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•  Illumina%sequencing%

throughput%at%GSC%

•  Cost%of%sequencing%
human%genome%

$$%
1,000$
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  Old%paradigm:%

-  long%and%nonJuniform%reads%(800bp%J%1000bp)%
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  Old%paradigm:%

-  long%and%nonJuniform%reads%(800bp%J%1000bp)%

-  overlap;%overlay;%consensus%
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  New%paradigm:%

-  short%and%uniform%reads%(50bp%J%150bp)%
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  New%paradigm:%

-  short%and%uniform%reads%(50bp%J%150bp)%

-  overlap;%overlay;%consensus%
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  New%paradigm:%

-  short%and%uniform%reads%(50bp%J%150bp)%

-  de%Bruijn%graphs%
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  New%paradigm:%

-  long%range%informa6on%through%read%pairs%

-  graph%theore6c%approaches%
11%



IEEE%InfoVis%2009%
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•  SE%Assembly:%

•  PE%Assembly:%

•  Scaffolding:%

kJmer%extension%on%
a%de%Bruijn%graph%

search%for%
unambiguous%
con6g%merging%
along%paths%

search%for%
unambiguous%
linkage%across%
distant%con6gs%
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d=6±5 

d=5±4 

d=26±9 

d=12±5 
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A%par(al%and%unambiguous%readJtoJread%alignment%

!%extends%the%length%of%sequence%informa6on%

•  First%stage%of%an%assembly%algorithm%is%to%find%such%
alignments%

•  Assembly%algorithms%differ%in%the%way%they%find%and%
use%these%alignments%

15%

    TCGATCGATTTTCGGCCTAA$read1$

           ATTTTCGGCCTAATATTAGG$read2$

…GCATCGATCGATTTTCGGCCTAATATTAGGCCGATAATCGACGATC… 



•  Find%two%reads%with%the%largest%overlap%

•  Merge%them%

Pro:%fast%

Con:%prone%to%misassembly%

•  Assumes%largest%overlaps%are%unambiguous%

16%

Repeat until no more 



•  Overlap%
Find%all%pairs%of%sequences%that%overlap%

•  Overlay%(a.k.a.%Layout)%
Remove%redundant%and%weak%overlaps%

•  Consensus%
Merge%pairs%of%sequences%that%overlap%

unambiguously%
Build%a%consensus%sequence%from%all%reads%

overlaid%in%a%region%

17%



•  Naïve%algorithm:%make%all%binary%comparisons%
Untenable%when%too%many%reads%

– O(n2)%%

– RAM%

– CPU%

•  FerraginaJManzini%index%

– Apply%BurrowsJWheeler%transform%

– Small%memory%footprint%

! Build%an%overlap%graph%
18%

ARACHNE 

CAP3 
Celera assembler 

MIRA 
Newbler 

Phred/Phrap 

SGA 



•  Shred%reads%to%a%uniform%length%k#

•  Build%a%special%overlap%graph:%de%Bruijn%Graph%

19%

Euler 

Velvet 
ABySS 

SOAPdenovo 
ALLPATHS 

    TCGATCGATTTTCGGCCTAA$read1:$206mer$

    TCGATCGATTTTCG 

     CGATCGATTTTCGG 
      GATCGATTTTCGGC$

       ATCGATTTTCGGCC 

        TCGATTTTCGGCCT 
         CGATTTTCGGCCTA 

          GATTTTCGGCCTAA 

           ATTTTCGGCCTAATATTAGG$read2$:$206mer$

           ATTTTCGGCCTAAT 

            TTTTCGGCCTAATA 

             TTTCGGCCTAATAT 

              TTCGGCCTAATATT 

               TCGGCCTAATATTA 

                CGGCCTAATATTAG 

                 GGCCTAATATTAGG 

…GCATCGATCGATTTTCGGCCTAATATTAGGCCGATAATCGACGATC… 

seven$146mers 

seven$146mers 



•  Load%kJmers%in%memory%

– 2x4%possible%extension%of%every%kJmer%

•  Check%if%there%is%a%“next”%kJmer%

– O(n)%algorithm%

20%

…GACATTGC…$seq1$

…GACATTAT… seq2$

GACAT ACATT 

ATTAT CATTA 

CATTG ATTGC 

… 

… 

… 

k = 5 



•  Human%genome%has%over%2%billion%unique%kJmers%

•  If%we%represent%every%k$mer%using,%say%50%bytes%
! we%require%over%100%GB%RAM%%

