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Genotyping from short reads using cloud computing UNIVERSITY

Table of Contents

Version 1.2.0

What is Crossbow?

A word of caution

Crossbow modes and prerequisites
Preparing to run on Amazon Elastic
MapReduce

Installing Amazon's elastic-
mapreduce tool

S3 tools

Site Map

Home

Web interface

News archive

Getting Started

Manual

Frequently Asked Questions

Latest Release

Crossbow 1.2.1 5/30/13

Please cite: Langmead B, Schatz MC, Lin J, Pop M, Salzberg
SL. Searching for SNPs with cloud computing. Genome Biol
10:R134.
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GATK (Genome Analysis Toolkit)

avaN— A CTENMET HMapreduceD 7L — AT —
ZRUANT BTG FZEBRAY N0 T

[ Intro to the GATK

€« C' [ www.broadinstitute.org/gatk/about/index ok

About Introduction to the GATK

Citing the GATK

GATK in print Using the Typical High Getting Licensing &

User stories GATK Workflows Performance Help Source Code
Who we are

What is the GATK?

Simply wha

the can: a Toolkit for Genome An

Say you have ten exomes and you want to identify the rare mutations they all have in common - the GATK can do that. Or you need to know which
mutations are specific to a group of patients, as opposed to a healthy cohort — the GATK can do that too. In fact, the GATK is the industry standard
for such analyses.

But wait, there's more!

Because of the way it is built, the GATK is highly generic and can be

applied to all kinds of datasets and genome analysis problems. It can

be used for discovery as well as for validation. It's just as happy

handling exomes as whole genomes. It can use data generated with a

variety of different sequencing technologies. And although it was

originally developed for human genetics, the GATK has evolved to

handle genome data from any organism, with any level of ploidy. Your

plant has six copies of each chromosome? Bring it on. /l

The GATK can handle a variety of organism genomes in addition to
humans.

So what's in the can?
At the heart of the GATK is an industrial-strength infrastructure and

y engine that handle data access, conversion and traversal, as well as
\ ) high-performance computing features. On top of that lives a rich
\! ’ ecosystem of specialized tools, called *walkers®, that you can use out
[ ' l] of the box, individually or chained into scripted workflows, to perform

anything from simple data ics to complex “reads-t ults”
analyses.
The toolkit provides a wide set of tools that can be chained into Some typical workflows are detailed on the next page of this section.
workflows, taking advantage of the common architecture and Please see the Technical Documentation section for a complete list of

powerful engine. tools and their capabilities.

High Performance
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Cold Spring Harbor Laboratory Press

The Genome Analysis Toolkit: A MapReduce framework for analyzing next-
generation DNA sequencing data

Aaron McKenna, Matthew Hanna, [...], and Mark A. DePristo

Additional article information
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1. 44TFEEEDEBIEFDRIVFTILTSA AT —3%FER,

2. MIFEFEDEGCFOHEEHZHE . MEED/N\FI—2F 5 R,
AMTFBFEDBEILFDOBADETHDEIEFEREEE DAY, 1656133808 T
HHOT=-DT. FEIZINT., B EDHEIL DR Z1TE -, M4TEDEIEFD
BA-YUDMEE (X, 6.109568e+99THY . CNFRETT HEIFIRE(Z(TEE,

3. 1656133808M M 5. —HREL BT HKE, 2L T HELFDHEEET-
TILFTINT AV ANEER (T —FAS YT %),

4, DIRRHZEERL ., DR/ ANZ—2F i . ZAEICLHEEICKY D IR ZE
YER (IR TRRAXMLZE A )

5, FR/NF—Z KL T, B b D IREZERL .
DIERERICHLESEDEELFERE L,



EhEfER
A4TEDECFHI SERDEYDEL T ZERT SHEHE T
DETE (with S-PLUS/R)

> choose(447,1) # 447{EDELFH 5 18T F = ER
[1] 447

> choose(447,1)+choose(447,2) # 21816 T % E1R

[1] 100128

> choose(447,1)+choose(447,2)+choose(447,3)

[1] 14886143 # 3BT = EIR
>choose(447,1)+choose(447,2)+choose(447,3)+
choose(447,4) # 48T = EIR

[1] 1656133808 <- S[EF C N TIRIE(ZZH T 2 ELTZFR<)
>choose(447,1)+choose(447,2)+choose(447,3)+.....+
choose(447,447) # AATEICF 2 E IR

[1] 6.109568e+99




KIEHER
HEEHINTERT BT-DDPerlDRY') Tk

#!/usr/local/bin/perl
use strict;

use warnings;

our $number = 447;
our $test flag = 0;

el f— ~
reflex(”, 1, $number) if $test flag; 4471@ @E'TK% 75\ o)
for(my $rest = 1; $rest <= $number; $rest++){ 41 EE "Z\'\ jd": \lEEE_j:R-g— %

reflex(”’, 1, $rest);

} 16561338081 D

sub reflex{ s\
my($computed, $start, $rest) = @ ; I%E.éi\_@-_ §&7}-U %—: Eé

if($rest == 1){
for(my $i = $start; $i <= $number; $i++){
print “$computed$i¥n”;

