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1st Editorial Decision 31st January 2018 

Your study was sent out to three reviewers and we have now heard back from two of them. Since 
they are both supportive of your work, pending adequate revision, I have made the editorial decision 
at this stage to avoid further delays. Should we still receive a report from the third referee, I will 
forward it to you so you can consider the points for the revised study.  
 
As you will see from the reports below, our two referees both highlight the importance and quality 
of the TAD-seq method and I would therefore like to invite you to submit a revised version of the 
manuscript, addressing their comments. I should add that it is EMBO Journal policy to allow only a 
single round of revision, and acceptance of your manuscript will therefore depend on the 
completeness of your responses in this revised version.  
 
I generally find the reviewer comments very constructive and helpful and I would encourage you to 
follow them. In particular, I agree with ref #1 that the word 'TAD' itself - while being the original 
term used for TF trans-activating domains - has been so extensively used in HiC papers in recent 
years that a different name would be needed for your method.  
 
------------------------------------------------  
 
REFEREE REPORTS 
 
Referee #1:  
 
The manuscript by Woodfin et al addresses a very important issue, how to identify the activation 
domain of transcription factors (TFs). TF's DNA binding domains are generally very well structured, 
allowing TF's to be classified based on their DNA binding domains (e.g. Zn finger TF, bHLH, 
Leucine zipper etc). In contrast, TF's activation domains - the part of the transcription that actually 
does the business of activating or repressing transcription - are very poorly characterized. Actually 
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nothing has progressed in this area since the late 80's and early 90's. All we know is that they are 
generally unstructured, acidic domains. As such, they cannot be readily identified computationally. 
Given that, any method that can functionally identify activation domains is important, and it is for 
this reason that I am very positive about this paper.  
 
The experiments are well thought through, and the data is of very high quality, in keeping with the 
quality of this lab. There are a couple of things I suggest for improvement, which are mainly in way 
the data is discussed  
 
1) While it makes perfect sense to use the abbreviation of TAD-seq for trans-activation domains, 
given the now rampant use and discussion of Hi-C TADs as Topologically Associated Domains, I 
suggest that the authors use another abbreviation - either TD-seq or AD-seq (Activation Domains, 
which is my personal favorite). This will really help the reader - I had to convert my brain from Hi-
C TADs to activation domains throughout the entire paper. Plus, the transcription field has enough 
complexity in its nomenclature, which I'm sure the authors appreciate.  
 
2) One of the most surprising findings for me in this manuscript is the fact that only ~10% of TFs 
(19 out of the 180 tested) could activate (or repress) transcription in this assay. This is important 
information and I'd like to see a lot more discussion about this in the manuscript.  
First, for the 19 that could function - where these among the top activators and/or repressors in the 
Stampfel et al study? Do they have anything in common, either the type of DNA binding domain, or 
activation domain (acidic, globular etc)  
Second, for the ~160 or so factors that couldn't function in this study: How many of those gave 
activity in Stampfel et al? For the ones that did, this clearly indicates that it is not missing co-factors 
etc in S2 cells that is the reason for their lack of AD activity here. These factors AD may be 
activated by a conformation change induced by DNA binding that is not recapitulated when Gal4 
binds to UAS sequences. The authors should discuss this possibility.  
For the TFs that didn't activate in Stampfel et al, did the authors try another cell line?  
Have these factors anything in common. Are they activated by signaling pathways etc.?  
 
I see this large pool of 'negative results' as more evidence for how much of a big unsolved puzzle TF 
activation domains are. We have made very little progress in this area in the last 30 years. The 
identification of multiple ADs for some TFs (presumably 3 of the 19) should also be discussed. This 
fits with data from Martha Bulyk and others showing that some TFs have two sequence specific 
DNA binding motifs.  
 
3) Page 4 - the authors selected 180 TFs, 68 activated transcription >2 fold, with 32 activating 
transcription >5 fold. What about the other 112 TFs? Are they repressors? Did they activate 
transcription <2-fold in Stampfel et al?  
 
Minor  
Page 4 - GFP-FACS can enrich for transcription activating factors section.  
Sentence, "As expected, the two strongest activators were enriched in GFP+ cells, while the 
strongest repressors were most strongly enriched in GFP- cells". To make things clearer, it would be 
good to put the names of the two strongest and weakest into the sentence.  
"As expected, the two strongest activators (sox14, lab) were enriched in GFP+ cells, while the 
strongest repressors (gro, mirr) were most strongly enriched in GFP- cells".  
 
 
 
Referee #2:  
 
This manuscript describes a high-throughput method, TAD-seq, for finding transcription activation 
domains (TADs) within transcription factors. The authors generate fusion proteins between the 
DNA-binding domain of Gal4 and a library of random genomic fragment (in-frame and out-of-
frame) from the coding regions of 180 known fly transcription factors. They put these fusion gene 
constructs under the control of a constitutive promoter and transfected them on plasmids into fruit 
fly S2 cells, which were also transfected with a second plasmid. This second plasmid contained a 
GFP reporter gene under the control of 4 UAS to which the fusion protein can bind with its Gal4-
DBD. Those genomic fragments that were translated into functional activation motifs activated the 
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transcription of GFP. Subsequently, the S2 cells were FACS sorted and the random fragment 
regions of GFP+ and GFP- cells were sequenced separately using paired-end sequencing. Paired 
reads were mapped to the genome and a coverage for GFP+ and GFP- libraries along the 6 frames of 
each TF was computed. A significant log enrichment of coverage in GFP+ over GFP- libraries 
indicated a functional activation motif.  
 
This manuscript addresses an important question: what properties make a sequence activate 
transcription. Although this question has been studied for a long time, new insights have been 
relatively few and far between. This seems to be changing with the application of high-throughput 
methods to this question. The manuscript presents a new HT method and finds 21 activation regions 
in 19 TFs out of 180 TFs tested. Interestingly, they find several TADs overlapping Zn finger motifs 
and HLH "DNA-binding" domains.  
 
The manuscript is very well written and gives a good background of the field.  
 
Major points:  
 
1. It is difficult to get a feeling for how reliable the method is as only a tiny fraction of the data is 
shown. I urge the authors to show in a supplemental figure at least the equivalent of Figure 2 for all 
19 TFs for which TADs were found, and also for a few *randomly selected* TFs without detected 
TADs. Also, position indices should be given to be able to estimate the position of the peaks in the 
TF sequences.  
 
I wonder, for instance, how good the resolution of the method is. With a fragment length of 100 
amino acids, I would expect it to be quite low. Can the resolution be demonstrated (visually) at the 
example of a TAD with a short, well-defined activation motif?  
 
2.To allow the community to build on these results, all coverage data from GFP+ and GFP- library 
reads mapped to the TFs in all 6 frames should be available in a supplemental file, as well as the 
annotations described in Methods section "TF and TAD amino acid/protein sequence analysis". Raw 
sequencing data should be uploaded to a public sequencing archive.  
 
3. Ma and Ptashne (Cell 1987) used a similar assay to find TADs. Instead of fusing fragments from 
coding sequences of TFs downstream of a DBD gene, they took genomic fragments from E. coli. 
They obtained 154 blue colonies among about 15000 transformants, a rate of 1%. Given that the GC 
content of the E coli and D melanogaster genomes is similar and given that the length of the E. coli 
genomic fragments was rather shorter than the 300 bp used in the present study, I would expect to 
see a fraction >=1% of sequences to be activatory. Assuming that the average length of the coding 
regions of the 180 TFs is 1000bp and the fragments are length 300bp, I would expect >= 1% * 180 * 
(1000 bp / 300bp) * 5 (frames) = 30 activatory sequences that are translated out of frame, whereas 
the authors observe none. Ii would be important to address the causes of this discrepancy.  
 
Could it be due to a too conservative, stringent choice of FDR threshold used by the authors? How 
were the thresholds on the P-value (1.3E-7) and on the FDR (1.2E-6) chosen? In particular the latter 
looks exceedingly strict.  
 
I would encourage the authors to analyse predictions at lower FDRs to gain insights about what 
general properties can make a sequence activatory.  
 
 
Minor points:  
 
5. The following, mostly overlooked study should be cited and discussed, as they have performed a 
high-throughput screen of transactivating random peptides and obtained interesting results:  
Abedi, M. et al. Transcriptional Transactivation by Selected Short Random Peptides Attached to 
Lexa-Gfp Fusion Proteins. BMC Mol Biol 2, 10 (2001).  
 