%just%to%represent%kJmers%

Solu6on%#1:%Clustering%reads%

Solu6on%#2:%Distributed%compu6ng%

21%

Curtain (w/ Velvet) 

Phusion (w/ Phrap) 

ABySS 
SOAPdenovo 

ALLPATH-LG 



n-mer read 

TTGCATCGATCGATTTATCGGCCCTAATCTATTACC 

k-mers    node 

TTGCATCGATCGATTTATCGGCCCTA   94 

TGCATCGATCGATTTATCGGCCCTAA  149 

GCATCGATCGATTTATCGGCCCTAAT   40 

CATCGATCGATTTATCGGCCCTAATC   19 

ATCGATCGATTTATCGGCCCTAATCT   27 

TCGATCGATTTATCGGCCCTAATCTA    0 

CGATCGATTTATCGGCCCTAATCTAT   87 

GATCGATTTATCGGCCCTAATCTATT  145 

ATCGATTTATCGGCCCTAATCTATTA  128 

TCGATTTATCGGCCCTAATCTATTAC   84 

CGATTTATCGGCCCTAATCTATTACC  106 

Read%length%n = 36 

Hash%key%length k = 26 

GCATCGATCGATTTATCGGCCCTAAT 
1001001101100011011000111111001101101001010111000011 

XOR 

ATTAGGGCCGATAAATCGATCGATGC 
0011110010101001011000110000001101100011011000111001 

|| 

1010111111001010000000001111110000001010001111111010 

  modulo 160 

40 

Distribute sub-reads and reverse-complements over nodes 

22%



•  A%given%kJmer%can%have%
up%to%8%extensions%

•  Each%node%announces%%
the%list%of%kJmers%that%%

it%has%to%the%nodes%that%%
hold%their%possible%%

extensions%

•  Each%node%records%if%%

there%are%any%%
extensions%of%the%kJmers%%

that%it%stores%

•  This%forms%adjacency%informa6on%for%kJmers%over%a%distributed%%

de%Bruijn%graph%

-----------C 

-----------C 

-----------C 

-----------C 

-----------C -----------A 

-----------A 

-----------A 

-----------T 

-----------T 

-----------T 

-----------G 

-----------G -----------T 

   node i-1                     node i                  node i+1 
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•  Data%would%have%%
experimental%noise%

•  de%Bruijn%graph%%
would%have%false%%

branches%

•  Some%read%errors%are%%

filtered%by%removing%%
such%branches%

•  Trimming%prevents%the%%
later%assembly%step%to%%

come%to%a%premature%end%%
because%of%read%errors%

24%



•  Repeat%read%errors%and%single%%
nucleo6de%allelic%differences%%
would%cause%“bubbles”%of%%
length%2k-1 

•  Bubbles%are%popped%by%removing%%
either%of%those%branches%

•  Complex%bubbles%can%form%when%%
mul6ple%bubbles%intersect%%

–  Bubble%popping%step%either%%
reduces%the%bubble%orders%by%one%

–  Or%creates%dead%branches%

•  Popped%bubbles%are%recorded%in%a%%
log%file%to%study%poten6al%allelic%%
differences%

25%



•  Remaining%de%Bruijn%%
graph%is%analyzed%for%%

con6g%extension%%
ambigui6es%

•  If%there%is%a%mul6plicity%%
in%the%inbound%or%%

outbound%con6g%%
extensions,%then%%
con6g%growth%is%%

terminated%

•  SET%assembly%step%then%%

concatenates%the%remaining%connected%nodes%in%the%diJgraph,%
crea6ng%independent%con6gs%that%overlap%by%no%more%than%k-1%

