USING BRAT-1.1.15

1 SYSTEM AND SPACE REQUIREMENTS

In version 1.1.15, we fixed a bug angt-count and included two new toolssv-compl andcheck-strands. Recently, we
receivede-mails from the users whose questions made usimk-the way we count ACGT-distribution of mapped
reads for positive and negative strands. Pleask aefall account of these changes in sectiorDétails on ACGT-
count” of this User Manual. Some users believe that tiqeesgced reads are produced by sequencing all fands
(two bisulfite-treated original genomic strands atitkir reverse-complements resulted from PCR fbraty
amplification). In section 4, we describe how te BRAT to check whether the reads are sequencedtfso original
strands as templates or from four PCR-product dga@s templates for sequencing. Finally, we proind&uctions on
using BRAT in the case when the reads are sequdraradour strands as templates.

In version 1.1.14, we fixed a bug in taamgt-count. If minimum insert size (option) is set to be smaller than the
minimum read length (in the set of input readsgntlfor paired-end mapping two mates could overkghether. In
previous versions, (A,C,G,T) count in the overlaygpregions included nucleotide coverage from bo#tes In this
new version, nucleotide coverage in the overlappéion is counted only from one mate of a pair.

In version 1.1.13, we fixed bugs aagt-count andbrat-large-build (correspondinglybrat-large has been changed too).
Please refer to Commands Options about how tohesetion P <directory name> wittbrat-large andbrat-large-
build.

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

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

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

In version 1.1.7, we offered users two new optitmsise withBRAT-large: P andS. Option S gives the users control
over the (space usage)-(mapping time) balance,optidn P gives the users a choice of separating hashintyeof
genome from mapping reads to the genome. If useys meads to the same genome and wish to re-ussathe
hashing index, they now have a choice to pre-thiéddhashing index, save it on a hard disk and tharse the index
for mapping different reads. Mapping wikhis done in two steps: first run the prograrat-large-build and then run
brat-large with P option.

BRAT stands for Bisulfite-treated Reads Analysis Tddlere are two versions BRAT: BRAT andBRAT-large. Both
programs run on 64-bit architecture under LinuxfUoperating system. Both versions work with reaflengths 24
bases and above.

BRAT accepts up to 4.2G references with total sizeefi#frences up to 4.2G base pai&AT-large can work with up to
4.2G references with the size of the largest referaip to 4.2G base pairs.

BRAT works best with relatively small genomes becatisgés significantly more space thsA T laree. BRAT is faster
thanBRAT-laree that maps reads to the references sequentialtyajits all reads to the first reference, then altiseto
the second reference and so on. The space requir@f&RAT-large depends on the size of the largest referenceein th
set of input references, where@sAT’s space requirement depends on the total siz# iofpait references (measured in
base pairs).

Let N be the total size of a genome in base paitse the size of the largest reference in base pain& be the total
number of reads (each read is counieda pair has 2 reads). Then the space requiredotbrgrograms is bound as
follows:

Spaceu: = 269 1¢° + 24N + 24R + (3/8N Bytes
Spacuriarge = 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 userotenose to usBRATlarge. Here is an example of space usage with
paired-end BS-mapping with non-BS-mismatches (mishes other than T-to-C and A-to-BRAT uses 2.5 GB on 1
million pairs and human chromosome 1, &\ T-large on 10 million pairs and an entire human genome dseé GB
(or 2.7GB with optiors).

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-laree), WwhereX is a threshold specified with the optibiiX cannot be
smaller than 24 or larger than 68RAT guarantees to map all reads that could be mapp#tetgenome with up to
one non-BS-mismatch in the fir¥t bases of reads. A user can specify any numbepwrfBS-mismatches with the
optionm, and as long as there is only one non-BS-mismiatthe firstX bases of a readRAT will map this read.
BRAT-large does not allow for non-BS-mismatches in the fitdtases of reads. If a user specifies any numbapiof
BS-mismatches with the option, BRAT-large Will map all reads that could be mapped perfestlyith BS-mismatches
within the firstX bases, and any number of non-BS-mismatches iattiez bases of reads.

