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deposition on escape from SOX. As shown in Fig 2C, as expected, SOX efficiently 157 

degrades GFP-Æ but GFP-SRE resists degradation. However, SOX-mediated decay is 158 

restored on the GFP-SRE* reporter. Since IL-6 is known to also escape decay mediated 159 

by closely related SOX-homologs muSOX and BGLF5, we wondered whether the GFP-160 

SRE* would also be susceptible to these endonucleases. As shown in Fig. 2C, a single 161 

point mutation at position 74 in the SRE also renders transcripts susceptible to 162 

degradation from SOX homologs. Taken together, these data reveal that m6A 163 

modification of the 3’ UTR of IL-6 promotes its escape from SOX.    164 

 165 
Figure 2: IL-6 SRE contains an m! A site that is necessary for viral endonuclease 166 
protection A) PureCLIP scores of the 3’ UTR IL-6 gene in latent and lytic (48hpr) ISLK.WT 167 
cells. Schematic to the right illustrates an IL-6 gene: the DRACH motif identified through m6A-168 
eCLIP is in blue, and the methylated adenosine in red. B) Cells were transfected with WT SRE 169 
or SRE* GFP reporter, and total RNA was harvested 24hr later and subjected to meRIP 170 
followed by RT-qPCR using GFP primer. Fold enrichment was determined by calculating the 171 
fold change of the IP to control Ct values that were normalized through the input. C) 293T cells 172 
transfected with one of three viral endonucleases as indicated along with the indicated GFP 173 
reporters. RNA was collected and quantified using RT-qPCR.  174 
 175 
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 The m6A reader YTHDC2 binds to and promotes the SRE escape from SOX. A 176 

previous ChIRP-MS screen had identified a number of host proteins that can bind the 177 

SRE element [15]. One of these predicted interactors was the m6A reader YTHDC2. 178 

Several reports have demonstrated that YTHDC2 directly binds to m6A-modified 179 

mRNAs often within 3' UTRs [44-47]. YTHDC2 itself is an RNA helicase and its binding 180 

to mRNA has been associated with alteration of RNA stability [44-47]. We first 181 

confirmed the interaction between YTHDC2 and SRE-bearing mRNA by performing IPs 182 

from cells transfected with a GFP reporter fused to the WT SRE (FIG 3A). In agreement 183 

with our previous observations, YTHDC2 binding to the m6A deficient SRE* was 184 

reduced compared to the WT SRE, confirming that YTHDC2 is recruited to the SRE as 185 

an m6A reader (FIG 3A).  186 

 Since the m6A modification that we identified on the SRE appears to be important 187 

to promote protection from SOX induced degradation, we next asked whether this 188 

protective phenotype was being mediated through the recruitment of YTHDC2. We 189 

therefore used Cas9-based genome editing to generate YTHDC2 knockout clones in 190 

HEK293T cells (now referred to as 293TDYTHDC2). After confirming knock out 191 

efficiency (FIG 3B), we used this cell line to assess how the lack of YTHDC2 expression 192 

would affect the SRE stability in the face of SOX-mediated decay. 293TDYTHDC2 were 193 

transfected with our GFP-SRE reporter along with SOX (or mock) and RNA was 194 

extracted and used for RT-qPCR (FIG 3C). As expected, SOX does not affect the RNA 195 

levels of the GFP-SRE reporter in WT 293T control cells. However, SOX-mediated 196 

decay is restored when YTHDC2 expression is knocked down. To ensure that this 197 

defect in protection from SOX was not due to off target effects of generating the 198 
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293TDYTHDC2 cell line, we rescued YTHDC2 using ectopic expression (FIG 3B). In 199 

these cells, the GFP-SRE stability was rescued to normal levels even in the presence of 200 

SOX (FIG 3C). Taken together, these results support a role for the m6A reader YTHDC2 201 

in protecting transcripts from SOX degradation.  202 

  203 
Figure 3: YTHDC2 is necessary for IL-6’s evasion of SOX A) Cells were transfected with 204 
Flag-tagged-YTHDC2 and a GFP reporter as indicated. Cells were crosslinked and 205 
immunoprecipitated using Flag-coated beads. RNA fraction was collected and used for RT-206 
qPCR. B) 293T∆YTHDC2 cells were obtained by stably expressing and single cell selecting 207 
293TCas9 cells expressing a YTHDC2 targeting guide RNA. Cells clones were tested for knock 208 
out efficiency by western blot using a YTHDC2 antibody and GAPDH as a loading control. 209 
YTHDC2 expression in these cells was rescued by transfecting Flag-tagged-YTHDC2 on a 210 
plasmid. C) 293T∆YTHDC2 or WT cells were transfected with SOX (or mock) along with a GFP-211 
SRE reporter. RNA was then collected and used for RT-qPCR. 212 
 213 
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Discussion 214 

