and 120kb region spanning multiple virions related and
Iytic phase genes, such as BBRF1/2, BBLF1/3, BGLF1/2/3/4/5, and BDLF2/3/4 (see
Figure 5.5). This circos plot also shows SNV distributions through the genome
separate for type 1 and type 2. Highly divergent regions are EBNA3 genes and
LMP1 gene.

We compare genomic sequences of viral DNA from eBL patients to viral
genomes of 29 healthy kids from the same malaria endemic region with an age-
geography matched case-control set. Our initial association test was regarding the
genome subtype of the virus. To determine the type of the genomes, for each sample
we compared the number of single nucleotide variations, against each reference
genome, within EBNA2, EBNA3A-B-C genes. We also complemented this analysis
by comparing overall sequencing read alignment rates of each sample genome
against both references.

We first intended to assure that our sampling or inclusion criteria is
completely random and does not depend on any factor. Since we relied on viral load

levels of clinical specimens to prepare sequencing libraries, we checked to determine
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if there is any bias towards one of the types concerning viral load levels. Figure 5.6
- A shows the nonsignificant relationship between viral loads and viral genome
types. This indicates that our sample inclusion criteria were not biased regarding
the uniform sampling all viral subtypes. We also aimed to verify that the plasma
virus is representative of the tumors from the patients and they can be included in
the association test. As we demonstrated above, plasma viral types always matched
with the tumor viral type from the same patients. In addition, the viral type
frequencies in plasma samples from independent patients were entirely equivalent

to type frequencies in BL tumors (see Figure 5.6 - B).
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Figure 5.6 A) There is no significant relationship between viral genome type and
viral load levels (P=0.126, t-test). This shows that our sampling method is not
biased and skewed towards one of the genomes. B) Type 1 and Type 2 infection
frequencies among the Kenyan children in malaria holoendemic region comparing
eBL patients to healthy kids. The observed frequency of EBV types among healthy
kids is 50-50% while it is skewed in favor of type 1 (75%) among eBL kids.
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To be precise in our calculations, we excluded the three inter-typic hybrid
genomes from this analysis as well as the plasma virus genomes paired with the
tumor from same patients. As a result, we determined that the 74.5% of total 55 BL
cases carried type 1 virus while only 25.5% carried type 2 infection. On the other
hand, we found that the type 1 carrying healthy controls were at similar levels as
type 2 carrying healthy children, 48.2% vs. 51.7%, respectively. This striking viral
type frequency difference between BL cases and healthy controls is statistically
significant with p=0.01605 and Chi-square statistics 5.79 (Table 5.4). To our
knowledge, this is the first time to demonstrate the equal type frequencies in
healthy carriers while type 1 is the predominant type in BL patients in Africa

malaria hyper endemic region.
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Table 5.4. Contingency table used for testing the significance of the association
between EBV genome type and BL. Chi-square p-value is significant at 0.05
significance level, and the test statistics is 5.76.

BL Healthy Controls| Marginal Row Totals
Type 1 EBV 41 (74.5%) 14 (48.2%) 55
Type 2 EBV 14 (25.5%) 15 (561.7%) 29
Marginal Column
Totals 55 29 84 (Grand Total)
The chi-square statistic is 5.7968. The p-value is 0.016056.
Count (% of marginal column totals)
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5.4 Discussion

EBYV is the first virus found within a tumor cell over 50 years ago. However,
we are just starting to decipher its possible role in pathogenesis. Sequencing
technologies help to answer questions regarding the host-pathogen interactions by
diving into the principal source, DNA. Here in this study, our goal was to identify
EBV genome sequence variants and correlate these with endemic Burkitt
lymphoma incidences.