6. For how many out of the 180 TFs are the predicted disordered regions longer than 40 residues 
split between two or more exons? Is the set of TFs without disordered regions split between exons 
enriched among the TFs with detected TADs? In other words, could the presence of introns 
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disrupting the coding regions of some potential TAD regions explain why the TADs could not be 
detected with TAD-seq? Could this potential source of loss of sensitivity be adressed by using 
cDNA reverse-transcribed from TF mRNAs to generate the genomic fragment library? 
 
 
 
1st Revision - authors' response 17th May 2018 

Referee	
  #1:	
  	
  
	
  
The	
  manuscript	
  by	
  Woodfin	
  et	
  al	
  addresses	
  a	
  very	
  important	
  issue,	
  how	
  to	
  identify	
  
the	
  activation	
  domain	
  of	
  transcription	
  factors	
  (TFs).	
  TF's	
  DNA	
  binding	
  domains	
  are	
  
generally	
  very	
  well	
  structured,	
  allowing	
  TF's	
  to	
  be	
  classified	
  based	
  on	
  their	
  DNA	
  
binding	
  domains	
  (e.g.	
  Zn	
  finger	
  TF,	
  bHLH,	
  Leucine	
  zipper	
  etc).	
  In	
  contrast,	
  TF's	
  
activation	
  domains	
  -­‐	
  the	
  part	
  of	
  the	
  transcription	
  that	
  actually	
  does	
  the	
  business	
  of	
  
activating	
  or	
  repressing	
  transcription	
  -­‐	
  are	
  very	
  poorly	
  characterized.	
  Actually	
  
nothing	
  has	
  progressed	
  in	
  this	
  area	
  since	
  the	
  late	
  80's	
  and	
  early	
  90's.	
  All	
  we	
  know	
  
is	
  that	
  they	
  are	
  generally	
  unstructured,	
  acidic	
  domains.	
  As	
  such,	
  they	
  cannot	
  be	
  
readily	
  identified	
  computationally.	
  Given	
  that,	
  any	
  method	
  that	
  can	
  functionally	
  
identify	
  activation	
  domains	
  is	
  important,	
  and	
  it	
  is	
  for	
  this	
  reason	
  that	
  I	
  am	
  very	
  
positive	
  about	
  this	
  paper.	
  	
  
	
  
The	
  experiments	
  are	
  well	
  thought	
  through,	
  and	
  the	
  data	
  is	
  of	
  very	
  high	
  quality,	
  in	
  
keeping	
  with	
  the	
  quality	
  of	
  this	
  lab.	
  There	
  are	
  a	
  couple	
  of	
  things	
  I	
  suggest	
  for	
  
improvement,	
  which	
  are	
  mainly	
  in	
  way	
  the	
  data	
  is	
  discussed.	
  	
  
	
  
	
  
1)	
  While	
  it	
  makes	
  perfect	
  sense	
  to	
  use	
  the	
  abbreviation	
  of	
  TAD-­‐seq	
  for	
  trans-­‐
activation	
  domains,	
  given	
  the	
  now	
  rampant	
  use	
  and	
  discussion	
  of	
  Hi-­‐C	
  TADs	
  as	
  
Topologically	
  Associated	
  Domains,	
  I	
  suggest	
  that	
  the	
  authors	
  use	
  another	
  
abbreviation	
  -­‐	
  either	
  TD-­‐seq	
  or	
  AD-­‐seq	
  (Activation	
  Domains,	
  which	
  is	
  my	
  personal	
  
favorite).	
  This	
  will	
  really	
  help	
  the	
  reader	
  -­‐	
  I	
  had	
  to	
  convert	
  my	
  brain	
  from	
  Hi-­‐C	
  TADs	
  
to	
  activation	
  domains	
  throughout	
  the	
  entire	
  paper.	
  Plus,	
  the	
  transcription	
  field	
  has	
  
enough	
  complexity	
  in	
  its	
  nomenclature,	
  which	
  I'm	
  sure	
  the	
  authors	
  appreciate.	
  	
  
	
  
We	
  fully	
  agree	
  that	
  the	
  terminology	
  needs	
  to	
  avoid	
  ambiguity	
  with	
  the	
  currently	
  
widely	
  used	
  Hi-­‐C	
  TADs.	
  We	
  now	
  consistently	
  use	
  tAD	
  to	
  abbreviate	
  trans-­‐
activation	
  domains	
  and	
  tAD-­‐seq	
  throughout	
  the	
  manuscript	
  and	
  explain	
  this	
  
choice	
  with	
  respect	
  to	
  Hi-­‐C	
  TADs	
  on	
  page	
  2.	
  We	
  hope	
  this	
  is	
  sufficiently	
  distinct	
  
(AD-­‐seq	
  would	
  also	
  work	
  but	
  we	
  prefer	
  tAD-­‐seq	
  given	
  the	
  originally	
  established	
  
nomenclature).	
  	
  
	
  
	
  
2)	
  One	
  of	
  the	
  most	
  surprising	
  findings	
  for	
  me	
  in	
  this	
  manuscript	
  is	
  the	
  fact	
  that	
  
only	
  ~10%	
  of	
  TFs	
  (19	
  out	
  of	
  the	
  180	
  tested)	
  could	
  activate	
  (or	
  repress)	
  
transcription	
  in	
  this	
  assay.	
  This	
  is	
  important	
  information	
  and	
  I'd	
  like	
  to	
  see	
  a	
  lot	
  
more	
  discussion	
  about	
  this	
  in	
  the	
  manuscript.	
  	
  
First,	
  for	
  the	
  19	
  that	
  could	
  function	
  -­‐	
  where	
  these	
  among	
  the	
  top	
  activators	
  and/or	
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repressors	
  in	
  the	
  Stampfel	
  et	
  al	
  study?	
  Do	
  they	
  have	
  anything	
  in	
  common,	
  either	
  
the	
  type	
  of	
  DNA	
  binding	
  domain,	
  or	
  activation	
  domain	
  (acidic,	
  globular	
  etc)	
  	
  
	
  
Many	
  thanks	
  for	
  pointing	
  out	
  that	
  we	
  had	
  not	
  sufficiently	
  clearly	
  explained	
  the	
  
nature	
  of	
  the	
  180	
  TF	
  library	
  and	
  the	
  tADs	
  we	
  uncovered.	
  Of	
  the	
  180	
  TFs,	
  only	
  68	
  
activated	
  transcription	
  >2-­‐fold	
  and	
  32	
  activated	
  transcription	
  >5-­‐fold,	
  while	
  all	
  
others	
  were	
  neutral	
  (89)	
  or	
  repressive	
  (23),	
  and	
  –	
  as	
  the	
  reviewer	
  suspects	
  –	
  the	
  
identified	
  tADs	
  were	
  predominantly	
  found	
  in	
  the	
  more	
  strongly	
  activating	
  TFs	
  (or	
  
the	
  originally	
  reported	
  tADs,	
  14	
  were	
  within	
  TFs	
  that	
  activate	
  >2-­‐fold	
  and	
  9	
  within	
  
TFs	
  that	
  activate	
  >5-­‐fold,	
  while	
  no	
  tAD	
  was	
  found	
  in	
  TFs	
  that	
  repressed	
  
transcription	
  >2	
  or	
  >5-­‐fold,	
  respectively).	
  
	
  
We	
  further	
  explored	
  the	
  influence	
  of	
  two	
  critical	
  parameters	
  on	
  the	
  number	
  of	
  
tADs	
  in	
  order	
  to	
  make	
  tAD-­‐seq	
  more	
  sensitive,	
  sequencing	
  depth	
  and	
  candidate	
  
fragment	
  length.	
  Realizing	
  that	
  our	
  initial	
  sequencing	
  might	
  not	
  have	
  been	
  
sufficiently	
  exhaustive,	
  we	
  have	
  now	
  sequenced	
  the	
  previous	
  libraries	
  approx.	
  10-­‐
times	
  more	
  deeply,	
  which	
  uncovers	
  53	
  tADs	
  (66	
  tADs	
  with	
  more	
  lenient	
  cutoffs).	
  
