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Abstract: The transcription of mammalian genomes exhibits an intriguing complexity and numerous novel RNA molecules
have been identified. Viruses with large DNA genomes, especially herpesviruses, generate many different RNA species,
including long non-coding RNAs (IncRNAs). Dense viral genomes can generate multigenic transcripts in addition to
commonly observed antisense transcripts. It is essential to study the biological roles of these transcripts aside from the
protein-coding counterparts. Multiple antisense transcripts from the open reading frame (ORF) 63-64 locus in murine
gammaherpesvirus 68 (MHV68) were detected by northern blotting. Expression analysis by quantitative reverse transcrip-
tion PCR (qRT-PCR) did not detect different isoforms. Several alternative splicing isoforms exist during lytic replication;
however, they are not detected during latency. To identify the roles of these new transcripts, qRT-PCR may not be enough
and should be supported by an alternative method such as northern blotting. A more detailed transcriptional map of the
locus of interest is useful to design experimental strategies and perform functional studies, especially when working with
gene-dense viral genomes.
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INTRODUCTION the idea that these RNAs remain untranslated and func-
tion through sequence-specific interactions with DNA
and/or secondary motifs of proteins [5]. Therefore, the
characterization of these recently identified transcripts
is important for functional studies and understanding

how they perform specific key roles in cellular processes.

In the last decade, developments and the relatively in-
expensive availability of new sequencing technologies
have increased. These rapid advancements caused a
paradigm shift in our understanding of how much of
the mammalian genome is actively transcribed [1-3].

Thorough transcriptomic data analysis has identified
an array of intergenic, intronic, antisense, alternatively
spliced and alternative promoter-using transcripts.
As opposed to protein-coding transcripts, these long,
mostly 5' capped and polyadenylated transcripts, are not
associated with the cellular translational machinery, and
are named long non-coding RNAs (IncRNA) [4]. Most
IncRNAs reside in the nucleus, which is consistent with
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Viruses, with their limited capacity genomes, usually
contain overlapping and bidirectional genes [6]. They
have evolved to use similar transcription strategies
as their host to produce many different coding and
non-coding RNA molecules [7,8], which presents a
challenge for characterizing and studying the function
of these transcripts. Even though sequencing infor-
mation from long RNA molecules by PacBio’s single
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molecule real-time (SMRT) technology combined with
short Illumina-based sequencing data have provided
high resolution annotation for the transcriptional
complexity of the dense viral genomes [9], it is still
important to validate the transcripts experimentally. A
particular locus in viruses, as shown in this study, and
to some extent in mammalian genomes, has the ability
to generate multiple transcripts that are not available
in standard repositories such as the National Center
for Biotechnology Information (NCBI).

Herpesviruses have double-stranded (ds) DNA
genomes ranging from 100 to 250 kilobases in size and
can code for up to 235 proteins [10]. Recently, many
viruses in this family were shown to generate putative
IncRNAs during the lytic and/or latent stages of the life
cycle [9,11-13]. The quantitative reverse transcription
PCR (qRT-PCR) assay is used to study the function of
these transcripts in the laboratory [14-16]. In general,
the terms qPCR, real-time PCR, RT-PCR are used
interchangeably to define the method of measuring
gene expression, although they may refer to slightly
different techniques. For example, gPCR can be used to
quantify DNA molecules without the need for reverse
transcription. It involves the amplification of a specific
target sequence using PCR and measuring the amount
of amplicon in real time. This technique is often used
to detect the presence of a specific pathogen or gene
in a sample and can also be used for quantification
of gene copy number. In a standard qRT-PCR as-
say, an RNA sample is converted to complementary
DNA (cDNA) by reverse transcriptase enzyme and
the cDNA is PCR-amplified using specific primers,
100-200 nucleotides apart from each other, to quantify
the RNA of interest. qRT-PCR is particularly useful for
studying changes in gene expression under different
conditions, such as disease or drug treatments. The
cDNA conversion step is very often conducted by
the random priming method and, in theory, all the
RNA molecules are converted to DNA. Therefore, it
becomes impossible to differentiate between the distinct
isomeric RNA forms and the antisense transcripts in
terms of quantification of the desired gene product.
The second part of this problem can be addressed by
utilizing gene-specific primers for the initial cDNA
conversion. However, different isomeric forms can
still be captured in the qQRT-PCR assay. Therefore, it
is useful to have a transcriptional map of a given locus
by strand-specific northern blotting so that distinct
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transcripts can be studied. While examining overlap-
ping regions in the mammalian genome, a similar
problem may arise. Although short-read sequencing
data provide an incredible amount of information and
the regions of interest are evaluated with qRT-PCR
assays, the concept of alternative transcript isoforms
and antisense transcription should not be ignored.

