vsearch(1) USER COMMANDS vsearch(1)

NAME
vsearch — chimera detection, clustering, dereplication, masking, pairwise alignment, searcHintg shuf
and sorting of amplicons from metagenomic projects.

SYNOPSIS
Chimera detection:
vsearch--uchime_denwo fastafile(--chimeras | --nonchimeras | --uchimealns | --uchimesuit)
putfile[optiong

vsearch--uchime_refastafile(--chimeras | --nonchimeras | --uchimealns | --uchimexuiputfile
--db fastafile[optiong

Clustering:
vsearch(--cluster_fast | --cluster_size | --cluster_smallmfasiafile(--alnout | --blastéout | --cen-
troids | --clusters | --msaout | --samout | --uc | --useootputfile--id real [optiong

Dereplication:
vsearch--derep_fulllengtiastafile(--output | --ucputputfile[optiong

Masking:
vsearch--maskfastdastafile--outputoutputfile[optiong

Pdrwise alignment:
vsearch--allpairs_globafastafile(--alnout | --blast6éout | --matched | --notmatched | --samout |
--uc | --useroutputputfile(--acceptall | --ideal) [optiong

Searching:
vsearch--usearch_globdhstafile--db fastafile(--alnout | --blast6out | --samout | --uc | --userout)
outputfile--id real [optiong

Shuffling:
vsearch--shufflefastafile--outputoutputfile[optiong

Sorting:
vsearch(--sortbylength | --sortbysizéastafile--outputoutputfile[optiong

DESCRIPTION
Ervironmental or clinical molecular eirsity studies generate largelumes of amplicons (e.g. SSU-rRN
sequences) that need to be checked for chimeras, dereplicated, masked, sorted, searched, clustered or com-
pared to reference sequences. The aiwseérchis to offer a all-in-one open source tool to perform these
tasks, using optimized algorithm implementations and harvesting the full potential of modern computers,
thus providing fast and accurate data processing.

Comparing nucleotide sequences is at the coxsedrch To gpeed up comparisongsearchimplements
an extremely fast implementation of the Needlemam¥th algorithm, making use of the Streaming SIMD
Extensions (SSE2) of modern x86-64 CPUs. If SSE2 instructions areailabke, vsearchexts with an
error message. For comparisongolaing sequences longer than 5,000 nucleotigesarchuses a shwer
alignment method with smaller memory requirements.

Input
vsearch input is a &sta file containing one or\@eal nucleotide sequences. For each sequence, the
sequence identifier is defined as the string comprised between the ">" symbol and the first space, or the end
of the line, whicheer comes first. Additionallyif the line starts with ">[;]sizanteger;label”, contains
">label;sizeinteger;label” or ends with ">label;sizéxteger[;]", vsearch will remove te pattern
[;]size=integer[;] from the header and interprietteger as the number of occurrences (or abundance) of the
sequence in the studyhat abundance information is used or created during chimera detection, clustering,
dereplication, sorting and searching.

The nucleotide sequence is defined as a string oAQU§mMbols (ACGTURYSWKMDBHVN), starting

after the end of the identifier line and ending before the next identifier line, or the fileseadthsilently

ignores ascii characters 9 to 13, aridsewith an error message if ascii characters 0 to 8, 14 to 31, "." or "-"
are present. All other ascii or non-ascii characters are stripped and complained about in a non-blocking
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warning message.

vsearch operations are case insenatiexcept when soft masking is aaied. When using clustering,
masking or searching commands, the case is important if soft masking is used. Soft masking is specified
with the options "--dbmask soft" (for searching) or "--gmask soft" (for searching, clustering and masking).
When using soft masking, lower case letters indicate etaskmbols, while upper case letters indicage re

ular symbols. Masked symbols arevereincluded in the uniquie-mers used in searching. When soft mask-

ing is not actrated, all letters are coerted to upper case internally and used in result files.

When comparing sequences during chimera detection, dereplication, searching and clustering, T and U are
considered identical, gerdless of their case. If vsymbols are not identical, their alignment will result in

the n@aive nmismatch score (default -4)xeept if one or both of the symbols are ambiguoUsSWK-
MDBHVN) in which case the score is zero. Alignment obtidentical ambiguous symbols (e.g. R vs R)

also recaies a gore of zero.

Optionally,vsearchcan be compiled to accepted compressed fasta files as input (gz and bzip2 formats).

Options
vsearchrecognizes a large number of command-line options. For easigiatian, options are grouped
belov by theme (chimera detection, clustering, dereplication, masking, shuffling, sorting, and searching).
We gart with general options that apply to all themes.

General options:
--help Display a short help and exit.
--version Output version information and exit.

--fasta_width positive intger
Fasta files produced bysearchare wrapped (sequences are written on linésteder
nucleotides, 80 by default). Set that value to 0 to eliminate the wrapping.

--maxseqlengthpositive intger
All vsearch operations will discard sequences of length equal or greateintegar
(50,000 nucleotides by default).

--minseqlength positive intger
All vsearch operations will discard sequences of length smaller théteyer (1
nucleotide by default for sorting or shuffling, 32 nucleotides for clustering, dereplica-
tion or searching).

--notrunclabels
Do not truncate sequence labels at first space, use the full header in output files.

Chimera detection options:

Chimera detection is based on a scoring function controlled kydfitions (--dn, --mindik,
--mindiv, --minh, --xn). Sequences are first sorted by decreasing abundaneeilébla), and
compared on theplusstrand only (case insensi).

In de nowo mode, input fasta file should present abundance annotations (pattern ihisgeeE]

in the fasta header). The input order influences the chimera detection, so we recommend to sort
sequences by decreasing abundance (default of --derep_fulllength command). If your sequence set
needs to be sorted, please see the --sortbysize command in the sorting section.