Herpesviruses extensively manipulate the fate of host transcripts during lytic 215 

reactivation through the use of virally encoded endonucleases. In the case of KSHV, the 216 

viral endonuclease SOX targets a wide array of mRNAs via a sequence specific degron 217 

and cleaves around 70% of mRNAs in the cell [1, 48, 49]. This allows the virus 218 

unfettered access to the host expression machinery for viral replication. Previous work 219 

has shown that among the 30% of transcripts that escape this SOX-mediated decay, 220 

there is subset of transcripts that carry an RNA stability element located in their 3’UTR 221 

that specifically enables this resistance phenotype against viral but not cellular 222 

endoribonucleases known as the SOX-resistant element (SRE) [10, 13-15]. While this 223 

escape mechanism remains largely uncharacterized, it is known that this RNA element 224 

is not conserved in sequence among escaping transcripts but rather adopts a common 225 

RNA structure which has been hypothesized to serve as a protein recruitment platform. 226 

Past studies have explored proteins bound to this RNA element and found several m6A 227 

readers within the SRE RNA-protein complex [15]. We thus hypothesized that the RNA 228 

modification m6A, which is prevalent and integral to both host and viral transcript fate, 229 

may be involved in viral endonuclease escape. This led us to preform m6A-eCLIP 230 

sequencing on KSHV latent and lytic cells.  231 

 The m6A-eCLIP confirmed previous results seen where upon reactivation there is 232 

an overall decrease in methylation on  host transcripts  and a massive increase in 233 

methylation of viral transcripts [35, 36, 42]. Furthermore, we observed a 5’ UTR 234 

hypomethylation and a concomitant 3’ UTR hypermethylation following KSHV 235 

reactivation from latency. m6A modifications are known to occur mainly co-236 
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transcriptionally on the adenines that are located within a DRACH motif by m6A writer 237 

proteins. It is possible that this shift of m6A deposition towards 3’UTR results from 238 

alternative spliceforms being expressed during KSHV lytic infection and that possibly, 239 

these transcripts have more favorable DRACH motifs. This can be seen in the shift of 240 

the types of transcripts being methylated in Fig 1C. Viruses are known to affect the 241 

global gene expression landscape and it would thus not be surprising to see that those 242 

expressed during lytic infection have alternative 3’UTR favoring m6A deposition. This is 243 

also in line with our observation that RNA splicing genes are more m6A modified during 244 

the lytic cycle, which could suggest that they are more solicited and possibly more 245 

expressed. However, it is still unknown what dictates the m6A writing machinery to 246 

prefer one DRACH motif over another. It is possible that upon lytic reactivation a 247 

change occurs in the cell that causes m6A writing to change its “priority”. This is 248 

supported by a couple of genes like GADD45B and ARMC10, whose m6A transcript 249 

landscape shifts during lytic reactivation as well as the DRACH motifs that are 250 

methylated (Fig 1C). Interestingly, we do know that the m6A deposition on the IL-6 SRE 251 

occurs independently of whether this SRE is in the context of the full transcript. Indeed, 252 

our results indicated that the presence of the SRE on a GFP reporter is enough to 253 

mediate the same “SOX blocking” effect as in the endogenous mRNA. This suggests 254 

that the m6A machinery is likely more influenced by a DRACH motif in the proper 255 

context and/or presented in the proper structure than other determinants far away from 256 

the DRACH motif chosen. Since m6A is mainly deposited co-transcriptionally perhaps 257 

the difference we see in DRACH motif preference is due to transcriptional rate. Another 258 
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alternative is given the increase of RNA splicing, m6A writers preferentially recognize 259 

DRACH motifs in actively spliced RNA as a result.  260 

We were able to show that the m6A site in the IL-6 SRE recruits YTHDC2, and 261 

further demonstrate that the recruitment of this m6A reader is necessary for its 262 

protection from SOX. YTHDC2 comes from the YTH family which boast a YTH binding 263 

domain to interact with m6A directly albeit with low affinity. Interestingly all the other YTH 264 

proteins are around 500-750 aa and composed of primarily low complexity disordered 265 

regions while YTHDC2 is close to 1,400 aa in length and has several other known 266 

domains besides the canonical YTH domain: an R3H, helicase, ankyrin repeats, HA2 267 

and OB-fold domains [44, 45]. Little is known about the function of the canonically 268 

cytoplasmic YTHDC2. It has been reported that it may contribute to increased RNA 269 

decay by binding select transcripts and XRN1 [45, 46]. Other studies  have shown that it 270 

enhances translation efficiency unwinding RNA transcripts while bound to the ribosome 271 

[44, 50]. This puts it in direct contrast with YTHDC1 which is nuclear and has roles in 272 

