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Figure	
  S1.	
  Correla7on	
  between	
  measurements	
  of	
  nascent	
  transcrip7on	
  in	
  yeast.	
  (A)	
  Correla&on	
  between	
  our	
  
NRO	
  data	
  and	
  Pelechano	
  et	
  al.	
  (2009)	
  [1]	
  es&mates	
  of	
  transcrip&on	
  rate	
  (Spearman’s	
  ρ	
  =	
  0.53).	
   (B)	
  Correla&on	
  
between	
  García-­‐Marinez	
  et	
   al.	
   (2004)	
   [2]	
   and	
   Pelechano	
   et	
   al.	
   (2009)	
   [1]	
   es&mates	
  of	
   transcrip&on	
   rate	
  
(Spearman’s	
  ρ	
  =	
  0.61).
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Figure	
  S2.	
  Genome-­‐wide	
  view	
  of	
  nascent	
  transcrip7on	
  in	
  yeast.	
  Z-­‐score	
  of	
  NRO	
  read	
  densi&es	
  in	
  1	
  kb	
  bins	
  are	
   shown	
  for	
  each	
  
chromosome.	
  Genome-­‐wide	
   analysis	
  of	
  nascent	
  synthesis 	
  revealed	
  extensive	
   transcrip&on	
  across	
  the	
  en&re	
  yeast	
  genome.	
  No	
  
>	
  3	
  kb	
  clusters	
  are	
  observed	
  to	
  have	
  read	
  densi&es	
  >3.1	
  z-­‐scores.	
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Figure S2



Figure	
  S3.	
   RNA	
   polymerase	
  II	
   density	
   is	
  beKer	
   correlated	
  with	
  nascent	
   transcrip7on	
  than	
  with	
  transcript	
  
abundance.	
   Correla&on	
  between	
  NRO	
  (A)	
  and	
  total	
  RNA	
  (B)	
  read	
  densi&es	
  to	
  RNA	
  polymerase	
   II	
  density	
  from	
  
Lefrancois	
  et	
  al.	
  2009	
  study	
  [3]	
  within	
  non-­‐overlapping	
   transcript	
  models 	
  (Pearson’s	
  R2	
  =	
   0.41	
  and	
  R2	
  =	
  0.37,	
  
respec&vely).
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Figure	
  S4.	
  Nascent	
  transcripts	
  are	
  enriched	
  for	
   intronic	
  sequences	
  and	
  show	
  markedly	
   less	
  splicing	
   ac7vity.	
  
(A)	
  The	
   log-­‐transformed	
  ra&o	
  of	
  nascent	
  and	
  steady-­‐state	
   transcript	
   levels	
  (x-­‐axis)	
  is 	
  ploEed	
  against	
   the	
   log-­‐
transformed	
   ra&o	
  of	
  NRO	
   and	
   total	
   RNA	
   intronic	
  read	
  depths	
   (y-­‐axis)	
   for	
   48	
   intron-­‐containing	
   transcripts.	
  
Inset:	
  The	
  ra&o	
  of	
  intronic	
  read	
  densi&es	
  in	
  NRO	
  and	
  total	
  RNA	
   libraries	
  was 	
  normalized	
  by	
  the	
   fold	
  difference	
  
in	
   nascent	
   and	
   steady-­‐state	
   transcript	
   levels.	
   A	
   histogram	
   of	
   these	
   transcript-­‐normalized	
   intronic	
   ra&os	
   is	
  
shown.	
   (B)	
   For	
   each	
   intron-­‐containing	
   gene	
   (N	
  =	
  48),	
   a	
   splicing	
   score	
  was	
  calculated	
   in	
  NRO	
  and	
  total	
  RNA	
  
libraries	
  as	
  the	
   ra&o	
  of	
  the	
  mean	
  intronic	
  read	
  depth	
  over	
  the	
  mean	
  read	
  depth	
  in	
  flanking	
  exons.	
  As	
  such,	
  the	
  