--abskew real
When using --uchime_demno, the abundance sl is used to distinguish in a 3ay
alignment which sequence is the chimera and which are the parents. The assumption is
that chimeras appear later in the PCR amplification process and are thereforerless ab
dant than their parents. The delt value is 2.0, which means that the parents should be
at least 2 times more abundant than their chimerg.pasitive value greater than 1.0
can be used.
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--alignwidth positive intger
Width of the 3-way alignments in --uchimealns output. The default value is 80. Set to 0
to eliminate wrapping.

--chimeras filename
Output chimeric sequences filename in fasta format. Output order may vary when
using multiple threads.

--db filename
When using --uchime_ref, detect chimeras using thstafformatted reference
sequences containedfitename Reference sequences are assumed to be chimera-free.
Chimeras will not be detected if their parents (or sufficiently close vedatare not
present in the database.

--dn real No vote pseudo-count (parametein the chimera scoring function) (default value is
1.4).

--mindiffs positive intger
Minimum number of differences per segment (default value is 3).

--mindiv real
Minimum divergence from closest parent (default value is 0.8).

--minh real
Minimum score (h). Increasing thisiue tends to reduce the number of false pesiti
and to decrease sengity. Default value is 0.28, and values ranging from 0.0 to 1.0
included are accepted.

--nonchimeras filename
Output non-chimeric sequences fii@name in fasta format. Output order mayary
when using multiple threads.

--self When using --uchime_ref, ignore a reference sequence when its label matches the label
of the query sequence (useful to estimate false-pesdte in reference sequences).

--selfid  When using --uchime_ref, ignore a reference sequence when its nucleotide sequence is
strictly identical with the query sequence.

--threads positive intger
Number of computation threads to use (1 to 256) with --uchime_ref. The number of
threads should be lesser or equal to the numberadélale CPU cores. The default is
to use all gailable ressources and to launch one thread per logical core.

--uchime_denwo filename
Detect chimeras present in thasfa-formattedilename without external references
(i.e. de nwo). Automatically sort the sequencesfilenameby decreasing amdance
beforehand (see the sorting section for details). Multithreading is not supported.

--uchime_ref filename
Detect chimeras present in tresfa-formattedilenameby comparing them with refer
ence sequences (option --db). Multithreading is supported.

--uchimealns filename
Write the 3-way global alignments (parentA, parentB, chimerd)ldnameusing a
human-readable format. Use --alignwidth to modify alignment length. Output order
may vary when using multiple threads.

--uchimeout filename
Write chimera detection results filenameusing the uchime tab-separated format of
18 fields (see the list below). Use --uchimeout5 to use a format compatible with use-
arch v5 and earlierersions. Rows output order may vary when using multiple threads.
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scorehigher score means a more likely chimeric alignment.
Q:query sequence label.

A: parent A sequence label.

B: parent B sequence label.

o~ D P

T. top parent sequence label (i.e. parent most similar to the query). That
field is rem@ed when using --uchimeout5.

6. idQM: percentage of similarity of query (Q) and model (M) constructed
as a part of parent A and a part of parent B.

idQA: percentage of similarity of query (Q) and parent A.
idQB:percentage of similarity of query (Q) and parent B.
idAB: percentage of similarity of parent A and parent B.

10. idQT percentage of similarity of query (Q) and top parent (T).

11. LY:yes votes in the left part of the model.

12. LN:no votes in the left part of the model.

13. LA: abstain votes in the left part of the model.

14. RY:yes votes in the right part of the model.

15. RN:no votes in the right part of the model.

16. RA:abstain votes in the right part of the model.

17. dv: divergence, defined as (idQM - idQT).

18. YN:query is chimeric (Y), or not (N), or is a borderline case (?).

--uchimeout5
When using --uchimeout, write chimera detection results using a tab-separated format
of 17 fields (drop the 5th field of --uchimeout), compatible with useatsion 5 and
earlier versions.

--xn real No vote weight (parameter beta in the scoring function) (default value is 8.0).

Clustering options:

version 1.0.14

vsearch implements a single-pass, greedy star-clustering algorithm, similar to the algorithms
implemented in usearch, DNAclust and sumaclust for example. Important parameters are the
global clustering threshold (--id) and the pairwise identity definition (--iddef).

--centroids filename
Output cluster centroid sequencesfitename in fasta format. The centroid is the
sequence that seeded the cluster (i.e. the first sequence of the cluster).

--cluster_fast filename
Clusterize thedsta sequences fiename automatically perform a sorting by decreas-
ing sequence length beforehand.

--cluster_size filename
Clusterize the fasta sequencedilename automatically perform a sorting by decreas-
ing sequence abundance beforehand.

--cluster_smallmem filename
Clusterize the fasta sequencedilenamewithout automatically modifying their order
beforehand. Sequence are expected to be sorted by decreasing sequence length, unless
--usersort is used.
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--clusters string
Output each cluster to a separate fasta file using the ptefig and a ticker (0, 1, 2,
etc.) to construct the path and filenames.

--consout filename
Output cluster consensus sequencdddname For each cluster nultiple alignment
is computed, and a consensus sequence is constructed by taking the majority symbol
(nucleotide or gap) from each column of the alignment. Columns containing a majority
of gaps are skipped, except for terminal gaps.

--id real Do not add the target to the cluster if the pairwise identity with the centroid/és lo
thanreal (value ranging from 0.0 to 1.0 included). The pairwise identity is defined as
the number of (matching columns) / (alignment length - termiapsly That definition
can be modified by --iddef.

--iddef 0]1]2|3]4
Change the pairwise identity definition used in --id. Values accepted are:

0. CD-HIT definition using shortest sequence as numerator.
1. editdistance: (matching columns) / (alignment length).

2. editdistance excluding terminal gaps (same as --id).
3

MarineBiological Lab definition counting each extended gap as a single
difference.