The package includes three additional towlsi, brat-large-build andacgt-count. The latter aligns mapped reads to the
genome and counts mapped nucleotides at each dra®@\ard and reverse strands separately. Thettioolaccepts
FASTQ files with reads/pairs as input, trims thel®of the reads whose base quality scores are Ithaerthe user
specified threshold and trims Ns at the ends oféhes. The todirat-large-build is used with option P witARAT-large.

2 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 fG&RAT and BRAT-large is raw readsi.e. reads given one per lin€o convert reads from
FASTQ format to raw reads, one should ttm. If a user does not wish to trim reads’ low gyafitore bases, then
he/she should omit the option for the base quatityre threshold: the default threshold equals tto, z® all reads will
be in the output without change in lengths (exdepteads having Ns at the ends). If reads havatNke endstrim
trims Ns at the ends and outputs only those reddsevlength after trimming is greater or equalddases.

A command to run trim

NEW in this version: we added optiamto run withtrim so that to allow internalls as long as the number of internal
Ns is less than or equal to the value provided efittionm.

To trim single-end reads in the fiteads.fastgn FASTQ format and output trimmed raw reads iatfile with name
prefix_reads1l.txtrun the command:

./trim -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 withliuscore greater or equal than 20 is encountéFad.optionL
specifies the smallest value of the range of basditg scores in ASCII representation (please se@i@ands Options
for details). To learn more about Phred scoresgaleisithttp://www.phrap.com/phredPlease note that if all reads
have at least one N in each of them, the outputhgiempty files. If this is the case, please hsefollowing
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 lowégsiality scores, thej option is not specified. For single-end reads,
there 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, thegadsl.fastgontains sequenced 5° mates, esatls2.fastqgontains sequenced 3™ mates.

The output will be in four files with raw readgrefix_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 witlbrat or brat-large. The file prefix_matesl.txtontains reads from the fileadsl.fastgvhose mates
have shorter length than 24 bases after trimminignil&ly, the file prefix_mates2.txtontains reads from the file
reads2.fastqwhose mates are shorter than 24 bases. The usefuther map these filegrefix_matesl.txeand
prefix_mates2.txtas single-end reads: for BS-mapping of the réadwrefix_mates2.txtthe user must specifA
option for mapping to work correctly (the samerigetif a user wishes to map the readgriefix_reads2.txas single
reads).

Additional output files areorefix_pairl.fastq prefix_pair2.fastq, prefix_matesl.fasdqd prefix_mates2.fastqihese
files have the same reads as do fipgefix_readsl.txt prefix_reads2.txt, prefix_matesl.tand prefix_mates2.txt
respectively, except the filgwefix_pairl.fastqprefix_pair2.fastqgprefix_matesl.fastgnd prefix_mates2.fastgre in
FASTQ format.NOTE: current version oBRAT andBRAT-large do NOT support FASTQ format. These additiona
files are for users to track original reads’ nammed corresponding base quality scores.

Commandsto run brat and brat-large

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

Jbrat -r references_names.txt -s prefix_readsl.txt -bs -0 output_results.txt
./brat-large -r references_names.txt -s prefix_readsl.txt -bs -o output_results.txt
./brat -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.tgbntains the names of the FASTA files with thesrefices. The fil®utput_results.txt
contains the results of the mapping: only uniquegpped reads are in this file. The optibs specifies that mapping
is for bisulfite sequenced reads. To map normat fisulfite-treated) reads, run similar commands Wwithout -bs
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_mates2.txfiles must be used with
this option). If the user does not specify thisi@pt and provides either of the filegrefix_mates2.txtor
prefix_reads2.txtas input reads for single-end mapping, the mappiti NOT be correct;

-u is used when a user wishes to output unmapped.réae output will be iinm_prefix_readsl.title (assuming
prefix_readsl.txtwas provided in the command line with optieg) for single reads and with paired-end reads in



unm_prefix_readsl.txandunm_prefix_reads2.txtles (if prefix_readsl.txand prefix_reads2.txtvere used with the
options 4 and 2 in the corresponding command line). Unmapped réatise output files are in raw reads format: one
per line, there are no ambiguous reads/pairs ifildsewith 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 wifi mates for paired-end reads mapping (in our ei@mp
prefix_reads1.tyt