splicing	
   score	
   measures	
   the	
   frac&on	
  of	
   unspliced	
   transcripts	
   for	
   each	
   gene,	
  where	
   1	
   indicates	
  absence	
   of	
  
splicing	
  in	
  the	
   transcript	
  and	
  0	
  indicates	
  the	
  transcript	
  is	
  fully	
  spliced.	
  To	
  examine	
  gains	
  in	
  unspliced	
  transcript	
  
levels,	
  a	
  distribu&on	
  of	
  the	
  ra&os	
  of	
  NRO	
  to	
  total	
  RNA	
  splicing	
  scores	
  is	
  shown.
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Figure	
  S5.	
  The	
  NRO	
  to	
  total	
  RNA	
  read	
  depth	
  ra7o	
  is	
  dras7cally	
  increased	
  near	
  TSSs.	
  The	
  average	
  ra&o	
  of	
  NRO	
  
and	
   total	
   RNA	
   read	
   depth	
   is	
   ploEed	
   as	
   a	
   func&on	
   of	
   distance	
   from	
   TSSs	
   for	
   2,530	
   genes	
   that	
   are	
  
transcrip&onally	
   ac&ve	
   in	
   both	
   libraries.	
   Dashed	
   line	
   represents	
  the	
   linear	
   model	
   regressed	
   from	
   posi&ons	
  
100-­‐1000	
  bp.	
  We	
   observe	
   a	
   rela&vely	
   constant	
   ra&o,	
   beginning	
   about	
  100	
  bp	
  downstream	
   of	
   the	
   TSS	
   and	
  
con&nuing	
  to	
  the	
  3’	
  end.	
  However,	
  this 	
  ra&o	
  was	
  twice	
  as	
  high	
  within	
  the	
  first	
  100	
  bp	
  downstream	
  of	
  the	
  TSS,	
  
sugges&ng	
  that	
  the	
  enrichment	
  of	
  nascent	
  transcrip&on	
  is	
  specific	
  to	
  the	
  promoter-­‐proximal	
  region.
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Figure	
  S6.	
  NRO	
  signal	
  controls.	
  (A)	
  We	
  asked	
  whether	
  the	
  promoter-­‐proximal	
  transcrip&on	
  peak	
  could	
  be	
  the	
  
result	
  of	
   the	
   increased	
  average	
   read	
  density	
  of	
  short	
  transcripts.	
  We	
  modeled	
  the	
  even	
  distribu&on	
  of	
  reads	
  
within	
   transcripts	
   by	
   compu&ng	
   the	
   mean	
   read	
   depth	
   for	
   each	
   transcript	
   and	
   ploEed	
   it	
   as	
  a	
   func&on	
   of	
  
distance	
   from	
  the	
  TSS	
   for	
  the	
  nascent	
  and	
  total	
  RNA	
  popula&ons.	
  This	
  analysis	
  showed	
  similar	
  profiles	
  for	
  the	
  
distribu&on	
  of	
  mean	
  reads	
  between	
  nascent	
  and	
  total	
  RNAs,	
  sugges&ng	
  that	
  the	
  peak	
  of	
  nascent	
  transcrip&on	
  
at	
  the	
   promoter-­‐proximal	
  region	
  is	
  not	
  due	
   to	
  unequal	
  sequencing	
  coverage	
  of	
  transcripts	
  of	
  different	
  length.	
  
(B)	
  To	
  rule	
  out	
   the	
  possibility	
  that	
  the	
   abundance	
   of	
  the	
  promoter-­‐proximal	
  nascent	
  RNA	
  transcrip&on	
  is	
  due	
  
to	
  chance	
   or	
   to	
  sequencing	
  biases,	
  we	
   sorted	
  transcripts	
  into	
  100	
  bp-­‐size	
   bins	
  corresponding	
  to	
  where	
   their	
  
maximum	
  read	
  depth	
  was	
  observed.	
  This	
  analysis	
  revealed	
  that	
  in	
  nascent	
  RNA	
  libraries,	
  maximum	
  read	
  depth	
  
was	
  over	
  two-­‐fold	
  more	
  probable	
  within	
  the	
  promoter-­‐proximal	
  100	
  bp	
  region	
  than	
  in	
  any	
  of	
  the	
  downstream	
  