4. BLAST definition, equialent to --iddef 2 in a conteé of global pairwise
alignment.

--msaout filename
Output a multiple sequence alignment and a consensus sequence for each ilgster to
name in fasta format. The consensus sequence is constructed by taking the majority
symbol (nucleotide or gap) from each column of the alignment. Columns containing a
majority of gaps are skipped, except for terminal gaps.

--gmask none|dust|soft
Mask simple repeats andNecompleity regions in sequences using thestor thesoft
algorithms, or do not maskngnd. Warning, when usingoft masking, clustering
becomes case sengéi The default is to mask usirmyst

--sizein  Take into account the almdance annotations present in the input fasta file (search for
the pattern "[>;]sizemteger[;]" in sequence headers).

--sizeout Add abundance annotations to the output fasta files (add the patternititsgres to
sequence headers). If --sizein is specifiedndbnce annotations are reported to output
files, and each cluster centroid reesia rew gundance slue corresponding to the
total alundance of the amplicons included in the cluster (--centroids option). If --sizein
is not specified, input abundances are set to 1 for amplicons, and to the number of
amplicons per cluster for centroids.

--strand plus|both
When comparing sequences with the cluster seed, cheghuthstrand only (defult)
or checkbothstrands.

--threads positive intger
Number of computation threads to use (1 to 256). The number of threads should be
lesser or equal to the number géitable CPU cores. The default is to use adilable
ressources and to launch one thread per logical core.

--uc filename
Output clustering results filenameusing a uclust-lik format. For a description of the
format, see <http://www.dré5.com/usearch/manual/ucout.htmi>.
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--usersort
When using --cluster_smallmem, all@ny squence input ordenot just a decreasing
length ordering.

Most searching options also apply to clustering:
--alnout, --blast6out, --fastapairs, --matched, --notmatched,
--maxaccept, --maxreject, --samout, --userout, --userfields, score
filtering, --gap penalties, masking. (see the Searching section).

Dereplication options:

--derep_fulllength filename
Merge strictly identical sequences containedfilename Identical sequences are
defined as hang the same length and the same string of nucleotides (case insgnsiti
T and U are considered the same). &garchneeds to reafllenametwice, filename
must be a real file, not a stream.

--maxuniquesizepositive intger
Discard sequences with an abundance value greateintbge.

--minuniquesize positive intger
Discard sequences with an abundance value smallemtieger.

--output filename
Write the dereplicated sequencedilename in fasta format and sorted by decreasing
alundance. Identical sequences reedne header of the first sequence of their group.
If --sizeout is used, the number of occurrences (i.anddénce) of each sequence is
indicated at the end of their fasta header using the pattern Treiees".

--sizein  Take into account the abundance annotations present in the agtatfile (search for
the pattern "[>;]sizemteger[;]" in sequence headers).

--sizeout Add abundance annotations to the output fasta file (add the patternifysges" to
sequence headers). If --sizein is specified, each unique sequencesraageiv gun-
dance value corresponding to its total abundance (sum of timelafces of its occur
rences). If --sizein is not specified, input abundances are set to 1, and each unique
sequence reoas a rew ddundance value corresponding to its number of occurrences
in the input file.

--strand plus|both
When searching for strictly identical sequences, checpltiestrand only (default) or
checkbothstrands.

--topn positive intger
Output only the tojinteger sequences (i.e. the most abundant).

--uc filename
Output dereplication results filenameusing a uclust-lik format. For a description of
the format, see <http://wwdrive5.com/usearch/manual/ucout.html>. In the context of
dereplication, the option --uc_allhits has no effect on the --uc output.

Masking options:

version 1.0.14

An input sequence can be composed fele or uppercase nucleotides. Lowercase nucleotides

are silently set to uppercase before masking, unless the --gmask soft option is used. Here are the
results of combined masking options --gmask (or --dbmask for database sequences) and --hard-
mask, assuming each input sequences contains both lower and uppercase nucleotides:

gmask  hardmask action
none of no masking, all symbols uppercased
none on no masking, all symbols uppercased
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dust of masked symbols lowercased, others uppercased

dust on masked symbols changed to Ns, others uppercased

soft of lowercase symbols masked, no case changes

soft on lowercase symbols masked and changed to Ns

--hardmask
Mask lov-compleity regions by replacing them with Ns instead of setting them to
lower case.

--maskfasta filename
Mask simple repeats andwecompleity regions in sequences containedfilaname
The default is to mask usirtyst(use --gmask to modify that behavior).

--output filename
Write the masked sequenceditename in fasta format.

--gmask none|dust|soft
Mask simple repeats andNecompleity regions in sequences using thestor thesoft
algorithms, or do not maskd@né. The default is to mask usimiyist

--threads positive intger
Number of computation threads to use (1 to 256). The number of threads should be
lesser or equal to the number géitable CPU cores. The daidlt is to use allailable
ressources and to launch one thread per logical core.

Pdrwise alignment options:

The results of the n * (n - 1) / 2 pairwise alignments are written to the result files specified with
--alnout, --blast6out, --fastapairs --matched, --notmatched, --samout, --uc or --userout (see Search-
ing section below). Specify either the --acceptall option to output all pairwise alignments, or spec-
ify an identity level with --id to discard weak alignments. Most other accept/reject options (see
Searching options below) may also be used. Sequences are aligned plusisgiand only.

--allpairs_global filename
Perform optimal global pairwise alignments of all vs. all fasta sequences contained in
filename This command is multi-threaded.

--acceptall
Write the results of all alignments to output files. This optieerraes all other
accept/reject options (including --id).

--id real Reject the sequence match if the pairwise identity ieetathanreal (value ranging
from 0.0 to 1.0 included).

--threads positive intger
Number of computation threads to use (1 to 256). The number of threads should be
lesser or equal to the number géitable CPU cores. The default is to use adilable
ressources and to launch one thread per logical core.