Murine gammaherpesvirus 68 (MHV68) provides
a valuable model system to study human or related
gammaherpesvirus pathology. The transcriptional
schematic of the virus has been studied [12,17,18] and
the most recent annotation of the viral transcriptome
is available [13] via the utilization of a bioinformatics
pipeline named (Transcriptome Resolution through
Integration of Multiplatform Data TRIMD). This
pipeline uses PacBio long-read sequencing, Illumina
sequencing and 5' cap sequencing (CAGE) data for
RNA isoform identification. TRIMD has identified
~250 novel transcripts during lytic MHV68 infection.

In this work, the ORF63-64 region in the MHV 68
genome was shown to contain several readily detect-
able transcript isoforms by northern blotting and
qRT-PCR. The antisense transcripts in this paper are
partially discussed as part of the previously published
northern blot protocol [19]. Herein, further examina-
tion with different probes and primer sets to map the
transcriptome is provided. The aim of the present study
is to analyze the different transcriptional isoforms of a
putative IncRNA expressed by the ORF 63-64 locus in
the viral genome and to compare the results of qRT-
PCR with northern blot analyses of the same region.
The time course for the transcripts and the latency
expression profiles were analyzed to assess whether the
expression of the different transcript variants changed.

MATERIALS AND METHODS
Cell culture and virus infection

For cell culture and infections, the mouse fibroblast
cell line NTH 3T12 was used. Cells were maintained
in Dulbeccos modified Eagle medium (DMEM) with
10% fetal calf serum with 100 U/mL of penicillin
and streptomycin and 2 mM L-glutamine. MHV68.
OR73Bla, a recombinant virus that expresses beta-
lactamase as a fusion to the LANA protein encoded
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by ORF73 [20], was used for the viral infections. The
A20 mouse B cell lymphoma cell line and its derivative
A20-HE.2.1 [21] that carries the viral genome under
antibiotic selection, was used for the latency model.
B cells were maintained in Roswell Park Memorial
Institute (RPMI) medium under the same conditions
as above in addition to 50 pM 3-mercaptoethanol.
The A20-HE.2.1 cell line was kept under 300 pg/mL
hygromycin B for viral genome persistence.

RNA extraction and northern blot analysis

RNA extraction and the northern blot protocol were
based on the previously published protocol [19]. Briefly,
fibroblasts were infected with 5 plaque-forming units
of MHV68 virus per cell in a 10-cm cell culture plate.
At the designated time points post-infection, the cells
were washed with phosphate-buffered saline (PBS)
and collected in 1 mL TRIzol. Chloroform (0.2 mL)
was added to the TRIzol sample, the upper phase was
collected, precipitated with isopropanol, and washed
with ice-cold 75% ethanol. Total RNA was resuspended
in diethylpyrocarbonate (DEPC)-treated deionized
water and kept at -80°C.

For the northern blot protocol, 3-5 ug total RNA
from the samples were loaded onto a 6% formaldehyde-
containing 1% agarose gel in a fume hood with the RNA
ladder (Millenium Marker (Ambion, Thermo Fisher
Scientific, Waltham, MA, USA)). The gel was run at
~80 V for 3-4 h in 3-(N-morpholino) propanesulfonic
acid (MOPS) butfter, then blotted onto a Hybond XL
nylon membrane (Life Technologies, Thermo Fisher
Scientific, USA) overnight with a Turbolotter kit in 20x
standard saline citrate (SSC) buffer. The membrane
was washed, the RNA was crosslinked to the mem-
brane by exposure to UV light, and the membrane
was stained with 0.02% methylene blue for visualiza-
tion of ribosomal RNA integrity and markers. The
crosslinked membrane was prehybridized at 62°C for
2-4h in ULTRAhyb (Ambion) buffer, and the labeled
probe was added for overnight incubation. The next
day, the membrane was washed once with each of the
following buffers: 2xSSC, 1xSSC and 0.1xSSC with
0.1% sodium dodecyl sulfate (SDS) and exposed to a
film at 80°C for the appropriate time.