100	
   bp	
   bins.	
   Similarly,	
   over	
   twice	
   as	
   many	
   genes	
   in	
   the	
   nascent	
   RNA	
   library	
   showed	
   their	
   maximum	
  
transcrip&on	
  in	
  the	
  first	
  promoter-­‐proximal	
  bin	
  compared	
  to	
  the	
   total	
  RNA	
  library.	
   In	
  contrast,	
  the	
  maximum	
  
read	
  depth	
  was	
  comparable	
   between	
  nascent	
  and	
  total	
  RNAs	
  in	
  bins	
  downstream	
  of	
  the	
  promoter-­‐proximal	
  
100	
  bp.	
  Thus,	
  we	
   conclude	
  that	
  the	
  nascent	
  transcrip&on	
  peak	
   in	
  the	
  promoter-­‐proximal	
  region	
  is 	
  not	
  due	
   to	
  
chance	
  or	
  sequencing	
  biases.
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Figure	
  S7.	
  (A)	
  Distribu&on	
  of	
  genes	
  in	
  the	
   ‘ac&ve/not	
  paused,’	
  ‘ac&ve/paused,’	
   ‘inac&ve/paused’	
  and	
  ‘inac&ve/
not	
  paused’	
   categories	
  as	
  determined	
  from	
  NRO	
  read	
  densi&es	
  in	
  the	
  promoter-­‐proximal	
  100	
  bp	
  and	
  body	
  of	
  
the	
   gene	
   (≥101	
   bp	
   downstream	
   of	
   TSS).	
   To	
   iden&fy	
   genes	
   with	
   promoter-­‐proximal	
   enrichment	
   of	
   RNA	
  
polymerase	
   II	
  ac&vity	
  we	
  applied	
  a	
   strategy	
  similar	
  to	
  the	
   one	
  described	
  by	
  Core	
  et	
  al.	
   (2008),	
  which	
  allows	
  a	
  
classifica&on	
  of	
  genes	
  by	
  pausing	
  and	
  ac&vity.	
  We	
  calculated	
  for	
  each	
  gene	
  a	
  pausing	
   index	
  consis&ng	
  of	
  the	
  
ra&o	
  of	
  read	
  density	
  in	
  the	
  promoter-­‐proximal	
  region	
  (the	
   100	
  bp	
  downstream	
  of	
  the	
  TSS)	
  rela&ve	
   to	
  that	
  in	
  
the	
   body	
   of	
   the	
   gene	
   (from	
  101	
  bp	
   downstream	
   of	
   the	
   TSS	
   to	
   the	
   termina&on	
  site).	
   We	
   classified	
  genes	
  as	
  
‘paused’	
  if	
  the	
  NRO	
  read	
  density	
  within	
  the	
  promoter-­‐proximal	
  region	
  was	
  significantly	
  higher	
  than	
  in	
  the	
  body	
  
of	
  the	
   gene	
   (P	
  <	
   0.001),	
   or	
   ‘not	
   paused’	
   if 	
  this	
   condi&on	
  was	
  not	
  met.	
   For	
   both	
   ‘paused’	
   and	
   ‘not	
   paused’	
  
genes,	
   a	
   gene	
   was	
   considered	
   ‘ac&ve’	
   if	
   the	
   NRO	
   read	
   density	
   from	
   201	
  bp	
  downstream	
   of	
   the	
   TSS	
   was	
  
significant	
  (P	
  <	
  0.01),	
  or	
  ‘inac&ve’	
  if 	
  it	
  was	
  not.	
   	