This study, for the first time, demonstrates by sequencing that circulating
plasma virus of eBL patients are identical to their tumor virus. Although there were
various attempts to utilize plasma virus as a biomarker in NPC patients, such
studies were limited regarding the BL (J.-C. Lin et al. 2004; Chan et al. 2005; Ma
et al. 2006). Knowing that plasma virus is identical to the tumor-associated virus,
this can be utilized in various ways such as tumor diagnosis, treatment monitoring,
or tumor evolution studies. Circulating cell-free viral DNA can be monitored over
time and examined as a factor affecting survival outcome of the patient. Combining
with the recent applications of monitoring plasma EBV of eBL patients, sequencing
virus genomes in clinical settings can be used in a predictive model for foreseeing
relapses (Westmoreland et al. 2017).

The first large-scale attempt to demonstrate the broad diversity among
Worldwide strains was by Palser et al. This study proves that geography plays a
significant role in viral variation and needs to be properly accounted for in

comparative studies. However, our sequencing approach is fundamentally different
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than the one used in this study because we tried to avoid generating lab-cultured
strains for enrichment via spontaneous lymphoblastoid cell lines. Directly
sequencing the virus within the primary sources takes the snapshot of the
population diversity unlike bottlenecking for replication competent strains with
sLLCL generation. Thus, the contribution of choosing the right sequence enrichment
method is undeniable for capturing the real subtype frequencies. As a result, we
discovered the dramatic difference between type 1 and type 2 infection rate in eBL
patients compared to healthy control kids. By relying on the earliest genome typing
studies, it is widely believed that the type 2 subtype is more prevalent in Africa
compared to the rest of the World (L. S. Young et al. 1987a; Apolloni and Sculley
1994). However, there were reports also showing the contrary results and
suggesting that type 2 might not be limited to Africa (Sixbey et al. 1989). Besides
all of this controversy, the fundamental reasons for the existence of two types
require more investigations.

Although it is hard, almost impossible, to infer linear ancestry from the
phylogenetic tree because of possible extensive recombination levels, our
comparative analysis demonstrated the level of diversity even in smaller
geographies. Both of the parent strains have to be present within the same cell in
order to recombine and give birth to a third strain. The likelihood of this event to
happen would vary depending on the geographic area. The equivalent levels of both
subtypes among healthy children might explain observing inter-typic hybrid

genomes frequently in the same region. However, whether these genomes are
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products of early ancestral events or often occur more frequently is not known.
Interestingly, all hybrid genomes carried same recombination pattern which had
the same EBNA2 and EBNA3s combinations. This entirely agrees with previous
functional experiments demonstrating that EBNA2 gene is the key transformative
factor in creating lymphoblastoid cell lines and EBNA3B playing a tumor
suppressor role in lymphomagenesis (White et al. 2012; Lucchesi et al. 2008). What
kind of other functional advantages, such as better expanding host range or
Increasing virulence, a recombination gives to the virus needs further investigations
in the light of hybrid genomes. On the other hand, finding hybrid viral genomes
only in eBL patients does not indicate that these are unique to the disease because
1t 1s likely to capture such genomes among healthy controls with higher sample
sizes.

Finally, we detected a virus in an eBL tumor with a substantially large
deletion causing a loss of various lytic and late genes. Increasing the examples of
such incidences with more sequencing might help to understand the actual role of
EBV in pathogenesis. As a conclusion, whole genome sequence differences between
type 1 and type 2 EBV need to be investigated comprehensively with larger cohorts
in order to pinpoint this fundamental divergence. Such investigation will not only
decipher the puzzling pathogenic differences but also will help to understand how

these two EBV types persist in the population at the same time.
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General Conclusions and Future Directions

In this research, we examined the expression and mutational spectrum vis-a-
vis clinical and molecular features of Kenyan children diagnosed with eBL and
compared to publicly available data for sBL. We observed relative homogeneity of
expression within tumors collected from our patient population suggesting no overt
subtypes within eBL. Our initial expectation regarding the gene expression was to
determine clinical subtypes with distinct expression profiles. We found minimal
differences between tumors presenting in the jaw or abdomen but observed
differences in expression that correlated with survival, viral presence, and type of
EBV. We tested the hypothesis that eBL tumor cells carry mutated genes different
from sBL tumors. Our comparative analysis confirmed the frequently mutated gene
sets in eBLs to be almost same as sBLs; however, mutation frequencies were
significantly lower in eBLs. We also detected previously undescribed somatically
mutated genes and showed that the BL mutational spectrum appears to most
greatly differ based on the type of EBV infecting the tumor rather than the
geographic origin of the patient. Furthermore, we found that tumors harboring EBV
type 1 display a significantly different host mutational profile compared to BL
tumors with EBV type 2 and without EBV. This distinct mutational frequency
profiles of tumors with different viral subtypes perfectly inlines with the known fact
regarding the transformation ability differences of viral subtypes.

