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Figures  &  Tables  594 

  595 

  596 

Figure   1   -­   Validation   of   differential   gene   expression   induced   by   Sendai   virus  597 

infection.    598 

Namalwa  cells  were  infected  with  Sendai  virus  for  6  hours  and  total  RNA  was  analyzed  599 

by  RNA-­sequencing  or  by  RT-­qPCR  in  independent  samples.    For  each  indicated  RNA,  600 

RNA-­sequencing  counts  are  plotted  on  the  graph  on  the  left  and  RNA  abundance  from  601 

RT-­qPCR  on  the  right.    Expression  of  virus-­induced  a)  previously-­annotated  genes  and  602 

b)  previously-­unannotated  RNAs  and  c)   virus-­suppressed  genes  was  validated.     RNA  603 

abundance  data  is  representative  of  ≥  2  replicate  experiments  and  is  shown  normalized  604 

to  GAPDH  expression.    Bars  indicate  average  values  of  technical  replicates  (n=3)  with  605 

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted October 24, 2018. ; https://doi.org/10.1101/451369doi: bioRxiv preprint 



Page 29 of 36	
  

error  bars  representing  standard  deviation.     Statistical  analysis  was  done  using  a  two-­606 

tailed  Student’s  t-­test  for  RT-­qPCR  measurements  (*  p-­value  <  0.05,  **  p-­value  <  0.005)  607 

  608 

  609 

Figure   2   -­  Graphical   representation  of   functional   enrichment   analysis  of  Sendai  610 

virus-­induced  RNAs.    611 

Sendai   virus-­induced   previously-­annotated   RNAs   were   analysed   using   DAVID   to  612 

determine  enriched  a)  GO  biological   processes  and  b)  KEGG  pathways.     The   top  10  613 

most  significant  terms  in  each  analysis  are  shown  here  in  rank  order  by  p-­value.    Bars  614 

represent  number  of  virus-­induced  RNAs  mapping  to  each  term.  615 

  616 
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  617 

Figure   3   -­   Comparison   of   genomic   distribution   of   Sendai   virus-­induced  618 

previously-­annotated  RNAs  and  nviRNAs.  619 

a)  Bar  graphs  represent   the  number  of  virus-­induced  previously-­annotated  RNAs  (left)  620 

and  nviRNAs   (right)   identified  on  each  chromosome.      b)  Pie   charts   illustrate  genomic  621 

feature   distribution   of   previously   RefSeq-­annotated   RNAs   (left)   and   nviRNAs   (right).    622 

RNAs   are   mapped   to   one   of   six   annotation   categories:   promoters,   transcriptional  623 

termination   sites   (TTS),   exons,   intergenic   regions,   introns,   and   untranslated   regions  624 

(UTRs;;   includes  5’   and  3’  UTRs),  with   the  percentage  of   sites   corresponding   to  each  625 

category  displayed  in  parentheses  near  the  label.  626 

  627 
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  628 

Figure   4   -­   Comparison   of   protein   coding   potential   and   vertebrate   sequence  629 

conservation  of  Sendai  virus-­induced  previously-­annotated  RNAs  and  nviRNAs.    630 

a)  The  cumulative  distribution   frequency  of  PhyloCSF  scores   for  previously-­annotated  631 

RNAs   (blue)   and   nviRNAs   (red).      b)   The   cumulative   distribution   frequency   for   RNAs  632 

mapping   to   the  different  genomic   feature  annotations   for  previously  RefSeq-­annotated  633 

RNAs   and   c)   nviRNAs.      The   different   genomic   feature   annotations   include:   coding  634 

exons  (orange),  intergenic  regions  (blue),  introns  (green),  and  promoters,  transcriptional  635 

termination  sites,  and  UTRs  (all  grouped   together;;   red).  d)  The  cumulative  distribution  636 

frequency  of  the  mean  PhastCons  score  for  the  previously-­annotated  RNAs  (blue)  and  637 

nviRNAs   (red).     The  mean  PhastCons  score   for  each  RNA   is  plotted  against   the   log2  638 

fold  change  in  expression  after  Sendai  virus  infection  for  e)  previously-­annotated  RNAs  639 

and  f)  nviRNAs.    The  10  most  highly-­induced  previously-­annotated  RNAs  are  labeled  in  640 

blue  in  e).    641 
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  642 

  643 

Figure   5   -­   Classification   of   nviRNA   expression   in   Namalwa   cells   from   various  644 

stimuli.    645 

Total   RNA   from   Namalwa   cells   infected   with   5   pfu/cell   for   10   hours   of   Sendai   virus  646 

(SeV),  influenza  A  virus,  or  HSV-­1  or  directly  treated  with  1000  U/mL  of  IFNα  for  6  hours  647 

was  analyzed  by  RT-­qPCR.    Heat  map  indicates  expression  of  each  RNA  after  infection  648 

or  treatment  with  IFNα.    Average  values  (n=3)  of  fold  change  are  reported  normalized  to  649 