bases%
26%



•  Amer%SET%assembly,%
reads%are%aligned%to%

con6gs%

•  Using%reads%that%hit%

the%same%con6g,%
empirical%fragment%size%

distribu6on(s)%is%(are)%
calculated%

•  Using%reads%that%hit%

mul6ple%con6gs,%

interJcon6g%distances%are%inferred%with%a%maximum%likelihood%
es6mator%

•  Con6gs%with%coherent%and%unambiguous%distances%are%joined%

27%



•  SET%assembly%result%as%a%graph%

– Nodes:%con6gs%

– Edges:%overlaps%(k$1%bp)%

28%

GACAT ACATT 

ATTAT CATTA 

CATTG ATTGC 

… 

… 

… 

k = 5 

ca 

cb 

cc 

ca 

cc 

cb 

CATT 



•  SET%assembly%result%as%a%graph%

– Nodes:%overlaps%(k$1%bp)%

– Edges:%con6gs%

29%

ca 

cc 

cb 

CATT 

CATT 

ca 

cb 

cc 

CATT ca 

cb 

cc = 
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IEEE%InfoVis%2009%

1 oscillation = 100 bp 
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Blue gradient: SET contig path in PET assembly 

Orange: selected SET contig 
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•  The%N50%is%the%
weighted%median%of%

con6g%sizes%

•  The%N50%summarizes%
a%single%point%on%the%

Nxx%plot%

•  Bener%assemblies%are%
further%to%the%right%

36%



•  Counts%the%number%
of%occurrences%of%

each%kJmer%

•  Useful%for%%

– es6ma6ng%the%

genome%size%

– measuring%mean%

coverage%

–  library%quality%control%

37%
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•  SET%con6g%building:%de%Bruijn%%

–  kJmer%overlap%informa6on#

•  SET%error%removal:%adjacency%

•  PET%con6g%merging:%adjacency%&%linkage%

–  PET%alignments%

•  PET/MPET%scaffolding:%adjacency%&%linkage%

–  PET/MPET%alignments%

•  Gap%closure%and%con6g%extensions:%read%overlap%

–  PET%alignments%

41%



1.%%Erode%lowJcoverage%6ps%
Je,%JJerode=COVERAGE%

%%%%%%%%%%%erode%bases%at%the%ends%of%blunt%con6gs%with%coverage%less%than%this%threshold%

JE,%JJerodeJstrand=COVERAGE%

%%%%%%%%%%%erode%bases%at%the%ends%of%blunt%con6gs%with%coverage%less%than%this%threshold%on%
either%strand%
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2.%%Trim%6ps%
Jt,%JJtrimJlength=TRIM_LENGTH%

%%%%%%%%%maximum%length%of%dangling%edges%to%trim%
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3.%%Remove%low%coverage%con6gs%
Jc,%JJcoverage=COVERAGE%

%%%%%%%%%%remove%con6gs%with%mean%kJmer%coverage%less%than%this%threshold%

44%



4.%%Pop%bubbles%
Jb,%JJbubbles=N%

%%%%%%%%%%pop%bubbles%shorter%than%N%bp%(default:%3*k)%

Jb0,%JJnoJbubbles%

%%%%%%%%%%do%not%pop%bubbles%
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1.%%Resolve%forks%
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2.%%Trim%6ps%
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3.%%Remove%repeats%
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4.%%Remove%transi6ve%edges%
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5.%%Trim%6ps%
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6.%%Pop%bubbles%
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7.%%Remove%weak%edges%

52%
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  Assemble%the%pairedJend%reads%in%the%file%
reads.fa%

> abyss-pe name=ecoli k=32 n=10 

in=reads.fa 

  Assemble%the%pairedJend%reads%in%the%files%
reads_1.fa%and%reads_2.fa:%

> abyss-pe name=ecoli k=32 n=10  

in='reads_1.fa reads_2.fa' 



54%

  Run%ABySS%using%eight%threads%

> abyss-pe np=8 name=ecoli k=32 

n=10 in='reads_1.fa reads_2.fa' 

  ABySS%uses%MPI,%the%Message%Passing%
Interface.%OpenMPI%is%an%openJsource%

implementa6on%of%MPI%
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  Run%ABySS%on%a%cluster%using%8%threads%

> qsub -pe openmpi 8 -N ecoli 

abyss-pe np=8 name=ecoli k=32 n=10 

in='reads_1.fa reads_2.fa' 

  abyssJpe%uses%the%environment%variables%
JOB_NAME%and%NSLOTS%passed%to%it%by%SGE%as%
the%default%values%for%name%and%np#