Searching options:

--alnout filename
Write pairwise global alignments tiilenameusing a human-readable format. Use
--rowlen to modify alignment length. Output order may vary when using multiple
threads.

--blast6out filename
Write search results tilenameusing a blast-lik tab-separated format of twelfields
(listed belav), with one line per query-target matching (or lack of matching if --out-
put_no_hits is used). Output order may vary when using multiple threads. A similar
output can be obtain with --useroutlename and --userfields query+tar
get+id+alnlen+mism+opens+glo+ghi+tlo+thisstue+bits. A complete list and
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description is aailable in the section "Userfields" of this manual.
1. query query label.

2. targe: tamget (database sequence) label. The field is set to "*" if there is
no alignment.

3. id: percentage of identity (real value ranging from 0.0 to 100.0). The per
centage identity is defined as 100 * (matching columns) / (alignment
length - terminal gaps). See fields idO to id4 for other definitions.

4. alnlen length of the query-tget alignment (number of columns). The
field is set to O if there is no alignment.

5.  mism number of mismatches in the alignment (zero or pasititeger
value).

6. opens number of columns containing a gap opening (zero or pesiti
integer value).

7. glo: first nucleotide of the query aligned with the targetvald equal to
1 if there is an alignment, O otherwise.

8. qghi: last nucleotide of the query aligned with the targetva§ equal to
the length of the pairwise alignment. The field is set to 0O if there is no
alignment.

9. tlo: irst nucleotide of the target aligned with the quédyays equal to 1
if there is an alignment, O otherwise.

10. thi: last nucleotide of the target aligned with the quéaiways equal to
the length of the pairwise alignment. The field is set to 0O if there is no
alignment.

11. ewalue expectancy-alue (not computed for nucleotide alignments).
Always set to -1.

12. bits: bit score (not computed for nucleotide alignmentsjvayds set to 0.

--db filename
Compare query sequences (specified with --usearch_global) tasthaeférmatted tar
get sequences containedilename using global pairwise alignment.

--dbmask none|dust|soft
Mask simple repeats andNecompleity regions in target database sequences using the
dustor thesoftalgorithms, or do not mask@ng. Warning, when usingoft masking
search commands become case sgasithe default is to mask usiryst

--dbmatched filename
Write database tget sequences matching at least one query sequefitenéme in
fasta format. If the option --sizeout is used, the number of queries that matched each
target sequence is indicated using the pattern ";sitager;".

--dbnotmatched filename
Write database tget sequences not matching query sequendésriame in fasta for
mat.

--fastapairs filename
Write pairwise alignments of query and target sequendiésriame in fasta format.

-fulldp  Dummy option for compatibility with usearcho Thaximize search sensitiy, vsearch
uses a 8-way 16-bit SIMD vectorized full dynamic programming algorithm (Needle-
man-Wunsch), whether or not --fulldp is specified.
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--gapext string
Set penalties for a gaptension. See --gapopen for a complete description of the
penalty declaration system. The default is to initialize the apx extending penalties
using a penalty of 2 for extending internal gaps and a penalty of téding termi-
nal gaps, in both query and target sequences (i.e. 2I/1E).

--gapopen string
Set penalties for a gap opening. A gap opening can occur in faredif contexts: in
the query (Q) or in the target (T) sequence, at the left (L) or right-Rneity of the
sequence, or inside the sequence (I). Sequence symbols (Q and T) can be combined
with location symbols (L, I, and R), and numerical values to declare penalties for all
possible contes: aQL/bQI/cQR/dTL/eTI/fTR, where abcdef are zero or pasitite-
gers, and "/" is used as a separator.
To dmplify declarations, the location symbols (L, I, and R) can be combined, the sym-
bol (E) can be used to treat both extremities (L and R) egaatiythe symbols Q and
T can be omitted to treat query andgietrsequences equallor instance, the default is
to declare a penalty of 20 for opening internal gaps and a penalty of 2 for opening ter
minal gaps (left or right), in both query and target sequences (i.e. 20I/2E). If only a
numerical value is gén, without ay sequence or location symbol, then the penalty
applies to all gap openingso Torbid gap-opening, an infinite penalty value can be
declared with the symbol "*". T'usevsearchas a semi-global alignea rull-penalty
can be applied to the left (L) or right (R) gaps.
vsearch always initializes the six gap opening penalties using thauleparameters
(201/2E). The user is then free to declare only the values he/she wants to. Miodify
string is scanned from left to right, accepted symbols are (0123456789/LIREQT?*), and
later values werride previous values.
Please note thatsearch in contrast to usearch, only allows integer gap penalties.
Because the lowestag penalties are 0.5 by default in usearch, all default scores and
gap penalties invsearchhave keen doubled to maintain egélient penalties and to pro-
duce identical alignments.

--hardmask
Mask lov-compleity regions by replacing them with Ns instead of setting them to
lower case. For more information, please see the Masking section.

--id real Reject the sequence match if the pairwise identity weetathanreal (value ranging
from 0.0 to 1.0 included). The search process sortgttasequences by decreasing
number ofk-mers thg havein common with the query sequence, using that informa-
tion as a proxy for sequence similarilyhat efficient pre-filtering will also pvent
pairwise alignments with weakly matchinggets, as there needs to be at least 6 shared
k-mers to start the pairwise alignment, and at least one ouenyf E6 k-mers from the
query needs to match thedat. Consequentlusing values lower than --id 0.5 is not
likely to capture more weakly matchinggets. The pairwise identity is by deft
defined as the number of (matching columns) / (alignment length - termjps)l. § hat
definition can be modified by --iddef.

--iddef 0]1]2|3]4
Change the pairwise identity definition used in --id. Values accepted are:

0. CD-HIT definition using shortest sequence as numerator.
1. editdistance: (matching columns) / (alignment length).

2. editdistance excluding terminal gaps (same as --id).
3

MarineBiological Lab definition counting each extended gap as a single
difference.