  (B)	
  Examples	
  of	
  genes	
  classified	
  by	
  pausing	
  versus	
  ac&vity.	
   IGV	
  
genome	
   browser	
  views	
  (hEp://www.broadins&tute.org/igv)	
  of	
  NRO	
  (red)	
  and	
  total	
  RNA	
   (blue)	
  read	
  density	
  in	
  
transcript	
   models	
   for	
   prototypical	
   genes	
   classified	
   as	
   ‘ac&ve/not	
   paused’	
   (CWC21),	
   ‘ac&ve/paused’	
   (NIS1),	
  
‘inac&ve/paused’	
  (RAD10),	
  and	
  ‘inac&ve/not	
  paused’	
   (STE6).	
  With	
  the	
   excep&on	
  of	
  RAD10,	
   the	
  region	
  shown	
  
encompasses 	
  the	
   transcript	
  model	
  (from	
  TSS	
  to	
  termina&on	
  site).	
  Normalized	
  read	
  depth	
  is 	
  shown	
  in	
  the	
  plus	
  
and	
   minus	
   strands	
   as	
   posi&ve	
   and	
   nega&ve	
   values,	
   respec&vely.	
   Read	
   depth	
   range	
   is	
   indicated	
   between	
  
brackets.	
   Transcript	
  models	
  are	
   schema&zed	
  below	
   each	
  gene	
   with	
   arrows	
   in	
   green	
   indica&ng	
   the	
   coding	
  
region	
   of	
   each	
   gene.	
   (C)	
   Correla&on	
   between	
   the	
   modeled	
   promoter-­‐proximal	
   enrichment	
   and	
   pausing	
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indices.	
  For	
  each	
  gene,	
  read	
  depth	
  from	
  101	
  bp	
  downstream	
  of	
  the	
  TSS	
  was	
  used	
  to	
  generate	
  a	
  linear	
  model	
  of	
  
read	
   depth	
   throughout	
   the	
   transcript.	
   Expected	
   read	
   density	
   in	
   the	
   promoter-­‐proximal	
   100	
   bp	
   was	
  
extrapolated	
   from	
   linear	
   models	
   with	
   natural	
   intersects.	
   A	
   promoter-­‐proximal	
   enrichment	
   ra&o	
   of	
   the	
  
observed	
  over	
  the	
   predicted	
  read	
  density	
  was	
  then	
  es&mated	
  and	
  compared	
  to	
  the	
  pausing	
  indices	
  reported	
  
in	
  this	
  study.	
   The	
   correla&on	
  between	
  promoter-­‐proximal	
  enrichment	
  and	
  pausing	
  indices	
  is 	
  shown	
  for	
  2,578	
  
genes	
  with	
  significant	
   read	
  densi&es	
   in	
  NRO	
  and	
  total	
  RNA	
   libraries,	
   grey	
  dots.	
   Transcripts	
  with	
   sta&s&cally	
  
significant	
  pausing	
  indices 	
  (P	
  <	
  0.001)	
  are	
  highlighted	
  in	
  red.	
  The	
  significance	
  of	
  promoter-­‐proximal	
  enrichment	
  
was	
  determined	
  by	
  tes&ng	
  for	
   significance	
   of	
   the	
   observed	
   read	
  depths	
  against	
  the	
  expected	
  values	
  using	
  a	
  
Poisson	
  test.	
   (D)	
  The	
  overlap	
  between	
  genes	
  with	
  significant	
  (P	
  <	
  0.001)	
  promoter-­‐proximal	
  enrichments 	
  (N	
  =	
  
735,	
  doEed	
  purple	
   circle)	
   and	
  genes	
  with	
   significant	
   (P	
   <	
   0.001)	
  pausing	
   indices	
  (N	
   =	
   712,	
   solid	
  red	
   line)	
   is	
  
shown.	
   (E)	
  Sequencing	
  bias	
  does	
  not	
  drive	
  pausing	
  classifica&on.	
   To	
  examine	
   the	
  effect	
  of	
  sequencing	
   biases	
  
on	
  the	
  analysis 	
  of	
  pausing,	
  we	
  examined	
  sequencing	
  bias	
  in	
  genes	
  with	
  steady-­‐state	
  transcript	
  levels	
  two-­‐fold	
  
above	
  the	
  mean	
  (N	
  =	
  414).	
   In	
  this	
  set	
  of	
  high-­‐abundance	
  transcripts,	
  we	
  calculated	
  the	
  sequencing	
  bias	
  as	
  the	
  
adjustment	
  ra&o	
   (ψ)	
  of	
   total	
   RNA	
   library	
  read	
  density	
  in	
  the	
   promoter-­‐proximal	
  100	
  bp	
  and	
  the	
   gene	
   body.	
  	