56%

  Assemble%every%8th%k%from%32%to%96%

> qsub -pe openmpi 8 -N ecoli  

-t 32-96:8 abyss-pe k=32 n=10 

in='reads_1.fa reads_2.fa' 

  abyssJpe%uses%the%environment%variable%
SGE_TASK_ID%passed%to%it%by%SGE%as%the%
default%value%for%k#



57%

> abyss-pe name=ecoli 

 k=32 n=10 

 lib='pe200 pe500' 

 pe200='pe200_1.fa pe200_2.fa' 

 pe500='pe500_1.fa pe500_2.fa' 
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> abyss-pe name=ecoli 

 k=32 n=10 

 lib='pe200 pe500' 

 pe200='pe200_1.fa pe200_2.fa' 

 pe500='pe500_1.fa pe500_2.fa' 

 se='long.fa' 
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  name:%name%of%the%assembly%

  lib:%name%of%the%libraries%(one%or%more)%

  se:%paths%of%the%singleJend%read%files%

  ${lib}:%paths%of%the%read%files%for%that%library%

  Example%
> abyss-pe name=ecoli k=32 n=10 

 lib='pe200 pe500' 

 pe200='pe200_1.fa pe200_2.fa' 

 pe500='pe500_1.fa pe500_2.fa' 

 se='long.fa' 
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  k:%the%size%of%a%kJmer%

  q:%quality%trimming%removes%lowJquality%bases%
from%the%ends%of%reads%

  e%and%c:%coverageJthreshold%parameters%

  e:%erosion%removes%bases%from%the%ends%of%con6gs%

  c:%coverage%threshold%removes%en6re%con6gs%

  p:%the%minimum%iden6ty%for%bubble%popping%
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  s:%the%minimum%size%of%a%seed%con6g%

  n:%the%number%of%pairs%required%to%join%two%
con6gs%

  Example%
> abyss-pe name=ecoli 

 k=64 q=3 p=0.9 s=100 n=10 

 lib='pe200 pe500' 

 pe200='pe200_1.fa pe200_2.fa' 

 pe500='pe500_1.fa pe500_2.fa' 

 se='long.fa' 
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  Assemble%every%8th%k%from%32%to%96%
Nine%assemblies:%32%40%48%56%64%72%80%88%96%

  Find%the%peak%

  Assemble%every%2nd%k%around%the%peak%
For%example,%if%the%peak%were%at%k=64...%
Eight%assemblies:%56%58%60%62%66%68%70%72%

  SGE:%
> qsub -t 32-96:8 qsub-abyss.sh 

> qsub -t 56-72:2 qsub-abyss.sh 
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  ${name}Jcon(gs.fa%
The%final%con6gs%in%FASTA%format%

  ${name}Jbubbles.fa%
The%equalJlength%variant%sequences%(FASTA)%

  ${name}Jindel.fa%
The%differentJlength%variant%sequences%

(FASTA)%

  ${name}Jcon(gs.dot%
The%con6g%overlap%graph%in%Graphviz%format%



64%

  .adj:%con6g%overlap%graph%in%ABySS%adj%format%

  .dist:%es6mates%of%the%distance%between%
con6gs%in%ABySS%dist%format%

  .path:%lists%of%con6gs%to%be%merged%

  .hist:%fragmentJsize%histogram%of%a%library%

  coverage.hist:%kJmer%coverage%histogram%
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Assembly%sta6s6cs%

con(gs$ scaffolds$

n% 1,128,463% 1,103,221%

n:500bp% 33,591% 11,657%

n:N50% 4,324% 82%

N50%(bp)% 11,220% 541,443%

Max%(bp)% 276,135% 3,583,207%

Reconstruc6on%(Gb)% 201.9% 200.4%

66%



•  ABySS%v1.2.7%

–  PET/MPET%informa6on%disambiguates%short%con6g%
extensions%

1% 2% 3% 4% 5% 6+%
1% 15822% 7354% 1882% 530% 109% 1%

2% 7354% 9814% 1817% 456% 72% 3%

3% 1882% 1817% 1074% 238% 31% 1%

4% 530% 456% 238% 126% 13% 1%

5% 109% 72% 31% 13% 10% 0%

6+% 1% 3% 1% 1% 0% 0%

Node connectivity* 

out 
in 

* For contigs ≥ 2 kb 
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•  Con6g%4%is%(eventually)%followed%by%Con6g%7%

68%







β#

circularized insert 

71%
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Challenge:%
A B 

A B 

Which 

one? 