4. BLAST definition, equialent to --iddef 2 in a conteé of global pairwise
alignment.
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The option --userfields accepts the fields idO to id4, in addition to the field id, to report
the pairwise identity values corresponding to the different definitions.

--idprefix positive intger
Reject the sequence match if the firdbger nucleotides of the target do not match the
query.

--idsuffix positive intger
Reject the sequence match if the iagtger nucleotides of the target do not match the
query.

--leftjust Reject the sequence match if the pairwise alignment begins with gaps.

--match integer
Score assigned to a match (i.e. identical nucleotides) in the pairwise alignment. The
default value is 2.

--matched filename
Write query sequences matching database target sequeffiterzatme in fasta format.

--maxacceptspositive intger
Maximum number of hits to accept before stopping the search. Taeltdedlue is 1.
This option vorks in pair with --maxrejects. The search process sorts target sequences
by decreasing number &fmers thg havein common with the query sequence, using
that information as a proxy for sequence similawtfter pairwise alignments, if the
first target sequence passes the acceptation criteria, it is accepted as best hit and the
search process stops for that quéfry-maxaccepts is set to a higher value, more hits
are accepted. If --maxaccepts and --maxrejects are both set to 0, the complete database
is searched.

--maxdiffs positive intger
Reject the sequence match if the alignment contains airéaggr substitutions, inser
tions or deletions.

--maxgaps positive intger
Reject the sequence match if the alignment contains atitkeggr insertions or dele-
tions.

--maxhits positive intger
Maximum number of hits to shoonce the search is terminated (hits are sorted by
decreasing identity). Unlimited by default. That option applies to --alnout, --blast6éout,
--fastapairs, --samout, --uc, or --userout output files.

--maxid real
Reject the sequence match if the percentage of identity betweenatlsequences is
greater thameal.

--maxqsize positive intger
Reject query sequences with an abundance greateintbger.

--maxqt real
Reject if the query/target sequence length ratio is greaterahian

--maxrejects positive intger
Maximum number of non-matching target sequences to consider before stopping the
search. The default value is 32. This optioarkg in pair with --maxaccepts. The
search process sorts dat sequences by decreasing numbek-ofers thg havein
common with the query sequence, using that information as a proxy for sequence simi-
larity. After pairwise alignments, if none of the first 32 examinegketasequences pass
the acceptation criteria, the search process stops for that query (no hit). If --maxrejects
is set to a higher value, more target sequences are considered. If --maxaccepts and
--maxrejects are both set to 0, the complete database is searched.
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--maxsizeratio real
Reject if the query/target abundance ratio is greaterrtézédn

--maxsl real
Reject if the shorter/longer sequence length ratio is greaterelan

--maxsubs positive intger
Reject the sequence match if the pairwise alignment contains moratdggn substi-
tutions.

--mid real
Reject the sequence match if the percentage of identity is loweregiaignoring all
gaps, internal and terminal).

--mincols positive intger
Reject the sequence match if the alignment length is shorteintbger.

--mingt real
Reject if the query/target sequence length ratio is lowerrdzdn

--minsizeratio real
Reject if the query/target abundance ratio is lower thahn

--minsl| real
Reject if the shorter/longer sequence length ratio is lowerrdahn

--mintsize positive intger
Reject target sequences with an abundance loweirtteger .

--mismatch integer
Score assigned to a mismatch (i.efeddnt nucleotides) in the pairwise alignment. The
default value is -4.

--notmatched filename
Write query sequences not matching database target sequefiessmioe in fasta for
mat.

--output_no_hits
Write both matching and non-matching queries to --alnout, --blast6out, --samout or
--userout output files (--uc and --uc_allhits output filesagé feature non-matching
queries). Non-matching queries are labelled "No hits" in --alnout files.

--gmask none|dust|soft
Mask simple repeats andwecompleity regions in query sequences using dostor
the soft algorithms, or do not maskigng. Warning, when usingoft masking search
commands become case sewsiflThe default is to mask usirmyst

--query_cov real
Reject if the fraction of the query aligned to the target sequence is lowaesharhe
query coerage is computed as (matches + mismatches) / query sequence length. Inter
nal or terminal gaps are not taken into account.

--rightjust
Reject the sequence match if the pairwise alignment ends with gaps.

--rowlen positive intger
Width of alignment lines in --alnout output. The aldf value is 64. Set to 0 to elimi-
nate wrapping.

--samout filename
Write alignment results thlenamein the SAM format. For a description of the format,
see <https://github.com/samtools/hts-specs>. Output order may vary when using multi-
ple threads.
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--self Reject the sequence match if the query and target labels are identical.
--selfid  Reject the sequence match if the query and target sequences are strictly identical.

--sizeout Add ahundance annotations to the output of the option --dbmatched (using the pattern
":size=nteger;"), to report the number of queries that matched each target.

--strand plus|both
When searching for similar sequences, checkpthe strand only (default) or check
bothstrands.

--target_cov real
Reject the sequence match if the fraction of the target sequence aligned to the query
sequence is lower thamal. The target ceerage is computed as (matches + mis-
matches) / target sequence lendifternal or terminal gaps are not taken into account.

--threads positive intger
Number of computation threads to use (1 to 256). The number of threads should be
lesser or equal to the number géitable CPU cores. The daidlt is to use allailable
ressources and to launch one thread per logical core.

--top_hits_only
Output only the hits with the highest percentage of identity with the query.

--uc filename
Output searching results filenameusing a uclust-lik format. For a description of the
format, see <http://wwwrive5.com/usearch/manual/ucout.html>. Output order may
vary when using multiple threads.

--uc_allhits
When using the --uc option, shiall hits, not just the top hit for each query.

--usearch_global filename
Compare target sequences (--db) to the fasta-formatted query sequences contained in
filename using global pairwise alignment.

