USING BRAT-1.1.17

1 UPDATES

In version 1.1.17, we fixed a bugangt-count: in the previous versions it had only option -satzept the file with names
of the files with mapping results of single-endd&ahowever, for paired-end reads, if users chtmseap files with mates

2 as single-end reads, ACGT-distribution has toctented differently than for mates 1 (please rédesection 5 for
details). Hence, we added two new options to usk adgt-count (please see how to use ACGT-count) to distinguish
between the two types of single-end reads (matedinates 2 of paired-end reads). In addition, waeddn additional
option -B to use wittacgt-count: with this option users will have only two outilés in the different format than before
(please refer to the section Output format for AGE&Unt). Finally, we changed the outputcbéck-strands. Now, instead

of ACGT-counts it outputs the ratios: A/(A+C+G+D)/(A+C+G+T), G/(A+C+G+T) and T/(A+C+G+T).

In version 1.1.16, we added additional capabildyBRAT: now it will map reads sequenced from fol@RRproduct
strands. Please read details in Sectidbetails on ACGT-counbf User Manual.

Recently, we received-mails from the users whose questions made usink-the way we count ACGT-

distribution of mapped reads for positive and niegastrands. Please read a full account of thesegds in

section 5 Details on ACGT-count’of the User Manual. Some users believe that theiesempd reads are
produced by sequencing all four strands (two hisudtfeated original genomic strands and their resomplements
resulted from PCR for library amplification). Incsi®n 5, we describe how to use BRAT to check whethe reads are
sequenced from two original strands as templatdsoar four PCR-product strands as templates fousaging. Finally,
we provide instructions on using BRAT in the casewthe reads are sequenced from four strandsnaates.

E In version 1.1.15, we fixed a bug #tgt-count and included two new toolsev-compl and check-strands.

In version 1.1.14, we fixed a bug in taabt-count. If minimum insert size (optioi) is set to be smaller than the minimum
read length (in the set of input reads), then fairqul-end mapping two mates could overlap eachr.otheprevious
versions, (A,C,G,T) count in the overlapping regidncluded nucleotide coverage from both mateshiknew version,
nucleotide coverage in the overlapping region isnted only from one mate of a pair.

In version 1.1.13, we fixed bugs #&tgt-count and brat-large-build (correspondinglyprat-large has been changed too).
Please refer to Commands Options about how tohgseption P <directory name> withrat-large andbrat-large-build.

In version 1.1.12, we added a new optibnto use withtrim to allow different base quality score types sustPared or
Solexa/lllumina.

We fixed a bug irtrim in version 1.1.11, added a new option tfiim, namely optiorm, and added additional output files
for trim’s output to track original reads’ names and bas#ity scores.

In versions 1.1.8 and 1.1.9 we corrected some tiondithat caused the programs to stop trying nmgppéads. Now,
more reads can be mapped when using BS-mappingiagdor non-BS-mismatches.

In version 1.1.7, we offered users two new optitinase withBRAT-large: P andS. OptionS gives the users control over
the (space usage)-(mapping time) balance, androBtgives the users a choice of separating hashitigeofenome from
mapping reads to the genome. If users map reaihe ttame genome and wish to re-use the same hastig they now
have a choice to pre-build the hashing index, siaee a hard disk and then re-use the index forpimapdifferent reads.
Mapping withP is done in two steps: first run the prograrat-large-build and then rutrat-large with P option.

2 SYSTEM AND SPACE REQUIREMENTS

BRAT stands for Bisulfite-treated Reads Analysis Tddiere are two versions ®fRAT: BRAT and BRAT-large. Both
programs run on 64-bit architecture under LinuxUnperating system. Both versions work with reatdengths 24 bases
and above.

BRAT accepts up to 4.2G references with total sizefdrences up to 4.2G base pai&AT-laree can work with up to 4.2G
references with the size of the largest referemcmo 4l.2G base pairs.



BRAT works best with relatively small genomes becatigesés significantly more space thBRAT-large. BRAT is faster
thanBRAT-large that maps reads to the references sequentialtyafis all reads to the first reference, then aléiseto the
second reference and so on. The space requirerheRR@-laree depends on the size of the largest referenceeirséh of
input references, where@®AT's space requirement depends on the total sizél afpaut references (measured in base
pairs).