RNA splicing and chromatin modification [51-53]. YTHDC2 functions more in line with 273 

the cytoplasmic YTHDFs 1-3 which have been shown to bind m6A containing transcripts 274 

and enhance translational activity or mRNA decay [54-57]. What many of the YTH 275 

proteins have in common when binding their transcripts is that they function in complex 276 

with other proteins. This is consistent with our hypothesis that although YTHDC2 is 277 

necessary for the protection of IL-6 from SOX-mediated decay, it is most likely not 278 

sufficient. A previous study  has shown that IL-6 binds with nucleolin (NCL), HuR and 279 

AUF-1 in a protective complex [10, 14, 15]. It is likely that YTHDC2 works in concert 280 

with these proteins and possibly others to either occlude SOX targeting via their 281 
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presence or by relocalizing the transcript where SOX cannot target IL-6. There is also a 282 

possibility that YTHDC2 helicase function may be necessary for protection and perhaps 283 

the unwinding of the IL-6 transcript removes an internal mRNA secondary structure that 284 

is essential for SOX targeting. Furthermore, while our data supports the role of m6A as 285 

an important contributor to SOX resistance, it also emerges that this is not the sole 286 

answer of SRE protection. We did not find a consistent pattern in lytic-specific m6A 287 

deposition in other known or predicted SOX-resistant transcripts. These escaping 288 

mRNAs either had no change in their m6A status upon lytic infection or had lytic-specific 289 

peaks outside of their 3’UTR. This indicates that it is not lytic infection per se that 290 

triggers this escape phenotype and/or directs m6A deposition, but rather that some m6A 291 

modified mRNAs are compatible with assembling a protective complex against SOX. 292 

Therefore, not all m6A transcripts turn out to be SOX-resistant which is in line with our 293 

observations that only select transcripts among the 20% spared from SOX decay are 294 

actively escaping degradation. We thus hypothesize that these m6A modifications must 295 

be in the proper context and recruit a specific set of protective proteins in order to be 296 

active. However, now that we have a clearer idea of what m6A reader may be involved 297 

in this mechanism, it would be interesting to reverse our question and search for new 298 

escapees using either their m6A pattern and/or by investigating what transcripts are 299 

bound by YTHDC2 during KSHV lytic infection. Furthermore, given that the regulation of 300 

RNA fate is a crucial step in hijacking the host cell, it is perhaps unsurprising that 301 

several viruses use widespread RNA decay to take over their hosts. It would be 302 

interesting to investigate the contribution of m6A modifications and YTHDC2 role in 303 

these other viral families that also deploy host shutoff as a way to overtake the host.  304 
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Materials and Methods 305 

Cells and transfections. HEK293T cells (ATCC) were grown in Dulbecco’s modified 306 

Eagle’s medium (DMEM; Invitrogen) supplemented with 10% fetal bovine serum (FBS). 307 

The KSHV-infected renal carcinoma human cell line iSLK.219 (kind gift from B. 308 

Glaunsinger) bearing doxycycline-inducible RTA was grown in DMEM supplemented 309 

with 10% FBS [58]. Lytic reactivation cells were induced by the addition of 0.2 μg/ml 310 

doxycycline (BD Biosciences) and 110 μg/ml sodium butyrate for 72 h. The 311 

293T�YTHDC2 knockout clone and control Cas9-expressing cells were made by 312 

transducing HEK293T cells as previously described [59, 60]. Briefly, lenti-Cas9-blast 313 

lentivirus was spinfected onto a monolayer of HEK293T cells, which were then 314 

incubated with 20 μg/ml blasticidin for selection of transduced cells. These HEK293T-315 

Cas9 cells were then spinfected with lentivirus made from pLKO-tet on containing the 316 

YTHDC2 sgRNA sequence designed using the broad institute analysis tool and 317 

checked for off target effects. After selection using and 1 μg/ml puromycin, the pool of 318 

YTHDC2 knockout cells was then single-cell cloned in 96-well plates and individual 319 

clones were screened by western blot to determine knockout efficiency. 320 

 For DNA transfections, cells were plated and transfected after 24h when 70% confluent 321 

using PolyJet (SignaGen). 322 

 323 

Plasmids. The GFP-based reporters and SOX expression plasmids were described 324 

previously [15]. The SRE* reporter was generated by introducing an A to T point 325 

mutation at position 74 of the SRE using the Quickchange site directed mutagenesis 326 
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protocol (Agilent) using the primers described in Table S1. YTHDC2 expression plasmid 327 

was kindly provided by Dr. Chuan He.  328 

 329 

RT-qPCR. Total RNA was harvested using TRIzol according to the manufacturer's 330 

protocol. cDNAs were synthesized from 1 μg of total RNA using AMV reverse 331 

transcriptase (Promega) and used directly for quantitative PCR (qPCR) analysis with 332 

the SYBR green qPCR kit (Bio-Rad). Signals obtained by qPCR were normalized to 333 

those for 18S unless otherwise noted.  334 

 335 

Western blotting. Cell lysates were prepared in lysis buffer (NaCl, 150 mM; Tris, 336 

