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1) Introduction

|

"#$"11301-12'619&-&3'5-(1&"()'*1+,I-((.(.  /01.23+32!:";k134.5'6320!-5-(7030=!>732?!352",1',-&.0!
-((.(32!@-,3-&3'5!A-&3&?35!.*30&354!,.0'9,2.0=1-(('>3541+',1&?.13A 5&3+32-&3'5!'+103453+32-5&
-00'23-&3'50!).&>..5!.134.5.&3216'A3+32-&3'50!-5A101.23+32!-(@33-5&0!35!796-5!-5A16'90.12.((0B!
"#$"11,' @3A.01-1290&'63C-)(. 1131.(35.I'+12'66-5A1(35.1&"(0!+',!";1-5-(7030'+15.*& /4.5.,-&3'5 |
0.D09.523541A-&-1:E?FG.D=!HI"/0.D=!.82B<!&?-&!&-J.01&20,D09.52354!A-&-I-5A11,'/A92.010.1- -&.!
-((.(321&,-2J01,.-A7I&).1@3.>.Al'514.5'6.1),>0.,0B!  "#$"1&-J.0 -A@-5&-4.I'+1&?.1-@-3(-)(.!
4.5'63 21,.0'9,2.0!+',1296-5!:K?2.ILMMM! N.5'6.0!G,'0.2&!E'50",&396<!-5A16'90.!:K?.1P'90.!

N.5'6. 1G,'0.2&<!&',.2'50&,92&!A3K!35!03(32'14.5'6.0!+',1796-510-61(.0 !',177),3A16'90.!
0-61(.0195A.,108&9A7BIK?.5=1+',1.-221-22'61-57354E?F@).D",IHI"  /0.D!A-&-0.&="#$"14.5.,-&.0!
&>'1>341+3(.0!+,'60?",&!,.-A0!-(345. AIA3++., .5&3-((71&'.-2?12-1(' &7 1B230.31.(35.17-01)..5!
@-(3A-&.A1903886-5!-5A127),3A16'90.IE?FG /0.D!-5AIHI" /0.D!A-&!:;..IK.0&!Q-&-10.2&3'5<B!

|
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2) Quick Reference

Dependencies

!

K',95!"#$"=1'5.15..A0!&"1350&-((!-5!-11,'1,3-&.!@.,03'5!"+1&?.1+'(('">354! .*&.,5-(! 0'+&>-,.%
S-@:LBT!WE7&?'5!:8BV!IF)>- :MBWIEAX',! )'>&3. :.LBMBM BMBY¥-6&"(0 :MBLBLZHU&-)3*
:MB8B[!E)4C31=!).AN,-17K"\34]34=!;""G$FK8&! E" &"(0 : MBLBILM =!G (31.BMWA

!

Pipeline
349,.!L10?">0!&?.!-((.(. /01.23+32!-5-(7030!131.(35.!35!"#$"B
!
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SYNOPSIS

alea phaseVCF hapsDIR unphased.vcf outputDIR
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alea createGenome reference.fasta phased.vcf.gz strainl strain2 outputDir

alea createGenome - snps - indels - se parately reference.fasta phased_snps.vcf.gz
phased_ indels.vcf.gz strainl strain2 outputDir

alea alignReads - s reads.fastq genome_concat.fasta strainl strain2
outputPrefix
alea alignReads - p reads_1.fastq reads_2.fastq genome_concat.fasta strainl

strain2 outputPrefix

alea createTracks < - s/ - p> bamPrefix strainl strain2 genomel.refmap genome2.refmap

chrom.sizes outputDIR

\/
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3) Installation

!

K'0&-,&=1-0.! A'>5(-Al&?.! "#$"l 1-2J-4.1+" 6!&?.1+'((">354!(351%
ftp://ftp.bcgsc.ca/supplementary/ALEA/files/alea.1.2.tar.gz
&'-51350&-((-&3'Bi3,.2&", 7-5A1.*& ,-2&!-((1+3(.0!) 7!1&71364%

!

> tar xzf alea . 1.2. tar.gz

]

K?.12'5&.5&083((1).!.*&,-2&.AlI35&"-1A3,.2&',7!5-6 . Al-(.-1>?32?!1>3((1).!,.+.,,.Al-0la-(.-b!&?,'94?!
&?.1,.0&!'+1&7.1A'296.5&B

c52.1A'5.=17'9! 6-7 1,95!!da-(.-bX A'>5(-Ae ?96-5 eA-&-BO?fBAX',!

da-(.-bX A'>5(-Ae 6'90. eA-&-B0f02,3188'4.&!&?1?796-5! ',16'90.1:"1)'&?<!  &.0&4-&-0.&0R?.0.!
02,31&0!A>5(-AL((1&?.1,.D93,.AI3519&!A-&-0'9,2.017'915..Al&',95!  &?.1-((.(./01.23+32!-5-(7030
*1(-35.A135!&7?.1$*-61(.0!0.2&3'5B",! .-2?!&.0&!A-&-17'FF3((5.. AIRMN\!I'+0&',-4.101-2. 1+, 1&?.1,->!
3519&!-5A!1,'2.00.A1'"9&19&!A-&:BB BMN\!+'1)'&? 16'90.!-5A1?96-5 B

g'9! 6-7 (0" :"1&3'5-((7<!A'>5(-Al&?.! 35A3@3A&-(&A-&-!+,'6!&?.1+'(('>354!A3,.2&'",7%
+&1%XX+&1B)2402B2-X0911(.6.5&-,7X"#$" X+ 3HA0REA0&

]

Software dependencies
!
"#$"1,95 0I+,'6!12'66-5A!(35.1-5A!,.D093,.0!-!  hIFi 1)-0.Al'1.,-&354!070&.6!-0!>.((!-0!-!>',J354!
@.,03'5!'+1S-@-!:@.,03'5ILBT!",1?7347. <!|-6A&?'5!:@.,03'5!8BV!",1?734?.,<B!"'9,&?.,16',.=1&?.!
+'((">354!0'+&>-,.15..A0!&"').1350&-((.AM!
!
» )>-190.Al&'-(345!,.-A0K&"35!03(32.5'6. 0!:'349,.!L}j 124
http://sourceforge.net/projects/bio - bwa/files/
!
»  '1&3'5-(<!)'>&3.190.Al&'-(345!,.-A0!&'12'52-&.5-& . Al4.5'6.1:  "349,.1L)j 124
http://bowtie - bio.sourceforge.net/bowtie2/index.shtml
!