--userfields string
When using --userout, select and order the fields written to the output file. Fields are
separated by "+" (e.g. query+tget+id). See the "Userfields" section for a complete list
of fields.

--userout filename
Write user-defined tab-separated outpufiltname Select the fields with the option
--userfields. Output order mayary when using multiple threads. If --userfields is
empty or not presenfilenameis empty.

--weak _id real
Show hits with percentage of identity of at leasal, without terminating the search. A
normal search stops as soon as enough hits are found (as defined by --maxaccepts,
--maxrejects, and --id). As --weak_id reports weak hits that are not deduced from
--maxaccepts, high --id values can be used, hence preserving both speed awitysensiti
Logically, real must be smaller than the value indicated by --id.

--wordlength positive intger
Length of words (i.ek-mers) for database indexing. The range of posstilees goes
from 3 to 15, but values near 8 are generally recommended. Longer words may reduce
the sensitivity for weak similarities,ub can increase accusacOn the other hand,
shorter words may increase sendifi but can reduce accuradComputation time will
generally increase with shorter words and decrease with longer words. Memory
requirements for a part of the indmcrease with a factor of 4 each time word length
increases by one nucleotide, and this generally becomes significant for long words (12
or more). The default value is 8.
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Shuffling options:

--output filename
Write the shuffled sequencesfilename in fasta format.

--seedpositive intger
When shuffling sequence ordeseinteger as seed. A gen ssed will alvays produce
the same output order (useful for replicability). Set to 0 to use a pseudo-random seed
(default behavior).

--shuffle filename
Pseudo-randomly shuffle the order of sequences contaiffigghaime

--topn positive intger
Output only the tojinteger sequences.

Sorting options:
Fasta entries are sorted by decreasing abundance (--sortbysize) or sequence length (--sort-
bylength). D obtain a stable sorting ordeties are sorted by decreasing abundance and label
increasing alpha-numerical order (--sortbylength), or just by label increasing alpha-numerical
order (--sortbysize). Label sorting assumes that all sequenaesrtique labels. The same applies
to the automatic sorting performed during chimera checking (--uchimevalerdereplication
(--derep_fulllength), and clustering (--cluster_fast and --cluster_size).

--maxsize positive intger
When using --sortbysize, discard sequences with an abundalneegveater thaimte-
ger.

--minsize positive intger
When using --sortbysize, discard sequences with an abundance value smalfgethan
ger.

--output filename
Write the sorted sequenceditename in fasta format.

--relabel string
Relabel sequence using the prefising and a ticker (1, 2, 3, etc.) to construct thesne
headers. Use --sizeout to consgethe abundance annotations.

--sizeout When using --relabel, report afidance annotations to the output fasta file (using the
pattern ";sizemnteger;").

--sortbylength filename
Sort by decreasing length the sequences containfildriame See the general options
--minseglength and --maxseqlength to eliminate short and long sequences.

--sortbysize filename
Sort by decreasing abundance the sequences containéténame (the pattern
"[>;]size=intege[;]" has to be present). See the options --minsize and --maxsize to
eliminate rare and dominant sequences.

--topn positive intger
Output only the tojinteger sequences (i.e. the longest or the most abundant).

Userfields (fields accepted by the --userfields option):

aln Print a string of M (match), D (delete, i.e. a gap in the query) and | (insert, i.e. a gap in
the target) representing the pairwise alignment. Empty field if there is no alignment.

alnlen Print the length of the query-target alignment (number of columns). The field is set to 0
if there is no alignment.

bits Bit score (not computed for nucleotide alignmentsjvalds set to 0.
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caln

evdue

exts

gaps
id

ido
id1
id2
id3
id4
ids
mism

opens
pairs

pctgaps

pctpv

pv

qcov

gframe

ghi

qihi

gilo

ql

glo
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Compact representation of the pairwise alignment using the CIGAR format (Compact
Idiosyncratic Gapped Alignment Report): M (match), D (deletion) and | (insertion).
Empty field if there is no alignment.

E-value (not computed for nucleotide alignmentsjvays set to -1.
Number of columns containing a gap extension (zero or pesitieger value).
Number of columns containing a gap (zero or pasititeger value).

Percentage of identity (reahle ranging from 0.0 to 100.0). The percentage identity is
defined as 100 * (matching columns) / (alignment length - terminal gaps).

CD-HIT definition of the percentage of idenfitiging the shortest sequence in the-pair
wise alignment as numerator (real value ranging from 0.0 to 100.0).

The percentage of identity (readlue ranging from 0.0 to 100.0) is defined as the edit
distance: 100 * (matching columns) / (alignment length).

The percentage of identity (real value ranging from 0.0 to 100.0) is defined as the edit
distance, excluding terminal gaps. The field id2 is an alias for the field id.

Marine Biological Lab definition of the percentage of identity (real value ranging from
0.0 to 100.0), counting each extended gap as a single difference.

BLAST definition of the percentage of identity (real value ranging from 0.0 to 100.0),
equivdent to --iddef 2 in a context of global pairwise alignment.

Number of matches in the alignment (zero or pasititeger value).
Number of mismatches in the alignment (zero or pasititeger value).
Number of columns containing a gap opening (zero or peditieger value).

Number of columns containing only nucleotides. That value corresponds to the length
of the alignment minus the gap-containing columns (zero or positeger value).

Number of columns containingags expressed as a percentage of the alignment length
(real value ranging from 0.0 to 100.0).

Percentage of posieé ®mlumns. When working with nucleotide sequences, this is
equialent to the percentage of matches (real value ranging from 0.0 to 100.0).

Number of positie mlumns. When wrking with nucleotide sequences, this is gqui
alent to the number of matches (zero or pasititeger value).