The radioactively labeled riboprobes were prepared
with Maxiscript T7/Sp6 (Thermo Fisher). Briefly,

201

the probe template was PCR amplified with prim-
ers containing T7 and Sp6 promoters on each side
(Supplementary Table S1). The template was labeled
with the kit by adding 10 pCi a-CTP (Perkin Elmer
Inc. Waltham, MA, USA) to the reaction for 4 h at
37°C. The DNA template was digested with DNase
for 20 min, and the reaction was stopped by adding
ethylenediaminetetraacetic acid (EDTA). The probe
was used without purification.

Quantitative reverse transcription (QRT) PCR

Two pg of total RNA was converted to cDNA by an
initial DNase digestion with Turbo DNase (Ambion)
following either random priming or gene-specific
primers using the iScript cDNA synthesis kit (BioRad
Laboratories Inc. Hercules, CA, USA). Twenty L of the
cDNA reaction was diluted 5-fold before the quantita-
tive PCR reaction. Two pL of the cDNA sample was
used for each triplicate of the PCR reaction. A 2xmaster
mix (Fermentas Inc. Thermo Fisher Scientific) with
the primers listed in Supplementary Table S1 was used
for gPCR amplification in a CFX96 BioRad Real-Time
PCR machine. The data were analyzed with Graphpad
Prism software.

Integrative genomics viewer (IGV) data
visualization

Original sequencing data for the MHV68 transcriptome
is published and available at GSE117651 from NCBI.
The TRIMD analysis package can be obtained https://
github.com/flemingtonlab/TRIMD and the IGV is
downloadable from https://software.broadinstitute.
org/software/igv/. The data sets can be downloaded
and analyzed free of charge. Briefly, using the MHV68
genome as reference, the “bed’ files are displayed in
IGV and the 14 kb region spanning the ORF63-64
antisense transcript is visualized.

RESULTS
Visualization of the viral transcripts in the IGV
A transcriptionally complex region from the MHV68

genome was selected for further analysis. A 14 kb region
harboring the antisense transcripts, which stem from
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the ORF63-64 locus, is shown in Fig. 1. This region
contains 17 total transcripts validated with TRIMD
analysis. Most of the transcripts have scores lower
than 10. The score can be roughly interpreted as lower
expression and detection with the method. Some of
the transcripts have splice junctions and none of the
spliced transcripts have scores higher than 7. One
interesting observation is that, even though ORF64
is annotated in NCBI, the RNA product of this gene
was not detected by the sequencing analysis. ORF64
mRNA should be a rightward transcript as opposed to
the antisense transcripts synthesized from a negative
strand and going leftwards (Supplementary Fig. S1).
The locations of the primers and the probes used in
this study are presented in Fig. 1, and five major tran-
scripts (with scores higher than 50) can be expected
from the locus.

Northern blot analysis

RNA samples from mock or infected cells were used
to detect the transcriptional complexity obtained from
the region. Three sets of radiolabeled strand-specific
probes were generated and used as shown in Fig. 1.
According to the TRIMD analysis, the major transcripts
should be about 1.9 kb, 3 kb, 3.5 kb, 4 kb and 4.6 kb
in length. Probe 1 detected five major transcripts
which are about 2 kb, 3 kb, 4 kb, 4.5 kb and an RNA
molecule larger than 9 kb, but its size could not be
determined correctly using the RNA ladder (Fig. 2).
In general, the transcripts are in a very close size range
for the sequencing data identified transcripts. The large
RNA was not detected by TRIMD analysis most likely
because a very long RNA molecule was probably not
converted to cDNA as a full-length molecule, and the
sequencing capacity for molecules over 10 kb is quite
low. As expected, probes 2 and 3 did not detect shorter
isoforms but larger bands were visible. Antisense probe
2 should detect ORF64 if expressed. However, during
these conditions, the signal for ORF64 mRNA could
not be detected and this is in accordance with the
TRIMD analysis. The 18S and 28S rRNAs served as
the loading control and as well as an estimate of the
integrity of the isolated total RNA. Note that different
probes work with different efficiencies for northern
blotting, and the thickness of the bands should not be
interpreted as a correlation of the expression levels.
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Quantitative reverse transcription PCR analysis