-2 <paired-end reads file>: to specify the file wBh mates for paired-end reads mapping (in our el@rapove,
prefix_reads2.t3t

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

-bs to specify bisulfite sequenced reads mapping. Withthis option, mapping will be done as for normabt
bisulfite-treated, sequenced reads;

-i <positive integer>: to specify minimum insert sfee paired-end mapping, the minimum distance afldwbetween
the leftmost ends of the mapped mates on forwaamdt(default is 100);

-a <positive integer>: to specify maximum insert diaepaired-end mapping, the maximum distance albwetween
the leftmost ends of the mapped mates on forwaamdt(default is 300);

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

-M is used when a user wishes to output ambiguows rdde output will be iamb_prefix_readsl.bfor single reads
and in amb_prefix_readsl.txtandamb_prefix_reads2.t¥iles with paired-end reads: raw reads one peg. lifhis
option does not output the mapping locations fobigmous reads, but 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 resldere the restriction on the number of non-BSrmitches
applies: forBRAT, only one non-BS-mismatch is allowed in the firstteger> bases, and ferRAT-large NO non-BS-
mismatches are allowed in the first <integer> b&&es3RAT, default is 36, and fasRAT-large, default is 24).

-S to specify speed mode fBRAT-large. Space usage with this option doubles, but runtimg is about three times
faster.

-P <directory name> To use this option that allowseparate hashing of the genome from mapping dreme has
to create a directorysome_directory(the name of a directory in the example below)d &m run the following
commands (1) to build a hashing index and 2) to reags.

./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_directonyis the directory inside the directory in which youn the commands above, then
providing the namesome_directoryis sufficient. However, if you run these commaidshe directory that does not
havesome_directoryn it, then please provide a full pathgome_directory

The toolbrat-large-build will output hashing index of the references istone_directoryFor human genome, space on
hard disk for hashing index is 15GB (and 26GB whptionSis used). The command for tdwht-large with optionP
differs only by not specifying option If option bswas passed tbrat-large-build, then this option must be passed to
brat-large. In other words, for mapping normal and bisulfiteated reads, two different hashing indices masbiailt.
The same true when opti@is used: if a user wishes to use this option Rrmagption, thenS must be used withrat-
large-build. WhenP is used, during mapping optidrwill have the same value that was set vhitht-large-build. If a
user does not specify this option, the default a4, will be used. If a user wishes to speed appimg time, and to
use optiorP, then the user could set optibto a higher value withrat-large-build.

General rulefor using option P: if a user wishes to change either of the paramieteS 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 usagd)narmal mapping (i.dsis not set).

-L <integer>: the smallest value of the range of lmpsdity scores in ASCII representation (defauB33.

The table below gives examples of different quaditpres and their range in ASCII representaticon{fiVikipedia).
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 score 0 93 33 126

(Sanger format)

Solexa/lllumina, 1.0 -5 62 59 126

Soloexa/lllumina, 0 62 64 126

1.3+




A command to run acgt-count

To count mapped As, Cs, Gs and Ts at each basevedrid and reverse strands of the referencesagseount.
./acgt-count -r references_names.txt -P prefix -p pairs_results.txt -s single_results.txt

the filereferences_names.tgbntains 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 mappifigriy), and-sis to specify
the results of single-end mapping (if andOTE: 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
containsthe names of the files with the actual resultsfor single-end mapping. At least one of these options must be
provided. The files whose names are listed in ifles pairs_results.txendsingle_results.txmust be irBRAT’s output
format.