Given	
  the	
  increased	
  sensitivity	
  and	
  tAD	
  number,	
  we	
  have	
  also	
  extended	
  the	
  
luciferase	
  validations	
  (Table	
  EV1	
  and	
  EV3).	
  We	
  have	
  also	
  performed	
  a	
  non-­‐
exhaustive	
  proof-­‐of-­‐principle	
  screen	
  with	
  ~850bp	
  fragments,	
  more	
  than	
  three	
  
times	
  the	
  length	
  of	
  the	
  original	
  screen	
  (~250bp).	
  This	
  screen	
  indeed	
  recovers	
  tADs	
  
that	
  were	
  not	
  found	
  when	
  using	
  shorter	
  fragments	
  and	
  we	
  demonstrate	
  for	
  two	
  
such	
  tADs	
  that	
  none	
  of	
  several	
  short	
  fragments	
  spanning	
  the	
  long	
  tADs	
  function	
  in	
  
luciferase	
  assays.	
  We	
  have	
  included	
  the	
  results	
  from	
  the	
  850bp	
  pilot	
  screen	
  as	
  
new	
  Tables	
  EV5	
  and	
  EV6	
  and	
  compare	
  the	
  two	
  screens	
  in	
  two	
  new	
  Expanded	
  View	
  
Figures	
  EV1	
  and	
  EV2.	
  
	
  
Overall,	
  we	
  have	
  extended	
  the	
  luciferase	
  validations	
  (Tables	
  EV2	
  –	
  EV4),	
  updated	
  
the	
  manuscript	
  throughout	
  to	
  reflect	
  the	
  improved	
  sequencing	
  depth,	
  and	
  added	
  
the	
  screen	
  with	
  850bp	
  long	
  fragments	
  (Tables	
  EV5	
  and	
  EV6,	
  Extended	
  View	
  Figures	
  
EV1	
  &	
  EV2).	
  We	
  have	
  also	
  extended	
  the	
  discussion	
  about	
  other	
  possible	
  factors	
  
that	
  can	
  influence	
  the	
  detection	
  of	
  tADs.	
  	
  
	
  
Second,	
  for	
  the	
  ~160	
  or	
  so	
  factors	
  that	
  couldn't	
  function	
  in	
  this	
  study:	
  How	
  many	
  
of	
  those	
  gave	
  activity	
  in	
  Stampfel	
  et	
  al?	
  For	
  the	
  ones	
  that	
  did,	
  this	
  clearly	
  indicates	
  
that	
  it	
  is	
  not	
  missing	
  co-­‐factors	
  etc	
  in	
  S2	
  cells	
  that	
  is	
  the	
  reason	
  for	
  their	
  lack	
  of	
  AD	
  
activity	
  here.	
  These	
  factors	
  AD	
  may	
  be	
  activated	
  by	
  a	
  conformation	
  change	
  
induced	
  by	
  DNA	
  binding	
  that	
  is	
  not	
  recapitulated	
  when	
  Gal4	
  binds	
  to	
  UAS	
  
sequences.	
  The	
  authors	
  should	
  discuss	
  this	
  possibility.	
  	
  
	
  
	
  
We	
  are	
  sorry	
  for	
  not	
  sufficiently	
  clearly	
  explaining	
  the	
  nature	
  of	
  the	
  180	
  TF	
  library	
  
(see	
  above):	
  only	
  68	
  activated	
  transcription	
  >2-­‐fold	
  and	
  32	
  activated	
  transcription	
  
>5-­‐fold,	
  while	
  all	
  others	
  were	
  neutral	
  (89)	
  or	
  repressive	
  (23).	
  We	
  have	
  now	
  
increased	
  the	
  sensitivity	
  of	
  the	
  assay	
  (see	
  above),	
  but	
  additionally	
  discuss	
  the	
  
possibility	
  that	
  some	
  tADs	
  might	
  not	
  be	
  compatible	
  with	
  heterologous	
  DBS	
  (see	
  
discussion	
  on	
  page	
  8).	
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For	
  the	
  TFs	
  that	
  didn't	
  activate	
  in	
  Stampfel	
  et	
  al,	
  did	
  the	
  authors	
  try	
  another	
  cell	
  
line?	
  	
  
Have	
  these	
  factors	
  anything	
  in	
  common.	
  Are	
  they	
  activated	
  by	
  signaling	
  pathways	
  
etc.?	
  	
  
	
  
We	
  did	
  not	
  try	
  another	
  cell	
  line,	
  also	
  because	
  tADs	
  are	
  reported	
  to	
  function	
  
similarly	
  across	
  cell	
  lines	
  (e.g.	
  Stampfel	
  et	
  al	
  2015),	
  even	
  across	
  different	
  species	
  
(e.g.	
  Fischer	
  et	
  al.,	
  1988,	
  Kakidani	
  et	
  al.,	
  1988	
  or	
  Ma	
  et	
  al.,	
  1988).	
  However,	
  we	
  
agree	
  that	
  testing	
  tAD	
  activity	
  in	
  different	
  cell	
  lines	
  and	
  under	
  different	
  signaling	
  
conditions	
  will	
  be	
  an	
  interesting	
  addition	
  in	
  the	
  future.	
  	
  	
  	
  
	
  
	
  
I	
  see	
  this	
  large	
  pool	
  of	
  'negative	
  results'	
  as	
  more	
  evidence	
  for	
  how	
  much	
  of	
  a	
  big	
  
unsolved	
  puzzle	
  TF	
  activation	
  domains	
  are.	
  We	
  have	
  made	
  very	
  little	
  progress	
  in	
  
this	
  area	
  in	
  the	
  last	
  30	
  years.	
  The	
  identification	
  of	
  multiple	
  ADs	
  for	
  some	
  TFs	
  
(presumably	
  3	
  of	
  the	
  19)	
  should	
  also	
  be	
  discussed.	
  This	
  fits	
  with	
  data	
  from	
  Martha	
  
Bulyk	
  and	
  others	
  showing	
  that	
  some	
  TFs	
  have	
  two	
  sequence	
  specific	
  DNA	
  binding	
  
motifs.	
  	
  
	
  
We	
  agree	
  that	
  the	
  last	
  30	
  years	
  have	
  seen	
  little	
  progress	
  in	
  our	
  understanding	
  of	
  
tADs	
  and	
  how	
  they	
  function.	
  We	
  hope	
  that	
  this	
  work	
  will	
  provide	
  a	
  new	
  starting	
  
point	
  for	
  the	
  identification	
  of	
  tADs	
  and	
  their	
  molecular	
  functions.	
  The	
  observation	
  
that	
  4	
  TFs	
  have	
  2	
  tADs	
  each	
  is	
  indeed	
  important	
  and	
  we	
  now	
  discuss	
  these	
  TFs	
  and	
  
the	
  analogy	
  to	
  Martha	
  Bulyk’s	
  data	
  that	
  TFs	
  recognize	
  distinct	
  DNA	
  sequence	
  
motifs	
  on	
  pages	
  8	
  and	
  10,	
  citing	
  the	
  Badis	
  et	
  al	
  2009	
  reference.	
  Many	
  thanks!	
  	
  
	
  
3)	
  Page	
  4	
  -­‐	
  the	
  authors	
  selected	
  180	
  TFs,	
  68	
  activated	
  transcription	
  >2	
  fold,	
  with	
  32	
  
activating	
  transcription	
  >5	
  fold.	
  What	
  about	
  the	
  other	
  112	
  TFs?	
  Are	
  they	
  
repressors?	
  Did	
  they	
  activate	
  transcription	
  <2-­‐fold	
  in	
  Stampfel	
  et	
  al?	
  	
  
	
  
All	
  others	
  were	
  indeed	
  neutral	
  (89)	
  or	
  repressive	
  (23),	
  we	
  now	
  mention	
  this	
  more	
  
prominently	
  on	
  pages	
  4,	
  8,	
  and	
  12.	
  
	
  
	
  
Minor	
  	
  
Page	
  4	
  -­‐	
  GFP-­‐FACS	
  can	
  enrich	
  for	
  transcription	
  activating	
  factors	
  section.	
  	
  
Sentence,	
  "As	
  expected,	
  the	
  two	
  strongest	
  activators	
  were	
  enriched	
  in	
  GFP+	
  cells,	
  
while	
  the	
  strongest	
  repressors	
  were	
  most	
  strongly	
  enriched	
  in	
  GFP-­‐	
  cells".	
  To	
  
make	
  things	
  clearer,	
  it	
  would	
  be	
  good	
  to	
  put	
  the	
  names	
  of	
  the	
  two	
  strongest	
  and	
  
weakest	
  into	
  the	
  sentence.	
  	
  
"As	
  expected,	
  the	
  two	
  strongest	
  activators	
  (sox14,	
  lab)	
  were	
  enriched	
  in	
  GFP+	
  
cells,	
  while	
  the	
  strongest	
  repressors	
  (gro,	
  mirr)	
  were	
  most	
  strongly	
  enriched	
  in	
  
GFP-­‐	
  cells".	
  	