GAPDH  expression.    650 

  651 
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  652 

Figure  6  -­  nviRNA  expression  in  2fTGH  cells.  653 

Total  RNA  from  2fTGH  cells  infected  with  5  pfu/cell  Sendai  virus  (4  hours)  or  influenza  A  654 

virus   (IAV;;10   hours),   or   transfected   with   synthetic   dsRNA   polyI:C   (pI:C;;   6   hours),   or  655 

directly  treated  with  IFNα  (6  hours)  was  analyzed  by  RT-­qPCR.    Gene-­specific  primers  656 

were  used  for  a)  control  genes,  b)  nviRNAs  inducible  by  viruses  and  IFNα  in  Namalwa  657 

cells  and  c)  nviRNAs  only  inducible  by  viruses  in  Namalwa  cells.    Data  is  representative  658 

of   ≥2   replicate   experiments   and   is   shown   normalized   to   GAPDH   expression.      Bars  659 
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indicate   average   values   of   technical   replicates   (n=3)   with   error   bars   representing  660 

standard  deviation.    Statistical  analysis  was  done  using  a  two-­tailed  Student’s  t-­test  (*  p-­661 

value  <  0.05,  **  p-­value  <  0.005).  662 

  663 

  664 

Figure  7  -­  nviRNA  expression  in  THP-­1  cells.  665 

Total  RNA  from  THP-­1  cells  infected  with  5  pfu/cell  Sendai  virus  (4  hours),  influenza  A  666 

virus   (IAV;;  10  hours)  or  HSV-­1   (10  hours)  or  directly   treated  with   IFNα   (6  hours)  was  667 
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analyzed   by   RT-­qPCR.      Gene-­specific   primers   were   used   for   a)   control   genes,   b)  668 

nviRNAs  inducible  by  viruses  and  IFNα  in  Namalwa  cells  and  c)  nviRNAs  only  inducible  669 

by  viruses  in  Namalwa  cells.    Data  is  representative  of  ≥2  replicate  experiments  and  is  670 

shown   normalized   to  GAPDH   expression.      Bars   indicate   average   values   of   technical  671 

replicates  (n=3)  with  error  bars  representing  standard  deviation.    Statistical  analysis  was  672 

done  using  a  two-­tailed  Student’s  t-­test  (*  p-­value  <  0.05,  **  p-­value  <  0.005).  673 

  674 

Table  1  –  The  top  10  highly  virus-­induced  previously-­annotated  RNAs.    675 

Gene   Log2  fold  change   FDR   PhastCons  
mean  score  

IL29   12.21  ±  0.41   3.34E-­191   0.187  
IFNβ   12.05  ±  0.37   9.06E-­229   0.209  
IL28β   11.77  ±  0.40   1.33E-­186   0.103  
CXCL11   11.66  ±  0.34   7.83E-­250   0.209  
IL28α   11.27  ±  0.42   3.42E-­153   0.275  
OASL   10.80  ±  0.19   0.00E+00   0.338  
CXCL10   10.15  ±  0.13   1.39E-­168   0.238  
IFNα13   9.89  ±  0.45   0.00E+00   0.072  
IFNα8   9.73  ±  0.45   1.17E-­106   0.094  
HERC5   9.72  ±  0.38   4.91E-­102   0.495  

     676 
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Table  2  –  Summary  of  nviRNA  expression  in  various  cell  types.  677 

	
   2fTGH   HeLa   A549   THP-­1  

RNA   IFNα   SeV   IAV   pIC   IFNα  SeV   IAV   pIC  HSV-­1  IFNα   SeV   IAV   pIC   IFNα   SeV   IAV   HSV-­1  
CSAG3   -­   -­   +   +   +   +   +   +   +   +   +   +   +   +   +   +   +  
IFIT1   +   +   +   +   +   +   +   +   +   +   +   +   +   +   +   +   +  
IFNβ   -­   +   +   +   +   +   +   +   +   +   +   +   +   +   +   +   +  
USP18   +   +   +   +   +   +   -­   +   +   +   +   +   +   +   -­   +   +  
XLOC_
035959   -­   -­   -­   +   +   -­   -­   +   -­   +   -­   +   +   +   -­   +   -­  

XLOC_
036708   -­   +   +   +   -­   -­   +   +   +   -­   -­   +   +   -­   -­   +   -­  

XLOC_
001887   +   -­   +   +   -­   -­   -­   -­   -­   -­   -­   +   +   -­   -­   +   -­  

XLOC_
018179   +   +   +   +   -­   -­   -­   +   -­   +   -­   +   +   +   -­   +   +  

XLOC_
000681   +   +   +   +   +   +   +   +   +   +   +   +   +   +   +   +   +  

XLOC_
001629   -­   +   +   +   +   -­   +   +   +   -­   +   +   +   -­   -­   +   -­  

XLOC_
001875   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­  

XLOC_
029768   -­   -­   +   +   +   -­   +   +   +   -­   -­   -­   -­   +   +   +   -­  

XLOC_
002741   -­   -­   +   -­   +   -­   +   +   -­   -­   -­   +   +   -­   +   +   +  

XLOC_
029636   -­   -­   +   +   -­   -­   -­   +   -­   -­   +   +   +   -­   +   +   -­  

XLOC_
013418   -­   +   +   +   -­   -­   +   +   +   -­   -­   +   +   -­   -­   +   -­  

XLOC_
024204   -­   -­   -­   +   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­  

XLOC_
027202   -­   -­   +   +   +   +   +   +   -­   -­   +   +   +   +   +   +   -­  

XLOC_
033596   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­   -­   +   +   +  

XLOC_
031219   -­   -­   +   +   -­   -­   -­   +   -­   -­   -­   +   +   -­   -­   -­   -­  

XLOC_
031822   +   +   +   +   +   -­   +   +   +   +   +   +   +   -­   +   +   +  

XLOC_
014649   -­   -­   -­   +   -­   -­   -­   +   -­   -­   -­   -­   -­   -­   -­   -­   -­  
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