Informa6on:%

•  Distances%from%con6g%ends%

•  Base%mismatches%on%read%ends%

•  Inferred%con6g%orienta6ons%
73%



Read 1 Read 2 

MPETJlike%

PETJlike%

MPETJlike%
PETJlike%

MPETJlike%

PETJlike%

|x xx 
β#

|x xxx 
β#

x x| 

x xxx| 
β#

β#

| 
β#

| 
β#
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•  Scrubbing%“homozygous”%varia6ons%

www.bcgsc.ca 

Indel SNPs 

(19,715) (2,935) 

76%



•  Local%direc6onal%assembly%

– scaffold%gap%filling%

– extension%

(10,499 of 63,986) 

(20,213 of 53,487) 

77%



Alignment%of%81,047,980%reads%

Gene%alignments%

78%

Before$Anchor$ AGer$Anchor$ Change$

Mapped% 65,624,456%
(80.97%)%

66,949,341%
(82.60%)%

+%1,324,885%

Paired% 43,207,118%
(53.31%)%

44,732,320%
(55.19%)%

+%1,525,202%

SingleJend% 9,536,178%
(11.77%)%

8,846,977%
(10.92%)%

J689,201%

2,180$ESTs$ 248$Conserved$Genes$

Complete$ Par(al$ Complete$ Par(al$

Con6gs% 968% 1169% 212% 18%

Scaffolds% 1,481% 619% 228% 5%



•  ABySS%v1.2.7%

– Read%pairs%and%inferred%distances%allow%for%
scaffolding%

79%

con(gs$ scaffolds$

n% 1,128,463% 1,103,221%

n:500bp% 33,591% 11,657%

n:N50% 4,324% 82%

N50%(bp)% 11,220% 541,443%

Max%(bp)% 276,135% 3,583,207%

Reconstruc6on%(Gb)% 201.9% 200.4%



Date$ ABySS$

Version$

Data$ n:500$ N50$ Max$ Sum$

August$2009$ 1.0.11% 3x%GAiix% 81,431% 1,526% 20,755% 107.3e6%

November$2009$ 1.0.15% +2x%GAiix% 104,958% 2,333% 55,845% 195.8e6%

February$2010$ 1.1.1% +4x%GAiix% 157,081% 2,790% 136,637% 346.3e6%

July$2010$ 1.2.0% +2x%GAiix% 146,313% 3,354% 129,008% 376.2e6%

November$2010$ 1.2.4% +1x%GAiix%

+1x%GAiix%
(MPET)%

100,690% 4,474% 294,323% 268.8e6%

May$2011$ 1.2.7% JJ% 18,660% 108,158% 1,908,773% 201.4e6%

July$2011$ 1.2.7% +%1x%HiSeq%

+1x%HiSeq%
(MPET)%

11,657% 541,443% 3,583,207% 200.4e6%

August$2011$ 1.2.7% JJ% 11,523% 561,847% 3,746,698% 206.5e6%
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•  Clean%up%the%chaff%

–  Place%short%con6gs%on%Anchored%scaffolds%

–  Annotate%repeat%elements%

•  Further%scaffold%

–  An%itera6ve%process%

–  Challenge:%What%is%repeat%&%what%is%allelic%varia6on%

•  “Finish”%assembly%

–  Amplicon%sequencing%

–  Long%reads%(eg.%PacBio)%

–  LongJrange%spa6al%informa6on%(eg.%transcriptome)%

•  Annotate%assembly%
81%
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•  RNAJseq%protocol%