Let N be the total size of a genome in base pdirse the size of the largest reference in base paidRR be the total
number of reads (each read is couniesl,a pair has 2 reads). Then the space requiredditr frograms is bound as
follows:

Spaceu: = 269 1¢° + 24N + 24R + (3/8N Bytes
SPaC@uriarge = 269 10° + 4T + 24R + (3/8)T Bytes
Spacerar.iarge = 269- 10 + 24T + 24R + (3/8)T Bytes (when optiosis provided)

Whenever there is a space limitation, the usercbaose to usBRAT-large. Here is an example of space usage with paired-
end BS-mapping with non-BS-mismatches (mismatchiesrdhan T-to-C and A-to-GBRAT uses 2.5 GB on 1 million
pairs and human chromosome 1, &Rd\T-large On 10 million pairs and an entire human genome dsé GB (or 2.7GB
with optionS).

In this versionBRAT allows for non-BS-mismatches with the restrictmmthe number of non-BS-mismatches in the first
X bases (foBRAT) andX bases (foBRAT-large), WhereX is a threshold specified with the optibifX cannot be smaller
than 24 or larger than 64)RAT guarantees to map all reads that could be mappttetgenome with up to one non-BS-
mismatch in the firsK bases of reads. A user can specify any numbepfB8-mismatches with the option, and as
long as there is only one non-BS-mismatch in thet K bases of a readRAT will map this readBRAT-large does not
allow for non-BS-mismatches in the fitdtbases of reads. If a user specifies any humbeowfBS-mismatches with the
optionm, BRAT-large Will map all reads that could be mapped perfeatlyith BS-mismatches within the firstbases, and
any number of non-BS-mismatches in the other basesads.

The package includes three additional totds, brat-large-build andacgt-count. The latter aligns mapped reads to the
genome and counts mapped nucleotides at each basenivard and reverse strands separately. The ttoolaccepts
FASTQ files with reads/pairs as input, trims thelemf the reads whose base quality scores are ltvaer the user
specified threshold and trims Ns at the ends oféles. The todirat-large-build is used with option P witARAT-large.

3 COMMANDS AND INPUT

To uncompress run:
tar zxvf brat-1.1.*.tar.gz
To build:

cd brat-1.1.*
make

This will create five executable prograrhsat, brat-large, brat-large-build, acgt-count andtrim.

Input format of the reads fRAT and BRAT-large is raw readsi.e. reads given one per lindo convert reads from
FASTQ format to raw reads, one should txm. If a user does not wish to trim reads’ low quaditore bases, then he/she
should omit the option for the base quality sctireshold: the default threshold equals to zerallsteads will be in the
output without change in lengths (except for reaalgng Ns at the ends). If reads have Ns at the,&md trims Ns at the
ends and outputs only those reads whose lengthtaftening is greater or equal to 24 bases.

A command torun trim

NEW in this version: we added optiamto run withtrim so that to allow internalls as long as the number of interNslis
less than or equal to the value provided with optio

To trim single-end reads in the fiteads.fastgn FASTQ format and output trimmed raw reads iatfile with name
prefix_reads1.txtrun the command:



.Jtrim -s reads.fastq -P prefix -q 20 —L 64

This will trim bases whose base quality scored@aser than 20 from the ends of reads: bases anented one at a time
from both ends of a read until a base with qualitgre greater or equal than 20 is encounteredoptienL specifies the
smallest value of the range of base quality sciorésSClI representation (please see Commands Opfamdetails). To
learn more about Phred scores, please hvitit//www.phrap.com/phredPlease note that if all reads have at least ome N
each of them, the output will be empty files. litis the case, please use the following command:

./trim -s reads.fastq -P prefix -q 20 -m 2
This will allow each read having not more thaN2(not at the end of reads, i.e. interiNg).

If the user does not wish to trim ends with lowébgsality scores, the option is not specified. For single-end readsighe
is a single output file with trimmed reads.

To trim paired-end reads in the filesads1.fast@ndreads2.fastan FASTQ format, run the command:
.Jtrim -1 reads1.fastq -2 reads2.fastq -P prefix -q 20
Here we assume, thegads1.fastgontains sequenced 5° mates, eeatls2.fastg¢ontains sequenced 3° mates.