To make this point clear, assume, a usertmab on paired-end reads and has the output file with results in
output_pairs_results.txto runacgt-count, the user must store the name of this filepairs_results.txfile and run
acgt_count using pairs_results.txt (i.e. pairs_results.txt will have in this case one line, namely,
output_pairs_results.txtThe command for this example is:

./acgt-count -r references_names.txt -P prefix -p pairs_results.txt

3 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 inpeiffrefix_reads1.t3t
Reference name < string >: a name of a refereneéich the read is mapped (the first word followitxj
in a FASTA file);
Strand “+” if the read is mapped to forward straawad “-“ if the read is mapped to reverse strand;

e Position < integer >: position within the refererstarting with 0, where the read is mapped (thenlest
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 redloe reads input file that starts with O;

Read 1 < string >: the first mate of a pair giverirathe input file ffrefix_reads1.t3t

Read 2 < string >: the second mate of a pair gageim the input filegrefix_reads2.tjt

Reference name < string >: a name of the referenudiich the pair is mapped (the first word follongi“>"

in a FASTA file);

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

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

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

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

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

Output format for acgt-count

The number of output files will be double the numizé input references: two for each reference diste

references_names.tfite (one file for forward strand and the other feverse strand). In each file, there Erdines,

whereM is the size of a corresponding reference in bags.[Each line corresponds to a base of a straddantains
counts for As, Cs, Gs and Ts at that base for apped readd.é. there are four integers per line: from left tghti for

As, Cs, Gs and Ts).



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

Following is an example to illustrate this point.
Let a read ACCGTT be mapped to a reverse strarbsitioni, then the corresponding forward strand starting at
positioni is AACGGT, and the counts for the reverse strangbattionsi ...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).

Output format for trim.

The tooltrim accepts FASTQ files with reads/pairs as inputdrthe ends of the reads whose base quality saoges
lower than the user specified threshold or whosis eare Ns. The output for single reads is a sifilewith reads
whose lengths might be different and whose lengthsgreater than or equal to 24 bases. The outpydairs is four
files: two for paired-end mapping, and two for $&agnd mapping. Trimming of paired-end reads preduevo files
with single reads: if one mate is shorter thanrtiieimum length allowed, and the other’s length asrect, then the
mate with the correct length will be output inte@responding file with single reads. Two files &ingle reads are

necessary because BS-mapping for 5° and 3° matgiffésent. Each file contains a single read pee l{raw reads
format).

4 DETAILS ON ACGT-COUNT

Let us denote a mapping of a base in a read tose imathe reference as<€C, T-C, A—G, G—G. Initially, we
thought that if a read maps to a positive strahéntthe mappings -6C and 7>C contribute to the count of
methylation level of cytocines of the positive stlaSimilarly, if the reverse-complement of a reaabs to the positive
strand (equivalently, a read maps to the negatremd), then the mappingsAG and G-G contribute to the count of
methylation level of cytocines of the negative sttalet us illustrate this idea in Figures 1-3 elo
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Figure 1. After the special adapters with methglatgtokines are ligated to DNA fragments, sodiusulfite treatment
(BS-treatment) is applied to DNA fragments, aftdrich unmethylated cytocines are converted to wamild later to
thymines during PCR for library amplification. Notéhat after BS-treatment, there are four distiR&R-product
strands: PCR1+ and PCR2- (correspond to originabgéc strands) and PCR1- and PCR2+ (the revers@leoments
of PCR1+ and PCR2- respectively). Note, that PCRfhg¢ PCR2- are T-rich and C-depleted (since unmeitixyl
cytocines converted to thymines), and PCR1- and RC&te A-rich and G-depleted (as the reverse-comghés of
PCR1+ and PCR2- respectively).
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PCRl+ AATCTGG CACTAAG
PCR, TGCTAAG AACCTAG
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PCR2+ AACCTAG TGCTAAG

Figure 2. Here we show the sequenced pairs resfrtbed sequencing all four PCR-product strands, eafctvhich

serves as a template during sequencing. If PCRattashed to the flow cell, then in single-end saging, 5’-end of
this strand is sequenced; in paired-end sequenbirgnd of PCR1+ is sequenced, then PCR1+ is copited its

reverse-complement PCR1- and 5’-end of PCR1- isisetpd as the second mate of a pair. Similarlyuesszing

produces reads for the rest of strands. If proeethass some technical details that ensure that anigynal genomic
strands serve as templates for sequencing, them toeigh we have four PCR-product strands, we'lfeheeads
sequenced only from PCR1+ and PCR2- with matesriagishown above (in paired-end sequencing, thectdtimn

