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Stacks

Angel

INnterface

30,000 Lines of C++
6,500 Lines of PHP
8,000 Lines of Perl

|. Stacks Is implemented in C++ with Perl wrappers

2. Core programs are shared-memory parallelized

3. Data visualization provided by MySQL / PHP web
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Stacks: building and genotyping loci de novo from short-read sequences
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Cited by B0 - Related articles - All 11 versions

Stacks: an analysis tool set for population genomics

J Catchen, PA Hohenlohe, S Bassham, A Amores... - Molecular ecology, 2013
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A string c7

TACCACATC
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CCACAT(
CACAT(
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2. Further reduce the search space:

Matching stacks using k-mers

1 1 O I_1e1 o O I

|. Replace an n? algorithm with linear hash E:TCCTTT
TCCTTT
table lookup

|. Given a number of allowed mismatches
calculate the maximum useful k-mer size

2. For each sequence: lookup matching
<-mers and record associated reads

3. For pairs of sequences with minimum
number of k-mers, align reads.

A4
TC

ACGTGTGAAAAATCC ACGTGTGAAAAATCC
CGTGTGAAAAATCCT CGTGTGAAAAATCCT
GTGTGAAAAATCCTT GTGTGAAAAATCCTT

TGTGAAAAATCCTTT TGTGAAAAATCCTTT



Building loci using minimum spanning trees

TGCAGGTACCCCGTCCCCAGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCAGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCAGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCAGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCAGCGGAGGACCTGTTACC

TGCAGGTACCCCGTCCCCTGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCTGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCTGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCTGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCTGCGGAGGACCTGTTACC

(0)s
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Building loci using minimum spanning trees

ACG ACC

CTC CTT
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Locus 1 Locus 2 Locus X
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GGCTCCAEACCAAACGTTTG
' ‘ cccTCccl:ACCAAACGTTTG
Sta F—i -t [_ | | rw cccTcclCACCAAACGTTTG
Ol I |OZ>/gO e |<e | OO cccTcclEACCAAACGTTTG
GGCTCCPNGACCAAACGTTTG
N 3 ny Ny+h3+ny EGCTCCENGACCAAACGTTTG

' E

’z! GGCTCCINGACCAAACGTTTG
LQA/1) = P(n,,n,,n,,n,01/1) = 1-=] [= BEE S o
1°7%2°7%357%4 n'n 'n 'n' 4 4 GGCcTCCEMGACCAAACGTTTG

1. 2- 30 40

GGCTCCESacACCAAACGTTTG
CCCTCCEYGACCAAACGT®IT G
GGCTCCSaGACCAAACGTTTG
GGCTCCIMGACCAAACGTTTG
GGCTCCUaGACCA[EJACGTTTG

Lt

Heterozygote Likelihooa

GGCTCC%GACCAAACGTTTG

n' £ n;+n, £ ny+ny
L(1/2)=P(n,n,,n,,n,l/2)= 05-— il
(112) = P, 4‘ ) nllnz!n3!n4!( 4) (4)




Differentiating SNPs from error

Restriction enzyme recognition sitej

Reference TTCAGGTTGGGTGAGTTGTCATCAGT CGGAATGCGCAGGTCACTTACCTGCAGGCAGCTCTCTGAAGCGCAGGTACTCCATCGACCGGGTGGTGACTAG
enome NNNNNNNNNNNNNNNNNNNNATCAGT CGGAAT GCGCAGGT CACTTACCTGCAGGCAGCTCTCTGAAGCGCAGGTACTCCANNNNNNNNNNNNNNNNNN
9 ATCAGTCGGAATGCGCAGGTCACTTACCTGCA
ATCAGTCGGAATGCGCAGGTCACTTACCEGCA
seqguence ATCAGTCtgAATGCTCAGGTCaCTT acctGeA
ATCAGTCGGAATGCGCAGGTCACTTAcctGeA
ATCAtTCGGAATGCGCAGGTCACTTACctzcA
ATCAGTCGGAATGCGCAGGTCACTTACCTGCA
ATCAGTCGGAATGCGCAGGTCACTTACCEGCA
ATCAGECGGAAT2CGCAGGTCACTTACCEGCA
ATCAGTCGGAATGCGCAGGTCACTTAcctgcA
~agttggAAtgcGCAggTcalTTecctgcA
AtCAGTCGGAATGCGCAGGTCACTTAcctgcA
ATCAGTCGGAATGCGCAGGTCACTTAcctecA
ATCAGTCGGAATGCGCAGGTCACTTAcctgch
ATCAGTCzGAATGCGCAGGTCACTTAcctzcA

sequence ATCAGTCGGAATGCGCAGGTCACTTAcctecA
ATCAGTCGGARTGCGCAGGTCACTTaCctgcA
reads ATCAGTCGGARTGCGCAGGTCACTTacctzcA