The output will be in four files with raw readsprefix_readsl.txt prefix_reads2.txt prefix_matesl.txtand
prefix_mates2.txtTo further map paired-end reads, psefix_readsl.txandprefix_reads2.txas input files for paired-end
mapping withbrat or brat-large. The file prefix_matesl.txtontains reads from the fileadsl.fastgvhose mates have
shorter length than 24 bases after trimming. Sigildhe file prefix_mates2.txtontains reads from the fiteads2.fastq
whose mates are shorter than 24 bases. The usdurtaer map these fileqrefix_matesl.txand prefix_mates2.txtas
single-end reads: for BS-mapping of the readprafix_mates2.txtthe user must specifA option for mapping to work
correctly (the same is true if a user wishes to thapeads iprefix_reads2.txas single reads).

Additional output files argrefix_pairl.fastqprefix_pair2.fastq, prefix_matesl.fasiqd prefix_mates2.fastq hese files
have the same reads as do fiesfix_readsl.txtprefix_reads2.txt, prefix_matesl.ead prefix_mates2.txtespectively,
except the fileprefix_pairl.fastqprefix_pair2.fastgprefix_matesl.fastgnd prefix_mates2.fastgre in FASTQ format.
NOTE: current version oBRAT andBRAT-large do NOT support FASTQ format. These additidibe@s are for users to
track original reads’ names and corresponding haséty scores.

Commandsto run brat and brat-large

BRAT andBRAT-large map raw reads to references that have to BASTA format: one reference per FASTA fikRAT
accepts a single file that contains names of FASIEA with the references. To map bisulfite singled reads, run either
of the commands:

./brat -r references_names.txt -s prefix_readsl.txt -bs -o output_results.txt
./brat-large -r references_names.txt -s prefix_readsl.txt -bs -0 output_results.txt
.Jbrat -r references_names.txt -s prefix_reads2.txt -bs -o output_results.txt -A

./brat-large -r references_names.txt -s prefix_reads2.txt -bs -o output_results.txt -A

The file references_names.txontains the names of the FASTA files with theerefces. The fil@utput_results.txt
contains the results of the mapping: only unique@pped reads are in this file. The optibsispecifies that mapping is for
bisulfite sequenced reads. To map normal (not fiistleated) reads, run similar commands but withbs option:

.Jbrat -r references_names.txt -s prefix_readsl.txt -0 output_results.txt

./brat-large -r references_names.txt -s prefix_readsl.txt -o output_results.txt
To map bisulfite paired-end reads, run either efftllowing commands:

.Jbrat -r references_names.txt -1 prefix_readsl.txt -2 prefix_reads2.txt -pe -bs -0 output_results.txt
./brat-large -r references_names.txt -1 prefix_readsl.txt -2 prefix_reads2.txt -pe -bs -0 output_results.txt



The option-pe specifies paired-end mapping and as with singlereads;bs, specifies bisulfite mapping. The results of
the mapping will be imutput_results.txt

Commands Options:

-A specifies 3'mates (in our examples above, eith@refix_reads2.txor prefix_mates?2.txfiles must be used with this
option). If the user does not specify this optiand provides either of the filegrefix_mates2.txbr prefix_reads2.txtas
input reads for single-end mapping, the mappingM@T be correct;

-u is used when a user wishes to output unmapped.rd output will be irunm_prefix_readsl.tdile (assuming
prefix_readsl.txtwas provided in the command line with opties) for single reads and with paired-end reads in
unm_prefix_readsl.txtand unm_prefix_reads2.txfiles (if prefix_readsl.txtand prefix_reads2.txtwere used with the
options 4 and 2 in the corresponding command line). Unmapped r@atise output files are in raw reads format: ore p
line, there are no ambiguous reads/pairs in tks filith unmapped reads;

-s <single-end reads file>: to specify the file witiput reads for single-end reads mapping;

-1 <paired-end reads file>: to specify the file wiBi mates for paired-end reads mapping (in our elamp
prefix_reads1.tjt This option is also used witltgt-count;

-2 <paired-end reads file>: to specify the file wih mates for paired-end reads mapping (in our el@armapove,
prefix_reads2.tyt This option is also used wititgt-count;

-pe to specify paired-end reads mapping (defaultliefae. single-end mapping);

-bs to specify bisulfite sequenced reads mapping. ®vithhis option, mapping will be done as for nornmadt bisulfite-
treated, sequenced reads;

-i <positive integer>: to specify minimum insert sfpe paired-end mapping, the minimum distance adidvbetween the
leftmost ends of the mapped mates on forward stf@efdult is 100);

-a <positive integer>: to specify maximum insert diaepaired-end mapping, the maximum distance abwetween the
leftmost ends of the mapped mates on forward stf@efhult is 300);

-0 <string>: to specify the file with the resultsmépping;

-M is used when a user wishes to output ambiguowdls r@&e output will be iamb_prefix_readsl.tfor single reads and
in amb_prefix_reads1.txandamb_prefix_reads2.tftles with paired-end reads: raw reads one per. [ithis option does
not output the mapping locations for ambiguous sebdt just the reads themselves;

-m <integer>: the maximum number of non-BS-mismatdiksved by a user (default is 0).