50 mM; NP-40, 0.5%; dithiothreitol [DTT], 1 mM; and protease inhibitor tablets) and 337 

quantified by Bradford assay. Equivalent amounts of each sample were resolved by 338 

SDS-PAGE and Western blotted with the following antibodies at 1:1,000 in TBST (Tris-339 

buffered saline, 0.1% Tween 20): rabbit anti-YTHDC2 (Abcam), and mouse anti-340 

GAPDH (Abcam). Primary antibody incubations were followed by horseradish 341 

peroxidase (HRP)-conjugated goat anti-mouse or goat anti-rabbit secondary antibodies 342 

(1:5,000; Southern Biotechnology). 343 

 344 

MeRIP-qPCR. HEK293T cells were transfected as indicated then total RNA was 345 

extracted using TRIzol. Pulldowns were performed using protein G Dynabeads 346 

(Invitrogen) with 10ug of m6A antibody (Sigma Aldrich) and 100ug of RNA in MeRIP 347 

buffer (50mM Tris-HCl @7.4 pH,150mM NaCl, 1mM EDTA, 0.1% NP-40, millipore H2O) 348 

and 1ul of RNAsin (Promega) per sample overnight at 4C. After extensive washing, 349 
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samples are eluted in MeRIP buffer containing 6.7mM sodium salt for 30mins at 4C. 350 

cDNAs were then obtained from 1 μg of total RNA using AMV reverse transcriptase 351 

(Promega) and used directly for quantitative PCR (qPCR) analysis with the SYBR green 352 

qPCR kit (Bio-Rad). 353 

 354 

RIP. Cells were crosslinked in 1% formaldehyde for 10 minutes, quenched in 125mM 355 

glycine and washed in PBS. Cells were then lysed in low-salt lysis buffer [NaCl 150mM, 356 

NP-40 0.5%, Tris pH8 50mM, DTT 1mM, MgCl2 3mM containing protease inhibitor 357 

cocktail and RNase inhibitor] and sonicated. After removal of cell debris, specific 358 

antibodies were added as indicated overnight at 4°C. Magnetic G-coupled beads were 359 

added for 1h, washed three times with lysis buffer and twice with high-salt lysis buffer 360 

(low-salt lysis buffer except containing 400mM NaCl). Samples were separated into two 361 

fractions. Beads containing the fraction used for western blotting were resuspended in 362 

30μL lysis buffer. Beads containing the fraction used for RNA extraction were 363 

resuspended in Proteinase K buffer (NaCl 100mM, Tris pH 7.4 10mM, EDTA 1mM, SDS 364 

0.5%) containing 1μL of PK (Proteinase K). Samples were incubated overnight at 65°C 365 

to reverse crosslinking. Samples to be analyzed by western blot were then 366 

supplemented with 10μL of 4X loading buffer before resolution by SDS-PAGE. RNA 367 

samples were resuspended in Trizol and were processed as described above. 368 

 369 

eCLIP and RNA-seq. ISLK.219 cells were harvested in their latent phase or 48h post 370 

reactivation. RNA was then extracted by TRIzol and purified as described above. The 371 

samples were processed by EclipseBio as described in their user guide, performing 150 372 
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Paired End run on NovaSeq6000 on was PolyA selected RNA. Ratio of IP and input 373 

reads were evaluated in each cluster, and clusters with IP/input enrichment greater than 374 

8-fold and associated p-value < 0.001 were defined as significant “peaks”. PureCLIP 375 

was used to identify m6A sites with a single nucleotide resolution. This algorithm 376 

identifies crosslink sites in eCLIP experiments and assess enrichment of DRACH motif 377 

relative to reads starts in IP and input libraries, as well as what fraction of identified 378 

crosslink sites are positioned on DRACH motifs.  379 

 380 

Statistical analysis. All results are expressed as means ± standard errors of the 381 

means (SEMs) of experiments independently repeated at least three times. Unpaired 382 

Student’s test was used to evaluate the statistical difference between samples. 383 