We also found that the differences in tumor mutational spectrum were more

striking when categorized by viral presence or absence rather than geographic
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origin. This was also supported by stronger differences in expression profiles in
critical pathways as well as involving likely downregulation of PTEN affecting the
central pathway of PISK-Akt signaling followed by mTORC1 activation. It has been
previously shown that EBV can modulate mTOR pathway by LMP2A (Moody et al.
2005). Given the limited viral gene expression in latency I, EBV could be interacting
with major host regulators especially through viral miRNAs (H.-J. Yang et al. 2013)
or by regulating cellular miRNAs expressions (Forte et al. 2012). It has been
recently demonstrated that EBV microRNA Bart6-3p can inhibit PTEN translation
(Cai et al. 2015). Even though this could be the mechanism by which the virus
interferes with critical cellular pathways, the consequences of viral miRNA
interactions with PTEN and whether translational inhibition or mRNA degradation
in EBV-positive BL needs further clarification. Our data shows that the mRNA
transcription of PTEN itself is not significantly differentially expressed between
EBV-positive and negative BLs. However, Ambrosio et al. found that protein levels
of PTEN are significantly lower in EBV-positive BLs compared to negatives
(Ambrosio et al. 2014). This suggests a mechanism in which viral miRNAs interact
with PTEN causing a translational inhibition. Combined, this suggests that the
virus plays a key role in oncogenesis beyond the possible role in potentiating the
translocation. However, further functional assays are needed in order to validate
viral compensation for the less frequent ID3, TCF3 or CCND3 mutations found in

EBV-positive eBL tumors.
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Third, we discovered new mutations occurring in genes previously not
reported in other BL studies. While many of these additional genes are mutated at
low frequencies (<10%), they support the key roles of previously identified pathways
(e.g. BCL7A as another member of SWI/SNF). These genes also implicate DNA
repair regarding oncogenesis where we identify three previously undescribed genes
(MSH6, RAD50, and PRKDC) involved in double strand repair and nonhomologous
end joining.

Fourth, we found that not only does tumor gene mutation rates and
distribution vary based on the presence of EBV but that tumors have different
patterns of mutation based on EBV type. We observed that BLs with type 2 has a
significantly higher average number of mutated genes relative to type 1 and that
this rate 1s on par with viral negative tumors. The only observed consistent
mutational difference was a lower rate of mutations in ID3 and TCF3, which
supports the idea that the virus may play a critical role regulating these pathways
during oncogenesis by alternatively driving AKT/mTOR signaling. The overall lower
mutational rates in BLs with type 1 virus, suggest that type 1 virus may be
providing survival advantages in other ways. This is consistent with the known
ability of type 1 virus to better transform peripheral B cells to create
lymphoblastoid cell lines. Given that previous studies have not seen significant
differences in viral types in tumors relative to population controls, this suggests
that many of these driver mutations while offering relative advantages in tumor

growth are not in and of themselves necessary regarding oncogenesis. Further
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studies with greater number of tumors and population controls can help to better
understand the distribution of EBV within the general population in contrast to
their role in eBL pathogenesis.