Fraction of the query sequence that is aligned with tlgetaequence (real value rang-
ing from 0.0 to 100.0). The querywaage is computed as 100.0 * (matches + mis-
matches) / query sequence length. Internal or termagad gre not taken into account.
The field is set to 0.0 if there is no alignment.

Query frame (-3 to +3). That field only concerns coding sequences and is not computed
by vsearch Always set to +0.

Last nucleotide of the query aligned with the targetvas equal to the length of the
pairwise alignment. The field is set to 0 if there is no alignment.

Last nucleotide of the query aligned with theg#dr (ignoring terminal aps).
Nucleotide numbering starts from 1. The field is set to 0 if there is no alignment.

First nucleotide of the query aligned with thegtr(ignoring initial gaps). Nucleotide
numbering starts from 1. The field is set to O if there is no alignment.

Query sequence length (posdiinteger value). The field is set to 0 if there is no align-
ment.

First nucleotide of the query aligned with the targetvads equal to 1 if there is an
alignment, 0 otherwise.
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grow Print the sequence of the quergisent as seen in the pairwise alignment (i.e. wagh g
insertions if need be). Empty field if there is no alignment.

gs Query segment length. ikbys equal to query sequence length.

gstrand Query strand orientation (+ or - for nucleotide sequences). Empty field if there is no
alignment.

query Query label.

raw Raw aignment score (rgetive, null or positive integer value). The score is the sum of
match revards minus mismatch penalties, gap openings and gap extensions. The field
is set to O if there is no alignment.

target Target label. The field is set to "*" if there is no alignment.

tcov Fraction of the target sequence that is aligned with the query sequencal(reabwg-
ing from 0.0 to 100.0). The targetwapage is computed as 100.0 * (matches + mis-
matches) / target sequence lengdtfternal or terminal gaps are not taken into account.
The field is set to 0.0 if there is no alignment.

tframe  Target frame (-3 to +3). That field only concerns coding sequences and is not computed
by vsearch Always set to +0.

thi Last nucleotide of the tget aligned with the quenAlways equal to the length of the
pairwise alignment. The field is set to 0 if there is no alignment.

tihi Last nucleotide of the tget aligned with the query (ignoring terminabps).
Nucleotide numbering starts from 1. The field is set to 0 if there is no alignment.

tilo First nucleotide of the target aligned with the query (ignoring iniaigis} Nucleotide
numbering starts from 1. The field is set to O if there is no alignment.

tl Target sequence length (postiinteger value). The field is set to O if there is no align-
ment.

tlo First nucleotide of the target aligned with the quéiyays equal to 1 if there is an

alignment, 0 otherwise.

trow Print the sequence of the targegeent as seen in the pairwise alignment (i.e. wagh g
insertions if need be). Empty field if there is no alignment.

ts Target segment length. Wiays equal to tayet sequence length. The field is set to O if
there is no alignment.

tstrand Target strand orientation (+ or - for nucleotide sequencesyayd set to "+", so
reverse strand matches \atstrand "+" and gstrand "-". Empty field if there is no
alignment.

DELIBERATE CHANGES
If you are a usearch useur objectve is to make you feel at home. That'why vsearchwas designed to
behae like usearch, to some extent. kikkny complex software, usearch is not free from quirks and incon-
sistencies. W decided not to reproduce some of them, and for complete transpacedacument here the
deliberate changes we made.

During a search with usearch, when using the options --blast6out and --output_no_hits, for queries with no
match the number of fields reported is 13, where it should be 12. This is correctedrich

The field rav of the --userfields option is not informagiin usearch. This is correctedwsearch

The fields glo, ghi, tlo, thi md have counterparts (qgilo, qihi, tilo, tihi) reporting alignment coordinates
ignoring terminal gaps.

In usearch, when using the option --output_no_hits, queries thateeoeinatch are reported in blastéout
file, but not in the alignment output file. This is correctedsigarch

vsearch introduces a ne --cluster_size command that sorts sequences by decreasing abundance before
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clustering.

vsearchreintroduces --iddef alternat pairwise identity definitions that were rexwsd from usearch.
vsearchextends the --topn option to sorting commands.

vsearchextends the --sizein option to dereplication (--derep_fulllength) and clustering (--cluster_fast).
vsearchtreats T and U as identical nucleotides during dereplication.

vsearch sorting is stabilized by using sequence abundances or sequences labels as secondary or tertiary
keys.

NOVELTIES
vsearchintroduces n& options not present in usearch 7. Ylaee described in the "Options" section of this
manual. Here is a short list:

- dignwidth (chimera checking)
- cluster_size (clustering)
- fasta_width (general option)
- iddef (clustering, pairwise alignment, searching)
- maxuniquesize (dereplication)
- shuffle (shuffling)
EXAMPLES
Align all sequences in a database with each other and output all pairwise alignments:
vsearch--allpairs_globabatabase.fas-alnoutresults.aln--acceptall

Check for the presence of chimerae (hao); parents should be at least 1.5 times more abundant than
chimeras. Output non-chimeric sequences in fasta format (no wrapping):

vsearch--uchime_denwo queries.fas-nonchimerasesults.fas-fasta_width O --abskw 15

Cluster with a 97% similarity threshold, collect cluster centroids, and write cluster descriptions using a
uclust-like format:

vsearch--cluster_fastjueries.fas-id 0.97 --centroidsentroids.fas-uc clusters.uc

Dereplicate the sequences contained in queries.fas,irtak account the abundance information already
present, write unwrapped sequences to output with tiveabendance information, discard all sequences
with an abundance of 1:

vsearch--derep_fulllengtiqueries.fas-outputqueries_masked.fassizein --sizeout -dsta_width
0 --minuniquesize 2

Mask simple repeats andwocomplexity regions in the input fasta file (masked regions aneetoased),
and write the results to the output file:

vsearch--maskfastajueries.fas-outputqueries_masked.fasgmask dust

Search queries in a reference database, with a 80%-similarity thresheldsrraknal gaps into account
when calculating pairwise similarities:

vsearch--usearch_globajueries.fas-db references.fas-alnoutresults.aln--id 0.8 --iddef 1