Significance was evaluated with P values as indicated in figure legends. 384 
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Figure legends: 396 
 397 
Figure 1: Examining ISLK m6A epitrascriptome during KSHV lytic reactivation A) 398 
Schematic of m6A eCLIP set up. iSLK.WT cells were either left latent or lytically 399 
reactivated with doxycycline and sodium butyrate for 48 hours. Total RNA was collected 400 
then incubated m6A antibody. Samples were UV crosslinked before being reverse 401 
transcribed then attached with 3’ adapters in part of library preparation. Finally, m6A 402 
enriched samples were sequenced. B) Most significant DRACH motifs with m6A peaks 403 
identified by HOMER in latent and lytic cells. C) Heat map of a metagene plot depicting 404 
the average number of sites mapped to certain genomic regions. The number of sites is 405 
calculated for each region of every gene, the lengths of the regions are then normalized, 406 
and the average number of sites for a set number of positions along the regions are 407 
calculated. D) Heat map of the most significant m6A enriched functional pathways in 408 
latent and lytic cells calculated through an enrichment analysis preformed using the R 409 
package clusterProfiler. E) m6A PureCLIP scores of lytically reactivated KSHV genes 410 
aligned over an annotated KSHV genome. PureCLIP is the log posterior probability ratio 411 
of the m6A crosslink sites over the input samples.  412 
 413 
Figure 2: IL-6 SRE contains an m6A site that is necessary for viral endonuclease 414 
protection A) PureCLIP scores of the 3’ UTR IL-6 gene in latent and lytic (48hpr) 415 
ISLK.WT cells. Schematic to the right illustrates an IL-6 gene: the DRACH motif 416 
identified through m6A-eCLIP is in blue, and the methylated adenosine in red. B) Cells 417 
were transfected with WT SRE or SRE* GFP reporter, and total RNA was harvested 418 
24hr later and subjected to meRIP followed by RT-qPCR using GFP primer. Fold 419 
enrichment was determined by calculating the fold change of the IP to control Ct values 420 
that were normalized through the input. C) 293T cells transfected with one of three viral 421 
endonucleases along with the indicated GFP reporters. RNA was collected and 422 
quantified using RT-qPCR.  423 
 424 
Figure 3: YTHDC2 is necessary for IL-6’s evasion of SOX A) Cells were transfected 425 
with Flag-tagged-YTHDC2 and a GFP reporter as indicated. Cells were crosslinked and 426 
immunoprecipitated using Flag-coated beads. RNA fraction was collected and used for 427 
RT-qPCR. B) 293T∆YTHDC2 cells were obtained by stably expressing and single cell 428 
selecting 293TCas9 cells expressing a YTHDC2 targeting guide RNA. Cells clones 429 
were tested for knock out efficiency by western blot using a YTHDC2 antibody and 430 
GAPDH as a loading control. YTHDC2 expression in these cells was rescued by 431 
transfecting Flag-tagged-YTHDC2 on a plasmid. C) 293T∆YTHDC2 or WT cells were 432 
transfected with SOX (or mock) along with a GFP-SRE reporter. RNA was then 433 
collected and used for RT-qPCR. 434 
 435 
 436 
Supplemental Figures: 437 
 438 
Figure S1: qPCR of KSHV transcripts.  439 
 440 
Figure S2: qPCR of MeRIP control transcripts, C19ORF66 as a negative control and 441 
DiCER as the positive control 442 
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 443 
Table S1: Primer dataset. Contains sequencing and qPCR primers used. 444 
 445 
Table S2: M6A-eCLIP IP iSLK-Lat Crosslink Site dataset. Crosslink sites were identified 446 
using the tool PureCLIP. Input samples were used as a background control for crosslink 447 
site identification. The score is the log posterior probability ratio of the first and second 448 
likely state. The fold change is the fold change of IP read starts vs. input read starts. 449 
 450 
Table S3: M6A-eCLIP IP iSLK-Lyt Crosslink Site dataset. Crosslink sites were identified 451 
using the tool PureCLIP. Input samples were used as a background control for crosslink 452 
site identification. The score is the log posterior probability ratio of the first and second 453 
likely state. The fold change is the fold change of IP read starts vs. input read starts. 454 
 455 
  456 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted September 4, 2021. ; https://doi.org/10.1101/2021.09.03.458900doi: bioRxiv preprint 

https://doi.org/10.1101/2021.09.03.458900


 23 

References 457 

1. Hyunah Lee, A.O.M.P., Claire Bagne ́ris, Hannah Ryan, Christopher M. 458 
Sanderson, Bahram Ebrahimi, Irene Nobeli and Tracey E. Barrett, KSHV SOX 459 
mediated host shutoff: the molecular mechanism underlying mRNA transcript 460 
processing. Nucleic Acids Research, 2017. 461 

2. Glaunsinger, B. and D. Ganem, Lytic KSHV Infection Inhibits Host Gene 462 
Expression by Accelerating Global mRNA Turnover. Molecular Cell, 2004. 13(5): 463 
p. 713-723. 464 

3. Rowe, M., et al., Host shutoff during productive Epstein-Barr virus infection is 465 
mediated by BGLF5 and may contribute to immune evasion. Proceedings of the 466 
National Academy of Sciences of the United States of America, 2007. 104(9): p. 467 
3366-3371. 468 

4. Covarrubias, S., et al., Host Shutoff Is a Conserved Phenotype of 469 
Gammaherpesvirus Infection and Is Orchestrated Exclusively from the 470 
Cytoplasm. Journal of Virology, 2009. 83(18): p. 9554-9566. 471 