  
	
  
We	
  added	
  the	
  names	
  as	
  suggested,	
  many	
  thanks.	
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Referee	
  #2:	
  	
  
	
  
This	
  manuscript	
  describes	
  a	
  high-­‐throughput	
  method,	
  TAD-­‐seq,	
  for	
  finding	
  
transcription	
  activation	
  domains	
  (TADs)	
  within	
  transcription	
  factors.	
  The	
  authors	
  
generate	
  fusion	
  proteins	
  between	
  the	
  DNA-­‐binding	
  domain	
  of	
  Gal4	
  and	
  a	
  library	
  of	
  
random	
  genomic	
  fragment	
  (in-­‐frame	
  and	
  out-­‐of-­‐frame)	
  from	
  the	
  coding	
  regions	
  of	
  
180	
  known	
  fly	
  transcription	
  factors.	
  They	
  put	
  these	
  fusion	
  gene	
  constructs	
  under	
  
the	
  control	
  of	
  a	
  constitutive	
  promoter	
  and	
  transfected	
  them	
  on	
  plasmids	
  into	
  fruit	
  
fly	
  S2	
  cells,	
  which	
  were	
  also	
  transfected	
  with	
  a	
  second	
  plasmid.	
  This	
  second	
  
plasmid	
  contained	
  a	
  GFP	
  reporter	
  gene	
  under	
  the	
  control	
  of	
  4	
  UAS	
  to	
  which	
  the	
  
fusion	
  protein	
  can	
  bind	
  with	
  its	
  Gal4-­‐DBD.	
  Those	
  genomic	
  fragments	
  that	
  were	
  
translated	
  into	
  functional	
  activation	
  motifs	
  activated	
  the	
  transcription	
  of	
  GFP.	
  
Subsequently,	
  the	
  S2	
  cells	
  were	
  FACS	
  sorted	
  and	
  the	
  random	
  fragment	
  regions	
  of	
  
GFP+	
  and	
  GFP-­‐	
  cells	
  were	
  sequenced	
  separately	
  using	
  paired-­‐end	
  sequencing.	
  
Paired	
  reads	
  were	
  mapped	
  to	
  the	
  genome	
  and	
  a	
  coverage	
  for	
  GFP+	
  and	
  GFP-­‐	
  
libraries	
  along	
  the	
  6	
  frames	
  of	
  each	
  TF	
  was	
  computed.	
  A	
  significant	
  log	
  enrichment	
  
of	
  coverage	
  in	
  GFP+	
  over	
  GFP-­‐	
  libraries	
  indicated	
  a	
  functional	
  activation	
  motif.	
  	
  
	
  
This	
  manuscript	
  addresses	
  an	
  important	
  question:	
  what	
  properties	
  make	
  a	
  
sequence	
  activate	
  transcription.	
  Although	
  this	
  question	
  has	
  been	
  studied	
  for	
  a	
  
long	
  time,	
  new	
  insights	
  have	
  been	
  relatively	
  few	
  and	
  far	
  between.	
  This	
  seems	
  to	
  
be	
  changing	
  with	
  the	
  application	
  of	
  high-­‐throughput	
  methods	
  to	
  this	
  question.	
  The	
  
manuscript	
  presents	
  a	
  new	
  HT	
  method	
  and	
  finds	
  21	
  activation	
  regions	
  in	
  19	
  TFs	
  
out	
  of	
  180	
  TFs	
  tested.	
  Interestingly,	
  they	
  find	
  several	
  TADs	
  overlapping	
  Zn	
  finger	
  
motifs	
  and	
  HLH	
  "DNA-­‐binding"	
  domains.	
  	
  
	
  
The	
  manuscript	
  is	
  very	
  well	
  written	
  and	
  gives	
  a	
  good	
  background	
  of	
  the	
  field.	
  	
  
	
  
	
  
Major	
  points:	
  	
  
	
  
1.	
  It	
  is	
  difficult	
  to	
  get	
  a	
  feeling	
  for	
  how	
  reliable	
  the	
  method	
  is	
  as	
  only	
  a	
  tiny	
  fraction	
  
of	
  the	
  data	
  is	
  shown.	
  I	
  urge	
  the	
  authors	
  to	
  show	
  in	
  a	
  supplemental	
  figure	
  at	
  least	
  
the	
  equivalent	
  of	
  Figure	
  2	
  for	
  all	
  19	
  TFs	
  for	
  which	
  TADs	
  were	
  found,	
  and	
  also	
  for	
  a	
  
few	
  *randomly	
  selected*	
  TFs	
  without	
  detected	
  TADs.	
  Also,	
  position	
  indices	
  should	
  
be	
  given	
  to	
  be	
  able	
  to	
  estimate	
  the	
  position	
  of	
  the	
  peaks	
  in	
  the	
  TF	
  sequences.	
  	
  
	
  
We	
  agree	
  that	
  readers	
  should	
  be	
  able	
  to	
  explore	
  the	
  entire	
  dataset	
  and	
  get	
  precise	
  
information	
  on	
  the	
  positions	
  of	
  the	
  peaks	
  in	
  the	
  TF	
  sequences.	
  As	
  suggested,	
  we	
  
therefore	
  now	
  provide	
  the	
  equivalent	
  of	
  Fig.	
  2	
  for	
  all	
  TFs	
  for	
  which	
  tADs	
  were	
  
found	
  (Appendix	
  Figures	
  S1-­‐S4).	
  In	
  addition,	
  we	
  provide	
  three	
  publicly	
  accessible	
  
UCSC	
  genome-­‐browser	
  session	
  that	
  allows	
  the	
  interactive	
  inspection	
  of	
  the	
  raw	
  
data	
  (coverage	
  profiles,	
  enrichments,	
  and	
  tAD	
  calls)	
  linked	
  from	
  
https://starklab.org/data/tAD-­‐seq_2018/.	
  In	
  detail,	
  we	
  provide	
  one	
  session	
  for	
  
frame	
  +1	
  for	
  short-­‐	
  and	
  long-­‐fragment	
  tAD-­‐seq	
  (https://goo.gl/BAcLnX),	
  one	
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session	
  for	
  short-­‐fragment	
  tAD-­‐seq	
  (all	
  6	
  frames)	
  (https://goo.gl/RCwzmm)	
  and	
  
one	
  session	
  for	
  long-­‐fragment	
  tAD-­‐seq	
  (all	
  6	
  frames)	
  (https://goo.gl/ebGgwz).	
  We	
  
further	
  provide	
  all	
  tAD	
  coordinates,	
  protein	
  sequences,	
  protein	
  analyses	
  results,	
  
and	
  luciferase	
  results	
  in	
  the	
  form	
  of	
  Expanded	
  View	
  Tables	
  EV2,	
  4,	
  6,	
  7.	
  Finally,	
  we	
  
uploaded	
  all	
  raw	
  and	
  processed	
  NGS	
  data	
  to	
  GEO	
  (accession	
  number	
  GSE114387).	
  
	
  
	
  
I	
  wonder,	
  for	
  instance,	
  how	
  good	
  the	
  resolution	
  of	
  the	
  method	
  is.	
  With	
  a	
  fragment	
  
length	
  of	
  100	
  amino	
  acids,	
  I	
  would	
  expect	
  it	
  to	
  be	
  quite	
  low.	
  Can	
  the	
  resolution	
  be	
  
demonstrated	
  (visually)	
  at	
  the	
  example	
  of	
  a	
  TAD	
  with	
  a	
  short,	
  well-­‐defined	
  
activation	
  motif?	
  	