Search a sequence dataset against itself (ignore self hits), get all matches with at least 60%nid exatity
lect results in a blast-liktab-separated format:

vsearch --usearch_globabjueries.fas--db queries.fas--id 0.6 --self --blast6outesults.blast6
--maxaccepts 0 --maxrejects 0

Shufle the input fasta file (change the order of sequences) in a repeatdbtnf(fixed seed), and write
unwrapped fasta sequences to the output file:
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vsearch--shufflequeries.fas-outputqueries_shuffled.fasseed 13 --fasta_width O

Sort by decreasing abundance the sequences contained in cage(iesitfg the "sizénteger” information),
relabel the sequences while preserving the abundance information (with --sizeout), keep only sequences
with an abundance equal to or greater than 2:

vsearch --sortbysizequeries.fas--output queries_sorted.fasrelabel sampleA _ --sizeout --min-
size 2

AUTHORS
Implementation by Torbjgrn Rognes and Tomas Flouri, documentation by Frédéric Mahé.

REPORTING BUGS
Submit suggestions and bug-reports at <https://github.com/torognes/vsearch/issues>, send a pull request on
<https://githubcom/torognes/vsearch>, or compose a friendly or curmudgeont e-mail to Torbjgrn Rognes
<torognes@ifi.uio.no>.

AVAILABILITY
Source code and binaries axgitable at <https://github.com/torognes/vsearch>.

COPYRIGHT
Copyright (C) 2014, 2015 Torbjgrn Rognes, Frédéric Mahé and Tomas Flouri.

This program is free software: you can redisiigbit and/or modify it under the terms of the GNUehd
General Public License as published by the Free @odtwoundation, either version 3 of the License, or
ary later version.

This program is distributed in the hope that it will be useful, WITHOUT ANY WARRANTY; without
even the implied warranty of MERCHANABILITY or FITNESS FOR A RRTICULAR PURPOSE. See
the GNU Affero General Public License for more details.

You should hae receved a mpy of the GNU Affero General Public License along with this progrdim.
not, see <http://www.gnu.org/licenses/>.

vsearchincludes code from GoogkeUtyHash project by GebPike and Jyrki Alakuijala, providing some
excellent hash functionsvailable under a MIT license.

vsearchincludes code daréd from Tatuse and Lipmans DUST program that is in the public domain.
vsearchbinaries may include code from the zlib libraegpyright Jean-Loup Gailly and Mark Adler.
vsearchbinaries may include code from the bzip2 libragpyright Julian R. Seard.

SEE ALSO
swipe, an extremely fast pairwise local (Smith-Waterman) database search tool by Torbjgrn Regihes, a
able at <https://github.com/torognes/swipe>.

swarm, a fast and accurate amplicon clustering method by Frédéric Mahéodnidh Rognes,\ailable
at <https://github.com/torognes/swarm>.

VERSION HISTORY
New features and important modificationswsearch (short lived or minor bug releases may not be men-
tioned):
v1.0.0released Neember 28th, 2014
First public release.

v1.0.1released December 1st, 2014
Bug fixes (sortbysize, semicolon after size annotation in headers) and minor changes
(labels as secondary sostykfor most sorts, treat T and U as identical for dereplication,
only output size in dbmatched file if sizeout specified).

v1.0.2released December 6th, 2014
Bug fixes (ssse3/sse4.1 requirement, memory leak).
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v1.0.3released December 6th, 2014
Bug fix (nav writes help to stdout instead of stderr).

v1.0.4released December 8th, 2014
Added --allpairs_global option. Reduced memory requirements sligteipored mem-
ory leaks.

v1.0.5released December 9th, 2014
Fixes a minor bug with --allpairs_global and --acceptall options.

v1.0.6released December 14th, 2014
Fixes a memory allocation bug in chimera detection (--uchime_ref option).

v1.0.7released December 19th, 2014
Fixes a bug in the output from chimera detection with the --uchimeout option.

v1.0.8released January 22nd, 2015
Introduces seeral changes and bug fixes:

- anew linear memory aligner for alignment of sequences longer than 5,000 nucleotides,

- anew --cluster_size command that sorts sequences by decreasing abundance before
clustering,

- meaning of userfields glo, ghi, tlo, thi changed for compatibility with usearch,
- new werfields qilo, gihi, tilo, tihi gies dignment coordinates ignoring terminal gaps,
- in--uc output files, a perfect alignment is indicated with a "=" sign,

- the option --cluster_fast will mosort sequences by decreasing length, then by decreas-
ing abundance and finally by sequence identifier,

- default --maxseglength value set to 50,000 nucleotides,
- fix for bug in alignment in rare cases,
- fix for lack of detection of undeor overflow in SIMD aligner.

v1.0.9released January 22nd, 2015
Fixes a bug in the function sorting sequences by decreasing abundance (--sortbysize).

v1.0.10released January 23rd, 2015
Fixes a bug where the sizein optioasinignored and wabys treated as on, affecting clus-
tering and dereplication commands.

v1.0.11released February 5th, 2015
Introduces the possibility to output results in SAM format (for clustering, pairwise align-
ment and searching).

v1.0.12released February 6th, 2015
Temporarily fixes a problem with long headers in FASiTes.

v1.0.13released February 17th, 2015
Fix a memory allocation problem when computing multiple sequence alignments with the
--msaout and --consout options, as well as a memory leak. Also increasedffiemedy
reading FASA files to 4MB.

v1.0.14released February 17th, 2015
Fix a bug where the multiple alignment and consensus sequence computed after cluster
ing ignored the strand of the sequences. Also decreased size ofiffimefor reading
FASTA files to 1MB again due to excessidack memory usage.
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