•  Brings%informa6on%on%
how%a%genome%“acts”%

– Expression%levels%

•  Allelic%expression%

– Present%isoforms%

– Gene%fusions%

– Other%transcrip6onal%events%

– PostJtranscrip6onal%RNA%edi6ng% Rodrigo Goya 

83%



Transcript models 

Transcriptome%assembly%is%

different%from%genome%
assembly%

–  varying%coverage%levels%
⇒%varying%expression%levels%

–  split%assembly%paths%

⇒%isoforms/splice%variants%

–  small%con6g%sizes%
⇒%small%product%sizes%%

84%
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•  Selec6on%of%parameter%k%depends%on%read%coverage%

depth%

•  Expression%levels%vary%over%5%orders%of%magnitude%

86%
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88%

buried%

parent%

untouched%



We%capture%a%wide%range%of%expression%levels%

•  Gray:%all%transcripts%with%a%read%alignment%

•  Blue:%at%least%80%%of%a%transcript%in%a%single%con6g%

•  Red:%at%least%80%%of%a%transcript%is%reconstructed%

89%



A%versa6le%tool%for%

•  Transcript%reconstruc6on%

•  Gene%iden6fica6on%

•  InDel%and%SNV%discovery%

•  Chimeric%transcript%
discovery%

– Gene%fusions%

– TransJsplicing%

•  Expression%analysis%
90%



TransJABySS%

Cufflinks%0.8.3%

Scripture%

91%

De#novo%assembly%

based%on%ABySS%

ReferenceJbased%
assembly%based%on%

TopHat%alignments%
[Trapnell%et%al.,%2010;%
%Gunman%et%al.,%2010;%

%Trapnell%et%al.,%2009]%



92%
+%chimeric%transcripts%



•  Conven6onally%detected%
through%iden6fying%
transloca6ons%in%genomes%

•  Assembled%transcriptome%
con6gs%span%mul6ple%
genes%

•  Break%points%(usually)%
correspond%to%exon%
boundaries%

•  Break%points%are%
supported%by%
–  Spanning%reads%
–  Read%pairs%linking%regions%%

1$ 2$

4$ 5$ 6$

93% Lucas%Swanson,%Readman%Chiu%and%Gordon%Robertson%



•  One%or%more%exons%get%
repeated%in%their%en6rety%

•  Usually%coexist%with%the%
wildJtype%

•  PTD%events%are%manifested%
in%a%par6cular%con6g%type%
–  A%short%con6g%with%50/50%
split%alignment%

•  Break%points%are%supported%
by%
–  Spanning%reads%
–  Read%pairs%in%opposite%
orienta6on%

2$ 3$

94% Lucas%Swanson,%Readman%Chiu%and%Gordon%Robertson%



•  Tandem%duplica6ons%
internal%to%exons%

•  Con6g%alignments%result%
in%

–  Query%gaps%

–  Con6guous%target%blocks%

•  Read%support%on%break%
point(s)%

•  Aberrant%read%pair%
distances%

2$2’$

2’$

2$

95% Lucas%Swanson,%Readman%Chiu%and%Gordon%Robertson%



•  Compared%to%mappingJbased%analysis%tools%%
TransJABySS%constructs%%

–  as%many%transcripts%

–  with%bener%sensi6vity%and%specificity%

96% [Trapnell et al., 2010;  Guttman et al., 2010; Trapnell et al., 2009] 
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  Global%

  Local%

  Glocal%
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  BaseJbyJbase%alignment%of%one%sequence%to%another%

allowing%for%both%mismatches%and%gaps%

  Example: 

AGAGTGCTGCCGCC  

AGATGTACTGCGCC  

  Alignment:%
AGA-GTGCTGCCGCC %

||| || |||| ||| 

AGATGTACTGC-GCC 

  12%matches%of%15%bp%=%80%%iden6ty%
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  Given%two%sequences,%find%a%matching%substring%from%

each%of%those%two%sequences%

  Example:%

AGATGTGCTGCCGCC  

TTTGTACTGAAA  

AGATGTGCTGCCGCC 

   ||| ||| 

 TTTGTACTGAAA 

  6%matches%of%7%bp%=%86%%iden6ty%
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  Given%a%query%sequence%and%a%reference%sequence,%

iden6fy%a%substring%of%the%reference%sequence%that%
matches%the%en6rety%of%the%query%sequence%