  
	
  
We	
  agree	
  that	
  the	
  resolution	
  of	
  the	
  method	
  will	
  relate	
  to	
  the	
  fragment-­‐length	
  
used,	
  and	
  screening	
  longer	
  or	
  shorter	
  fragments	
  have	
  different	
  advantages.	
  We	
  
now	
  performed	
  a	
  non-­‐exhaustive	
  proof-­‐of-­‐principle	
  screen	
  with	
  fragments	
  of	
  
~850bp	
  (vs.	
  ~250bp	
  used	
  for	
  the	
  original	
  screen;	
  Expanded	
  View	
  Figs	
  EV1-­‐EV3;	
  
Tables	
  EV5	
  and	
  6).	
  This	
  demonstrates	
  that	
  longer	
  fragments	
  allow	
  the	
  detection	
  of	
  
longer	
  tADs	
  for	
  which	
  shorter	
  fragments	
  are	
  inactive	
  (Expanded	
  View	
  Figs	
  EV1-­‐
EV3).	
  In	
  contrast,	
  for	
  short	
  tADs	
  screening	
  with	
  shorter	
  fragments	
  can	
  determine	
  
the	
  location	
  of	
  the	
  tAD	
  more	
  precisely	
  (Expanded	
  View	
  Fig	
  EV2).	
  We	
  further	
  tested	
  
slightly	
  longer	
  and	
  shorter	
  variants	
  of	
  4	
  tADs	
  and	
  found	
  an	
  inconsistent	
  trend	
  with	
  
the	
  longer	
  fragments	
  being	
  stronger,	
  or	
  weaker,	
  or	
  of	
  the	
  same	
  strength	
  
(Expanded	
  View	
  Fig	
  EV3).	
  This	
  indicates	
  that	
  tADs	
  might	
  not	
  have	
  defined	
  
boundaries	
  and	
  the	
  precise	
  delineation	
  of	
  tADs	
  will	
  depend	
  on	
  specific	
  thresholds.	
  	
  
	
  
Overall,	
  these	
  additional	
  datasets	
  show	
  that	
  a	
  detailed	
  mapping	
  of	
  tAD	
  boundaries	
  
at	
  high	
  resolution	
  will	
  require	
  screens	
  at	
  several	
  different	
  fragment	
  lengths,	
  with	
  a	
  
tradeoff	
  between	
  resolution	
  and	
  sensitivity	
  with	
  respect	
  to	
  long	
  tADs	
  (see	
  our	
  
response	
  to	
  reviewer	
  1	
  comment	
  2	
  above).	
  We	
  now	
  add	
  these	
  new	
  datasets	
  
(Expanded	
  View	
  Figs	
  EV1-­‐EV3;	
  Tables	
  EV5	
  and	
  6)	
  and	
  discuss	
  how	
  screens	
  with	
  
different	
  fragment	
  lengths	
  can	
  be	
  used	
  to	
  map	
  longer	
  tADs	
  or	
  fine-­‐map	
  the	
  
location	
  and	
  boundaries	
  of	
  shorter	
  tADs	
  (pages	
  8-­‐9).	
  	
  
	
  
	
  
2.To	
  allow	
  the	
  community	
  to	
  build	
  on	
  these	
  results,	
  all	
  coverage	
  data	
  from	
  GFP+	
  
and	
  GFP-­‐	
  library	
  reads	
  mapped	
  to	
  the	
  TFs	
  in	
  all	
  6	
  frames	
  should	
  be	
  available	
  in	
  a	
  
supplemental	
  file,	
  as	
  well	
  as	
  the	
  annotations	
  described	
  in	
  Methods	
  section	
  "TF	
  and	
  
TAD	
  amino	
  acid/protein	
  sequence	
  analysis".	
  Raw	
  sequencing	
  data	
  should	
  be	
  
uploaded	
  to	
  a	
  public	
  sequencing	
  archive.	
  	
  
	
  
We	
  agree	
  and	
  now	
  provide	
  the	
  equivalent	
  of	
  Fig.	
  2	
  for	
  all	
  TFs	
  for	
  which	
  tADs	
  were	
  
found	
  (Appendix	
  Figures	
  S1-­‐S4),	
  3	
  publicly	
  accessible	
  UCSC	
  genome-­‐browser	
  
session	
  (permanently	
  linked	
  from	
  https://starklab.org/data/tAD-­‐seq_2018/),	
  and	
  
uploaded	
  all	
  raw	
  and	
  processed	
  NGS	
  data	
  to	
  GEO	
  (accession	
  number	
  GSE114387).	
  
	
  
	
  
3.	
  Ma	
  and	
  Ptashne	
  (Cell	
  1987)	
  used	
  a	
  similar	
  assay	
  to	
  find	
  TADs.	
  Instead	
  of	
  fusing	
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fragments	
  from	
  coding	
  sequences	
  of	
  TFs	
  downstream	
  of	
  a	
  DBD	
  gene,	
  they	
  took	
  
genomic	
  fragments	
  from	
  E.	
  coli.	
  They	
  obtained	
  154	
  blue	
  colonies	
  among	
  about	
  
15000	
  transformants,	
  a	
  rate	
  of	
  1%.	
  Given	
  that	
  the	
  GC	
  content	
  of	
  the	
  E	
  coli	
  and	
  D	
  
melanogaster	
  genomes	
  is	
  similar	
  and	
  given	
  that	
  the	
  length	
  of	
  the	
  E.	
  coli	
  genomic	
  
fragments	
  was	
  rather	
  shorter	
  than	
  the	
  300	
  bp	
  used	
  in	
  the	
  present	
  study,	
  I	
  would	
  
expect	
  to	
  see	
  a	
  fraction	
  >=1%	
  of	
  sequences	
  to	
  be	
  activatory.	
  Assuming	
  that	
  the	
  
average	
  length	
  of	
  the	
  coding	
  regions	
  of	
  the	
  180	
  TFs	
  is	
  1000bp	
  and	
  the	
  fragments	
  
are	
  length	
  300bp,	
  I	
  would	
  expect	
  >=	
  1%	
  *	
  180	
  *	
  (1000	
  bp	
  /	
  300bp)	
  *	
  5	
  (frames)	
  =	
  
30	
  activatory	
  sequences	
  that	
  are	
  translated	
  out	
  of	
  frame,	
  whereas	
  the	
  authors	
  
observe	
  none.	
  Ii	
  would	
  be	
  important	
  to	
  address	
  the	
  causes	
  of	
  this	
  discrepancy.	
  	
  
	
  
Could	
  it	
  be	
  due	
  to	
  a	
  too	
  conservative,	
  stringent	
  choice	
  of	
  FDR	
  threshold	
  used	
  by	
  
the	
  authors?	
  How	
  were	
  the	
  thresholds	
  on	
  the	
  P-­‐value	
  (1.3E-­‐7)	
  and	
  on	
  the	
  FDR	
  
(1.2E-­‐6)	
  chosen?	
  In	
  particular	
  the	
  latter	
  looks	
  exceedingly	
  strict.	
  I	
  would	
  encourage	
  
the	
  authors	
  to	
  analyse	
  predictions	
  at	
  lower	
  FDRs	
  to	
  gain	
  insights	
  about	
  what	
  
general	
  properties	
  can	
  make	
  a	
  sequence	
  activatory.	
  	
  
	
  
We	
  agree	
  that	
  the	
  results	
  of	
  Ma	
  &	
  Ptashne	
  (Cell	
  1987)	
  argues	
  that	
  some	
  of	
  the	
  
out-­‐of-­‐frame	
  fragments	
  should	
  be	
  active.	
  While	
  we	
  had	
  inspected	
  all	
  frames	
  for	
  
the	
  positive	
  control	
  MTF-­‐1	
  (Fig.	
  2),	
  we	
  only	
  analyzed	
  reading	
  frame	
  +1	
  during	
  tAD	
  
calling	
  across	
  all	
  TFs.	
  This	
  omission	
  rather	
  than	
  potentially	
  overly	
  stringent	
  
thresholds	
  explains	
  the	
  absence	
  of	
  such	
  tADs.	
  Many	
  thanks	
  for	
  pointing	
  out	
  that	
  
this	
  has	
  been	
  unclear.	
  	
  
	
  
We	
  agree	
  with	
  the	
  reviewer	
  that	
  an	
  analysis	
  of	
  the	
  non-­‐native	
  frames	
  would	
  be	
  
highly	
  interesting	
  and	
  have	
  now	
  performed	
  this	
  analysis.	
  The	
  non-­‐native	
  frames	
  
indeed	
  contain	
  tADs	
  that	
  validate	
  in	
  luciferase	
  assays	
  (new	
  Fig	
  4)	
  and	
  contain	
  
simple	
  sequence	
  signatures	
  such	
  as	
  glutamine-­‐rich	
  regions	
  (but	
  no	
  Pfam	
  domains)	
  
also	
  seen	
  in	
  in-­‐frame	
  tADs.	
  We	
  added	
  the	
  identification	
  and	
  validation	
  of	
  out-­‐of-­‐
frame	
  tADs	
  (new	
  Fig	
  4)	
  and	
  the	
  analyses	
  of	
  their	
  protein	
  sequence	
  properties	
  (new	
  
Fig	
  5Dand	
  Table	
  EV4).	
  In	
  addition,	
  we	
  made	
  tAD-­‐seq	
  more	
  sensitive,	
  uncovering	
  53	
  
tADs	
  (66	
  tADs	
  with	
  more	
  lenient	
  cutoffs;	
  see	
  our	
  response	
  to	
  reviewer	
  1	
  above).	
  