-f <integer>: the number of the first bases of a reddre the restriction on the number of non-BSpmaitches applies: for
BRAT, only one non-BS-mismatch is allowed in the fitBiteger> bases, and fBRAT-large NO non-BS-mismatches are
allowed in the first <integer> bases (RRAT, default is 36, and fasRAT-large, default is 24).

-Sto specify speed mode fBRAT-large. Space usage with this option doubles, but runtiing is about three times faster.
-P <directory name> To use this option that allowséparate hashing of the genome from mapping afsreme has to
create a directorysome_directorythe name of a directory in the example below}l smrun the following commands (1)
to build a hashing index and 2) to map reads.

./brat-large-build -r references_names.txt -P some_directory [options: S, bs, f ]
./brat-large -P some_directory -1 prefix_readsl.txt -2 prefix_reads2.txt -pe -0 output_results.txt [options]

If the directorysome_directorys the directory inside the directory in which yaun the commands above, then providing
the name,some_directory is sufficient. However, if you run these commarndsthe directory that does not have
some_directoryn it, then please provide a full pathgome_directory

The toolbrat-large-build will output hashing index of the references istume_directoryFor human genome, space on
hard disk for hashing index is 15GB (and 26GB wbetion S is used). The command for tomht-large with optionP
differs only by not specifying option If option bswas passed torat-large-build, then this option must be passedtat-
large. In other words, for mapping normal and bisulfiteated reads, two different hashing indices madiiilt. The same
true when optiorsis used: if a user wishes to use this optionRugtion, therS must be used witbrat-large-build. When

P is used, during mapping optiémvill have the same value that was set wiidt-large-build. If a user does not specify this
option, the default value, 24, will be used. Ifseuwishes to speed up mapping time, and to usenopt then the user
could set optiori to a higher value witbrat-large-build.

General rule for using option P: if a user wishes to change either of the paramseiteS or bs the user must apply the
same parameters witinat-large-build. Default options fbrat-large-build are f = 24 Sis not set (i.e. preference is given to
slower mapping, but also smaller space usage)nanmdal mapping (i.edsis not set).

-L <integer>: the smallest value of the range of lmpsdity scores in ASCII representation (defau33.



The table below gives examples of different quaditpres and their range in ASCII representaticon{fiWikipedia). The
optionL uses the values in the “Smallest Value in ASQbresentation” column.

Type Smallest Score Largest Score Smallest Value| Liargest Value in
ASCII representation ASCII representation

Phred quality scorg

(Sanger format) 0 93 33 126
Solexa/lllumina, 1.0 -5 62 59 126
Soloexa/lllumina, 0 62 64 126

1.3+

-B: specifies the second option for output watlgt-count (please rea@utput format for acgt-count).

A command to run acgt-count

To count mapped As, Cs, Gs and Ts at each basevedrfd and reverse strands of the referencessagseount.
.Jacgt-count -r references_names.txt -P prefix -p pairs_results.txt -s single_results.txt

the file references_names.tebntains the names of FASTA files with the refees) which are needed to calculate the
sizes of the references. The output will be in tfiles per a referenceprefix_forw_aReference_namand
prefix_rev_aReference_nanihe optionp is to specify the results of paired-end mappifigrty), and-s s to specify the
results of single-end mapping (if an)JOTE: the file pairs_results.txt does not contain the actual results, it contains
the names of the files with the results for paired-end mapping, and similarly, single results.txt file contains the
names of the files with the actual results for single-end mapping. At least one of these options must be providea& Th
files whose names are listed in the fipesrs_results.txaindsingle_results.txinust be irBRAT's output format.