  %Example:%
Reference:%AGATGTGCTGCCGCCACGT 

Query:%TTTGTACTGAAA 
ACGTAGATGTGCTGCCGCCACGT 

       ||| ||| 

     TTTGTACTGAAA 

  6%matches%of%12%bp%=%50%%iden6ty%
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  Global,%local%or%glocal%alignment%

  Aligning%short%sequences%to%long%sequences%

  Aligning%long%sequences%to%long%sequences%

  Handling%small%gaps%(inser6ons%and%dele6ons)%

  Handling%large%gaps%(introns)%

  Handling%split%alignments%(chimera)%

  Speed%and%ease%of%use%

103%



Short%reads%

  BWA%

  GSNAP%

  Bow6e%

  TopHat%

  SOAP%

Long%sequence%

  BWAJSW%

  GMAP%

  BLAT%

  BLAST%

  Exonerate%

  MUMmer%
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  For%large%sequences,%an%exhaus6ve%alignment%
is%very%slow%

  Many%aligners%start%by%finding%perfect%or%near%
perfect%matches%to%seeds%

  The%seeding%strategy%has%a%large%effect%on%the%
sensi6vity%of%the%aligner%

  e.g.%BLAT%requires%two%perfect%nearby%11Jmer%
matches%
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Hashing%

•  Load%a%representa6on%
of%all%the%reads%and/or%

the%reference%into%
memory%

–  GSNAP%

–  SOAP%

–  mr/mrsFAST%

–  KAligner%

BurrowsJWheeler%

Transforma6on%
(FerraginaJManzini,%

indexing)%

•  Compress%reads%and/or%

the%reference%before%
loading%

–  BWA%

–  Bow6e%

–  AbyssJmap%
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TGCATCTCGATTACGGCCCT 

ATCAACATCGTCATTTACCT 

GCTCATTATCCATACATCTA 

CGATATGGCCAATCTATTAC 

107%

Hashing 

Function 

…
 

…
 

…
 

…
 

01 

02 

03 
04 

…
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TGCACT$ 

GCACT$T 

CACT$TG 

ACT$TGC 

CT$TGCA 

T$TGCAC 

$TGCACT 

$TGCACT 

ACT$TGC 

CACT$TG 

CT$TGCA 

GCACT$T 

T$TGCAC 

TGCACT$ 

T 

C 

G 

A 

T 

C 

$ 

Rotate Sort Index 
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T 

C 

G 

A 

T 

C 

$ 

Index 

prepend 

sort 

iterate 

$ T 

A C 

C A 

C T 

G C 

T $ 

T G 

$ T G 

A C T 

C A C 

C T $ 

G C A 

T $ T 

T G C 

$ T G C 

A C T $ 

C A C T 

C T $ T 

G C A C 

T $ T G 

T G C A 

$ T G C A 

A C T $ T 

C A C T $ 

C T $ T G 

G C A C T 

T $ T G C 

T G C A C 

$ T G C A C 

A C T $ T G 

C A C T $ T 

C T $ T G C 

G C A C T $ 

T $ T G C A 

T G C A C T 

$ T G C A C T 

A C T $ T G C 

C A C T $ T G 

C T $ T G C A 

G C A C T $ T 

T $ T G C A C 

T G C A C T $ 

round  round 1 

round 2 round 3 

round 4 

round 5 

round 6 
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www.bcgsc.ca%J>%somware%

%ABySS,%%
TransJABySS,%%

ABySSJExplorer,%

Anchor%

ABySS%and%TransJABySS%Google%Groups%

ibirol@bcgsc.ca%

sjackman@bcgsc.ca%%
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ABySS%Team:%
Shaun%Jackman%
Tony%Raymond%
Rod%Docking%

Cydney%Nielsen%

Beetle%Project:%
Joerg%Bohlmann%
Chris%Keeling%

TransJABySS%Team:%
Readman%Chiu%
Karen%Mungall%
Gordon%Robertson%
Ka%Ming%Nip%
Jenny%Qian%
Rong%She%
Lucas%Swanson%

Nancy%Liao%
Greg%Taylor%
Simon%Chan%
Diana%Palmquist%

GSC:%
Sequencing%Team%
Library%Core%

Steven%Jones%
Marco%Marra%