I'&.%!"#$"190.0")>-1+',1-(3456.5&!)7!A.+-9(&=")9&!-(0'10911",&0")'>&3.B!g'9!6-7!01.23+71&?.!
-(345.,1&"(1)71.A3&354!&7a-(.-bX)35X-(.-B2'5+34+3(!B

I

» 0-6&"(0 190.A1&"1,'2.00 )-6 !+3(.0'349,.IL}j I<B

http://sourceforge.net/projects/samtools/files/samtools/
!

» ).AN,-1?7K'\34]34 1I-5AI>34K"\34]34! 90.Al&'12'5@.,&!).AN,-1?!-5A!>34!+3(.0!&')34]34!+3(.0!
:°349,.!L)j '1A<B

http://hgdownload.cse.ucsc.edu/admin/exe/

]

»  &-)3*1:MB8BJ[!',1?7347.,<!-5A1)4C31!:352(9A.A1>3&?1&-)3*<!90.Al&"2,.-&.1&?.11?-0.A!@23463(.0!:
Lyj -«

http://sourceforge.net/projects/samtools/files/tabix/

!

» M'G$FK8!90.A1&"17-0.14.5'&71.0143@.5!&'&?30!1,'4,-6!3&(35I8QXNFPX"P!+',6-&!-5A!
4.5.,-&.0!11?-0.A!?-1('&71.0!35""G; X ;"PG#$ !+',6-& 1:7349,.1L}j I-<B!K?.!1,'2.00!30!+9,&7?.,!
A.02,3).Al35!"11.5A3*I"B

http://www.shapeit.fr/pages/m01_basic/download.php

!

» _E &"(0190.A1&"2'5@.,&!4.5'&71.0!35!_E'I+',6-&!&G(35JIGSPXG!+3(.1+',6-&!:7349,.I L} I-<B!
K?.11,'2.00!130!+9,&7.,!1A.02,3).A!35!"11.5A3*I"B

http://sourceforge.net/projects/vcftools/files/

!
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> G(35J190.A1801(3&!&2.5'& 71.0135|G$QX'G! +',6-&! )712?,'6'0'6.011,3",1&'112-035410352.!
A"G$FKI12-0.01'5(71'5.127,'6'0'6.1-&!-1&36.  BIK?30!0'+&>-,.1-(0'12'5@.,&01&?.14.5'&71.!+,'6!
-272122,'6'0'6.1+,'6IG$QX  P"G! & N\$QX\FPX "PI+',6-&!,.-A71&'1).190.Al) 7::A"GSFKS!
:349,.1L§j 1-<BIK?.11,'2.00!301+9,&7.,IA.02,3).AI35!"11.5A34"B
F&!30!,.2'66.5A.A1&1?-@.1-((1&?.1,.D93,.AIA.1.5A.523.0=17">.@.,|A3++.,.5&!6'A9(.0190.1'5(7!
2.,&-350.*&.,5-(1&"(0B!" 1. *-61(.1&'>', JI>3&?1&7.16'90.|A-&-=17'91>'5k&!5..Al&?.11?7-035416'A9( !
:3349,.1L1j 1-<1-0!112-0.Al@2+!+3(.0!-, .1-(,.A7!1,' @3A.ABIK?90!: A" G$FK=! @24&)B5A!IG (35J!>'5k&!
).15.2.00-,7B !

Setting the options
€1&3'50!092?!-0!&?.1-((.(32!-(3456.5&!6.&?'Al:9035412'52-&.5-& A!@0B!0.1-,-&.!14.5'&€345.,'1&"(!
AMPIN>&3.< I-5Al1-,-6.&.,0!1-00.A!&".*&.,5-(1&"(0 12-5!).16'A3+3.AI35!&7.!
a-(.-bX)35X-(.-B2'5+38(?.16'0& 1361',&-5&!1&3'50!-,.9%4
e "#eh;$eEcIE"K$I"K$QeNSIcP$%!$5-)(.0!190.1'+12'52-&.5-&.Al4.5'6.16.&?'Al
tA+-9(8L<!"1&7.10.1-,-&.14.5'6.16. &?'Al:IMd
o "#eh:$e\]"%!;1.23+3.01903541\]"I+',1-(3456.5& !:A.+-9(&k
e "#eh;$e\c]KF$L%!;1.23+3.0!190354\'>&3.L!+',1-(3456.5&
e "#eh;$e\c]KF$8%!;1.23+3.0!190354\'>&3.8!+',1-(3456.5&
o "#eQ$\hN%!;.&0!A.)9416'A.B!]?.5!.5-)(ALIL<1&?.1&"(1>3((!1,35&!-((!&?.!.*.29&.Al
2'66-5A0=!I-5AI>'5m&!,.6'@.!&.61',-,7!+3(.0B !

Setting the paths

!

g'9! 2-510.&!191&?.11-&?0!&"'&?.1,.D93,.Al&"(0!13R&?.,I'+1&?.1+'((">354!>-70%
!
L/Th1A-&.'a-(.-bX)35X-(.-B2'5+34!+3(.!-5AL.A3&!&?.!@-,3-)(.0!0&-,& 354 'H@8F kel f11&'11'35&!&7.!
('2-&3'50!" +1&?.1&"(0B
.B413+1)>-1301350&-((.A!95A.,InX)35X)>-=16-J.1&?.1+'((">35412?-54.%!
!

AL_BIN_BWA="~/ bin/ bwa"

!

cH!

!

8/IE,.-&.!- (35J!&"&?(12-&3'5!'+1&"(0!13503A.1&7ak (.- bX)35!A3,.2&',7B
.B4B!