5. Richner, J.M., et al., Global mRNA degradation during lytic gammaherpesvirus 472 
infection contributes to establishment of viral latency. PLoS Pathog, 2011. 7(7): 473 
p. e1002150. 474 

6. Abernathy, E., et al., Gammaherpesviral gene expression and virion composition 475 
are broadly controlled by accelerated mRNA degradation. PLoS Pathog, 2014. 476 
10(1): p. e1003882. 477 

7. Gaglia, M.M., C.H. Rycroft, and B.A. Glaunsinger, Transcriptome-Wide Cleavage 478 
Site Mapping on Cellular mRNAs Reveals Features Underlying Sequence-479 
Specific Cleavage by the Viral Ribonuclease SOX. PLoS Pathog, 2015. 11(12): 480 
p. e1005305. 481 

8. Mendez, A.S., et al., Site specific target binding controls RNA cleavage efficiency 482 
by the Kaposi's sarcoma-associated herpesvirus endonuclease SOX. Nucleic 483 
Acids Res, 2018. 46(22): p. 11968-11979. 484 

9. Covarrubias, S., et al., Coordinated destruction of cellular messages in 485 
translation complexes by the gammaherpesvirus host shutoff factor and the 486 
mammalian exonuclease Xrn1. PLoS pathogens, 2011. 7(10): p. e1002339. 487 

10. Hutin, S., Y. Lee, and B.A. Glaunsinger, An RNA element in human interleukin 6 488 
confers escape from degradation by the gammaherpesvirus SOX protein. J Virol, 489 
2013. 87(8): p. 4672-82. 490 

11. Clyde, K. and B.A. Glaunsinger, Chapter 1 - Getting the Message: Direct 491 
Manipulation of Host mRNA Accumulation During Gammaherpesvirus Lytic 492 
Infection, in Advances in Virus Research, K. Maramorosch, A.J. Shatkin, and 493 
F.A. Murphy, Editors. 2010, Academic Press. p. 1-42. 494 

12. Chandriani, S. and D. Ganem, Host transcript accumulation during lytic KSHV 495 
infection reveals several classes of host responses. PLoS One, 2007. 2(8): p. 496 
e811. 497 

13. Clyde, K. and B.A. Glaunsinger, Deep Sequencing Reveals Direct Targets of 498 
Gammaherpesvirus-Induced mRNA Decay and Suggests That Multiple 499 
Mechanisms Govern Cellular Transcript Escape. PLOS ONE, 2011. 6(5): p. 500 
e19655. 501 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted September 4, 2021. ; https://doi.org/10.1101/2021.09.03.458900doi: bioRxiv preprint 

https://doi.org/10.1101/2021.09.03.458900


 24 

14. Muller, M., et al., A Ribonucleoprotein Complex Protects the Interleukin-6 mRNA 502 
from Degradation by Distinct Herpesviral Endonucleases, in PLoS Pathogens. 503 
2015. p. 1-23. 504 

15. Muller, M. and B.A. Glaunsinger, Nuclease escape elements protect messenger 505 
RNA against cleavage by multiple viral endonucleases, in PLoS Pathogens. 506 
2017, Public Library of Science. 507 

16. Rodriguez, W., K. Srivastav, and M. Muller, C19ORF66 Broadly Escapes Virus-508 
Induced Endonuclease Cleavage and Restricts Kaposi’s Sarcoma-Associated 509 
Herpesvirus. 2019. p. 1-12. 510 

17. Glaunsinger, B. and D. Ganem, Highly selective escape from KSHV-mediated 511 
host mRNA shutoff and its implications for viral pathogenesis. J Exp Med, 2004. 512 
200(3): p. 391-8. 513 

18. Desrosiers, R., K. Friderici, and F. Rottman, Identification of Methylated 514 
Nucleosides in Messenger RNA from Novikoff Hepatoma Cells. Proceedings of 515 
the National Academy of Sciences, 1974. 71(10): p. 3971. 516 

19. Wei, W., et al., Regulatory Role of N6-methyladenosine (m6A) Methylation in 517 
RNA Processing and Human Diseases. Journal of Cellular Biochemistry, 2017. 518 
118(9): p. 2534-2543. 519 

20. Meyer, Kate D., et al., Comprehensive Analysis of mRNA Methylation Reveals 520 
Enrichment in 3′ UTRs and near Stop Codons. Cell, 2012. 149(7): p. 1635-1646. 521 

21. Ke, S., et al., A majority of m6A residues are in the last exons, allowing the 522 
potential for 3' UTR regulation. Genes Dev, 2015. 29(19): p. 2037-53. 523 