ATCAGTCGGRATGCGCAGGTCACTTACcEGERA
TecagegCAGeTCTCTGAAR2CGCAGGEACELCCA
TgcagegCAGCTCTCTGARGCGCAGGEACTCCA
TegCageCAGCTCTCTGARGCGCAGG=ACEtcCA
TGCAGGCAGCTCTCTGAARGCGCAGGEaCTCCA

agzCAGCTCTCTGAARGCGCAGGEACTCCA

y cAGCtCTCTGAAGag~aGgtaClTCca
AGCTCTCTGARAGCGCAGGEACTcCA
CAGCTCTCTGAARgCGCacGtaCtel
cAGCTATCTGARGezCAzGTActcca
CAGCTCTCTGAAGCGCAGGEACTCCa
TeCagzgCAGCTCTCTGAARGCGCAzZGEACTeCA
TGCaGgCAGCTCTCTGAAGCGCAGGTACTCCA
zcageCAGCTeTaTGARzcGCAGGEActecca
roCagCtCTCTgaRGeeraghzACtccA
sCAGCtCTCtGaaGeGeAggtacteca
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Differentiating SNPs from error

CT R CAGGTTGRGEGTGAGTTGTCATCAGT CGGARAT GLGCAGGTCACTTACCTGCAGGCAGLTCTCTGAARGCGCAGGTACTCCATCGACCGGGTGGTGACTAG
NNNNNNNNNNNNNNNNNNNNNATCAGT CGGARATGCGCAGGTCACTTACCTGCAGGCAGCTCTCTGRAGCGCAGGTACTCCANNNNNNNNNNNNNNNNNNN

ATCAGTCGGAARTGCGCAGGTCACTTACCTGEA

ATCAGTCGGRATGCGCAGGTCACTTACCEGLCA

ATCAGTC: 2gRATGC T CAGGTCACTT =cctGeA

ATCAGTCGGARTGCGCAGGTCACTTAcctGeA

ATCRET CGGRATGCGCAGGTCACTTACctecA

ATCAGTLCGGAARTGCGCAGGTCACTTACCTGECA

ATCAGTCGGAATGCGCAGGTCACTTACCEGEA

ATCAGLCGGAATzCREAGGTCACTTARCCEGCA

ATCAGTCGGAATGCGCAGGTCACTTAcctzeA

>t tggRARtgcGCAgeTcati ccotec

AECAGTCGGARAATGCGCAGGTCACTTHE:

ATCAGTCGGAATGCGCAGGTCACTTAC et o

ATCAGTCGGAARTGCGCAGGTCACTTAcct g«

ATCAGTCzGAATGCGCAGGTCACTTACC

ATCAGTCGGARATGCGCAGGTCACTTACE

ATCAGTCGGAATGCGCAGGTCACTTaCe

ATCAGTCGGAATGCGCAGGTCACTTace

ATCAGTCGGAATGCGCAGGTCACTTALCE

CAGCTCTCTGAAgCGCAGR-ACECCA
a AGCTCTCTGAAGCGCAGtHCTCCA
gC AGCTCTCTGAARGCGCAGH=RCECCA

CAGGCAGCTCTCTGRAGCGCAGREACTCCA
cazeCAGCTCTCTGARAGCGCAGAEACTCCA
>cAGCLCTCTGAAG=g=aGetaCTCca
sCAGCTCTCTGRAGCGCAGEERCTcCA
*CAGCTCTCTGAAgCGCac Gt &CteC
AG-T-TCTGARGczCAzaTHCtcca
AGCTCTCTGARAGCGCAGHEACTLCCa

o AGCTCTCTGARAGCGCAzGEAcTccA
aGzCAGCTCTCTGARAGCGCAGRTHCTCCA
#cazcCAGCTcTaTGARecGCAGREActcoa
>oCagCtCTCTgaRGezrazzzfCtccA
CAGCtCTCtGaaGeGoRzEtsictoca

c

Q 00 (0 oo
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Differentiating SNPs from error

Thereadsare 141 and 2 G:

GI1 heterozygote!
GG homozygote with error?
AA homozygote with lots of error?