}

return;
lelsef
$rest—;
my $end = $number — $rest;
for(my $i = $start; $i <= $end; $i++){
reflex(”$computed$i,”, $i + 1, $rest);
}
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1. S-PLUS/RZRWLT—4REL B (runifOZ F 4£)

run1 <- round(runif(100000, min = 1, max = 1656133808)) # 105 {EMDE.HEHFK 4

2, BELEISH ST S & #SIEER

FES AL
81571247
365913044
1023396239
644416555
691641727
1268663549
982640498
670232037
516837044
938086069

ELEUC KIS T 285
5,121,150,372
27,29,176,229
95,160,302,413

51,199,232,430
> 56,126,142,201
135,342,359,446

89,303,405,437
54,98,149,213

39,234,259,417
84,108,135,403

3. MTEADS>EE RIS T D EEFERE. RYDIT RTODELFFEHFIE-
TILVFTINTSADANT7AIVEVER



EfER:
RAXML DEITIZKH R I

y

D ERL

# IILFITILTSA AT —RDfasta R T7AILHS phylip KX T7AILA~DZE

/usr/local/EMBOSS-6.4.0/bin/seqret fasta::1.fasta phylip::1r.phy

# IR B YERCY TRRAXMLD =T

/usr/local/packages/RAxML/RAxML-7.2.8—ALPHA/raxmIHPC-PTHREADS —f a —x 12345
—p 12345 —# 20 -m GTRGAMMA -s 1.phy —n 1phy.out -T 16

# RAXML O HEEMNSLLTONATURIZEY ., MEORELGEERMYEY.
PERDERIL/ NI— 2L

less RAXML _bestTree.200.0out | tr —d [0-9] [ tr—=d ™" | tr=d ".” | tr =d ”.”
> RAXML _bestTree.200SUMMARY .out



ikt .
RAXML O DGR IR K /N\NF— |2 #E

# RAXML OHEAEBRMOUTDIARURIZERY, BIEVCRESLEZMYEY, DIRRK/N\Z—VITE#

” 77

less RAXML bestTree.out | tr —d [0-9] | tr -d ™

7 77

tr -d .

tr -d ;7 > RAXML_bestTreeSUMMARY .out

==> RAxML bestTree.out <== # RAxML D H#5E
(((x:0.00531404813722460411,b:0.00582680929801783314):0.02597126625043840939,(m:
0.03645324955994154459,((i:0.02130122160079299734,:0.03144790765745542060):0.00424151281867054565
,u:0.02948686769656536782):0.02040360046940021752):0.01521774994899611003):0.00840806219060770237,
((((z:0.34344767189954156228,(1:0.14262613954560879326,1:0.09611024306570406517):
0.12482727188754781655):0.17738679389459199864,(((q:0.09220903636333667441,c:0.07849740402964605623):
0.02162213710044687265,(((((e:0.02209622018870339294 k:0.02893283119099681472):0.00897154535047478552,
p:0.08526167426794276083):0.01393193949473354662,(f:0.01318356630444799359,(n:0.01952490523202302791,
&:0.01693127308779425119):0.00813604928815400003):0.07817988855466992404):0.02263432315084732208(r:
0.04590445767519640841,h:0.04637315388999797144):0.03865318679664145329):0.00789191373814705256,(v:
0.03284611917996409919,d:0.02250210568318532570):0.17923032798411692168):0.01001049487098192720):
0.10325734189742048763,(y:0.20086249354886381857,(j:0.18321752975378832740,#:0.20967985390326032702):
0.12992858329809614526):0.01880523845322217696):0.03857414591748902638):0.06620101031901222399 (o:
0.03854648520093560682,5:0.03552704927452698946):0.12706855170728659221):0.05630830036902149949 w:
0.13933629626394547496):0.07157780409461377003,a:0.03782021720159066402):0.0:

==> RAXML bestTreeSUMMARY.out <== # Z SN -FEZHE D IEE/\2—>
(((x,b),(m,(G,g),u))),((((z,(£,1),((a,e),(((((e,k),p),F.(n,&N,(r,h)),(v,d)).(y,(.#)),(0,8)).w),a)



118]: (((x,b),(m
ERD R

LR IREHK D ST,

73 Iz

REfER:

INF—2 DEE

PMEINY —> DEEEZ 58T 5 I & THEIE(L
UITFDOKSIC, E£1720[E0OHTHENTD SO E
1918]: (((x,b),(m,((i,9),u))),((((z,(t.1).(((a,c).(((((e,k),p),(f,(n,&))),(r,h)),(v,d))).(y,(,#)))).(0,8)),w),a)

((1,9),u))), ((((z,(t,1)),(((a,¢),((v.d),((((e,k),p),(f,(n,&))),(r,0)))).(y,(:#)))).(0,8)),w),a)
(fefeU. CORBETIE. BRWEICED AL, | o )

