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1 Introduction

This supplement provides further detail of how to run the MEKIhIP web service, including further detail of

the example reported in the paper, and further examplestrifiting differences in the type of output. We provide
more detail on repeating the given example, and descrilde ¥ve® use including design choices in setting the tools’
parameters.

2 Availability and Repeating an Example

The features described here are available in MEME from ©erdi6.0 onwards, which can be obtained following
the “Downloads” link atht t p: / / meme. nbcr . net . The downloadable software includes all the command line
tools invoked by the web service. You can also download theldses for use with the MEME suite. The file
not i f _dat abases_current.t gz contains the JASPAR CORE 2009 database used in examplesseabade
here. The example available on the web service (as the DNBesegs example accessible from the MEME-ChIP
form, illustrated in Figure 1) is the KIf1 data déi we briefly describe in the paper, with sequences only coinigiXs,
arising from repeat maskin@l, removed (reducing the number of sequences from 945 to F4Qun that example,
go to the MEME web service &ttt p: / / mene. nbcr . net /, click on any of the links to the MEME-ChIP service,
click on the textSample DNA Input Sequencesselect all the text, copy it, return to the input form andtpas the
sequences. Add your email address as required on the formliahbtart search

Total run time should be about an hour, depending on load @sehver.

3 Tools

We present more detail of the tools used here, includinggdeshoices for parameters. To illustrate how the tools
work in a real example, we described how they apply to the KdHia set described in the paper. It is possible to
recreate the results either by rerunning on the web servér asing the command line tools if you have installed a
recent MEME distribution.

3.1 Design Choices

Since MEME has run timé&(n?), as described in the paper, we limit data to MEME to 600 secggrrandomly
sampled without replacement if the original data containsatthan this number of sequences. For most of the other
tools (with the exception of MAST, which uses the entire dedf), we use all the sequences, but trimmed to the
central 100 bases. The logic for trimming the sequencese@éitral 100 bases is that with good peak calling we
expect the binding site for the chipped TF to be near the eaiteach sequence that contains a binding site. Making
the sequences wider than needed adds noise. While peaigoaléithods are highly variablg], we expect enough
common data sets to have sufficiently accurate peak cabhinfpEusing on the central 100 bases to be useful.



—| Data Submission Form |

Required

Your e-mall address: How do you think the occurrences of

| a single motif are distributed among
Re-enter e-mall address: the DMNA sequences?

| | () One per sequence
% Zero or one per sequence
(7) Any number of repetitions

Please enter the DNA sequences which you believe share one or more
motifs. The DNA sequences must be in FASTA format.

MEME will find the optimum width of

Enter the name of a file containing the sequences here: each motif within the limits you

{ Browse... “' Clear specify here:
G Minimum width (== 2)
or 30 Maximum width (<= 300)

the actual sequences here (Sample DNA Input Sequences):

D Maximum number of motifs
to find

Options

Description of your DNA sequences: Enter the name of a file containing a background

| Markov model:
| ( Browse ... ) Clear

MEME will find the optimum number of sites for each motif >
within the limits you specify here: [[] Search given strand only
Minlmum sites (== 2) [ Look for palindromes only

Maximum sites (<= 300)

fStar‘t search \ r Clear Input ‘l

Figure 1. The MEME-ChIP input form. You can set a few options for MEME, but not for the other tod®.ove
the text box for typing in “actual sequences”, you can clicktioe text “Sample DNA Input Sequences” for the KIfl
data set.



We configure the defaults for MEME to find relatively long nistif they exist, with a default upper width of 30.
A user can alter MEME settings, in the same way as with thdiagi$/EME web form, which we retain as a separate
web service. We expect that most users who will make sigmificariations on MEME parameters will use the older
input form, since the default settings here are designedngptement the other tools in the MEME-ChIP suite.

3.2 Detail of Main Example
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Figure 2:Two most significant motifs found by the MEME, DREME and AME al gorithms in the SCL ChIP-seq
data. For MEME and DREME motifs, the motif Logo (bottom) is showigaled with the most similar JASPAR motif
Logo (top) if the similarity is significant®f < 0.05).

To demonstrate the functionality of MEME-ChIP we use it talgme the ChIP-seq peak regions reportefiijyor
SCL (also called Tall), a key regulator of erythropoeisis. W¥e the UCSC genome browser to extract repeat-masked
500 bp regions surrounding each of the 2400 binding peaksatkifn Supplementary Table 1[df. MEME finds three
statistically significant motifs, DREME finds nine. The sefsent analysis by TOMTOM shows that two out of the
three MEME motifs significantly match known vertebrate DiAding motifs in the JASPAR CORE database, as do
six of the nine DREME maotifs. The AME motif enrichment anasyseports enrichment of 15 vertebrate motifs from
JASPAR CORE and confirms many of the MEME/DREME-TOMTOM pe#idns. (Complete results are available
athtt p: // mene. nbcr. net/ nene/ doc/ exanpl es/ nenechi p_exanpl e_out put _files.)