Needed a rigorous method to call genotypes



Bardicters to control stack iermmaiEs

Parameter denovo map.pl  Pipeline Component Default
Description Parameter component Parameter Value
Minimum stack
depth / minimum -m ustacks -m 3

depth of coverage

Distance allowed

-M ustacks -M
between stacks 2

Distance allowed
between catalog -n cstacks -n 0
loci




Parameters to control stack formation, cta.

-m <min stack depth>

T

Stack 1 Stack 2 Stack 3 Stack X




Parameters to control stack formation, ctd.

-M <distance allowed between stacks>

/

Locus 1

AJVNOILDI(]

Locus 2

~

O

Locus X




ISM

orph

Polym

Parameters to control stack formation, ctd.
-N <secondary read distance>

}Stack 1
}Stack 2
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Parameters to control stack formation, ctd.

-n <distance between catalog loci>

SampLel ° (W
I g , CATALOG
S E 7" Locus 1
. § © s » ‘ TCECAGGACH TTCCTGOGGCTCCCGACCAAMCGTTTG
| oo Al Haplotypes: [& [
‘SampLE2 *° ° () ¢ LOCUS 2 o enccomemmsacomms
o oIe N Haplotypes:
n e, E " Locus 3
: ‘:@: 0, Haplotypes: Consensus
SampLeX ** Y ¢ Locus X .

Haplotypes: [¥ [€€]




Stacks

\®Ne Stacks Analysis Pipeline: RAD-Tag Catalog Viewer
[ < [ = ] [ﬁ}] [ + IQ http://genome.uoregon.edu/stacks /catalog.php?id= 1&db=g§rtul_radtags&p= 1&pp=10&filter_type[]=cata&filter_cata=103&filter_alle_|=1& c] (/Q- Google w
1 (1 tags) tags perpage |10 &) 4
Id SNP Consensus ';:f,:'::t“sg Progeny | Marker | Ratio | Genotypes
aa: 25 (27.5%)
a ; n:cl)(t)gte [:ii] TGCAGGAGCCCTCCCACTCCCTCATCCCCACTCCATTCACTCCACCCAGAGCGCAAACGCAACACTTCACATTCCC 2 92 /91 ab/ac ab: 24 (26.4%) 91
bc: 24 (26.4%)
SNPs Alleles Matching Samples
Eg’ﬁjx: 5;3 ?;é b: GG | | | | VIew: 4 Haplo;ypes O Alle.le Depths _] Genotypes
c:AG
/GG | AG/ AG/GG GG/AG GG/ GG/ AG AG /GG | AG/
GG/ /AG | GG/AG | GT /AG | GT /GG | GG/ GT | GG /AG
/AG |AG/GG | CT/AG AG/CT | GG/AG | GG/AG GG/ T | GG/AG GG/
/GG /GG | 1 AG AG /
/GG | GG/ GG/ GG/ AG /1 GG
/AG GG/ /GG  AG/GG AG/ /AG | GG/
/1 GG ! GG /AG GG/AG | GG/ GG/ GG/ AG
GG/AG | AG/GG GG /AG / GG GG/AG GG/AG ! GG
/ AG /AG | GG/ AG /1 GG ! GG GG/ AG GG/ AG
AG /GG /AG | AG/GG  GG/AG

tags perpage |10 i@

(1 tags)



Stacks
A \)

ORI

O

is Pipeline: RAD-Tag Catalog Viewer

ﬁ http://genome.uoregon, edulstacks/cawog php?ld-l&db-gmut radiags&pw 1&pp= 10&filter_type(l=cata&filter_cata= xoumter a!le l-l& c Q- Google

(1 tags)

tags per page |10 %)

Consensus

Matching

P.unts Progeny

Marker Ratio

Genotypes

v103
annotate

Yes
[2nuc)

TGCAGGAGCCCTCCCACTCGCTCATCCCCACTCCATTCACTCCACCCAGAGCACAAAGCAACACTTCACATTCCC 2

92/91

aa: 25 (27.5%)

ab: 24 (26. 4%)

ab/ac 91

bc 24 (26.4%)