22. Dominissini, D., et al., Topology of the human and mouse m6A RNA methylomes 524 
revealed by m6A-seq. Nature, 2012. 485(7397): p. 201-206. 525 

23. Batista, Pedro J., et al., m6A RNA Modification Controls Cell Fate Transition in 526 
Mammalian Embryonic Stem Cells. Cell Stem Cell, 2014. 15(6): p. 707-719. 527 

24. Lee, M., B. Kim, and V.N. Kim, Emerging Roles of RNA Modification: m6A and U-528 
Tail. Cell, 2014. 158(5): p. 980-987. 529 

25. Chen, T., et al., m6A RNA Methylation Is Regulated by MicroRNAs and 530 
Promotes Reprogramming to Pluripotency. Cell Stem Cell, 2015. 16(3): p. 289-531 
301. 532 

26. Ping, X.-L., et al., Mammalian WTAP is a regulatory subunit of the RNA N6-533 
methyladenosine methyltransferase. Cell Research, 2014. 24(2): p. 177-189. 534 

27. Wang, Y., et al., N6-methyladenosine modification destabilizes developmental 535 
regulators in embryonic stem cells. Nature Cell Biology, 2014. 16(2): p. 191-198. 536 

28. Liu, J., et al., A METTL3–METTL14 complex mediates mammalian nuclear RNA 537 
N6-adenosine methylation. Nature Chemical Biology, 2014. 10(2): p. 93-95. 538 

29. Bokar, J.A., et al., Purification and cDNA cloning of the AdoMet-binding subunit 539 
of the human mRNA (N6-adenosine)-methyltransferase. Rna, 1997. 3(11): p. 540 
1233-47. 541 

30. Ye, F. and C.W. Reserve, RNA N6-Adenosine Methylation (m6A) Steers 542 
Epitranscriptomic Control of Herpesvirus Replication, in Inflammation & Cell 543 
Signaling. 2018. 544 

31. Zaccara, S., R.J. Ries, and S.R. Jaffrey, Reading, writing and erasing mRNA 545 
methylation, in Nature Reviews Molecular Cell Biology. 2019, Springer Science 546 
and Business Media LLC. p. 608-624. 547 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted September 4, 2021. ; https://doi.org/10.1101/2021.09.03.458900doi: bioRxiv preprint 

https://doi.org/10.1101/2021.09.03.458900


 25 

32. Zheng, G., et al., ALKBH5 Is a Mammalian RNA Demethylase that Impacts RNA 548 
Metabolism and Mouse Fertility. Molecular Cell, 2013. 49(1): p. 18-29. 549 

33. Jia, G., et al., N6-Methyladenosine in nuclear RNA is a major substrate of the 550 
obesity-associated FTO. Nature Chemical Biology, 2011. 7(12): p. 885-887. 551 

34. Slobodin, B., et al., Transcription Impacts the Efficiency of mRNA Translation via 552 
Co-transcriptional N6-adenosine Methylation, in Cell. 2017, Cell Press. p. 326-553 
337.e12. 554 

35. Tan, B., et al., Viral and cellular N 6 -methyladenosine and N 6 ,2′-O-555 
dimethyladenosine epitranscriptomes in the KSHV life cycle, in Nature 556 
Microbiology. 2017, Nature Publishing Group. p. 108-120. 557 

36. Hesser, C.R., et al., N6-methyladenosine modification and the YTHDF2 reader 558 
protein play cell type specific roles in lytic viral gene expression during Kaposi's 559 
sarcoma-associated herpesvirus infection, in PLoS Pathogens. 2018, Public 560 
Library of Science. 561 

37. Gokhale, N.S., et al., N6-Methyladenosine in Flaviviridae Viral RNA Genomes 562 
Regulates Infection, in Cell Host and Microbe. 2016, Cell Press. p. 654-665. 563 

38. Kennedy, E.M., et al., Posttranscriptional m6A Editing of HIV-1 mRNAs 564 
Enhances Viral Gene Expression, in Cell Host and Microbe. 2016, Elsevier Inc. 565 
p. 675-685. 566 

39. Williams, G.D., N.S. Gokhale, and S.M. Horner, Regulation of Viral Infection by 567 
the RNA Modification N6-methyladenosine, in Annu. Rev. Virol. 2019. p. 17-18. 568 

40. Mcintyre, A.B.R., et al., Altered m 6 A Modification of Specific Cellular Transcripts 569 
Affects Flaviviridae Infection Article Altered m 6 A Modification of Specific 570 
Cellular Transcripts Affects Flaviviridae Infection, in Molecular Cell. 2020, 571 
Elsevier Inc. p. 1-14. 572 

41. Ye, F., R. Chen, and T. Nilsen, Kaposi’s Sarcoma-Associated Herpesvirus 573 
Utilizes and Manipulates RNA N6- Adenosine Methylation To Promote Lytic 574 
Replication. 2017. p. 1-21. 575 