The most significant motif discovered by MEME (MEME ~ 10~163) is a 15 bp motif that is characteristic of
binding by a complex involving SCL and GATA-1 and TOMTOM id#ies this motif as being significantly similar
(TOMTOM E =~ 10~2!) to JASPAR motif MA0140.1 (Fig. 2, row 1, column 1). This JA&Pmotif is also reported
by AME to be most significantly enriched in the input sequesn@ME p ~ 10~230), DREME is unable to find this
motif since it limits its search to motifs with widths up to B.bThe most significant motif found by DREME (DREME
E ~ 1072%3) closely matches the JASPAR GATA-1 motif MA0035.2 (TOMTQB~ 0.004, Fig. 2, row 2, column
1). This is also the second most significant motif reportedABAE.

MEME and DREME also discover variants of the well-known E<{GANNTG) binding motif of SCL (Fig. 2,
column 2). In both cases this is the second most significatif foand (£ ~ 10~° andp ~ 10~3* for MEME and
DREME motifs, respectively). Neither motif exactly matstiee JASPAR E-box motif (MA0091.1), but the similarity
of the DREME motif according to TOMTOM is almost statistigedignificant (£ ~ 0.07). The AME analysis reports

this motif as being the third most significantly enrichedtebrate motif (AMEp ~ 10~1Y).
MEME-ChIP executes the following commands in creating thigpot in this example:

fasta-center -len 100 < sequences > seqs-centered

fasta-dinucl eotide-shuffle -f segs-centered -t -dinuc > seqs-shuffled

cat segs-centered seqs-shuffled > seqs-centered_w_bg

fasta-subsanpl e seqs-centered 600 -rest segs-di scarded > seqgs-sanpl ed

merme -oc M out seqs-sanpled -dna -nod zoops -nmotifs 3 -minw 6 -maxw 30 -tine 7200 -revconp
tontom-oc M TT_out -min-overlap 5 -dist pearson -evalue -thresh 0.1 -no-ssc Mout/nene. htm DB
mast -oc M nast_out M out/nene. htnl sequences -ev 2400

ama --oc anma_out --sdbg O Mout/nenme. htm sequences



MEME ChIP Job appMEMECHIP_4.6.01293084564754-1344622506

‘We process your sequences through a series of steps to help you identify motifs in your DN A sequences. For more detail, see this Tutorial. You may find it helpful to open it in another window while examining your
results.

Results
MEME output: HTML |plain text XML Motifs discovered in 600 (randomly chosen) trimmed (central 100bp) input
TOMTOM output: HTML plain text XML Motifs from JASPAR CORE 2009 that match motifs MEME discavers.
MAST output: HTML plain text XML Predicted locations of all MEME motifs (p < 0.0001) in the input sequences.
AMA output: plain text XML Estil d binding affinity of each MEME motif to each input sequence.
DREME output: plain text Motifs discovered in the trimmed (central 100bp) input sequences.
TOMTOM output: HIML plain text XML Motifs from JASPAR CORE 2009 that match motifs DREME discovers.
MAST output: HTML plain text XML Predicted locations of all DREME motifs (p < 0.0005) in the input sequences.
'AME output: HTML plain text JASPAR CORE 2009 motifs enriched in the trimmed (central 100bp) input sequences.|
Data
input: sequences your original untrimmed
fasta-center output: \ segs-centered your sequences centered and trimed to width 100
: gl ’ _ the centered sequences randomly shuffled maintaining their dinucleotide frequency, used as
fasta-dinucleotide-shuffle output:  |seqs-shuffled a background for AME
/AME input: \M__s-ocmnmd w_bg the centered sequences followed by the same seq after di ide shuffling
fasta-subsample (used) outpur: seqs-sampled a random sample of 600 of the centered sequences, used by MEME
fasta-subsample (discarded) output; seqs-discarded the centered sequences omitted from the sample used by MEME
Commands

fasta-center -len 100 < sequences > segs-centered
fasta-dinucleotide-shuffle -f segs-centered -t -dinuc > segs-shuffled

cat seq ed seqs-shuffled > seq ed_w_bg

fasta-subsample segs-centered 600 -rest segs-discarded > segs-sampled

meme -oc meme out -nostatus segs-sampled -sf RM2Z SCL-width500-nogene.fasta 1278655789.masked -dna -mod zoops -nmotifs 3 -minw 6 -maxw 30 -time 7200 -revcomp
tomtom -verbosity 1 -oc meme_tomtom out -min-overlap 5 -dist pearson -evalue -thresh 0.1 -no-ssc meme_out/meme.html databases/motif databases/JASPAR_CORE_2009.meme
mast -nostatus -oc meme mast out meme out/meme.html sequences -ev 2400

ama --oc ama_out --verbosity 1 --sdbg 0 meme_out/meme.html seguences

dreme -v 1 -p segs-centered > dreme.txt

tomtom -verbosity 1 -oc dreme_tomtom_out -min-overlap 5 -dist pearson -evalue -thresh 0.1 -no-ssc ./dreme.txt databases/motif databases/JASPAR_CORE_2009.meme

mast -nostatus -oc dreme_mast_out ./dreme.txt sequences -ev 2400 -mt 0.0005

ame --oc ame_out --verbose 1 --fix-partition 2386 --bgformat 0 segs-centered w_bg databases/motif databases/JASPAR_CORE_2009.meme