Column: 52; G/A
Column: 70; T/G

Alleles

b: GG
¢ : AG

e "3
-’-l_l,' ny 2

Pri y 40 Progen

Progeny S50 P e2ny
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14/8
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"551
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View: ¥ Haplotypes M Allele Depths [ Genotypes
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!
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| 9712 | 3/6 | | 4/11 | 3/1 16
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2512
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sis Pipeline: RAD

-Tag Catalog \ Vlewer

il <>

1 (1tags)

@ || Bnnp / /genome.uoregon. edulstackslcatalog php?ld-l&db-qanul radtags&pw 1&pp= 10&filter_type(]=cata&filter_ uta-lo3&ﬂlter alle |-1& c M Qr Google

tags per page [ 10 &)

Consensu

Match
Parenltl:'sg

Marker Ratio Genotypes

v 103 Yes
annotate [2nuc]

TGCAGCGAGCCCTCCCACTCGCTCATGCCCACTCCATTCAGTCCACCGAGACCGCAAACCAACACTTCACATTCCC 2

- o

aa: 25 (27.5%)

be: 24 (26.4%)

Column: 52; G/A
Column: 70; T/G
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Stacks Analysis Pipeline: RAD-Tag Viewer
hittp://genome.uoregon.edu/stacks /tag.php?db=gartut_radtagsé&batch_id=1&sample_id=28&1ag_id=73

¢ Q- Coogle

—_—

Stacks

version 0.998

Batch #1 [2011-08-10; 80bp Lepisosteus oculatus F1 Genetic Map RAD-Tag Samples]

RAD-Tag Sample #2 [femalel

v Sequence #73

Catalog ID Depth SNPs Alleles Deleveraged? Lumberjackstack? Blacklisted?
#103 26x Column: 52 G/A AG 46.15% False False False
Column: 70 T/G GT 53.85%
Relationship Seq ID Sequence
DIRSSRN0 123456739 DARASEINE0 123456769 ANINSEING0 1 23455 780 NARRNERRRN01 234