Finally, we observed that the viral expression pattern is consistent with viral
latency I, as we expected, where EBV is substantially quiescent and maintained
with EBNA1 expression. However, increased detection of lytic gene expression was
suggestive of poor prognosis. It has been argued that this observed expression
pattern may primarily be due to various levels of lytic reactivation (Fujita et al.
2004). Consistent with the previous reports (Arvey et al. 2015), our results
demonstrated similar heterogeneous viral gene expression in BL suggesting that
tumor cells could be targeted by antiviral immunotherapies. Dysfunctional T cell
immunity has been reported for children diagnosed with eBL who were defective for
EBNA1 specific IFN-gamma T cell responses (Moormann et al. 2009b). This defect
putatively allows latency I tumors to escape from immune surveillance.
Interestingly, we found that one-third of the eBL tumors which carried type 2 EBV
genome had significantly suppressed immunoproteasome complex gene
transcriptions compared to eBLs with type 1 EBV. One explanation for this novel
observation could be that type 2 EBV more readily infects immunocompromised
individuals. Baarle et al. reported an increased prevalence of type 2 EBV among
HIV patients (van Baarle et al. 2000). However, a larger cohort of HIV patients
showed that T-cell impairment does not sensitize individuals for type 2 EBV

infections (Yao et al. 1998b). Thus, an alternate explanation is that type 2 EBV
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directly interacts with host regulatory components in order to interfere with
immunoproteasome complex formation. Reduced transcriptional expression of these
genes in EBV type 2 eBL tumors implies a mechanism in which viral components
(coding or non-coding) suppress JAK/STATI mediated transcription. This could be
an additional mechanism by which type 2 EBV is able to escape from immune
surveillance by preventing T-cell responses (Sijts et al. 2002). Since we did not
observe any viral transcriptional pattern differences compared to type 1 genes, this
phenomenon requires further investigation to confirm.

As a summary of our mutational investigation, we have illustrated the key
pathways implicated in BL oncogenesis integrating our analytical results with
current literature (Figure 2.5 C). This expanded view of BL oncogenesis more
clearly defines a role for EBV. Driving proliferation through PTEN/PISK/AKT and
CCND3 pathways may be an essential step toward bypassing the lack of mutations
in the TCF3/ID3/CCND3 axis that may include SWI/SNF interactions of
SMARCA4 as well. MYC translocation provides the pivotal accelerant while the
gain of function mutations in CCNDS3 strengthens the pressure. Although the
mutated genes which function in B cell development and chromatin remodeling
complexes might contribute to this signaling, our results regarding gene expression
and pathway differences suggest a role for viral microRNAs which can inhibit
PTEN function and cause activated BCR signaling via AKT. Other genes frequently
mutated in BL play roles in distinct but relevant pathways such as DNA repair and

focal adhesion. Overall, this combined model demonstrates pathogenic mechanistic
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routes to tumorigenesis BL and introduces a defined role for EBV that warrants
further interrogation.

Although RNAseq based expression profiling technique gives clues about
viral genome subtypes in tumors, we pursued to extend the investigation further by
sequencing the EBV genomes in primary eBL tumors and of infected Kenyan
children. Our initial expectation regarding the circulating plasma virus and tumor
virus of the same patients was that they both originate from the same source and,
thus, carry the same genome. As a result of our comparative analysis, we concluded
that plasma viral genomes of eBL kids are identical with their tumor viruses as we
expected. This opens up new opportunities for cell-free circulating plasma DNA to
be utilized as a diagnostic or a prognostic tool. Besides, knowing that eBL tumor
cells carry the same virus in plasma, better association studies can be conducted
with larger cohorts without waiting to reach enough tumor tissue samples.
Secondly, we intended to measure the association frequencies of viral subtypes and
eBL with a case control study. In the light of previous studies and literature, we
expected to observe a similar subtype association rate even among healthy children
control group. However, we found that infection rates of two EBV subtypes were at
equal levels among healthy children. Strikingly, on the other hand, we determined a
significant association between the type 1 EBV and eBL cases in a case-control
study which involves virus genomes from healthy age-geography matched children.
The significant difference between the frequencies of two subtypes suggests that

children carrying type 1 infection have a higher likelihood of developing lymphoma.
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In conjunction with our findings regarding the mutated host gene rate differences
between type 1 carrying tumors and type 2 carrying tumors, it becomes more
evident that the viral genome typing assays should be incorporated into clinical
diagnostic assays to guide local pediatric oncologists in Kenya.