  
NRO	
   read	
   density	
   in	
   the	
   promoter-­‐proximal	
   100	
   bp	
   was	
   normalized	
   by	
   the	
   derived,	
   transcript-­‐specific	
  
adjustment	
   ra&o	
   (ψ)	
   for	
   each	
   gene.	
   Transcripts	
   were	
   then	
   analyzed	
   for	
   pausing	
   using	
   the	
   Poisson	
   test	
  
described	
   above	
   following	
   correc&ons.	
   ~70%	
   of	
   the	
   genes	
   determined	
   to	
   be	
   paused	
   in	
   the	
   standard	
  
(‘uncorrected’)	
   analysis	
   remain	
   classified	
   as 	
  paused	
   awer	
   read	
   density	
   adjustment	
   (‘corrected’)	
   in	
  the	
   NRO	
  
libraries.
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Figure	
  S8.	
  Examples	
  of	
  read	
  distribu7on	
  along	
  transcript	
  models.	
  NRO	
  (red)	
  and	
  total	
  RNA	
  (blue)	
  read	
  densi&es	
  are	
  shown	
  for	
  
genes	
  with	
  5’	
  accumulated	
  read	
  depths	
  (SWC4),	
  the	
  3’	
  accumulated	
  read	
  depths	
  (HSP82),	
  transcripts	
  with	
  read	
  depth	
  peaks	
  at	
  
both	
   promoter-­‐proximal	
   region	
   and	
   near	
   transcrip&on	
   termina&on	
   site	
   (CLN3)	
   and	
   for	
   transcripts	
   whose	
   peak	
   of	
   nascent	
  
transcrip&on	
  occurs	
  near	
   the	
   middle	
  of	
  the	
   gene	
   (CCZ1).	
  For	
  all	
   transcripts,	
   normalized	
  read	
  depth	
   is	
  shown	
   in	
  the	
  plus	
  and	
  
minus	
  strands	
  as	
  posi&ve	
  and	
  nega&ve	
   values,	
  respec&vely.	
  Read	
  depth	
  range	
   is	
  indicated	
  between	
  brackets.	
  Transcript	
  models	
  
are	
  schema&zed	
  below	
  each	
  gene	
  with	
  arrows	
  in	
  green	
  indica&ng	
  the	
  coding	
  region	
  of	
  each	
  gene.
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Figure S11Figure	
  S9.	
  An7sense	
  transcrip7on	
  in	
  NRO	
  and	
  total	
  RNA	
  samples.	
  (A)	
  Venn	
  diagram	
  showing	
  number	
  of	
  transcript	
  models	
  with	
  
significant	
  an&sense	
   transcrip&on	
  in	
  NRO	
  (red)	
  and	
  total	
  RNA	
  (blue)	
  samples	
  and	
  their	
  overlap.	
  As	
  for	
  expression	
  analysis,	
  the	
  
significance	
   of	
  an&sense	
   transcrip&on	
  within	
  these	
   models	
  was	
  calculated	
  against	
   the	
   Poisson	
  distribu&on	
  of	
  read	
  depth	
  per	
  
base	
  expected	
  from	
  the	
  background	
  RNA-­‐seq	
  read	
  depth	
  in	
  intergenic	
  regions.	
  A	
  P-­‐value	
  significance	
  cutoff	
  of	
  0.01	
  was	
  applied.	
  
(B)	
  Prevalence	
  of	
  an&sense	
  transcrip&on	
  in	
  NRO	
  sample	
  is	
  exemplified	
  by	
  read	
  depth	
  in	
  the	
  MEP2	
  gene.
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