of reads are mates 1 will have reads IDs end wiithahd will be in one file, the right column of saare mates 2 will
have reads IDs end with “2” and will be in the atfile of lllumina’s sequenced reads).
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Figure 3. Here, we show mapping of the pairs secgabfrom all four strands. The bottom strand shpastive strand
of the reference with methylated cytocine showmline and methylated cytocine on negative strandvshas G in
orange. This figure demonstrates that if we useplsfied approach of counting methylated level ofagynes from
positive and negative strands, then we introdusmsin counting methylation level of unmethylatsdocines (either
cytocines that are partially methylated acrosssagflla sample or completely unmethylated). For gtamread 2 (mate
2) from PCR1+ maps to negative strand (its revemsaplement maps to positive strand), and therefoigally we
contributed ACGT-counts from this read toward nagastrand. This was incorrect: in this Figure,shis introduced
by counting G from this read (in red circle) towandmethylated G (i.e. unmethylated cytocine on tiegastrand).
The count of another G from this read (in greenlejrtoward methylated G did not introduce a bssde methylated
G has only Gs mapped to it), but the coverage dhyteted Gs is also not what it would have beenewee using the
correct counting. Similar bias is introduced whenmting contribution of ACGT from mates 2 from PGR2

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 ratihan on negative strand. For example, methylated ECR1+ will
be G on PCR1-, and unmethylated C (which is T) 6GRP+ will be A on PCR1-. Thus,#C and G-C, where T and
C respectively belong to PCR1-, must contributehdcount of methylation level of cytocines on gigsistrand.



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

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

How to avoid the counting bias?
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PCR1+, read 1

5 3
Ds*
PCR;, rc read 2
PCR;, read 1
PCRl', read 2
PCR,, rc read 1
PCRQ', read 2
PCRQ', rc read 1
PCR,", rc read 2 @E @E
PCR{, read 1
5 3

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 strarath 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 deterphiioe each G on positive strand of the referencerf@ositive

strand corresponds to C on negative strand) byingadkto acgt-count output for negative strand and taking the ratio of
total Gs mapped to this position and the sum @fl 86 and As mapped 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 havedssprenced is talking to lllumina tech support,thete is also a
quick and dirty method to answer this questionsHgpproach will work best with genomes whose AC@GTritbution
is close to uniform, or with genomes that CG-ridfe cannot be positive that the way we will explsiortly can be
successfully applied to AT-rich genomes. We addedva tool,check-strands, that calculates ACGT-distribution in the
genome, and in mates 1 and mates 2 of paired-ead.rEor the case, when pairs are sequenced onfytvo original
genomic strands, you should notice significantéase of Ts in mates 1 (and decrease of Cs) comfmafiexiand Cs in
the genome, and significant increase of As in m2témnd consequently decrease of Gs) compared tm@A<s in the
genome. If four strands are sequenced, then #hevith mates 1 contains a mixture of reads sequkfioen original
genomic strands as well as their reverse-complen&hus, the increase of both As and Ts (and deermafcounts of
Cs and Gs) should be observed in both files: witthe®i1 and mates2. This conclusion is derived franfact that



after BS-treatment original genomic strands arécfi-and C-depleted, anmbnsequently their reverse-complements
PCR1- and PCR2+ are A-rich and G-depleted.

Below is a command to rureck-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
reads?2.fast@re FASTQ files from lllumina with sequenced reéds paired-end reads, with mates 1 and mates 2).

The output is iroutput_results.txtit is self-explanatory with counts of A, C, G andin that order) for references, for
reads fronreads1.fastqnd for reads fromeads?2.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-, P@Rd.-
PCR2+, then run BRAT as explained before with aptiothat will output unmapped reads into a separ&eday
unmapped.txtThen use our new toav-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 approp@atenand 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.band unmapped reads from
prefix_reads2.txwill be in unm_prefix_reads2.txt

Then run BRAT again on unmapped reads, but this tise option -1 with mates 2, and use option -B miates 1
(use either of the commands):

./brat -r references_names.txt -2 unm_prefix_readsl.txt -1 unm_prefix_reads2.txt -0 output_results2.txt
./brat-large -r references_names.txt -2 unm_prefix_reads1.txt -1 unm_prefix_reads2.txt -o output_results2.txt

The rest of the tools are used as before.