Given	
  the	
  increased	
  sensitivity	
  and	
  the	
  additional	
  tADs	
  predicted,	
  we	
  have	
  also	
  
extended	
  the	
  luciferase	
  validations	
  (Fig	
  3	
  and	
  Tables	
  EV2	
  and	
  EV3).	
  Many	
  thanks	
  
for	
  these	
  important	
  suggestions.	
  	
  	
  
	
  
Minor	
  points:	
  	
  
	
  
5.	
  The	
  following,	
  mostly	
  overlooked	
  study	
  should	
  be	
  cited	
  and	
  discussed,	
  as	
  they	
  
have	
  performed	
  a	
  high-­‐throughput	
  screen	
  of	
  transactivating	
  random	
  peptides	
  and	
  
obtained	
  interesting	
  results:	
  	
  
Abedi,	
  M.	
  et	
  al.	
  Transcriptional	
  Transactivation	
  by	
  Selected	
  Short	
  Random	
  
Peptides	
  Attached	
  to	
  Lexa-­‐Gfp	
  Fusion	
  Proteins.	
  BMC	
  Mol	
  Biol	
  2,	
  10	
  (2001).	
  	
  
	
  
We	
  now	
  cite	
  this	
  study	
  throughout	
  the	
  manuscript,	
  thanks.	
  
	
  
6.	
  For	
  how	
  many	
  out	
  of	
  the	
  180	
  TFs	
  are	
  the	
  predicted	
  disordered	
  regions	
  longer	
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than	
  40	
  residues	
  split	
  between	
  two	
  or	
  more	
  exons?	
  Is	
  the	
  set	
  of	
  TFs	
  without	
  
disordered	
  regions	
  split	
  between	
  exons	
  enriched	
  among	
  the	
  TFs	
  with	
  detected	
  
TADs?	
  In	
  other	
  words,	
  could	
  the	
  presence	
  of	
  introns	
  disrupting	
  the	
  coding	
  regions	
  
of	
  some	
  potential	
  TAD	
  regions	
  explain	
  why	
  the	
  TADs	
  could	
  not	
  be	
  detected	
  with	
  
TAD-­‐seq?	
  Could	
  this	
  potential	
  source	
  of	
  loss	
  of	
  sensitivity	
  be	
  adressed	
  by	
  using	
  
cDNA	
  reverse-­‐transcribed	
  from	
  TF	
  mRNAs	
  to	
  generate	
  the	
  genomic	
  fragment	
  
library?	
  
	
  
The	
  fragment	
  library	
  was	
  constructed	
  from	
  cDNA,	
  such	
  that	
  the	
  disruption	
  of	
  
coding	
  regions	
  by	
  introns	
  is	
  not	
  an	
  issue.	
  We	
  have	
  now	
  revised	
  the	
  main	
  text	
  (page	
  
4)	
  and	
  methods	
  section	
  (‘tAD-­‐seq	
  library	
  generation’,	
  page	
  12)	
  to	
  improve	
  clarity,	
  
thanks	
  for	
  pointing	
  out	
  that	
  this	
  has	
  not	
  been	
  sufficiently	
  clear.	
  
 
 
2nd Editorial Decision 12th June 2018 

Thank you for submitting a revised version of your manuscript. It has now been seen by the two 
original referees and their comments are included below.  
 
As you will see, the referees both find that all criticisms have been sufficiently addressed and 
recommend the manuscript for publication. However, before we can go on to officially accept the 
manuscript there are a few editorial issues concerning text and figures that I need you to address in 
final revision.  
 
------------------------------------------------  
 
REFEREE REPORTS 
 
Referee #1:  
 
The resubmitted paper is much improved, including the more extensive discussion. The authors have 
addressed all of my concerns. I therefore recommend publication  
 
 
Referee #2:  
 
All issues raised by the two reviewers have been extensively and constructively addressed in my 
view. I thank the authors for these improvements. 
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http://1degreebio.org
http://www.equator-­‐network.org/reporting-­‐guidelines/improving-­‐bioscience-­‐research-­‐reporting-­‐the-­‐arrive-­‐guidelines-­‐for-­‐reporting-­‐animal-­‐research/

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm
http://ClinicalTrials.gov
http://www.consort-­‐statement.org
http://www.consort-­‐statement.org/checklists/view/32-­‐consort/66-­‐title

è

http://www.equator-­‐network.org/reporting-­‐guidelines/reporting-­‐recommendations-­‐for-­‐tumour-­‐marker-­‐prognostic-­‐studies-­‐remark/
è

http://datadryad.org
è

http://figshare.com
è

http://www.ncbi.nlm.nih.gov/gap
è

http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/
è http://jjj.biochem.sun.ac.za
è http://oba.od.nih.gov/biosecurity/biosecurity_documents.html
è http://www.selectagents.gov/
è

è
è

è
è

� common	
  tests,	
  such	
  as	
  t-­‐test	
  (please	
  specify	
  whether	
  paired	
  vs.	
  unpaired),	
  simple	
  χ2	
  tests,	
  Wilcoxon	
  and	
  Mann-­‐Whitney	
  
tests,	
  can	
  be	
  unambiguously	
  identified	
  by	
  name	
  only,	
  but	
  more	
  complex	
  techniques	
  should	
  be	
  described	
  in	
  the	
  methods	
  
section;

� are	
  tests	
  one-­‐sided	
  or	
  two-­‐sided?
� are	
  there	
  adjustments	
  for	
  multiple	
  comparisons?
� exact	
  statistical	
  test	
  results,	
  e.g.,	
  P	
  values	
  =	
  x	
  but	
  not	
  P	
  values	
  <	
  x;
� definition	
  of	
  ‘center	
  values’	
  as	
  median	
  or	
  average;
� definition	
  of	
  error	
  bars	
  as	
  s.d.	
  or	
  s.e.m.	
  

1.a.	
  How	
  was	
  the	
  sample	
  size	
  chosen	
  to	
  ensure	
  adequate	
  power	
  to	
  detect	
  a	
  pre-­‐specified	
  effect	
  size?

1.b.	
  For	
  animal	
  studies,	
  include	
  a	
  statement	
  about	
  sample	
  size	
  estimate	
  even	
  if	
  no	
  statistical	
  methods	
  were	
  used.

2.	
  Describe	
  inclusion/exclusion	
  criteria	
  if	
  samples	
  or	
  animals	
  were	
  excluded	
  from	
  the	
  analysis.	
  Were	
  the	
  criteria	
  pre-­‐
established?

3.	
  Were	
  any	
  steps	
  taken	
  to	
  minimize	
  the	
  effects	
  of	
  subjective	
  bias	
  when	
  allocating	
  animals/samples	
  to	
  treatment	
  (e.g.	
  
randomization	
  procedure)?	
  If	
  yes,	
  please	
  describe.	
  

For	
  animal	
  studies,	
  include	
  a	
  statement	
  about	
  randomization	
  even	
  if	
  no	
  randomization	
  was	
  used.

4.a.	
  Were	
  any	
  steps	
  taken	
  to	
  minimize	
  the	
  effects	
  of	
  subjective	
  bias	
  during	
  group	
  allocation	
  or/and	
  when	
  assessing	
  results	
  
(e.g.	
  blinding	
  of	
  the	
  investigator)?	
  If	
  yes	
  please	
  describe.

4.b.	
  For	
  animal	
  studies,	
  include	
  a	
  statement	
  about	
  blinding	
  even	
  if	
  no	
  blinding	
  was	
  done

5.	
  For	
  every	
  figure,	
  are	
  statistical	
  tests	
  justified	
  as	
  appropriate?

Do	
  the	
  data	
  meet	
  the	
  assumptions	
  of	
  the	
  tests	
  (e.g.,	
  normal	
  distribution)?	
  Describe	
  any	
  methods	
  used	
  to	
  assess	
  it.
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a	
  statement	
  of	
  how	
  many	
  times	
  the	
  experiment	
  shown	
  was	
  independently	
  replicated	
  in	
  the	
  laboratory.

Any	
  descriptions	
  too	
  long	
  for	
  the	
  figure	
  legend	
  should	
  be	
  included	
  in	
  the	
  methods	
  section	
  and/or	
  with	
  the	
  source	
  data.

	
  

In	
  the	
  pink	
  boxes	
  below,	
  please	
  ensure	
  that	
  the	
  answers	
  to	
  the	
  following	
  questions	
  are	
  reported	
  in	
  the	
  manuscript	
  itself.	
  