To make this point clear, assume, a user et on paired-end reads and has the output file with results in
output_pairs_results.txtto run acgt-count, the user must store the name of this filepairs_results.txtfile and run
acgt_count usingpairs_results.txti.e. pairs_results.txwill have in this case one line, namebytput_pairs_results.tkt
The command for this example is:

.Jacgt-count -r references_names.txt -P prefix -p pairs_results.txt

Please note that if a user has paired-end reads (files with mates 1 and mates 2) and wishes to map the mates as single-end
reads, then the user must provide names of the files with results for mates 1 and mates 2 separately using options -1 and -2:

.Jacgt-count -r references_names.txt -P prefix -p pairs_results.txt -1 single_results_mates1.txt -2 single_results_mates2.txt

4 OUTPUT FORMAT

Output format for brat and brat-large for single-end mapping

Read id < integer >: a consecutive number of a iedloe reads input file that starts with O;
Read 1 < string >: the read given as in the inpei(refix_reads1.t3t
Reference name < string >: a name of a referenegich the read is mapped (the first word followitxj in a
FASTA file);
Strand “+” if the read is mapped to forward straad “-“ if the read is mapped to reverse strand;
Position < integer >: position within the referemtarting with 0, where the read is mapped (thenke$t position
on forward strand).
e  The number of non-BS-mismatches <int>

Output format for brat and brat-large for paired-end mapping

Read id < integer >: a consecutive number of a redle reads input file that starts with O;

Read 1 < string >: the first mate of a pair giverirathe input file grefix_reads1.t3t

Read 2 < string >: the second mate of a pair gageim the input filedrefix_reads2.tjt

Reference name < string >: a name of the referenadich the pair is mapped (the first word follogi“>" in a
FASTA file);



e Strand “+” if 5° mate (fromprefix_readsl.tytis mapped to forward strand (consecutively, 3‘tendrom
prefix_reads2.txtis mapped to reverse strand), and “-* if the Bteris mapped to reverse strand (and 3° mate to
forward strand);

e Position 1 < integer >: position within the referenstarting with 0, where 5° mate is mapped (tfientest
position on forward strand);

e Position 2 < integer >: position within the referenstarting with 0, where 3° mate is mapped (tfientest
position on forward strand).

The number of non-BS-mismatches < integer >: thaber of mismatches in the alignment for 5° mate

e The number of non-BS-mismatches < integer >: thrabrr of mismatches in the alignment for 3 mate

Output format for acgt-count

Starting with versiororat-1.1.17 there are two choices for output format.

The first choiceThe number of output files will be double the raenof input references: two for each referendedisn
references_names.thie (one file for forward strand and the other feverse strand). In each file, there Brénes, where
M is the size of a corresponding reference in bags.fEach line corresponds to a base of a stradd@ntains counts for
As, Cs, Gs and Ts at that base for all mapped r@adthere are four integers per line: from left fghti for As, Cs, Gs and
Ts).

For the reverse strand, the counts of As, Cs, @sTarare given for the reads that are mapped teetlerse strand, but the
counts are obtained by aligning the reverse-compiesnof these reads with the forward strand.

Following is an example to illustrate this point.

Let a read ACCGTT be mapped to a reverse strapdsitioni, then the corresponding forward strand startingpattipni

is AACGGT, and the counts for the reverse strangaaitionsi ...i+5 from this read are incremented for the following
nucleotidesi(A), i+1(A), i+2(C), i+3(G), i+4(G)and i+5(T).

The second choicdf a user provides optiorB:
./acgt-count -r references_names.txt -P prefix -p pairs_results.txt -s single_results.txt -B

then the output is in two files: one file for pasit strand and another for negative strand (ouifg will contain words
“forw” and “rev” to distinguish between strands)dh line in the output corresponds to a base igém®me that is either
a cytocine on positive strand or cytocine on negatirand (given in separate files). Output format:

chrom, start, end, total, methylation_level, strand

wherechromis the reference namstart andendare positions in the genome (Note: base countrafeaence starts with
0), total is the sum of counts of Cs and Ts mapped to #ég bmethylation level is calculated as the nurob&s over the
total (methylation level = count_C/(count_C + count_T)).

Output format for trim.

The tooltrim accepts FASTQ files with reads/pairs as inputydrihe ends of the reads whose base quality saozdewer
than the user specified threshold or whose endBlsr@he output for single reads is a single filthweads whose lengths
might be different and whose lengths are greatar dr equal to 24 bases. The output for pairsusfites: two for paired-
end mapping, and two for single-end mapping. Tringmf paired-end reads produces two files with Isimgads: if one
mate is shorter than the minimum length allowed] #e other’s length is correct, then the mate it correct length
will be output into a corresponding file with siegleads. Two files for single reads are necessazguse BS-mapping for
5" and 3" mates is different. Each file contairssngle read per line (raw reads format).