consensus TGCAGCACCCCTCCCACTCCCTCATCCCCACTCCATTCAGTCCACCCACAGCECAMGCAACACTTCACATTCCC

model 00000000000000000000000000000000000000000000000C0000ECO0000C0000000000E00CO
1 primary CAGTC_2_0018_768_1365_1[35245] | TGCAGGAGCCCTCCCACTCGCTGATGCCCACTCCATTCACTGCACCGAGAGCACAAAGCAACACTTCACAGTCCC
2 primary CAGTC_2_0029_1628_1751_1[35245) [ TCCAGGAGCCCTCCCACTCGCTCATGGCCACTCCATTCACTCCACCCAGAGCACAAAGCAACACTTCACAGTCCC
3 primary CAGTC_2_0053_1692_1388_1[35245) | TCCAGGACCCCTCCCACTCCCTCATCCCCACTCCATTCACTGCGACCCAGACCACAAACCAACACTTCACAGTCCC
4 primary CAGTC_2 _0058_1588_1038_1[35245] | TGCAGGAGCCCTCCCACTCCGCTCGATGCCCACTCCATTCAGTCCACCCACGAGCACAAAGCAACACTTCACAGTCCC
5 primary CAGTC_2_0059_1524_1186_1(35245) | TCCAGGAGCCCTCCCACTCOCTGATGGCCACTCCATTCAGTGCACCCAGAGCACAAAGCAACACTTCACAGTCCC
6 primary CAGTC_2_0094_1356_1854_1[35245] [ TECAGGAGCCCTCCCACTCCCTGATGCCCACTCCATTCAGTGGACCCAGAGCACARAGCAACACTTCACAGTCCC
7 primary CAGTC_2_0096_1791_1246_1[35245) | TCCAGGACCCCTCCCACTCCCTCATCCCCACTCCATTCACTCCACCCACACCACAAAGCAACACTTCACAGTCCC
8 primary CACGTC_2_0021_877_296_1[35245] | TGCCAGGAGCCCTCCCACTCCGCTCATGCCCACTCCATTCACTCCACCCACGACCGCAAAGCAACACTTCACATTCCC
9 primary CAGTC_2_0024_307_735_1[35245) | TCCACGACCCCTCCCACTCCCTCATCCCCACTCCATTCAGCTCCACCCACACCAGCAAAGCAACACTTCACATTCCC
10 primary CACTC_2_0025_108_810_1[35245] | TCCAGGACCCCTCCCACTCCCTCATGCCCACTCCATTCACTCCACCCACACCGCAAAGCAACACTTCACATTCCC
11 primary CAGTC_2_0039_1252_1764_1[35245)] | TCCAGGAGCCCTCCCACTCCCTCATGCCCACTCCATTCACTCCACCCAGACGCGCAAACCAACACTTCACATTCCC
12 primary CAGTC_2_0061_596_159_1[35245] | TGCAGGAGCCCTCCCACTCGCTGATGGCCACTCCATTCAGTGGACCGAGAGCGCAAAGCAACACTTCACATTCCC
13 primary CAGTC_2_0068_1310_997_1[35245] | TCCAGGAGCCCTCCCACTCCCTCATCCCCACTCCATTCACTCCACCCACGACCGCAAAGCCAACACTTCACATTCCC
14 primary CAGTC_2_0070_644_2040_1[35245] | TGCAGGAGCCCTCCCACTCGCTCATGGCCACTCCATTCAGTGGACCCGACAGCGCAAAGCAACACTTCACATTCCC
15 primary CACTC_2_0074_328_659_1[35245) | TCCAGGAGCCCTCCCACTCCCTCATGCCCACTCCATTCAGTCCACCCACAGCGCAAAGCAACACTTCACATTCCC
16 primary CAGTC_2_0075_1668_1862_1[35245] | TGCAGGAGCCCTCCCACTCGCTCGATCGCCACTCCATTCAGTGCACCCGACGACCGCAMMGCAACACTTCACATTCCC
17 primary CAGTC_2_0079_1481_505_1[35245] | TGCAGGACCCCTCCCACTCCCTCATCCCCACTCCATTCAGTCCACCCAGACCGCAAAGCAACACTTCACATTCCC
18 primary CAGTC_2_0084_805_1974_1( 35245 | TGCAGGAGCCCTCCCACTCOCTGATGCCCACTCCATTCAGTGGACCCAGAGCOCAMAGCAACACTTCACATTCCC
19 primary CAGTC_2_0100_481_1043_1[35245) | TGCAGGAGCCCTCCCACTCGCTGATGGCCACTCCATTCAGTGGACCGAGAGCGCAANGCAACACTTCACATTCCC
20 secondary CAGTC_2_0014_728_1008_1[35245] | TCCAGCACCCCTCCCACTCGCTCATGCCCACTCCATTCAGTCCACCCACAGCACAAAGCAACACTTCACABACCC
21 secondary CAGTC_2 _0016_86_1022_1[35245] | TGCAGGAGCCCTCCCACTCGCTGATGGCCACTCCATTCAGTCCACCCAGAGCAGCAAAGCAACACTTCACATACCC
22 secondary CAGTC_2_0042_426_1001_1[35245) | TCCAGGACCCCTCCCACTCCCTCATCCCCACTCCATTCACTCCACCCACACCACCAACCAACACTTCACAGTCCC
23 secondary CAGTC_2_0052_867_1387_1[35245) | TGCACCGACCCCTCCCACTCCCTGATCCCCACTCCATTCCCTCCACCCAGACCACAAAGCAACACTTCACAGTCCC
24 secondary CAGTC_2_0012_221 1043_1[35245) | TGCAGGACCCCTCCCACTAGCTCATCCCCACTCCATTCAGTCCACCCACAGCACAAAGCAACACTTCACAGTCCC
25 secondary CAGTC_2_0095_120_1067_1[35245] | TGCCAGGAGCCCTCCCACTCGCTCATCCCCACTCCATTCAGTCGACCGAGAGCGCAAAGCCACACTTCACATCCCC
26 secondary CAGTC_2_0077_1003_356_1[35245] | TCCAGGAGCCCTCCCACTCGCTCATCCCCACTCCATTCAGTCCACCCAGAGCACAAAGCAACACCTCACAGTCCC

last updated: Sun jan 8 08:59:35 PST 2012
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ubuntu@doall-12-31-39-84-74-11: ~/working} I

* When you disconnect from a remote session all jobs are
killed

e Screen allows you to connect/reconnect from any machine
® Type screen to start a new screen
screen -Is lists all screens you have running

ctrl-a sends commands to screen instead of the
terminal

e ctrl-a ctrl-d disconnects

* type exit to destroy a screen

N