42. Martin, S.E., et al., The m6A landscape of polyadenylated nuclear (PAN) RNA 576 
and its related methylome in the context of KSHV replication. Rna, 2021. 577 

43. Ye, F., RNA N(6)-adenosine methylation (m(6)A) steers epitranscriptomic control 578 
of herpesvirus replication. Inflammation and cell signaling, 2017. 4(3): p. e1604. 579 

44. Hsu, P.J., et al., Ythdc2 is an N6 -methyladenosine binding protein that regulates 580 
mammalian spermatogenesis, in Cell Research. 2017, Nature Publishing Group. 581 
p. 1115-1127. 582 

45. Wojtas, M.N., et al., Regulation of m6A Transcripts by the 3ʹ→5ʹ RNA Helicase 583 
YTHDC2 Is Essential for a Successful Meiotic Program in the Mammalian 584 
Germline, in Molecular Cell. 2017, Elsevier Inc. p. 374-387.e12. 585 

46. Kretschmer, J., et al., The m6A reader protein YTHDC2 interacts with the small 586 
ribosomal subunit and the 5′-3′ exoribonuclease XRN1, in Rna. 2018. p. 1339-587 
1350. 588 

47. Ma, C., S. Liao, and Z. Zhu, Crystal structure of human YTHDC2 YTH domain, in 589 
Biochemical and Biophysical Research Communications. 2019, Elsevier Ltd. p. 590 
678-684. 591 

48. He, T., et al., Host shutoff activity of VHS and SOX-like proteins: role in viral 592 
survival and immune evasion. Virology Journal, 2020. 17(1): p. 68. 593 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted September 4, 2021. ; https://doi.org/10.1101/2021.09.03.458900doi: bioRxiv preprint 

https://doi.org/10.1101/2021.09.03.458900


 26 

49. Glaunsinger, B., L. Chavez, and D. Ganem, The Exonuclease and Host Shutoff 594 
Functions of the SOX Protein of Kaposi's Sarcoma-Associated Herpesvirus Are 595 
Genetically Separable. Journal of Virology, 2005. 79(12): p. 7396-7401. 596 

50. Mao, Y., et al., m6A in mRNA coding regions promotes translation via the RNA 597 
helicase-containing YTHDC2, in Nature Communications. 2019. 598 

51. Zhen, D., et al., m6A Reader: Epitranscriptome Target Prediction and Functional 599 
Characterization of N6-Methyladenosine (m6A) Readers, in Frontiers in Cell and 600 
Developmental Biology. 2020. p. 1-14. 601 

52. Kim, G.-W., H. Imam, and A. Siddiqui, The RNA binding proteins YTHDC1 and 602 
FMRP regulate the nuclear export of N6-methyladenosine modified Hepatitis B 603 
Virus transcripts and affect the viral life cycle, in Journal of Virology. 2021. 604 

53. Xiao, W., et al., Nuclear m(6)A Reader YTHDC1 Regulates mRNA Splicing. Mol 605 
Cell, 2016. 61(4): p. 507-519. 606 

54. Fu, Y. and X. Zhuang, m6A-binding YTHDF proteins promote stress granule 607 
formation. Nature Chemical Biology, 2020. 16(9): p. 955-963. 608 

55. Chen, X.-Y., et al., The m6A Reader YTHDF1 Facilitates the Tumorigenesis and 609 
Metastasis of Gastric Cancer via USP14 Translation in an m6A-Dependent 610 
Manner. Frontiers in Cell and Developmental Biology, 2021. 9(561). 611 

56. Shi, H., et al., YTHDF3 facilitates translation and decay of N6-methyladenosine-612 
modified RNA. Cell Research, 2017. 27(3): p. 315-328. 613 

57. Zhang, Y., et al., RNA-binding protein YTHDF3 suppresses interferon-dependent 614 
antiviral responses by promoting FOXO3 translation. Proceedings of the National 615 
Academy of Sciences, 2019. 116(3): p. 976. 616 

58. Myoung, J. and D. Ganem, Generation of a doxycycline-inducible KSHV 617 
producer cell line of endothelial origin: maintenance of tight latency with efficient 618 
reactivation upon induction. J Virol Methods, 2011. 174(1-2): p. 12-21. 619 

59. Sanjana, N.E., O. Shalem, and F. Zhang, Improved vectors and genome-wide 620 
libraries for CRISPR screening. Nature Methods, 2014. 11(8): p. 783-784. 621 

60. Shalem, O., et al., Genome-Scale CRISPR-Cas9 Knockout Screening in Human 622 
Cells. Science, 2014. 343(6166): p. 84. 623 

 624 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted September 4, 2021. ; https://doi.org/10.1101/2021.09.03.458900doi: bioRxiv preprint 

https://doi.org/10.1101/2021.09.03.458900