5 DETAILS ON ACGT-COUNT

Let us denote a mapping of a base in a read tsa ibahe reference as€C, T-C, A—»G, G—G. Initially, we thought
that if a read maps to a positive strand, themihppings €>C and T-C contribute to the count of methylation level of
cytocines of the positive strand. Similarly, if treverse-complement of a read maps to the postramd (equivalently, a
read maps to the negative strand), then the mappdagG and G-G contribute to the count of methylation level of
cytocines of the negative strand. Let us illustthie idea in Figures 1-3 below.
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Figure 1. After the special adapters with methylatgtokines are ligated to DNA fragments, sodiusubfite treatment
(BS-treatment) is applied to DNA fragments, aftdrich unmethylated cytocines are converted to waaild later to
thymines during PCR for library amplification. Npthat after BS-treatment, there are four distPi€R-product strands:
PCR1+ and PCR2- (correspond to original genomansis) and PCR1- and PCR2+ (the reverse-compleroéRER1+

and PCR2- respectively). Note, that PCR1+ and P@R2T-rich and C-depleted (since unmethylatedaiyes converted
to thymines), and PCR1- and PCR2+ are A-rich ande@dleted (as the reverse-complements of PCR1+ &RRP
respectively).
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PCRl+ AATCTGG CACTAAG
PCR, TGCTAAG AACCTAG
PCR; CACTAAG AATCTGG
PCR2+ AACCTAG TGCTAAG

Figure 2. Here we show the sequenced pairs resinisdsequencing all four PCR-product strands, edalthich serves
as a template during sequencing. If PCR1+ is agh¢b the flow cell, then in single-end sequencBigend of this strand
is sequenced; in paired-end sequencing, 5-endC& 1 is sequenced, then PCR1+ is copied into vsrse-complement
PCR1- and 5’-end of PCR1- is sequenced as the dauate of a pair. Similarly, sequencing produceslsefor the rest of
strands. If procedure has some technical detadls ¢éhsure that only original genomic strands sewedemplates for
sequencing, then even though we have four PCR-ptogteands, we'll have reads sequenced only frolRP¥Cand
PCR2- with mates ordering shown above (in pairedi-gaquencing, the left column of reads are mategl have reads
IDs end with “1” and will be in one file, the righblumn of reads are mates 2 will have reads IRkvath “2” and will be
in the other file of lllumina’s sequenced reads).
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Figure 3. Here, we show mapping of the pairs secgabifrom all four strands. The bottom strand shpesitive strand of
the reference with methylated cytocine shown ireldnd methylated cytocine on negative strand stesv@ in orange.
This figure demonstrates that if we use simplifaggproach of counting methylated level of cytocifresn positive and
negative strands, then we introduce a bias in @ogimhethylation level of unmethylated cytocinegher cytocines that
are partially methylated across cells of a sampleompletely unmethylated). For example, read 2t¢n23 from PCR1+
maps to negative strand (its reverse-complemensr@positive strand), and therefore, initially e@ntributed ACGT-
counts from this read toward negative strand. Was incorrect: in this Figure, bias is introducgdcbunting G from this
read (in red circle) toward unmethylated G (i.emethylated cytocine on negative strand). The cofimnother G from
this read (in green circle) toward methylated Gmtid introduce a bias (since methylated G has @Gslynapped to it), but
the coverage of methylated Gs is also not whatoilds have been were we using the correct countimilar bias is
introduced when counting contribution of ACGT franates 2 from PCR2+.

From Figures 1-3, we can observe that mate 2 ofIRGfRand is reverse-complement 3’-end of PCR14s,timate 2 must
reflect methylation on positive strand rather tbamegative strand. For example, methylated C dR1RGwill be G on
PCR1-, and unmethylated C (which is T) on PCR1+lvélA on PCR1-. Thus,~#C and G-C, where T and C
respectively belong to PCR1-, must contribute ®dbunt of methylation level of cytocines on pesitstrand. Similarly,



A—G and G-G (with A and G belonging to PCR2+) must contribisi¢he count of methylation level of cytocines on
negative strand.

These changes have been madego-count and now ACGT-counting from second mates of pargisnced from PCR1+
and PCR2- is done without bias, which is demorstirét Figure 4.

