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22,830 SbfI sites in Stickleback

~ 45,000 RAD-Tags

HiSeq Illumina Lane:	

150 million reads, 96 barcoded individuals

CCTGCAGGTTGTGACTAACAGGCAATGAAGTAGTAAACAACCCTGCAGGTTCTGTTCACTGAAGCAGACGCGCGTGTATGGA GTTGTTTACTACTTCATTGCCTGTTAGTCACAA

TCCATACACGCGCGTCTGCTTCAGTGAACAGAA

TGCAGGTTGTGACTAACAGGCAAT  AAGTAGTAAACAAC/A
G

SbfI

TGCAGGTTCTGTTCACTGAAGCAGACGCGCGTGTATGGA

2

What is RAD-seq?
(Restriction-site Associated DNA)

22,830 SbfI sites in Stickleback

~ 45,000 RAD-Tags

HiSeq Illumina Lane:	

150 million reads, 96 barcoded individuals



1. Stacks is implemented in C++ with Perl wrappers	


2. Core programs are shared-memory parallelized	


3. Data visualization provided by MySQL / PHP web 
interface

30,000 Lines of C++	

6,500 Lines of PHP	

8,000 Lines of Perl

Dec. 2012 - Dec. 2013
13,254 visitors 
42,084 visits
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Bill	

Cresko

Paul	

Hohenlohe

87 Citations
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TACCACATGACGTTAATCACGTGTGAAAAATCCTTT!
TACCACATGACGTTA!
 ACCACATGACGTTAA!
  CCACATGACGTTAAT!
   CACATGACGTTAATC!
    ACATGACGTTAATCA!
     CATGACGTTAATCAC!
      ATGACGTTAATCACG!
       TGACGTTAATCACGT!
        GACGTTAATCACGTG!
         ACGTTAATCACGTGT!
          CGTTAATCACGTGTG!
           GTTAATCACGTGTGA!
            TTAATCACGTGTGAA!
             TAATCACGTGTGAAA!
              AATCACGTGTGAAAA!
               ATCACGTGTGAAAAA!
                TCACGTGTGAAAAAT!
                 CACGTGTGAAAAATC!
                  ACGTGTGAAAAATCC!
                   CGTGTGAAAAATCCT!
                    GTGTGAAAAATCCTT!
                     TGTGAAAAATCCTTT

TACCACATGACGTTAATCACGTGTGAAAAATCCTTTTACCACATGACGTTAATCACGTGTGAAAAATCCTTT!
TACCACATGACGTTA
TACCACATGACGTTAATCACGTGTGAAAAATCCTTT!
TACCACATGACGTTA!
 ACCACATGACGTTAA

TACCACATGACGTTAATCACGTGTGAAAAATCCTTT!
TACCACATGACGTTA!
 ACCACATGACGTTAA!
  CCACATGACGTTAAT

A string can be k-merized like this:
TACCACATGACGTTAAGCACGTGTGAAAAATCCTTT!
TACCACATGACGTTAATCACGTGTGAAAAATCCTTT!
TACCACATGACGTTA!
 ACCACATGACGTTAA!
  CCACATGACGTTAAT!
   CACATGACGTTAATC!
    ACATGACGTTAATCA!
     CATGACGTTAATCAC!
      ATGACGTTAATCACG!
       TGACGTTAATCACGT!
        GACGTTAATCACGTG!
         ACGTTAATCACGTGT!
          CGTTAATCACGTGTG!
           GTTAATCACGTGTGA!
            TTAATCACGTGTGAA!
             TAATCACGTGTGAAA!
              AATCACGTGTGAAAA!
               ATCACGTGTGAAAAA!
                TCACGTGTGAAAAAT!
                 CACGTGTGAAAAATC!
                  ACGTGTGAAAAATCC!
                   CGTGTGAAAAATCCT!
                    GTGTGAAAAATCCTT!
                     TGTGAAAAATCCTTT

TACCACATGACGTTAAGCACGTGTGAAAAATCCTTT!
TACCACATGACGTTAATCACGTGTGAAAAATCCTTT!
TACCACATGACGTTA!
 ACCACATGACGTTAA!
  CCACATGACGTTAAT!
   CACATGACGTTAATC!
    ACATGACGTTAATCA!
     CATGACGTTAATCAC!
      ATGACGTTAATCACG!
       TGACGTTAATCACGT!
        GACGTTAATCACGTG!
         ACGTTAATCACGTGT!
          CGTTAATCACGTGTG!
           GTTAATCACGTGTGA!
            TTAATCACGTGTGAA!
             TAATCACGTGTGAAA!
              AATCACGTGTGAAAA!
               ATCACGTGTGAAAAA!
                TCACGTGTGAAAAAT!
                 CACGTGTGAAAAATC!
                  ACGTGTGAAAAATCC!
                   CGTGTGAAAAATCCT!
                    GTGTGAAAAATCCTT!
                     TGTGAAAAATCCTTT

Matching stacks using k-mers

1. Replace an n2 algorithm with linear hash 
table lookup	


2. Further reduce the search space:	

1. Given a number of allowed mismatches 

calculate the maximum useful k-mer size	

2. For each sequence: lookup matching    

k-mers and record associated reads	

3. For pairs of sequences with minimum 

number of k-mers, align reads.



TGCAGGTACCCCGTCCCCAGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCAGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCAGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCAGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCAGCGGAGGACCTGTTACC

TGCAGGTACCCCGTCCCCTGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCTGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCTGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCTGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCTGCGGAGGACCTGTTACC

1

0 A

T

1

Building loci using minimum spanning trees 



Building loci using minimum spanning trees 
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TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCGACCAAACGTTTG
Locus 1

Haplotypes: C A

TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCGACCAAACGTTTG
Locus 2

Haplotypes: AC CT

TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCGACCAAACGTTTG
Locus 3

Haplotypes: Consensus

TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCGACCAAACGTTTG
Locus X

Haplotypes: AA GG

...

PARENT1

PARENT2

Homozygote Likelihood

Heterozygote Likelihood
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Differentiating SNPs from error
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Differentiating SNPs from error
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The reads are 14 T and 2 G:	

!

GT  heterozygote?	

GG  homozygote with error?	

AA  homozygote with lots of error?	

!

Needed a rigorous method to call genotypes

Differentiating SNPs from error



Parameters to control stack formation



Parameters to control stack formation, ctd.

-m <min stack depth>



Parameters to control stack formation, ctd.

-M <distance allowed between stacks>



Parameters to control stack formation, ctd.

-N <secondary read distance>



Parameters to control stack formation, ctd.

-n <distance between catalog loci>











Screen

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


• Screen allows you to connect/reconnect from any machine	

• type screen to start a new screen	

• screen -ls lists all screens you have running	

• ctrl-a sends commands to screen instead of the 

terminal	

• ctrl-a ctrl-d disconnects	

• type exit to destroy a screen