> cd <alea >/bin

> In Bs PATH_TO_BWAwa

>In Bs PATH_TO_SAMTOOLSamtools

>In Bs PATH_TO_SAMTOOLS samtools

>In  Bs PATH_TO_TABIX tabix

>In  Bs PATH_TO_BGZIP bgzip

>In  Bs PATH_TO_BEDGRAPHtoBIGWIGbedGraphToBigWig

Hardware requirements

F&!30!,.2'66.5A.A1&",95!I"#$"I'51-1 - TV/)3&hIFi 1)-0.A!6-2?735.1>3&7?!-16353696!"+!V N\! -@-3(-)(.!
H"P!I-5A! TMIN\L@-3(-)(.!A30J!01-2:&'1,'2.00 !)'&?!1?96-5!-5A!16'90.!1&.0& /A-&-<B

!



"#$"01M&" () 1+ 1-((.(. /01.23+321.134.5'6320!-5-(7030

4) Test Data

|

]. 1.61(7.Ar'9,I"1131.(35.I'51296-510J35!+3),)(-0&!HI"  /0.DI-5A"RORT6.RIE?FG0.D!A-&-0.&0!
4.5.,-& Al+,'61&7?.10-6.135A3@3A9-(R?.!",3435-(IA-&-130!-@-3(-) .+, |A>5(-AI95A. ,1&2.IN$C!
-22.003'5!596).,0!N;PW[L8WW!-5AIN;PZLWSRZBL(0'1?-Al-A@-52.Al-22.001&'I-5! 9519)(302.A!
>7'(.14.5'6.10.D9.523541: N; <A-&-1+',1&?30!135A3@BA9Z-((.Al4.5'&71.135!_E I+',6-&!+',1&230!
35A3@3A9-(1+,'6!]N;IA-&-5A119&1&?.]_E 1+3(.135!&7.10-6.1+'(A.,1-0I"";Kp!+3(.0!-,. B!
"((1,.D93,.Al-,.16-A.1-@-3(-)(.195A., !
+&1%XX+&1B)2402B2-X0911(.6.58-,7X"#$"X+A0EEOR6-5X!-5AI2-51).IA>5(-A Al
-9&'6-&32-((71903541&2.102,31&!a-(.-bXA>5(-Ae?96-5eA-&-B0?!1:'&.%!,.D93,.01>4. &KBI9, I"#$"|
6'A9(.0!:;..'349,.IL<1?-@.1)..5!-11(3.Al  '5 1&?30!A-&-0.&!&'1,.2'50&,93803(32'14.5'6.0=!A.&2&
?2-1('&71./01.23+32.D9.52354!,.-A0=I-5A14.5_,-&10.1-,- &.!,.-Al1,'+3(.01+',1.-2212-1(&71.1+" HI" [
0.DI-5AI"RORT6.RIA-&BHI" /0.DIA-&-6-71).IA>5(-A.Al  6-59-((7 190354!&2.IN$c!-22.003'5!
596).,11, @3A.Al-)@.B !

|

"10363(-,!-11,"-2? 1>-0!-(0'! -11(3.Al&'!-],.2.5&(7!19)(30?.AlA-&-0.&!+',16'90.1&,'1?")(-0& 12.((0!
‘E-(-),.0.1.&!-(B=I8ML8<=1352(9A35448D!-5AI"RORT6.RIE?F®.DIA-&-IA., 3@.Al+,'6!2,'00.0!
).&>..5IE";KX$3S!:E-0&<!-5AE[WWXTS!\T<!632.BR.!",3435-(!A-&-130!-@-3(-)(.1+' |A'>5(-AI95A. !
&?.IN$cl-22.003'5596)., OIN;PYTWTVESAIN:PYTWTV® -,3-5&10.D09.52.1A-&-1>-01&-35.Al+,'6!
&2.1:-54.! F508389888&1%XX>>>B0-54.,B-2B9JX..0'9.2.0X6'90.X4.5'6.0%!"5!8XL[X8M_RB
"((1,.D93,.AIA-&-12-51).IA'>5(-A.Al+,'6]  +&1%XX+&1B)2402B2-X0911(.6.5&=, 7X"#$"X+3(.0X&.0&
A-&-X6'90.X I' 1-9&'6-&32-((71903541&?.102,31&!a-(.-bXA>5(-Ae6'90.eA-&-B0?!:1'&.%!,.D93,.0!

>4 &<BHI" /0.DIA-&I- I5'&IA'>5(-A.Al-98'6-&32-((71)71&?.IA>5  (-Al02,31&()9&16-71).!
A'>5(-A.AI6-59-((71903541&?. 11,'@3A.ANSC!-22.003'5!596)., 0B

Tracks

K?.1"#$"12'66-5A0190.A!&'4.5.,-&.1+35-(1?-1('&71. /01.23+32!&,-2J0!+',1&?.1?96-5!-5A!6'90.!
A-&-0.&!-,.1.*1(-35.A135!6',.1A.&-3(0!(-&.,!35!0.2&3'535*-61(.0 B

\9&!> 12-@.1-(0"91(-A.A 1&2.1+35-(1)34]341+3(:B)><!+1?-1('&71. /01.23+3R0RT6.R=HI" /0.D}5A!
@-,3-5&!&,-2J9!1 ?796-5!-5A!6'90.!135 &'+&1%XX+&1B)2402B2-X0911(.6.58%."K43(.0X&.-2J8
1.1-(0" 19&!&7&.*&-('B&,-2]'1+3(-R!&?0-6.! A3,.2&',7>?32?12-51).191('-A.A! &'I'hE;E!4.5'6.!
),'>0.,!&"12?.2J1&7.1,.43'50!'+135&.,.0&B!

|

"01>.1.*1.2& A=I"RORT6.R!.5,322.01&?. 14.5.1)'A7!'+1-2&3@.14.5.01-5A12",.(-&.0!>3&7?!.*1,.003'5!
(.@.(I"40.(.2&.A!361,35&.A14.5.0!135!-16'5' /-((.(3216-55.,! 351)'&?1796-5!-5A16'90.1:;..1"349,.18  <B
|
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U+=)&2000/+2<+$=0>869'%KED2*+3+*0&28(0%&8*/70+$0%>20W87>T026+=2$' B20Q& <72&0) 7+$=0%>2078B207*8920
3'8&0Q'%>0>869'06K6270+$ARP$S208&2X28970%>8%0F ;0@4Y 4?7B2402$8+*>B2$% (BHOPEB&27 7+ $0+$0
7292*%62(0+B6&+$%2(0=2$27088&20*&&298%2(,0[8"0#JU-08$(ONGFJG!08&20B8%2&$899K08$(01DG!0+7068%28&$899K

2P68&2772(0+$0>)B8$07/+$03+Q&'Q987%,0[Q"0;9*418C0O8$(0R+&=07>'<0'66'7+%2OLTERI HBHEL 8(06&'3+9270

3'80Q'%>012F2A08$(0@4Y 4?7B240(8%8\0% $7+7%2$%60<+%>0%>2038*060%>8%0;9*418CO[R+&="0+708068%2&$899K
[B8%2&$899K"02P6&2772(0+B68&+$%2(0=2$20+$0B+*2,0D>20;ZN06"&0&2=+'$708&20(2X'+(0'30&28(7@B702P62*%2(,
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5) Running ALEA

!

"#$"12'5030800"+1&2.1+'((>3541+'9,16'A9( .0!+',1>?32?1&2.11,'2.00.0=1&?3519&!-5AI'9&19&!+3(.0!-5A!
&?.3,1+',6-&0!-,.10?'>5!35!°349, .IL B!

Genotype phasing

“1296-510-61(.0= 14.5'&71.0!-,.1&7132-((712-((A+,'6!>?'(.14.5'6.  /0.D9.52354L]N;<!0?",&!
,.-A0!-22'61-573541&?. 1.134.5'6321A-&- 0.&!95A.,1":10&9A7B!; N GSFK8IBP.5!.61('7.Al&11?-0.!
4.5'&71.0135903541&?.119)(32(7!-@-3(-)(.!,.+.,.521-5.("+!?-1('&71.0=11,' @3A.A}) 7!&?.ILMMM!
N.5'6.0!1,'0.2& !1:"11. 5A3f" 1.*1(-350!&?.1A.&-3(0""+!,9553541:""G$FK 81903541, .+.,.52.11-5.(I'+!
2-1('&71.0<M.1&?.5190.1&?. '"9&19&!"+I;""G$FK8=I3RBO.AI?-1('&71.0! :B?-104&'4.&?.,1>3&?!&7.
',3435-(19517-0.Al@-,3-5&!+B(.E '<&'12,.-&.1-11?-0. Al @-,3-5&!+3(.|>3&?1&>'1?-1('&71.0!2'5&-35354!
2'6'C74'90!-5A! 1?7-0.Al1?.&.,'C74'90!;IGO!-5A! FBA.(0f 349, .IL)j I-<B

|

7,16'90.1A-&-0.&0= "#$"1-22.1&0!.134.5'632!6-,J0!+,'6!"L!?7),3AI'++01,354!>7'0.11-,.5&0  !-,.!
-6'541&7.1LW!35),.Al0&,-350!-@-3(-)(.!+,'6!&?.!1P'90.IN.5'6.!G,'0.2&B IK?.,.+',.=! &?.1?-0.A!@-,3-5&!
+3(130!-(,.-A7!-@-3(-)(.I-BAI>.|A15'&! 5..Al &?.17-03540&. BK?.11?7-0.Al;|GO!-5AIF5A.(0!+3(.B,. !
A'>5(-A.AI-5AIL(-2.Al 95A.1a-(.-bX&.0& A-&-X6'90. 190354!&?.1a-(.-bA>5("-Ae6'90.eA-&-B0?!
02,31&B

|

K2.1).((>!2'66-5A0!-,.'5(7!  ,.D93,.Al'51?96-510-61(.0B !
|

T78=28
alea phaseVCF hapsDIR unphased.vcf outputPrefix
]

16%+'$79

2-10QFH!IMI | 1-&?1&'1&7?.1A3,.2&',712'5&-353541&7.1B?-104+3(.0
9517-0.AB@24!1! 1-&?1&'1&2.1@2+!+3(.12'58-3535419517-0.AL:IGO!-5AIF5A. (0
'0&19&G,.+3* | '0&19&1+3(.11,.+3*1352(9A354187.11-&7?1)9&!5'&1&7.1 *&!1503'5
!

1)%6)%SD

E,.-&.01&?.1+3(!B&19&G,.+3*B@2+B4C
!

Insilico genome creation
K?.'9&19&!'+1&?.11?-0398'A9(.=!&?.11?-0.Al@-,3-5&!+3(.=1&'4.&?.,1>3&?1&?.1,.+.,.52.14.5'6.130
+.Al35&'&7?.10.2'5A16'A9(.!: 7349,.I L}j N<I35!>232?1?-1('&71.1.43'50!-,. 1,.2'50&,92&.Al+,'61&7.!
35A3@3A9-(1?-1('&71.0B!K>'13503(32'14.5'6.012,.-& . Al&").190.Al+'1&?.I'1 &36-(13A.5&3+32-&3'5!'+!
22,'6'0'6-(1",1-((.(. 101.23+32+.2&0B!™,16'90.=1&7.1&>'13503(32'14.5'6.0,.1,.0.5&!&?.1-,.5&-( !
2-1(&71.0=P">.@., '4,!796-5!&7?.1&>'14.5'6.0!>3((1.00.5&3-((7!).1-16'0-32  I'+1&?.11-,.5&=(!
?-1('&71.0'A9.1&"&?.195(3J.(35.00!'+1&,9.!('54,-54.11?-0354BF5!-AA3&3'5!&'1&?.183503 (32!
4.5'6.0=1&7?30!6'A9(.!-(0'12'52-&.5-&.0!&?.0.!11-,.5&-(14.5'6.0  +',1.-2?12?,'6'0'6.!-5A!6-J.0 1-51
-,&3+323-(14.5'6.1>?32?130!&>32.183C.!"+!&?.11-,.5&-(14.5'6.0B!K?30!5.>14.5'6.130!90.Al (-&.,!+",!
+35A3541('&71./01.23+32!.134.5'632!,.-AB8

|

c5.12-51,951&2.1).((">12'66-5A1+',1)'&?1?96-5!-5A16'90.BIK?.15-6.!'+10&,-350!2-5!).1+'95Al+,'6!
&?.117-0.AB@2+B4C1#30B!5=13&!30!-(>-70!d?-1Lfl-5A1?-18f=1>?327!-,.1&?.15-6.0!&?-&!;""G$FK8!
90.0!+',11?-0.A1?-1('&71.0B!""16'90.=1&7?.0.1-,.1&?.15-6.01'+1&?.11-,.5&-(135),.Al632.12,'00354!&'!
2,.-&'L1?7),3A16'90.! 95A.,10&9A 7! B4E";K$3S:E-0&<!-5AF[W\HT S\ T<!632. <B9,1&"(1-22.1&0!LW!
6'90.10&,-35!5-6.0!+,'61&?.1+'((">354!(308&%

E[WWTS=IL8Y;LISIZ0H 1AI#\2S IIERM SISE[W\HTISIHE": K$3SFE\"S I-D\"8S I=1 \elS IHGSE:!
IcQ;?3#&34hc '=G]oG?S!5M,.&90!3H\$3S !

|

T78=28
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1?2.5!1-((" ;GO I-5AIBA.(0!-,. 135!-10354(.!@2+!+3(.
alea createGenome reference.fasta phased.vcf.gz strainl strain2 outputDir
]

]?.51&?.! ;IGO0 I-5AIBA.(0!-,.135!&>"10.1-,-&.!@2+!+3(10%

alea createGenome - snps - indels - separately reference.fasta phased_snps.vcf.gz
phased_indels.vcf.gz stra inl strain2 outputDir

0

16%+'$79D

0&,-35L ! 5-6.I'+10&,-35L!.*-2&(7!-0!01.23+3.A!35!&?.1@2+!+3(.!: 1B4B!?-
0&,-358!1nni 5-6.I'+10&,-358!.*-2&(7!-0!101.23+3.A!35!&?.1@2+!+3(.!:.B4BI?-18<
'9&19&Q3, i ('2-&3'5!'+1&?.I'90&19&!A3,.2&'.7

/051035A.(00.1-,-&.(7 ! 90.13+!;IGOI-5AIF5A. (0!-,.1351&>"10.1-,-&.!@2+!+8(.0

17-0.A/0510B@ BBAINI&?.11?-0.Al;|G0!:0?'9(A!).101.23+3.Al+3,08.<
17-0.A/35A.(0B@2+BAGMI ?-0.AIF5A.(011:02'9(Al).101.23+3.A10.2'5A<

0

1)%6)%9

E,.-&.01&>'1-,.5&-(135/03(32'14.5'6.0!0&,-35LB+-0&-!-5A10&, -B580&-1-01>.((1-0!-(3456.5& 132408
"12'52-&.5-&.Al4.5'6.10&,-35Le08&,-358B+-0&-!1>3((1).12,.-&. Al3+]
"#eh:$eEcIE"KS$I"K$QeNS$IcP$ILI3010.&!35!-(.-B2'5+34!B!

0

Z'%236&!30!1'003)(.1&'1?-@30 I-5AIBA. (0!351&>'10.1-,-&.|@2+1+3(.0B!F5!&?-&!12-f0BB5A. (0
0.1-,-&.(7!'1&3'5=1-5A16-J.109,.17' 9101.23+71G0 !).+'.] F5A.(OB

0

Allele-specific Alignment

!

].190. A" ' W'>&3. 1&'-(345!E?H@.D!',!HI" /0.D!0?',&!,.-A0!135!™:Kp +',6-&! :\]"!-(0"
0911',&0%-0&B4E5AN)-6!-0135198<&'1&7?.B503(32.5'6.  012'50&,92& ANT&?.11,.@3'90!6'A9(.!-5A!
A.&.28&7?.1((.(32,.-A01&?-&!-,.1953D9.(7!-(345.A1&12? 14.5'6.! :°349,.!L!j 128!K?.0.!,.-A0!6-1!&"!
&?.1,.43'50!2'5&-353541?.&.,'C74'9Q;1G0!-5A!12-5!).190.Al&"A.&.,635.1&?.1-((.(32!,-&3'0!+',1&?'0.!
,.43'50B!E'50.D9.5&(7=!-((!,.-A0!-(345.A1&'169(&31(.!('2-&3'50"+1.3&2.,1?-1('&71.0"",1-(345.A1&"!)'&?!
?-1('&71.0!-,.14+3(&.,.Al'9&EK?90=I&BIA9(.12-1&9,.0!&?.1?-1('&71. /01.23+32!,.-A0!-(345.AI'5(7!&'"
'5.I'+1&7?.1?-1('&71.0B!;-6&"(0! 30.61('7.Al&' 12'5@.,&!-5A10',&!&?.14.5.,-& Al;"P1+3(.0!&"\"P!
+',6-& B!

!

K?.1).((>12'66-5A12-5!).1-11(3.AI'51)'&?1796-5!-5A16'90.1A-&-BIK'I+35A1  .(343)(!5-6. 0!+
?96-5!-5A16'90. 10&,-350=!1(.-0.+.,!&"&?.11,. @3'90!0.2&3'3:F503(32'14.5'6.12,.-&3'5 B

!

T78=28

9035412'52-&.5-&.A14.5'6.16.&?'Al:"#eh;$eECIE"K$I"K$QeNS$IcPSIL<% !
alea alignReads < - s/ - p> <input_reads_1 [input_reads_2]> <genome_concat> <strainl

strain2> <outputPrefix>
]

90354!0.1-,-&.13503(32'14.5'6.0!6.&?'Al:"#eh;$eECIE"K$I"K$QeN$IcP$IM<% !

alea alignReads < - s/ - p> <input_reads_1 [input_reads_2]> <genomel genome2>
<strainl strain2> <outputPrefix>
]

16%+$79
JONINIINE'1-(34510354(5A!,.-A0!:,.D93,.0!'5.13519&!+3(.4
JLUININING 1-(345!1-3 [ BA!, .-A0!:,.D93,.01&>'13519&1+3(.0<



"#$"01M&" () 1+ 1-((.(. /01.23+321.134.5'6320!-5-(7030

3519&e,.-A0eL!!1&?.1L0&!3519&!,.-A0!+3(.!139!+-0&DB

HnInNe=& 3.=101.23+7!135A.*1+3(.5-6.11,.+3*1:63590!&,-3(354!BiB.)>&!", |BiB) &8<
N

!
1)%6)%%
'0819&G, +3*¢0&,-35Le0&-,358B0-6!11:>? 5!"#eh:$eEclE"K$I"K$QeN$IcP$IL<!

H:"#eh;$eEclE"K$I"K$QeNS$IcPSIL=!"#eh;$e\]"IL< !

alea alignReads - s H3K36me3.fastqg CASTEiIJ_C57BL6J.fasta CASTEiIJ C57BL6J
/H3K36me3

alea alignReads - p H3K36me3_1.fastq H3K36me3_2.fastqg CASTEiIJ_C57BL6J.fasta
CASTEIJ C57BL6J ./H3K36me3

]

H:"#eh;$eEclE"K$I"K$QeNS$IcPSIM=!"#eh;$e\]"IL< !

alea alignReads - s H3K36me3.fastg CASTEiJ.fasta C57BL6J.fasta CASTEiIJ C57BL6J
/H3K36me3

n:"#eh;$eEcIE"K$I"K$QeNS$IcP$IM=!"#eh;$e\c]KF$LIL< !

N
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alea alignReads - s H3K36me3.fastq bowtiel - index/CASTEIJ bowtiel - index/C57BL6J
CASTEIJ C57BL6J ./H3K36me3
!

Projecting to reference genome

K?.1+,&?16'A9(.! :7349,.IL}j IA<4.5.,-&. 0!&>'1?-1('&71./01.23+32!1&,-23!+3(.0!+,'6!6-11.A!,.-A0Q!-5A!
1,'0.2&0!&?.6!)-2J1&"&?.1,.+.,.52.14.5'6.B!Q9.!1&'1&?.1.*30&.52.I'+ F5A.(035!&7.12'50&,92&3'5
'+11-,.5&-(!35/03(32'14.5'6.0!&?.12" A35-&.0!'+1&?.1&,-230!-,.10J.>.Al'62.12'61-,.Al&'1&?.!

,.+.,.52.1 45'6.B">.@.,=!6'0&!@309-(3C-&3'5!&"(0!>',J )-0.Al'5!-(3456.5 &!&',.+.,.52.!
4.5'6.0B'h0354!&?.)>-135A.* 1+3(2,.-&.Al>3&?1&73503(32"4.5'6.0="#$"16-10!&7?.1&,-2J0")-2J!&'!
&?.1,.+.,52.1456.B |

]

K?.1).((">12'66-5A12-51).1-11(3.Al'5!)'&?1?96-5!-5A16'9 0.!A-&-B!K'I+35A!.(343)(.!5-6.0!+",!
?96-5!-5A16'90.10&,-350=!1(.-0.10..!1d3503(32'14.5'6.!2,.-&3'5f109)0.2&3'58B!

]

T78=28

alea createTracks <options> bamPrefix strainl strain2 genomel.refmap

genome2.refmap chrom.sizes outputDIR
]

16%+'$79

jor ! &'12,.-&. &,-2J01+' 1&?.10354(.5A1-(345.Al,.-A0!

o ! &12,.-8&.1&,-2J01+'1&?.11-3,.A/ 5AI-(345.Al,.-A0!

|

)-6G,.+3*1M | 1,.+3*190.Al+"1&?.I'0819& " +!-(345H.-A0!2'66-5A
0&,-35L11M1 | 5-6.1'+10&,-35L!:.B4BI?-1LK

0&,-35811M11 | 5-6.1'+10&,-358!:.B4B1?-18K

4.5'6.LB, +6-1! ! 1-&?1&'1&72.1,.+6-11+3(.12,.-&.Al+',13503(3214.5'6.IL!

456. 8B,.+6-11l 1-&?1&1&72.1,.+6-11+3(.12,.-&.Al+,13503(32'14.5'6.18
2?,6B03C.0!N! | 1-&?1&'1&7.12?,'6'0'6.103C.1+3(.1:,.D93,.Al+',12, .-&3541B)><
'9&19&QFH!IN! | '0&19&IA3,.2&' 71:>7.,.1 &'12,.-&.1&,-231+3(.0<

T

1)%6)%%

'0819&QFHX'9&19&G,.+3*€0&,-35LB).AN,-1?
'0&19&QFHX'98&19&G,.+3*€0&,-35LB)> 1IN, -Al1 '+3(.0!+' 10&,-35L11,'0.2& Al&'], .+.,.52.14.5'6.

'9&19&QFHX'9&19&G,.+3*€0&,-358B).AN,-1?!
'9&19&QFHX'9&19&G,.+3*eBE3B) > -All '+3(.0!+',!0&,-358!1,'0.2&.Al&',.+.,.52.14.5'6. |
i

'9&19&QFHX'9&19&G,.+3*€0&,-35LBH34B4C
'9&19&QFHX'9&19&G,.+3*€0&,-358B>34B4C!!11951,'0.2&.Al,.-Al1,'+3(.0!+',10&,-35L!-3A!0&,-358
!

!
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6) Examples
!

Human skin fibroblast

L+ &.0&354!"#$"1'51&?.1796-5!A-&-17'9!5.. Al&'TA'>5('-Al&?.1?96-5!0J35!+3),") (-0&!&.0&!A-&-!
5,.+.,.52.=LIGOINF5A.(0='E?F®0.D!A-&-=1.&2<!)7!,9553541&?.1a-(.-b XA'>5('-Ae?96-5eA-&-102,31 &
g'9!5..Al -&(.-0&!IMN\I'+!1A30J!01-2.1+",1&?.13519&!A-&-1-5A!-5'&?L[ N\ &',95!&7.1131.(35.B
G(.-0.!-(0"6-J3.109,.1&"0.&!&?.11-&?1&",.D93,.AL.*&.,5-(10'+&>-,.  1-01.*1(-35.A!35!&7?.10.2&3'5=!
.&&3541&B!
0'9!12-5!@,3+7!&?-&!7'91?-@.1&?.15.2.00-,71+3(.0")7!,9553541&?.1+'(('>354!-5A12'61-,354! &3& 19&P6
|

>ls Bgotest - data/human

-rw-r-- r-- 13153508730 Aug 19 18:16 GRCh37 - lite.fa
-rw-r--r-- 1 2746 Aug 19 18:16 GRCh37 - lite.fa.fai
-rw-r-- r-- 13763 798789 Aug 20 10:37 H3K36me3_fib01_A08393 1.fastq.gz
-rw-r--r-- 1 1983 Aug 19 18:03 hg19.chrom.sizes

-rw-r-- r-- 1 153521412 Aug 19 18:04 skin01_a20921.phased.vcf.gz
-rw-r-- r-- 1 1579411 Aug 19 18:04 skin01_a20921.phased.vcf.gz.tbi
-rw-r-- r-- 1 885350370 Aug 19 18:06 skin01_a20921.vcf

drwxr -xr -x 2 4096 Aug 20 12:59 skin01_haplotypes

-rw-r-- r-- 1 15952145 Aug 20 13:05 skin01_haplotypes.tar.gz

]

!

»  J2$'%K6206>87+3F

> bin/alea phaseVCF \

test - data/human/skin01_haplotypes \

test - data’human/skin01_a20921.vcf \

test - data’/human /skin01_phased
]

> #$7+9+*'0=2$'B20*&28%9'$

> bin/alea createGenome \
test - data’/human/GRCh37 - lite.fa \
test - data/human/skin01_a20921.phased.vcf.gz \

hapl hap2 test - data/human
]

» [F9929762*+3+*089+=$B2%%

> bin/alea alignReads -s \
test - data/human/H3K36me3_fib01_A08393 1.fastq .gz \
test - data/human/hapl_hap2.fasta \

hapl hap2 test - data/human/ H3K36me3
]

> N&'O02*%+$=0%'0&232&2%$*20=26'B2

> bin/alea createTracks -s \

test - data/human/H3K36me3 hapl hap2 \
test - data’/human/hapl.fasta.refmap \

test - data’/human/hap2.fasta.refmap \
test - data/human/hgl9.chrom.sizes \

test - data’human
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Mouse trophoblast
|

\+,.18.083541"#$"1'51872.16'90.IA-&-17'915. AI&IA'>5(-Al&?.16'90.1&.0&A-&-!:, +.,.52.=1  :1GO If!
F5A.(G/E?FG.DIA-&-=1.82<!)7!,9553541&2.1a-(.-B¥%5(-Ae6'90.eA-&-102,31& !

9'9!5..Al-&(.-0&IL [ N\I'+IA30J101-2.1+',1&?.13519&!A-&-1-5A1-5'&?L [ N\I&'!,95!&7.1131.(35.B
G(.-0.1-(0"16-J.109,.1&'10.&1&?.11-&?1&"1,.D93,.Al *&.,5-(10'+&>-,.1-01.*1(-35.Al35!&?.10.2&3'5=!

. &&3541&

g'916-7! ,951&2.1+'(>3541&81@.,3+71&?-&!!-((15.2.00-,71+3(.0!-,.IA'>5(-A.AB

|

>|s Bgotest - data/mouse

-rw-r--r-- 1 441 Aug 20 15:35 C57BL6J.fasta.refmap
-rw-r-- r-- 1 562442894 Aug 20 11:57 H3K36me3.fast g.9z
-rw-r-- r-- 1 688377229 Aug 26 17:29 mgp.v2.indels.chrname.vcf.gz
-rw-r-- r-- 1 1769414 Aug 26 17:29 mgp.v2.indels.chrname.vcf.gz.tbi
-rw-r-- r-- 15580872284 Aug 26 17:31 mgp.v2.snps.chrname.vcf.gz
-rw-r-- r-- 1 2279428 Aug 26 17:31 mgp.v2.snps.ch rname.vcf.gz.tbi
-rw-r-- r-- 12688098092 Aug 26 17:34 mm9_build37_mouse.fasta
-rw-r--r-- 1 689 Aug 26 17:34 mm9_build37_mouse.fasta.fai
-rw-r--r-- 1 331 Aug 19 15:05 mm9.fullchrom.sizes
-rw-r--r-- 1 16 Aug 26 17:35 README.txt
]
>  #$7+9+*'0=2%$'B20*&28%90'$
K?.1+'(('>354!>3((12,.-&.1&?.13503(32'14.5'6.0'E";K$3SB+-0&-!-0!>.((!-0!12'52-&.5-& AIE";K$3S
eEE[W\HTB+-0&8+!9035412'52-&.5-&.A14.5'6.16.&?'Al:"#eh;$eECIE"KSI"KSQeNS$IcPSIL< B
I'&.1&?-&!0352. E[W\#T830!&?.1,.+.,.52.14.5'6.13&0.(+!:&?90!5'1.5&,7!35!&?.|@2+!+3(.<=!515.>13503 (32"
4.5'6.1>3((1).12,.-&.Al+',13&B !
> bin/alea createGenome - snps - indels - separately \
test - data/mouse/ mm9_build37_mouse.fasta \
test - data/mouse/mgp.v2.snps. chrname .vcf.gz \
test - data/mouse/mgp.v2.indels. chrname .vcf.gz \
CASTEIJ C57BL6J test - data/mouse
]
» F9929762*+3+*089+=$B2%%
]
A.+-9(&%035412'52-&.5-&.A14.5'6.16.&?'Al:"#eh;$eEcIE"K$I"K$QeNS$IcPSIL< !
> bin/alea alignReads -s \
test - data/mouse/H3K36me3.fastq gz \
test - data/mouse/CAS TEiJ _C57BL6J.fasta \
CASTEIJ C57BL6J test - data/mouse/H3K36me3
]

>?.5190354!0.1-,-&.14.5'6.16.&?'Al:"#eh;$eECIE"K$I"K$QeNS$IcP$IM< !