How to avoid the counting bias?
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Figure 4. If mate 1 of a pair maps to positiversirécase of a pair sequenced from PCR1+), themavernent ACGT-
count from both mates for positive strand, and glatfon level of a cytocine on the positive strarah be measured as
total Cs mapped to positive strand to the sumtaf 8s and total Ts mapped to the positive stréndate 1 of a pair
maps to negative strand (case of a pair sequenocedACR2-), then we increment ACGT-count from botites for
negative strand. Methylation level can be deternhiioe each G on positive strand of the referenceri@ositive strand
corresponds to C on negative strand) by looking dngt-count output for negative strand and taking the ratitotdl Gs
mapped to this position and the sum of total GsAsdhapped to this position.

We received a couple of e-mails concerned thaséigeienced reads must be products of sequencitifadrastrands.
The best way to be sure how many strands havedseprenced is talking to lllumina tech support,thate is also a quick
and dirty method to answer this question. This aggin will work best with genomes whose ACGT-disttibn is close to
uniform, or with genomes that CG-rich. We cannopbsitive that the way we will explain shortly daa successfully
applied to AT-rich genomes. We added a new td@ck-strands, that calculates ACGT-distribution in the genomued in
mates 1 and mates 2 of paired-end reads. For #iee when pairs are sequenced only from two origiealbmic strands,
you should notice significant increase of Ts inesal (and decrease of Cs) compared to Ts andt@e genome, and
significant increase of As in mates 2 (and consetiyidecrease of Gs) compared to As and Gs in ¢heme. If four
strands are sequenced, then the file with matesmthims a mixture of reads sequenced from origirabmic strands as
well as their reverse-complements. Thus, the isered both As and Ts (and decrease of counts ah@<Gs) should be
observed in both files: with mates 1 and mates® @binclusion is derived from the fact that aft&-Beatment original




genomic strands are T-rich and C-depleted, @tsequently their reverse-complements PCR1- aiRRP@re A-rich and
G-depleted.

Below are the commands to rdmeck-strands:
Single-end reads:

./check-strands -r references_names.txt -s readsl.fastq -o output_results.txt
Paired-end reads:

./check-strands -r references_names.txt -1 readsl.fastq -2 reads2.fastq -o output_results.txt
Here,reference_names.tas before: it is the file with names of files IAFTA with referencesieadsl.fastgnd
reads2.fast@re FASTQ files from lllumina with sequenced reéds paired-end reads, with mates 1 and mateha.

output is inoutput_results.txtt is self-explanatory with proportions of A, G,and T (in that order) in references, in reads
fromreadsl.fast@nd in reads fromeads2.fastq

How to use BRAT with reads sequenced from four strands.

For single-end reads, if reads are sequenced mamACR-product strands, namely PCR1+, PCR2-, PGR1LPCR2+,
then run BRAT as explained before with optiorthat will output unmapped reads into a separé&edayunmapped.txt
Then use our new toedv-compl with unmapped.txas follows:

Irev-compl -s unmapped.txt -o rev_compl_of_unmalppe

The output filerev_compl_of _unmapped.twdll contain reverse-complement of reads franmapped.txfile.

Then map reads fronev_compl_of_unmapped.&s$ usual (see how to map single-end reads withIBRA

For paired-end reads, map reads as usual, butiug®ion to output unmapped reads (use approprtatenand of these
two):

./brat -r references_names.txt -1 prefix_readsl.txt -2 prefix_reads2.txt -pe -bs -0 output_results.txt -u
./brat-large -r references_names.txt -1 prefix_readsl.txt -2 prefix_reads2.txt -pe -bs -0 output_results.txt -u

The unmapped reads frgonefix_reads1.txwill be inunm_prefix_readsl.tand unmapped reads frgrefix_reads2.txt
will be in unm_prefix_reads2.txt

Then take reverse-complements of unmapped reads:

Irev-compl -aunm_prefix_readsl.txb rc_unm_prefix_reads1.txt

JIrev-compl -aunm_prefix_reads2.txb rc_unm_prefix_reads2.txt

Then run BRAT again on reverse-complements of upedpeads, but this time use option -1 with matesd use
option -2 with mates 1 angbe option A (use either of the commands below):

./brat -r references_names.txt -2 rc_unm_prefix_readsl.txl rc_unm_prefix_reads2.txb output_results2.txt -A

./brat-large -r references_names.txt -2 rc_unm_prefix_readsl1.txt rc_unm_prefix_reads2.txb output_results2.txt -A

The rest of the tools are used as before.