Ffc. 189, 203. 337. 393MIEEVERKIC ﬁ<75bTMé;t#ﬁEéhto

1 5

2 27
3 95
4 51
5 56
6 135
7 89
8 54
9 39
10 84
11 107
12 132
13 20
14 23
17 20
18 6

20 56
21 220
22 189
23 149

121
29
160
199
126
342
303
98
234
108
277
379
223
96
243
219
181
247
203
251

anr

150
176
302
232
142
359
405
149
259
135
308
399
367
240
277
248
237
327
337
300

N7

372
229
413
430
201
446
437
213
417
403
420
432
414
421
295
317
313
390
393
316

AO A

xaaN1
xaaN2
xaaN3
xaaN4
xaaN5
xaaN6
xaaN7
xaaN8
xaaN9
xaaN10
xaaN11
xaaN12
xaaN13
xaaN14
xaaN17
xaaN18
xaaN20
xaaN21
xaaN22
xaaN23

_éLMD-ﬁﬁ#ﬂxﬁﬁTQJﬁhfﬁnﬁﬁTAme$HMmeTmepmmm

(((x,b),(m,((1,),))).((((z.(t.1).(((a,c).(((((&,K),p).(F,(n,&))),(r;N)),(v.d))).(y.(:#)))).(0.S)),W),a)
(((x,0),(m,((1,9),u))).((((.(t.h).(((q.c).(((((&.K),p).(f.(n,&))),(r.h)),(v.d))). (¥, (:#)))).(0.S)). W), a)
(((x,b),(m,((1,9),u))).((((z.(t.1).(((a.c).(((((&,K),p).(F,(n,&))),(r;h)),(v.d))).(y.(:#)))).(0.S)),W) &)
(((x,0),(m,((1,9),u))).((((.(t.)).(((q.c).(((((&.K),p).(f.(n,&))),(r.h)),(v,d))). (¥, (:#)))).(0.S)). W), a)
((0b),(M,((1,9),u))). (2, (E),(((@,0).(((((&,K),p). (1, (n.&))).(r,)). &,0)), (v, ( #))).(0,5)). W) 2)
(((x,0),(m,((1,9),u))).((((.(t.)).(((q.c).(((((&.K),p).(f.(n,&))).(r.h)),(v.d))). (¥, (:#)))).(0.S)). W), a)
(((x,b),(m,((1,9),u))).((((z.(t.1).(((a.c).(((((&.K),p).(F,(n,&))),(r;h)),(v.d))).(y.(:#)))).(0.S)),W),a)
(((x,b),(m,((1,9),u))).((((z,(t.1)).(((a,c).(((((&,K),p).(F,(n,&))),(r;N)),(v,d))).(y,(:#)))),(0,S)),W),a)
(((x,b),(m,((1,),u))).((((z.(t.1).(((a.c).(((((&.K),p).(F,(n,&))),(r;h)),(v.d))).(y.(:#)))).(0.S)).W) &)
(((x,b),(m,((1,9),u))).((((z.(t.1).(((a,c).(((((&,K),p).(F,(n,&))),(r;N)),(v,d))).(y,(:#)))).(0.S)),W),a)
(((x,b),(m,((1,9),))).((((z.(t.1).(((a.c).(((((&.K).p).(F,(n,&))),(r;h)),(v.d))).(y.(:#)))).(0.5)).W) &)
(((x,b),(m,((1,9),u))).((((z.(t.1).(((a,c).(((((&,K),p).(F,(n,&))),(r;N)),(v,d))).(¥.(:#)))).(0,S)),W),a)
(((x,b),(m,((1,9),u))).((((z.(t.1).(((a.c).(((((&.K),p).(F.(n,&))),(r;h)),(v.d))).(y.(:#)))).(0.8)),W) &)
(((x,b),(m,((1,9),))).((((z.(t.1).(((a,c).(((((&,K),p).(F,(n,&))),(r;N)),(v.d))).(y.(:#)))).(0.S)),W),a)
(((x,b),(m,((1,9),u))).((((.(t.)).(((q.c).(((((&.K),p).(f.(n,&))),(r.h)),(v,d))). (¥, (:#)))).(0.S)).w),a)
(((x,b),(m,((1,9),u))).((((z.(t.1).(((a,c).(((((&,K),p).(F,(n,&))),(r;N)),(v.d))).(y.(:#)))).(0.S)),W) &)
(((x,0),(m,((1,9),u))).((((.(t.)).(((q.c).(((((&.K),p).(f.(n,&)))(r.h)),(v.d))). (¥, (:#)))).(0.S)). W), a)
(((x,b),(m,((1,9),u))).((((z.(t.1).(((a.c).(((((&,K),p).(F,(n,&))),(r;h)),(v.d))).(y.(:#)))).(0.S)),W),a)
(((x,b),(m,((1,9),u))).((((z.(t.1).(((a,c),((v.d),((((&,K),p).(F,(n,&))),(r;"))). (¥, (:#)))),(0,S)),W),a)
(((x,b),(m,((1,9),u))).((((z.(t.1).(((a.c).(((((&.K),p).(F,(n,&))),(r;h)),(v.d))).(¥.(:#)))).(0.8)),W) &)
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