> bin/alea alignReads -s \

test - data/mouse/H3K36me3.fastq.gz \
test - data/mouse/CASTEiJ.fasta \

test - data/mouse/C57BL6J.fasta \

CASTEIJ C57BL6J test - data/mouse/H3K36me3
!
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> N&'O02*%+$=0%'0&232&2%$*20=26'B2

bin/alea createTracks -s \

test - data/ mouse/H3K36me3 CASTEiJ C57BL6J \
test -data/ mouse/ CASTEIJ .fasta.refmap \
test -data/ mouse/ C57BL6J.fasta.refmap \
test - data/ mouse/ mm9.fullchrom.si zes \

test - data/ mouse
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7) Appendix A: Using SHAPEIT2 for genotype phasing

!

1.1.61('7. AL,NGSFK8!+',14.5'&71.11?7-0354B!;352.1>.14.5.,-&.Al&?.14.5'&71.1'+!'9,1796-5!A-&-!

35! E'I+',6-&=!>.I5. A Al-1+.>11,. /1,'2.00354!0&.10!&'"2'5@.,&!'9,! E'1+3(.1&'&?.16'0&!-11,'1,3-&.!

+',6-&!90.Al) 71N GSFK8=I3B B{35J$QXN\FPX "P!+',6-&B K?305!).IA'5.1)7!-10.,3.0!"+!

2'66-5A0!,955354! E &"(0!-5AIG(35J!).+',.1>.1,95;""GSFK8%! !

!

» E5@.,&354E1+',6-&1&"G(35JIG$OX'G! +',6-& !

vcftools -- vef  skin01_a20921.vcf -- force -index -write -- plink -- out skin01_a20921
]

!

>  1(R&359P.4.5'&71.0 135!GSOQX'G! +',6-&!)712?,'6'0'6.0  I-5AI2'5@.,&354!&7.6!&'"!
\$OX\FPX™"P!+',6-& !

for chr in $(seq 1 22) ; do plink -- file skin01_a20921 -- chr$chr  -- recode -- out
chr$chr  -- noweb ; done

plink  -- file skin01_a20921 -- chr X -- recode -- outchrX -- noweb

for chrin $(seq 1 22) ; do plink -- file chr$chr -- make- bed -- out chr$chr --
noweb; done

plink  -- file chrX -- make- bed -- outchrX -- noweb

!
!
K',95M"G$FK8!'5! . +.,.52. 11-5.(I'+1?-1('&71.0=I1,'@3A.A)7!&?.ILMMMIN.5'6.0!1,'0.2&'5.!
0?'9(A!l+3,0&!A>5("-AR?.IL=MMMIN.5'6.0!1?-0.12-1('&71.10.&!35!&?.12',,.2&!+',6-&B!K?30!>3((!).!
-9&'6-&32-((7!A'5.I'52.17'91,95!  da-(.-bX A'>5(-Ae?96-5e A-&-B0?fl02,3B&K?.!+'((">3541&>"!
2'66-5A0!,95!;""G"FK8!'5!01(3&!14.5'&71.1+',1.-2?12?,'6'0'6.1: 35N$QX\FP X "P!+',6-&!<190354!
o+, 52115 ('+1?-1('& 71.0%
!
»  "(3456.5&!'+1&?.1;1G0!).&>..51&?.! 4.5'&71. I-5A1&?.1,.+.,.52.11-5.( !
/bin/SHAPEIT/shapeit.v2.r644.linux.x86_64 - check -B ../skinO1 _a20921 break/chrl -
M
/1000_Genomes_phasel_haplotype/ALL_1000G_phaselintegrated_v3_impute/genetic_map_c
hrl combined b37.t xt -R
/1000_Genomes_phasel_haplotype/ALL_1000G_phaselintegrated_v3_impute/ALL_1000G_pha
selintegrated_v3_chrl_impute.hap.gz
/1000_Genomes_phasel_haplotype/ALL_1000G_phaselintegrated_v3_impute/ALL_1000G_pha
selintegrated_v3_chrl_impute.legend.gz
/1000_Genomes _phasel_haplotype/ALL_1000G_phaselintegrated_v3_impute/ALL_1000G_pha
selintegrated_v3.sample -- output - log chrl.alignments
!
!
» G?-03541&715'&71. 190354!&?.!1,.+.,.52.11-5.(""+!?-1('&71.0 !
/bin/SHAPEIT/shapeit.v2.r644.linux.x86_64 - B ../skin01_a20921 break/ch rl -M
/1000_Genomes_phasel_haplotype/ALL_1000G_phaselintegrated_v3_impute/genetic_map_c
hrl _combined b37.txt -R
/1000_Genomes_phasel_haplotype/ALL_1000G_phaselintegrated_v3_impute/ALL_1000G_pha
selintegrated_v3_chrl_impute.hap.gz
/1000_Genomes_phasel_haploty pe/ALL_1000G_phaselintegrated_v3_impute/ALL_1000G_pha
selintegrated_v3_chrl_impute.legend.gz
/1000_Genomes_phasel_haplotype/ALL_1000G_phaselintegrated_v3_impute/ALL_1000G_pha
selintegrated_v3.sample - O chrl.phased -- exclude -snp
chrl.alignments.snp.strand.exc lude -- no- mcmc -- thread 8
|