Figure 3: The MEME-ChIP output report. Note the list of commands at the end allowing reproductiothef
outputs on the command line. The output report includesaggibry text and a pointer to a tutorial.

drene -p seqs-centered > drene.txt

tontom-oc drenme_TT_out -nin-overlap 5 -dist pearson -evalue -thresh 0.1 -no-ssc ./drene.txt DB
mast -oc drene_mast _out ./drene.txt sequences -ev 2400 -nmt 0.0005

ame --oc ame_out --verbose 1 --fix-partition 2386 --bgformat 0 seqs-centered_w _bg DB

These commands are as reported by the web service as parsahitmary of outputs, as we illustrate in Figure
3. The only change needed to run the commands as reporte@ byeth service is the original file name is renamed
assequences; in the above we have also removed options that do not chdwegeesults (they reduce inessential
outputs) for brevity. We also abbreviate some of the namesdoten command lines. To recreate the example, you
need to download th&ASPAR_CORE_2009. nene file (as we describe in §2 and repladaB’ its name (with path if
necessary). Finally, we remove thef flag from the MEME line, which documents the original file nalbug has no
effect on the output, and the restriction on MEME executiovet-t i ne 7200.

Each command has the following effect, and all the outpwgsagailable by clicking on links in thResultsand
Data sections of the output summary:

e fast a- cent er — trims the sequences to a maximum width of 100 centered oorigaal sequence; we
exclude any sequences that only cont&is from the output of ast a- cent er .

e fasta-di nucl eoti de-shuf fl e—produces a dinucleotide-shuffled version of the centrgdesgces; we
join these two files in with the centered sequences first theshuffled sequences usiogt .

« fast a- subsanpl e — stores a random sample of up to 600 sequences (withoutespént) of the original
sequences ineqs- sanpl ed; we save the unused sequenceséms- di scar ded but we do not use them.

« mene — finds up to 3 motifs of width anything from 6 to 30 in the cedtreampled data. Each motif need not
be found in every sequence (using th@ops, zero occurrences per sequence, moodel), and MEME searches
both strands-(r evconp). We further process MEME outputs as follows:



— t ont om—finds motifs in the JASPAR CORE database that match the srfotiind by MEME.

— mast — identifies locations in all of the sequences (without amyrtting or sampling) that contain each
motif MEME finds. We use ev 2400, where the number is the total number of sequences, to ensure
that matches in all sequences are reported, even thosee¢hatisstatistically significant.

— ama — calculates the binding affinity of each motif MEME finds te ttentred sequences (the entire set,
not the sample MEME uses).

e dr eme — uses a regular expression-based search to find short nmotife full centered data set. We further
process DREME outputs as follows:

— t onmt om-finds motifs in the JASPAR CORE database that match the srfotiind by DREME. DREME
at time of writing does not generate logos for its motifs,tde also useful to view this TOMTOM output
to visualise the motifs.

— mast —identifies locations in all of the sequences (without amgrring or sampling) that contain each
motif DREME finds. We set a high threshold of 0.0005 for rejpgres match for DREME, since DREME
aims to find short motifs.

« ane — finds motifs in the JASPAR CORE database that are enrich#tbisequences (the centered sequences
without sampling). AME runs in fixed partition mode, with tfeeground set the centred sequences and the
background the dinucleotide-shuffled version of the celdegjuences. Note the numB&i00 on the command
line, indicating the partition between the foreground aadkground. AME finds a-value for a match of each
motif in the database to each sequence, and counts those¢Halow a given threshold. It uses a Fisher exact
test to calculate an overaltvalue for each motif for the sequences set.

To run a different example on the command line, the numbesd us themast andanme command lines can be
obtained using thget si ze utility included in the MEME distribution, which reportsagistics on a FASTA file,
including the number of sequences.

4 Comparing Results of Multiple Examples

In this section we examine outputs from KIfl and Gatal dats sempare them with SCL, and show how we could
arrive at similar conclusions to those of our earlier stutihese data sefd]. We do not present this as a new scientific
finding, since it would be more convincing if we made a diseg\tbat was not previously known to us, but present
this example as indicative of how the MEME-ChIP suite can $ediby biologists.

First, in Figure 4, we present a summary of outputs from DREBIEOf those from Gatal and KIf1; and the first
nine from SCL). We highlight motifs that look similar, toubtrate how a biologist could use MEME-ChIP to look for
patterns in data sets that may be related. In this case, vediigivighted three examples of similar-looking motifsttha
occur across all three examples, and one that we find in twioeoéxamples. We use light blue shading to highlight
GATA motifs, light green to highlight E-box motifs, pink tddghlight CACC motifs, and an outline to highlight the
final common motif.

Next, we examine motifs found by MEME across the three data $e Figure 5 we present the two motifs with
lowest E-value that MEME finds in the three data sets.
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Figure 4:Comparison of (left to right) SCL, Gatal and KIf1 DREME motif s. We highlight four different sets of
similar-looking motifs. These motifs are all of the outpfdsGatal and KIf1, and the first nine from SCL.
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