To quantify gene expression, three sets of primers with
identical viral sequences to the northern blotting probes
were used to quantify antisense RNA transcription. The
viral genome containing bacterial artificial chromosome
(BAC) DNA was isolated from E. coli cells and the DNA
was quantified by Nanodrop. Using the DNA copy num-
ber calculation formula (DNA amount in ngxAvogadro
number/length of DNAXx10°x600), serial dilutions for
10*to 107 copy numbers were prepared and used as a
template for gPCR primer efficiency. At about 10° copy
number, the primers give Ct values lower than 20 sug-
gesting good quality amplification (Fig. 3). Primers were
also used for the cDNA samples from mock or infected
cells with or without reverse transcriptase enzyme as a
negative control. On average, the Ct value ranged from
18.9 for set 2 to 21.1 for set 1. Primer efficiency depends
on the amplicon generation ability of the primer set and
it is conceivable that each set would result in different Ct
values. Usually, the best primer set is selected for further
analysis. However, the best primer set selected here (Set
2), depending on the Ct value, will not detect some of
the transcripts from the region (Fig. 2). Therefore, it is
essential to have a transcriptome mayp if quantification
for a given IncRNA is studied.

Reverse transcription (RT)-PCR analysis

A splice junction is visible in some of the transcripts
in Fig. 1. To validate the splicing, RT PCRs are set for
the mock or infected samples with set 2 forward and
3 reverse primers. The full-length amplicon of about
800 bp (should be 778 bp) is visible from the positive
control BAC DNA and the infected RT+ samples. The
spliced forms generate the lower molecular weight
amplicon around 400 bp (should be 427 bp), which is
consistent with the 351-nucleotide intron size. Even
though the spliced isoforms are represented in low
numbers with TRIMD analysis and are not detected
by northern blotting, they possess a fainter band in
the RT-PCR samples (Fig. 4A). To grasp the full com-
plexity of the transcripts from the locus, cDNA is pre-
pared with the gene-specific primer (Supplementary
Table S1) and PCR was performed with set 1 forward
and set 3 reverse primers. The resulting amplicons
were run on a 10% polyacrylamide gel (Fig. 4B). This
clearly indicated that multiple variants were detected
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Fig. 1. Integrative Genome Viewer (IGV) visualization of ORF6364 antisense transcripts in the MHV68 genome and locations of the
qRT-PCR regions and probes for northern blots. The names and lengths are given next to the transcript line for abundant transcripts.
Arrows indicate the transcriptional direction. The numbers in parentheses are TRIMD scores.
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Fig. 2. Northern blot of the ORF6364 antisense (AS) tran-
script with four different probes. The RNA ladder is shown
and marked with the corresponding sizes. Kb - kilobase.
Red * indicates abundant transcripts with high TRIMD
scores. Probe 2 AS is the complementary strand probe.
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Fig. 3. qRT-PCR analysis of the ORF6364 antisense transcripts. Primer ef-
ficiency was assessed by serial dilutions of the viral genome. Mock vs wild
type (WT) virus infected fibroblasts were compared with different primer
sets. The cycle threshold value (ct) is given in reverse order on the y-axis.

by RT-PCR and that viruses display much more com-
plex transcriptional activity. Additionally, some of the
splice variants generated smaller RNA species which
can be visualized even though they are not detected
by northern blotting.