Every	
  question	
  should	
  be	
  answered.	
  If	
  the	
  question	
  is	
  not	
  relevant	
  to	
  your	
  research,	
  please	
  write	
  NA	
  (non	
  applicable).	
  	
  
We	
  encourage	
  you	
  to	
  include	
  a	
  specific	
  subsection	
  in	
  the	
  methods	
  section	
  for	
  statistics,	
  reagents,	
  animal	
  models	
  and	
  human	
  
subjects.	
  	
  

definitions	
  of	
  statistical	
  methods	
  and	
  measures:

a	
  description	
  of	
  the	
  sample	
  collection	
  allowing	
  the	
  reader	
  to	
  understand	
  whether	
  the	
  samples	
  represent	
  technical	
  or	
  
biological	
  replicates	
  (including	
  how	
  many	
  animals,	
  litters,	
  cultures,	
  etc.).

Please	
  fill	
  out	
  these	
  boxes	
  ê	
  (Do	
  not	
  worry	
  if	
  you	
  cannot	
  see	
  all	
  your	
  text	
  once	
  you	
  press	
  return)

a	
  specification	
  of	
  the	
  experimental	
  system	
  investigated	
  (eg	
  cell	
  line,	
  species	
  name).

B-­‐	
  Statistics	
  and	
  general	
  methods

the	
  assay(s)	
  and	
  method(s)	
  used	
  to	
  carry	
  out	
  the	
  reported	
  observations	
  and	
  measurements	
  
an	
  explicit	
  mention	
  of	
  the	
  biological	
  and	
  chemical	
  entity(ies)	
  that	
  are	
  being	
  measured.
an	
  explicit	
  mention	
  of	
  the	
  biological	
  and	
  chemical	
  entity(ies)	
  that	
  are	
  altered/varied/perturbed	
  in	
  a	
  controlled	
  manner.

1.	
  Data

the	
  data	
  were	
  obtained	
  and	
  processed	
  according	
  to	
  the	
  field’s	
  best	
  practice	
  and	
  are	
  presented	
  to	
  reflect	
  the	
  results	
  of	
  the	
  
experiments	
  in	
  an	
  accurate	
  and	
  unbiased	
  manner.
figure	
  panels	
  include	
  only	
  data	
  points,	
  measurements	
  or	
  observations	
  that	
  can	
  be	
  compared	
  to	
  each	
  other	
  in	
  a	
  scientifically	
  
meaningful	
  way.
graphs	
  include	
  clearly	
  labeled	
  error	
  bars	
  for	
  independent	
  experiments	
  and	
  sample	
  sizes.	
  Unless	
  justified,	
  error	
  bars	
  should	
  
not	
  be	
  shown	
  for	
  technical	
  replicates.
if	
  n<	
  5,	
  the	
  individual	
  data	
  points	
  from	
  each	
  experiment	
  should	
  be	
  plotted	
  and	
  any	
  statistical	
  test	
  employed	
  should	
  be	
  
justified

the	
  exact	
  sample	
  size	
  (n)	
  for	
  each	
  experimental	
  group/condition,	
  given	
  as	
  a	
  number,	
  not	
  a	
  range;

Each	
  figure	
  caption	
  should	
  contain	
  the	
  following	
  information,	
  for	
  each	
  panel	
  where	
  they	
  are	
  relevant:

2.	
  Captions

The	
  data	
  shown	
  in	
  figures	
  should	
  satisfy	
  the	
  following	
  conditions:

Source	
  Data	
  should	
  be	
  included	
  to	
  report	
  the	
  data	
  underlying	
  graphs.	
  Please	
  follow	
  the	
  guidelines	
  set	
  out	
  in	
  the	
  author	
  ship	
  
guidelines	
  on	
  Data	
  Presentation.

YOU	
  MUST	
  COMPLETE	
  ALL	
  CELLS	
  WITH	
  A	
  PINK	
  BACKGROUND	
  ê

For	
  NGS	
  experiments	
  (tAD-­‐seq),	
  we	
  performed	
  two	
  independent	
  experiments	
  (biological	
  
replicates),	
  as	
  is	
  standard	
  in	
  the	
  field.	
  For	
  single-­‐candidate	
  luciferase	
  assays,	
  we	
  performed	
  three	
  
or	
  four	
  independent	
  experiments	
  per	
  candidate	
  (independent	
  transfections),	
  as	
  is	
  standard	
  in	
  the	
  
field.	
  

The	
  research	
  did	
  not	
  involve	
  animals

No	
  samples	
  were	
  excluded	
  from	
  analysis

The	
  research	
  did	
  not	
  involve	
  animals

The	
  research	
  did	
  not	
  involve	
  animals

NA

The	
  research	
  did	
  not	
  involve	
  animals

For	
  every	
  figure	
  the	
  statistical	
  tests	
  are	
  justfied	
  as	
  appropriate,	
  using	
  Student's	
  t-­‐tests	
  for	
  	
  
luciferase	
  results	
  and	
  Benjamini-­‐Hochberg	
  corrected	
  hypergeometric	
  P-­‐values	
  for	
  NGS	
  analysis.The	
  
information	
  of	
  type	
  of	
  statistical	
  method	
  and	
  number	
  of	
  replicates	
  is	
  given	
  in	
  the	
  figure	
  legends	
  
and	
  materials	
  and	
  methods.	
  

Yes



Is	
  there	
  an	
  estimate	
  of	
  variation	
  within	
  each	
  group	
  of	
  data?

Is	
  the	
  variance	
  similar	
  between	
  the	
  groups	
  that	
  are	
  being	
  statistically	
  compared?

6.	
  To	
  show	
  that	
  antibodies	
  were	
  profiled	
  for	
  use	
  in	
  the	
  system	
  under	
  study	
  (assay	
  and	
  species),	
  provide	
  a	
  citation,	
  catalog	
  
number	
  and/or	
  clone	
  number,	
  supplementary	
  information	
  or	
  reference	
  to	
  an	
  antibody	
  validation	
  profile.	
  e.g.,	
  
Antibodypedia	
  (see	
  link	
  list	
  at	
  top	
  right),	
  1DegreeBio	
  (see	
  link	
  list	
  at	
  top	
  right).

7.	
  Identify	
  the	
  source	
  of	
  cell	
  lines	
  and	
  report	
  if	
  they	
  were	
  recently	
  authenticated	
  (e.g.,	
  by	
  STR	
  profiling)	
  and	
  tested	
  for	
  
mycoplasma	
  contamination.

*	
  for	
  all	
  hyperlinks,	
  please	
  see	
  the	
  table	
  at	
  the	
  top	
  right	
  of	
  the	
  document

8.	
  Report	
  species,	
  strain,	
  gender,	
  age	
  of	
  animals	
  and	
  genetic	
  modification	
  status	
  where	
  applicable.	
  Please	
  detail	
  housing	
  
and	
  husbandry	
  conditions	
  and	
  the	
  source	
  of	
  animals.

9.	
  For	
  experiments	
  involving	
  live	
  vertebrates,	
  include	
  a	
  statement	
  of	
  compliance	
  with	
  ethical	
  regulations	
  and	
  identify	
  the	
  
committee(s)	
  approving	
  the	
  experiments.

10.	
  We	
  recommend	
  consulting	
  the	
  ARRIVE	
  guidelines	
  (see	
  link	
  list	
  at	
  top	
  right)	
  (PLoS	
  Biol.	
  8(6),	
  e1000412,	
  2010)	
  to	
  ensure	
  
that	
  other	
  relevant	
  aspects	
  of	
  animal	
  studies	
  are	
  adequately	
  reported.	
  See	
  author	
  guidelines,	
  under	
  ‘Reporting	
  
Guidelines’.	
  See	
  also:	
  NIH	
  (see	
  link	
  list	
  at	
  top	
  right)	
  and	
  MRC	
  (see	
  link	
  list	
  at	
  top	
  right)	
  recommendations.	
  	
  Please	
  confirm	
  
compliance.

11.	
  Identify	
  the	
  committee(s)	
  approving	
  the	
  study	
  protocol.

12.	
  Include	
  a	
  statement	
  confirming	
  that	
  informed	
  consent	
  was	
  obtained	
  from	
  all	
  subjects	
  and	
  that	
  the	
  experiments	
  
conformed	
  to	
  the	
  principles	
  set	
  out	
  in	
  the	
  WMA	
  Declaration	
  of	
  Helsinki	
  and	
  the	
  Department	
  of	
  Health	
  and	
  Human	
  
Services	
  Belmont	
  Report.