Distinct EBV strains might contribute to different diseases. To test this, one
can compare viral genomes of NPC cases in East Africa to NPC-associated viruses
from southern-China. This might shed light on some common viral sequence
features shared by both cases. As a matter of fact, an association study that
involves multiple virus-associated diseases worldwide can be much more
informative. In such study, various geographic regions and proper healthy controls
should be included. However, there are still many unanswered questions in the
EBV research area; do viral genome variations contribute to the viral preferences
for infecting epithelial cells or B cells? Why there are two types of EBV genomes is
still an unexplored phenomenon. Both types should have functional properties
which would allow them to persist in the population without getting wiped-out. Are
the intertypic hybrid genomes the products of early ancestral events and should
they be considered as the third subtype, or they occur more frequently than we can
think?

In the near future, it is possible that researchers will sequence many more
viral genomes to investigate disease associations and utilize sequence information
for biomarker or vaccine development. The increasing sequence samples will require

accurate handling with standardized bioinformatics analysis pipelines. Therefore,
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an online public database storing all sequenced EBV genomes and their relevant
clinical information would serve as a base for investigators in the process of
hypothesis generation.

Here in this dissertation, we developed novel bioinformatic approaches and
workflows to analyze and investigate expression profiles of tumors as well as viral
genomic variations. We identified important differences based on viral content and
clinical outcomes by genomic and mutational analyses of Burkitt lymphoma tumors.
Overall, these suggested new avenues for the development of prognostic molecular

biomarkers and therapeutic interventions.
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A. EBV Genome Typing and Viral Load Assays

The ratio of viral genomic copy number to human genomic DNA was
determined with bi-plex qPCR using EBV specific primers against BALF5 gene
(Kimura et al. 1999) and human beta-actin gene. Primer sequences for BALF5;

fw: 5-CGGAAGCCCTCTGGACTTC-3",

rw: 5 -CCCTGTTTATCCGATGGAATG-3",

for b-actin;

fw: 5-TCACCCACACTGTGCCCATCTACGA-3’,

rw: 5 -CAGCGGAACCGCTCATTGCCAATGG-3"

(Moormann et al. 2005).

Genotyping the EBV DNA was performed using conventional primers
spanning EBNA3C gene producing 153bp and 246bp products for type I and type 11
genomes, respectively.

Primer sequences for EBNA3C;

fw: 5°-AGAAGGGGAGCGTGTGTTG-3",

rw: 5 -GGCTCGTTTTTGACGTCGG-3".
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B. EBV Genome Sequencing Complete Protocol

Input DNA preparation:

1. Extraction/Isolation/Purification of DNA from clinical specimen (Biopsy,
plasma, cell line)

Quantification of Input DNA with PicoGreen

Whole Genome Amplification with GenomiPhi v2 Phi29 polymerase
Alternatively, PCR-sWGA

Cleaning/purification after WGA using XP Ampure beads

Quantify the Amplified DNA with PicoGreen

Check the quality of DNA with NanoDrop for OD 260/280 ratio
Determine viral/human DNA before and after WGA

PN ook W

Sequencing Library Preparation:

9. Shearing DNA with Covaris ultrasonicator

10.Assess DNA quality

11.Blunt-end repair

12. Cleaning/purification/’Size selection” using XP Ampure beads
13.3'-end Adenylation of DNA fragments

14. Cleaning/purification using XP Ampure beads — 1.8x
15.Y-shaped linker ligation

16. Cleaning/purification using XP Ampure beads — 1.8x
17.Barcode incorporation with PCR using indexed primers

18. Cleaning/purification using XP Ampure beads — 1.8x

19. Quantify library using Illumina adapter primers with Sybr-green qPCR
20.Determine viral/human DNA in the library

EBV Hybrid Selection Enrichment:

21.Pool the libraries by balancing based on EBV DNA fragment contents.
22. Hybrid pull-down with RNA baits

23. After-enrichment PCR

24. Cleaning/purification using XP Ampure beads — 1.8x

25.Assess DNA quality

26.Sequence on the same flow cell.
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Input DNA preparation

Step 1. Extraction/Isolation/Purification of DNA from clinical specimen
(Biopsy, plasma, cell line)

Step 2. Quantification of Input DNA for Sequencing Library Preparation
using PicoGreen
Step 3. Whole Genome Amplification with preamp

For the preamplification reaction, we used regular PCR primers tiling across
the virus genome in two pools with 20 primer pairs. Most of the primer sequences
and the reaction conditions were obtained from Kwok et al. (Hin Kwok et al. 2012b)
except additional primers that are unique to type 2 genomes. Following the 20 cycle
preamplification LD-PCR polymerase, reaction solutions were mixed with phi29
reaction buffer containing 1.5 U phi29 polymerase and EBV genome specific 3’-
protected oligos (Leichty and Brisson 2014). Then, we incubated at 30C for 16h.

For whole genome amplification with GenomiPhi v2 kit, please follow the kit
guidelines. Preamp-sWGA 1s a method for pre-amplification template DNA boostup
with tiling PCR primers followed by whole genome amplification using Phi29 and
EBV specific protected oligos.

This reaction condition has been tested for 100 EBV copies/20ng Template
DNA. So, input DNA should have at least this level of viral copy as a starting

material (Please adjust the H20 volume depending on template DNA vol).
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Preamp PCR reactions with two pools;

1x 25ulL 1x 25ulL
Reaction Reaction
LongRange PCR Buffer LongRange PCR Buffer
with Mg2+, 10x 2.5 with Mg2+, 10x 2.5
ANTP mix (10 mM of
each) 1.25 dNTP mix (10 mM of each) 1.25
Primer Pool 1 2 Primer Pool 2 2
LongRange PCR Enzyme LongRange PCR Enzyme
Mix 0.15 Mix 0.15
5x Q-Solution 5 5x Q-Solution 5
MgCl2 (25mM) 0 MgCl2 (25mM) 0
H20 of [(H20 0
Total 11 Total 11
Template DNA 14 Template DNA 14

20 cycle amplification:

95C for 3min
REPEAT 20 times

Denature at 95C for 30sec
Gradient Annealing 58C to 49C for 15sec each

Extension at 72C 7min

Final Extension at 68 for 10min

4C hold

Following the preamp reactions, mix the two reaction solutions well and proceed to
next steps. Denature the mixture at 95C 3min, keep on ice immediately.

Important: this denaturation allows sWGA oligos to anneal on ssDNA
template at isothermal conditions. So, please do not skip denaturation

step!
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Post-PCR sWGA:

Oligo sequence (5' to 3') used for preparing “EBV oligo mix” for the sWGA reaction:

GCCGCOG
CCGCCEC

GGTCTOG
GCGGGOC
CGCCAOC
CCGCCFC

GTGGCOG
GGGCCET
CGGGGZC
GTCCGEG

Prepare the following mixture for every sample:

For 50ulL
preamp mix:

phi29 Reaction

Buffer 10X 7
dNTP (Mix-2)* 3
EBYV oligo mix 7
phi29 Polymerase
(10U/uL) 2
BSA (0.1ug/uL) 100x 0.7
H20 0.3
total 20

*dNTP Mix-2 (GTP, CTP, ATP,TTP; with 30, 30, 5, 5 mM, respectively)

When 20uLs reaction solution is ready, directly add to denatured solution preamp

mix.

Incubate at 30C for 16h followed by 65C for 15min.
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Step 4. Cleaning/purification after WGA using 1.8X XP Ampure beads elute
in 70ul. H20

Quantify the Amplified DNA with PicoGreen
Check the quality of DNA with NanoDrop for OD 260/280 ratio

Determine viral/human DNA before and after WGA qPCR
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Sequencing Library Preparation

Step 5. Shear DNA

Make sure genomic DNA samples are of high quality with an OD 260/280 ratio
ranging
from 1.8 to 2.0.

Covaris recommends:

DNA input: from 100 ng to 5 p g purified DNA

Buffer: Tris EDTA, pH 8.0

DNA quality: Genomic DNA (> 10 kb). For lower quality DNA, Covaris recommends
setting up a time dose response experiment for determining appropriate treatment
times.

Sample volume: 130ul (+/-5ul) for microTUBE AFA Fiber Snap-cap (Covaris p/n
520045)

For each DNA sample to be sequenced, prepare 1 library.

1. Dilute 3 pg of high-quality gDNA with 1X Low TE Buffer in a 1.5-mL LoBind
tube to a total volume of 130 pL.

2. Set up the Covaris E-series or S-series instrument.

a. Check that the water in the Covaris tank is filled with fresh deionized
water to the appropriate fill line level according to the manufacturer’s
recommendations for the particular instrument model and sample tube or plate in
use.

b. Check that the water covers the visible glass part of the tube.

c. On the device control panel, push the Degas button. Degas the instrument
for least 2 hours before use, or according to the manufacturer’s recommendations.

d. Set the chiller temperature to between 2°C to 5°C to ensure that the
temperature reading in the water bath displays 5°C.

e. Optional. Supplement the circulated water chiller with ethylene glycol to
20% volume to prevent freezing.

Refer to the Covaris instrument user guide for more details.

3. Put a Covaris microTube into the loading and unloading station.
Keep the cap on the tube.

4. Use a tapered pipette tip to slowly transfer the 130-uLL DNA sample through the
pre-split septa.
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Be careful not to introduce a bubble into the bottom of the tube.

5. Secure the microTube in the tube holder and shear the DNA with the settings in
the table below, depending on the Covaris instrument SonoLab software version
used.

The target DNA fragment size is 300 to 500bp (peak at 400bp).

Shear settings for Covaris instruments using SonoLab software prior to version 7:

Instrument E220:

Setting Value
Duty Factor 10%
Peak Incident 140
Power (W)
Cycles per 200
Burst
Time 55
Temperature 4° to 7°C

6. Put the Covaris microTube back into the loading and unloading station.

7. While keeping the snap-cap on, insert a pipette tip through the pre-split septa,
then slowly remove the sheared DNA.

8. Transfer each 130-uL sheared DNA sample to a 96 well plate.

11" KEEP 65 ul of Sheared DNA as back up.

”Size selection” using XP Ampure beads. 0.3X (20uL) discard beads. Add
0.9X (60uL)) more keep the beads. Elute DNA in 17ulh H20.

Assess quality with the 2100 Bioanalyzer DNA 1000 kit (optional)
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Step 6. Blunt End Repair
Quick Blunting Kit (NEB: E1201L)

Mix the following components with Sheared and Purified DNA (up to 5 pg, 17 ul) in
a sterile well of 96 well plate:

Using Quick Blunting Kit pl Per
(NEB: E1201L) reaction
Sheared Clean DNA 17ul
10X Blunting Buffer 2.5
10mM dNTP Mix 2.5
Blunt Enzyme Mix
H20 2
Total 25

Place the reaction into a thermal cycler and set the cycler for 20min at 12C followed
by 15min at 37C. Immediately inactivate enzyme in the blunting reaction by
heating at 70°C for 10 minutes.
Cycler:

20 min at 12°C (Do Not heat the lid)

15 min at 37°C (Do Not heat the lid)

10 min at 70°C

Step 7. Cleaning/purification using 1.2X XP Ampure beads. Elution volume is
~30uL.
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Step 8. Adenylate the 3' end of the DNA fragments

Klenow Fragment (3'-->5' exo-) (NEB: M0212S)

dATP (NEB: N0440S)

Mix the following components in a sterile well of 96 well plate:

End repaired Clean DNA 30ulLL

second strand buffer/10x

NEB Buffer 2

dATP (10 mM)

Klenow Fragment 3' to 5'

exo— (5 U/ul) M0212LL 3

H20 10
Total 50

Incubate 60min at room temperature (25°C). Immediately inactivate enzyme in the

adenylation reaction by heating at 75°C for 20 minutes.

Cycler:

60 min at 25°C (Do Not heat the lid)

20 min at 70°C

Step 9. Cleaning/purification using XP Ampure beads — 1.8x. Elution

volume is ~20ulL.
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Step 10. Y-shaped Adapter Ligation

Add the Y-shaped adapters (oligonucleotide sequences © 2007—2011 Illumina, Inc.
All rights reserved.). To prepare the Y-shaped adapter, mix 25 pl adapter
oligo 1 and oligo 2 (each at 50 nM stock concentration). ONLY ONCE STEP!

Heat at 95°C for 2 minutes, then ramp down slowly to room temperature. We
usually heat the oligo mixture in an aluminum heat block for 2 minutes. Then
remove the block from the heater and let it cool down to room temperature, for
approximately 30 minutes.

Using Quick Ligation™ Kit (M2200L)

pl Per

Quick Adapter Ligation: reaction
A-tailed Clean DNA 20ulL
2X Quick Ligation Buffer 25
Y shaped adapter (10 pM) 2
dATP (100 mM)
Quick Ligase 2

Total 50

Incubate at room temperature for 30 minutes.

Step 11. Cleaning/purification using 0.9X XP Ampure beads. Elution
volume is ~30ulL.

204



Step 12. Barcode incorporation with PCR using indexed primers

pl Per

PCR amplify the Library: reaction
Adapter ligated Clean DNA 30ulLL
2X KAPA HiFi HotStart
ReadyMix 25
dNTP (10 mM each) 2
10 pM PCR Primer 1
(barcoded-optional) 1.5
H20 0

Total 58.5
10 pM PCR Primer 2
(barcoded) 1.5

Incubate the tube at 98°C for 40 seconds, 65°C for 30 seconds and 72°C for 30
seconds. After the incubation, pause the PCR machine and then add 1.5 pul 10 pM
PCR Primer 1. Continue the PCR with 10 cycles of 98°C for 10 seconds, 65°C for 30
seconds, 72°C for 30 seconds, followed by incubation at 72°C for 3 minutes.

Step 13. Cleaning/purification using 0.9X XP Ampure beads. Elution
volume is ~30ulL.
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Step 14. Quantify library qPCR using Illumina adapter primers.

KAPA Library Quantification Kit Illumina® platforms - KK4824. Follow the
protocol.

pl Per
Quantify Library: reaction

2x Power SyberGreen PCR Mix 12.5

qPCR Primer Mix (2 uM) P7-3,

P5-2 2.5
H20 0
Total 15

Step 15. Determine viral/human DNA in the library with Sybr-green qPCR.
Pool the libraries by balancing based on EBV DNA fragment contents.

Step 16. Hybrid pull-down with RNA baits. >36h
Follow MyBait protocol !!!
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Step 17. After-enrichment PCR

qPCR Primer 1 - HPLC Purified - ’AATGATACGGCGACCACCGA -3
qPCR Primer 2 - HPLC Purified - 5CAAGCAGAAGACGGCATACGA -3

Post-Capture amplify the pl Per

Library: reaction

2X KAPA HiFi HotStart

ReadyMix 25

dNTP (10 mM each) 2

(10 pM each) PCR Primer

Mix - P5-2/P7-3 1.5

H20 5.5
Total 34

Step 18. Cleaning/purification using XP Ampure beads - 1.8x

Assess quality with the 2100 Bioanalyzer High Sensitivity DNA kit

Step 19. EBV qPCR— Pool to one tube.

Step 20. Sequence on the same flow cell.
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Copyright Information

Several experimental steps in the protocol provided here are copied partially or as a
whole from

SureSelect XT2 Target Enrichment System for Illumina Multiplexed Sequencing
Featuring Pre-Capture Indexing Reagents and Protocols Version C.1, December
2012, G9630-90000.

Zhang, Zhao, William E. Theurkauf, Zhiping Weng, and Phillip D. Zamore. 2012.

“Strand-Specific Libraries for High Throughput RNA Sequencing (RNA-Seq)
Prepared without poly (A) Selection.” Silence 3 (1): 9.
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