Northern blot analysis for the time course and
latency

Viruses utilize different transcriptional programs dur-
ing infection depending on the time and state of the
infection (lytic or latency). MHV68 proceeds into the
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Fig. 4. Reverse Transcription (RT)-PCR for the antisense transcripts
in ORF63-64 locus. A - Set 2 forward and set 3 reverse primers
were used and the PCR products and run on a 3% agarose gel. B
- Set 1 forward and set 3 reverse primers were used, and the PCR
products were loaded onto 10% polyacrylamide gels.

lytic infection cycle in fibroblast cell culture models and
most viral genes are expressed in this state. However,
during latency, very limited gene expression (if any)
was observed in B cells. To test whether there was
differential expression of transcript isoforms in either
viral state, lytic replication in 3T12 fibroblasts was used
first. To determine whether transcripts differed during
infection, samples were collected at different time points
after infection and northern blotting was performed.
The earliest time point that any of the transcripts were
detected was at 18 h post infection and no apparent
distinction regarding the isoforms was observed (Fig.
5A). In addition, the latency phase of the viral infection
in B cells was tested. During latency much less viral
transcripts are produced, and the amount of RNA loaded
on the gel from latently infected samples increased to 15
ug while 3 pg of RNA was loaded from the lytic sample
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Fig. 5. Northern blot for ORF6463AS transcripts. A — the time course
during lytic infection in 3T12 fibroblasts; B - latency and reactivation in
B cells. Probe 1 was used in both blots.

as the control (Fig. 5B). During latency, no specific
transcripts were observed, however, upon induction
of the reactivation with 12-O-tetradecanoylphorbol-
13-acetate (TPA), a commonly used reagent to induce
lytic replication for gammaherpesvirus, the transcripts
became visible even though to a lesser extent when
compared to the lytic infection.

DISCUSSION

The work here investigates the ability of techniques used
for IncRNA studies to comprehend transcriptional com-
plexity from a given locus in a gene-dense gammaher-
pesvirus genome. Genomes are pervasively transcribed,
and a vast pool of RNA products is generated [1,22].
Usually, Illumina-based RNA sequencing methods in
combination with long-read sequencing techniques have
been developed to decipher complex transcriptomes.
Multiple datasets from these platforms are integrated to
identify isomeric forms of the transcripts. The analysis of
alternative mRNA forms and IncRNAs in the genomes
of viruses such as EBV, MHV68, KSHV and HSV-1 was
performed using similar strategies [23]. Transcriptomic
analyses of other virus families, such as herpesviruses,



Arch Biol Sci. 2023;75(2):199-210

retroviruses, baculoviruses and poxviruses, were also
conducted and the key findings from these analyses
demonstrate that antisense transcription, multi-gene
transcripts, transcripts passing over a known polyA
signal sequences called “read-through”, and overlapping
transcription are widely used by the viruses [24]. An
important method (if not the only one) to study the
novel transcripts identified by the recently developed
sequencing platforms is the QRT-PCR assay, and the
majority of published papers use this method to quan-
tify IncRNAs and mRNAs [25]. This powerful method
of quantification has certain drawbacks which should
not be overlooked, especially while working with gene
dense large DNA viruses.

To understand the function of these newly identified
classes of RNA molecules, a detailed transcriptomic map
of the genome proved to be useful to design primers
and generate mutants. For example, the large >9 kb
transcript is not found in sequencing data sets and the
NCBI repository. It is an antisense transcript to several
genes in the region and the function of the transcript is
not known. Therefore, it is important to consider the
effect of this transcript while designing experimental
strategies. If one qQRT-PCR assay is employed for gene
expression analysis of the neighboring “sense” strand
genes, the presence of this transcript may cause misinter-
pretation of the results. In the ORF6463 locus example
here, the Ct values according to the qRT-PCR suggest
that if alternative transcript isoforms are not known,
primer set 2 would be preferable simply because of the
lower Ct value. However, one of the abundant transcripts
will not be captured by this primer set. Reverse tran-
scription PCR suggested that many more alternatively
spliced transcripts were produced. Although we did not
detect a different expression pattern for these variants
in the time-course experiment and latency conditions,
it is still worth considering that these variant RNA
molecules might have different functions depending
on the context of the viral state.

The locus discussed in this work was studied in
several studies [26-28]. It encodes for ORF64 protein,
which is a large tegument protein with a deubiquitinating
protease activity. The work presented in these studies
predates the most recent transcriptome analyses that
revealed antisense transcription. In some of these stud-
ies, the data from the qQRT-PCR assays were utilized to
assess the expression level of ORF64. This proposes a
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question how much of the expression can be attributed
to the ORF64 mRNA and how much of the expression
is because of the antisense transcripts. Similar scenarios
are observed for other herpesviruses in different loci.
KSHYV, EBV and HSV-1 encode for large transcripts that
are antisense to important latency genes in their genomes
[29,30]. As an example, HSV-1 produces a non-coding
transcript named the latency associated transcript (LAT)
which is associated with numerous cellular pathways
that block apoptosis, influence the survival of neurons,
affect virulence, establishment of latency, reactivation
from latency and so on [31,32]. These recently identi-
fied antisense transcripts and alternative isoforms have
gone largely unnoticed in previous studies, and it is
important to determine how complex transcription
may affect experimental designs, such as generation
of mutants and antisense oligo-targeted gene silencing.

It can be concluded that a more detailed inves-
tigation of the region of interest by alternative RNA
detection methods such as northern blotting and
qRT-PCR is essential, especially when working with
viral transcripts. When generating viral mutants and/
or inserting gene segments for recombinant protein
production, it is important to understand the tran-
scriptional complexity of the region using methods
such as northern blotting.
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Primer Sequence

Set 1 FWD AAATTGGGCCTCTTATCTCCTGG
Set 1 REV GTTTGAATAATTGGCCGTCAGC
Set 2 FWD ATATGACCTACCAACCACCAA
Set 2 REV GGGTGCGCCCAGATTCTTTC
Set 3 FWD AGTCATCAACGCCTGTGTGG
Set 3 REV TTTGAGGTCGTTTAAGTGGCTGG
Gene specific primer GGCATTGTCCTCATCACCCAG
T7 promoter sequence TAATACGACTCACTATAGGG
Sp6 promoter sequence ATTTAGGTGACACTATAGAA

T7 or Sp6 promoter sequence-containing primers are ordered with the same sequence for Sets 1, 2, 3.
The underlined bold G nucleotide in the promoter sequence is the first nucleotide of the RNA probe.

FWD and REV indicate the forward and reverse primers, respectively.

GAMMAHV.ORF6 GAMMAHV.ME Il GAMMAHV.ORF25 I GAMMAHV.ORF40 IER GAMMAHV.ORFS6 IEM  GAMMAHV.ORF6+ NN GAMMAHVM11 T ICEEIGAMMAHY ORF75¢
I § GAMMAHV.M2 GAMMAHV.ORF10 Il W GAMMAHV.ORF20 GAMMAHV.ORF44 W GAMMAHV.ORF46 =a orFs1 M ORF66 mi2 il
GAMMAHV.ORF9 IER GAMMAHV.ORF22 IEN  IEE GAMMAHV.ORF24 GAMMAHV.ORF43 GAMMAHV.ORF63 I GAMMAHV.M10a BE W GAMMAHV.ORF72
GAMMAHV.ORF8 IEN GAMMAHV.ORF21 IER GAMMAHV.ORF32 Il GAMMAHV.ORFs0 Il L] ORF59 Mmios IR ] ORF73 I
GAMMAHV.ORF7  GAMMAHV K3 GAMMAHV.0RF37 Il B GAMMAHV.ORF42 W GAMMAHV.ORF58 GAMMAHV.M10c IEN G AMMAHY.
M3 L I < | ORF17 ORFas Il GAMMAHV.M7 Il GAMMAHV.ORFSS GAMMAHV.ORF68 Il GAMMAHV.M13 Il
GAMMAHV.M4 I GAMMAHV.ORF11 Il = ORF19 orFasl W ORF39 oRFs7 I M GAMMAHV.ORF62  GAMMAHV.ORF74 Il
GAMMAHV.ORF4 Il GAMMAHV.ORF180 Il W GAMMAHV.ORF23 W GAMMAHV.ORF29a GAMMAHV.M8 Il [ GAMMAHV.ORF60 [ GAMMAHV.ORF67
NC_001826.2:0..119451 Murine herpesvirus 68 strain WUMS, complete genome
1 5K, . [10K 15K, ROK  [5K  [50K |35K |e0K l4sK [soK . |s5K lesk oK . [75K BOK . |85K [s0K  P5K 100K, [105K,  [110K 1
S —— - e srsasases 00 e erry Srenseperesne g s ewasen
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Genes
I S W G AMMAHV.ORF61 GAMMAHV.ORF64 =<2
GAMMAHV.ORF60 GAMMAHV.ORF63 G AMMA
GAMMAHV.ORF62

Supplementary Fig. S1. Murine gammaherpesvirus 68 WUMS strain reference genome [https://www.ncbi.nlm.nih.gov/nuccore/
NC 001826.22report=graph]. The ORF6463AS-containing region of 80kb-95 kb as shown in the NCBI browser.
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DATA SET

Raw Table S1. Ct values for primer efficiency.

DNA Copy Number Primer Set 1 Primer Set 2 Primer Set 3
10* 29.85 28.97 28.55 23.85 23.89 23.49 25.58 26.01 25.55
10° 24.86 25.04 24.94 20.03 20.51 20.03 21.93 21.56 21.45
10° 19.77 19.27 19.53 16.15 15.68 16.09 17.35 17.37 17.47
107 15.08 14.86 14.49 12.43 NA 12.29 13.61 13.52 13.55

Raw Table S2. Ct Values for qPCR.

Primer Set 1 Primer Set 2 Primer Set 3
Mock RT+ 31.05 32.37 32.05 32.07 32.95 31.50
Infected RT+ 21.23 21.22 20.92 18.84 18.81 18.90 20.37 20.79 20.64
Mock RT- 31.36 33.02 33.08 33.01 32.89 33.32
Infected RT- 30.16 32.78 32.57 32.15

Raw Image S1.

Raw northern blot.

The red area was used in Fig. 1.
Loading order:

1 RNA Millennium Marker 0.5-9kb
2 Mock infected fibroblasts

3 Wild type virus-infected fibroblasts
4 Mock-infected fibroblasts

5 Wild type virus-infected fibroblasts
6 Mock infected fibroblasts

7 Wild-type virus-infected fibroblasts

The membrane was cut into small pieces and hybridized with different probes
(probe Sets 1, 2, 3), and the membrane was exposed.

Originally, more than 3 probe sets were ordered but the 1 probe was discarded;
that is why the 1* two lanes are labelled as 2, and the next ones 3 and 4.

Raw Image S2.

Photograph of the membrane used for the Northern blot image above. The
membrane was cut into small pieces. Only the 1% 7 lanes were used in this
publication.

Methylene blue staining renders rRNA visible.
Only the 1 6 lanes of this membrane were used for the publication.
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Raw Image S3.

Raw images of the gel after PCR Set 2 forward and set 3 reverse primers were
used and PCR products were run on a 3% agarose gel.

Loading order:

1. PCR-positive control

2. Mock reverse transcriptase+

3. WT virus-infected reverse transcriptase+

4. Mock reverse transcriptase—

5. WT virus-infected reverse transcriptase—

6.100 bp ladder NEB

Only the red area was used for the publication.

Raw Image $4.

Raw images of the gel after RT-PCR Set 1 forward and set 3 reverse primers
were used and the PCR products were loaded onto a 10% polyacrylamide gel.
Loading order:

1. 100 bp NEB ladder

2-5. is the loading order below but with a different primer set;

6. Mock reverse transcriptase+

7. WT virus-infected reverse transcriptase+

8. Mock reverse transcriptase—

9. WT virus-infected reverse transcriptase—

10. PCR-positive control

11. 1 kb ladder NEB

e

(

Raw image S5A.

Raw northern blot film image for Fig. 5.
Loading order:

1. Mock

2. WT-infected 6 h post infection

3. WT-infected 12 h post infection

4. WT-infected 18 h post infection

5. WT-infected 24 h post infection

6. Millenium RNA marker
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Raw image S5B.
Membrane image of the blot above.
Gel loading as above.

Raw image S5C.
Raw northern blot film image for figure 5.

Only the top right corner in the red box image was used for this publication.

Gel loading:

1. Millenium RNA marker

2. Mock

3. WT-infected fibroblasts

4. A20 B cell RNA

5. Latently infected HE2.1 A20 B cell RNA

6. Latently infected HE2.1 A20 B cell RNA after reactivation for 24 h.

Raw image S5D.

The membrane image of the blot above.

Only the right side of this membrane was used for this publication.
Gel loading as above.