13.	
  For	
  publication	
  of	
  patient	
  photos,	
  include	
  a	
  statement	
  confirming	
  that	
  consent	
  to	
  publish	
  was	
  obtained.

14.	
  Report	
  any	
  restrictions	
  on	
  the	
  availability	
  (and/or	
  on	
  the	
  use)	
  of	
  human	
  data	
  or	
  samples.

15.	
  Report	
  the	
  clinical	
  trial	
  registration	
  number	
  (at	
  ClinicalTrials.gov	
  or	
  equivalent),	
  where	
  applicable.

16.	
  For	
  phase	
  II	
  and	
  III	
  randomized	
  controlled	
  trials,	
  please	
  refer	
  to	
  the	
  CONSORT	
  flow	
  diagram	
  (see	
  link	
  list	
  at	
  top	
  right)	
  
and	
  submit	
  the	
  CONSORT	
  checklist	
  (see	
  link	
  list	
  at	
  top	
  right)	
  with	
  your	
  submission.	
  See	
  author	
  guidelines,	
  under	
  
‘Reporting	
  Guidelines’.	
  Please	
  confirm	
  you	
  have	
  submitted	
  this	
  list.

17.	
  For	
  tumor	
  marker	
  prognostic	
  studies,	
  we	
  recommend	
  that	
  you	
  follow	
  the	
  REMARK	
  reporting	
  guidelines	
  (see	
  link	
  list	
  at	
  
top	
  right).	
  See	
  author	
  guidelines,	
  under	
  ‘Reporting	
  Guidelines’.	
  Please	
  confirm	
  you	
  have	
  followed	
  these	
  guidelines.

18:	
  Provide	
  a	
  “Data	
  Availability”	
  section	
  at	
  the	
  end	
  of	
  the	
  Materials	
  &	
  Methods,	
  listing	
  the	
  accession	
  codes	
  for	
  data	
  
generated	
  in	
  this	
  study	
  and	
  deposited	
  in	
  a	
  public	
  database	
  (e.g.	
  RNA-­‐Seq	
  data:	
  Gene	
  Expression	
  Omnibus	
  GSE39462,	
  
Proteomics	
  data:	
  PRIDE	
  PXD000208	
  etc.)	
  Please	
  refer	
  to	
  our	
  author	
  guidelines	
  for	
  ‘Data	
  Deposition’.

Data	
  deposition	
  in	
  a	
  public	
  repository	
  is	
  mandatory	
  for:	
  
a.	
  Protein,	
  DNA	
  and	
  RNA	
  sequences	
  
b.	
  Macromolecular	
  structures	
  
c.	
  Crystallographic	
  data	
  for	
  small	
  molecules	
  
d.	
  Functional	
  genomics	
  data	
  
e.	
  Proteomics	
  and	
  molecular	
  interactions
19.	
  Deposition	
  is	
  strongly	
  recommended	
  for	
  any	
  datasets	
  that	
  are	
  central	
  and	
  integral	
  to	
  the	
  study;	
  please	
  consider	
  the	
  
journal’s	
  data	
  policy.	
  If	
  no	
  structured	
  public	
  repository	
  exists	
  for	
  a	
  given	
  data	
  type,	
  we	
  encourage	
  the	
  provision	
  of	
  
datasets	
  in	
  the	
  manuscript	
  as	
  a	
  Supplementary	
  Document	
  (see	
  author	
  guidelines	
  under	
  ‘Expanded	
  View’	
  or	
  in	
  
unstructured	
  repositories	
  such	
  as	
  Dryad	
  (see	
  link	
  list	
  at	
  top	
  right)	
  or	
  Figshare	
  (see	
  link	
  list	
  at	
  top	
  right).
20.	
  Access	
  to	
  human	
  clinical	
  and	
  genomic	
  datasets	
  should	
  be	
  provided	
  with	
  as	
  few	
  restrictions	
  as	
  possible	
  while	
  
respecting	
  ethical	
  obligations	
  to	
  the	
  patients	
  and	
  relevant	
  medical	
  and	
  legal	
  issues.	
  If	
  practically	
  possible	
  and	
  compatible	
  
with	
  the	
  individual	
  consent	
  agreement	
  used	
  in	
  the	
  study,	
  such	
  data	
  should	
  be	
  deposited	
  in	
  one	
  of	
  the	
  major	
  public	
  access-­‐
controlled	
  repositories	
  such	
  as	
  dbGAP	
  (see	
  link	
  list	
  at	
  top	
  right)	
  or	
  EGA	
  (see	
  link	
  list	
  at	
  top	
  right).
21.	
  Computational	
  models	
  that	
  are	
  central	
  and	
  integral	
  to	
  a	
  study	
  should	
  be	
  shared	
  without	
  restrictions	
  and	
  provided	
  in	
  a	
  
machine-­‐readable	
  form.	
  	
  The	
  relevant	
  accession	
  numbers	
  or	
  links	
  should	
  be	
  provided.	
  When	
  possible,	
  standardized	
  
format	
  (SBML,	
  CellML)	
  should	
  be	
  used	
  instead	
  of	
  scripts	
  (e.g.	
  MATLAB).	
  Authors	
  are	
  strongly	
  encouraged	
  to	
  follow	
  the	
  
MIRIAM	
  guidelines	
  (see	
  link	
  list	
  at	
  top	
  right)	
  and	
  deposit	
  their	
  model	
  in	
  a	
  public	
  database	
  such	
  as	
  Biomodels	
  (see	
  link	
  list	
  
at	
  top	
  right)	
  or	
  JWS	
  Online	
  (see	
  link	
  list	
  at	
  top	
  right).	
  If	
  computer	
  source	
  code	
  is	
  provided	
  with	
  the	
  paper,	
  it	
  should	
  be	
  
deposited	
  in	
  a	
  public	
  repository	
  or	
  included	
  in	
  supplementary	
  information.

22.	
  Could	
  your	
  study	
  fall	
  under	
  dual	
  use	
  research	
  restrictions?	
  Please	
  check	
  biosecurity	
  documents	
  (see	
  link	
  list	
  at	
  top	
  
right)	
  and	
  list	
  of	
  select	
  agents	
  and	
  toxins	
  (APHIS/CDC)	
  (see	
  link	
  list	
  at	
  top	
  right).	
  According	
  to	
  our	
  biosecurity	
  guidelines,	
  
provide	
  a	
  statement	
  only	
  if	
  it	
  could.

F-­‐	
  Data	
  Accessibility

C-­‐	
  Reagents

D-­‐	
  Animal	
  Models

E-­‐	
  Human	
  Subjects

NA

G-­‐	
  Dual	
  use	
  research	
  of	
  concern

All	
  deep	
  sequencing	
  data	
  are	
  available	
  at	
  https://starklab.org	
  and	
  the	
  Gene	
  Expression	
  Omnibus	
  
(GEO)	
  database	
  under	
  the	
  accession	
  number	
  GSE114387.
All	
  read-­‐coverage	
  tracks,	
  called	
  tAD	
  regions,	
  enrichment	
  tracks	
  (GFP+/GFP-­‐)	
  and	
  luciferase-­‐tested	
  
candidates/regions	
  are	
  available	
  via	
  an	
  interactive	
  UCSC	
  genome-­‐browser	
  session	
  linked	
  from	
  
https://starklab.org/data/tAD-­‐seq_2018/

All	
  deep	
  sequencing	
  data	
  are	
  available	
  at	
  https://starklab.org	
  and	
  the	
  Gene	
  Expression	
  Omnibus	
  
(GEO)	
  database	
  under	
  the	
  accession	
  number	
  GSE114387.

Yes,	
  standard	
  deviation	
  of	
  each	
  group	
  of	
  data	
  is	
  shown	
  and	
  considered	
  when	
  assessing	
  statistical	
  
significance	
  using	
  Student's	
  t-­‐tests

Yes,	
  the	
  relative	
  variance	
  is	
  similar.

No	
  Antibodies	
  were	
  used	
  in	
  this	
  study

Drosophila	
  melanogaster	
  Schneider's	
  S2	
  cells	
  (Invitrogen).	
  Cells	
  were	
  tested	
  negative	
  for	
  
mycoplasma	
  contamination	
  (cells	
  are	
  half-­‐annualy	
  tested	
  for	
  mycoplasma	
  contamination).

The	
  research	
  did	
  not	
  involve	
  animals

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA


