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1) Introduction	  
!
"#$"!!30!-!2'619&-&3'5-(!&''()'*!+',!-((.(. /01.23+32!:";<!.134.5'6320!-5-(7030=!>?32?!352',1',-&.0!
-((.(32!@-,3-&3'5!A-&-!>3&?35!.*30&354!,.0'9,2.0=!-(('>354!+',!&?.!3A.5&3+32-&3'5!'+!03453+32-5&!
-00'23-&3'50!).&>..5!.134.5.&32!6'A3+32-&3'50!-5A!01.23+32!-((.(32!@-,3-5&0!35!?96-5!-5A!6'90.!2.((0B!
"#$"!1,'@3A.0!-!290&'63C-)(. !131.(35.!'+!2'66-5A!(35.!&''(0!+',!";!-5-(7030!'+!5.*& /4.5.,-&3'5 !
0.D9.52354!A-&-!:E?FG/0.D=!HI"/0.D=!.&2B<!&?-&!&-J.0!&?.!,-> !0.D9.52354!A-&-!-5A!1,'A92.0!0.1-,-&.!
-((.(32!&,-2J0!,.-A7!&'!).!@3.>.A!'5!4.5'6.!),'>0.,0B! "#$"!&-J.0 !-A@-5&-4.!'+!&?.!-@-3(-)(.!
4.5'63 2!,.0'9,2.0!+',!?96-5!:K?.!LMMM! N.5'6.0!G,'O.2&!E'50',&396<!-5A!6'90.!:K?.!P'90.!
N.5'6. !G,'O.2&<!&'!,.2'50&,92&!A31('3A!35!03(32'!4.5'6.0!+',!?96-5!0-61(.0 !',!?7),3A!6'90.!
0-61(.0!95A.,!0&9A7B!K?.5=!+',!.-2?!-22'61-57354!E?FG/0.D!',!HI" /0.D!A-&-0.&=!"#$"!4.5.,-&.0!
&>'!>34!+3(.0!+,'6!0?',&!,.-A0!-(345.A!A3++.,.5&3-((7!&'!.-2?!?-1('&71.B!K?30!131.(35.!?-0!)..5!
@-(3A-&.A!90354!?96-5!-5A!?7),3A!6'90.!E?FG /0.D!-5A!HI" /0.D!A-&-!:;..!K.0&!Q-&-!0.2&3'5<B!!
!
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2) Quick	  Reference	  

Dependencies	  
!
K'!,95!"#$"=!'5.!5..A0!&'!350&-((!-5!-11,'1,3-&.!@.,03'5!'+!&?.!+'(('>354! .*&.,5-(! 0'+&>-,.%!
S-@-!:LBT!U<=!G7&?'5!:8BV!U<=!)>- !:MBW!U<!-5AX',! )'>&3. !:LBMBM!',!8 BMBY<=!0-6&''(0 !:MBLBLZ!U<=!&-)3*!
:MB8B[!U<=!)4C31=!).AN,-1?K'\34]34=!;^"G$FK8=!_E` &''(0 !:MBLBLM!U<=!G(35J!:LBMW!U<B!!
!
	  
Pipeline	  
`349,.! L!0?'>0!&?.!-((.(. /01.23+32!-5-(7030!131.(35.!35!"#$"B!
!

!
U+=)&20! L0F99292L762*+3+*026+=2$'B+*708$89K7+706+629+$20+$0FGHF0

!
!
SYNOPSIS	  
!
alea phaseVCF hapsDIR unphased.vcf outputDIR  

 

reference genome  
(.fasta) 

phased SNPs & indels 
(.vcf) 

[ALEA] 
Construct in silico 

genomes 

[Aligner+ SAMTools] 
Align to in silico genome 

[ALEA] 
Project tracks to 

reference genome 

[ALEA] 
Detect allele specific 

reads 

[BAM2WIG] 
Generate allelic and 

composite tracks 

reads aligned to in silico 
genomes 
(.bam) 

ChIP-seq / RNA-seq  reads 
(.fastq) 

Mouse Genomes Project 

[SHAPEIT] 
Phase genotypes 

1000 Genomes 

unphased genotypes:  
SNPs & indels  
(.vcf) 

[ALEA] 
Create phased variant file 

phased haplotypes 
(.hap) 

1000 Genomes 
haplotypes 
(.hap, .legend, É) 

in silico parental + 
concat genomes 
(3 x .fasta) 

haplotype specific 
reads 
(2 x .bam) 

tracks for in silico 
genomes 
(3 x .wig) 

reference genome-wide 
tracks 
(3 x .wig) 

Legend 

Document 

Process 

Database 

b) Diploid genome reconstruction  

c) Haplotype-specific read alignment 

d) Reference genome track generation 

a) Phased-variant generation 
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alea createGenome reference.fasta phased.vcf.gz strain1 strain2 outputDir  

 

alea createGenome - snps - indels - se parately reference.fasta phased_snps.vcf.gz 
phased_ indels.vcf.gz strain1 strain2 outputDir  

 

alea alignReads - s reads.fastq  genome_concat.fasta  strain1  strain2  
outputPrefix  

 

alea alignReads - p reads_1.fastq reads_2.fastq  genome_concat.fasta  strain1  
strain2  outputPrefix  

 

alea createTracks < - s/ - p> bamPrefix strain1 strain2 genome1.refmap genome2.refmap 
chrom.sizes outputDIR  

 
!
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3) Installation	  
!
K'!0&-,&=!1(.-0.! A'>5('-A!&?.! "#$"! 1-2J-4.!+,' 6!&?.!+'(('>354!(35J%!
ftp://ftp.bcgsc.ca/supplementary/ALEA/files/alea.1.2.tar.gz  
&'!-5!350&-((-&3'5!A3,.2&',7!-5A!.*&,-2&!-((!+3(.0!)7!&71354%!
!

> tar xzf alea . 1.2. tar.gz  
!
K?.!2'5&.5&0!>3((!).!.*&,-2&.A!35&'!-!A3,.2&',7!5-6.A!-(.-!>?32?!>3((!).!,.+.,,.A!-0!a-(.-b!&?,'94?!
&?.!,.0&!'+!&?.!A'296.5&B!
c 52.!A'5.=!7'9! 6-7 !,95!!da-(.-bX A'>5('-Ae ?96-5 eA-&-B0?f!-5AX',!
da-(.-bX A'>5('-Ae 6'90. eA-&-B0?f!02,31&0!&'!4.&!&?.!!?96-5! ',!6'90.!:',!)'&?<! &.0&!A-&-0.&0B!K?.0.!
02,31&0!A'>5('-A!-((!&?.!,.D93,.A!3519&!A-&-!,.0'9,2.0!7'9!5..A!&'!,95! &?.!-((.(. /01.23+32!-5-(7030!
.*1(-35.A!35!&?.!$*-61(.0!0.2&3'5B!`',! .-2?!&.0&!A-&-!7'9!>3((!5..A!RMN\!'+!0&',-4.!01-2. !+', !&?.!,->!
3519&!-5A!1,'2.00.A!'9&19&!A-&-!!:3B.B!TMN\!+',!)'&? !6'90.!-5A!?96-5 <B!
g'9! 6-7 !-(0'! :'1&3'5-((7<!A'>5('-A!&?.! 35A3@3A9-(!&.0&!A-&-!+,'6!&?.!+'(('>354!A3,.2&',7%!
+&1%XX+&1B)2402B2-X0911(.6.5&-,7X"#$"X+3(.0X&.0&/A-&-X!
!

Software	  dependencies	  
!
"#$"!,95 0!+,'6!2'66-5A!(35.!-5A!,.D93,.0!-! hIFi !)-0.A!'1.,-&354!070&.6!-0!>.((!-0!-!>',J354!
@.,03'5!'+!S-@-!:@.,03'5!LBT!',!?34?.,<!-5A!G7&?'5!:@.,03'5!8BV!',!?34?.,<B!`9,&?.,!6',.=!&?.!
+'(('>354!0'+&>-,.!5..A0!&'!).!350&-((.A%!!!
!
! ) >- !90.A!&'!-(345!,.-A0!&'!35!03(32'!4.5'6. 0!:`349,.! L!j !2<!
http://sourceforge.net/projects/bio - bwa/files/  

!
! :'1&3'5-(<!)'>&3.!90.A!&'!-(345!,.-A0!&'!2'52-&.5-&.A!4.5'6.!: `349,.! L!j !2<!
http://bowtie - bio.sourceforge.net/bowtie2/index.shtml  
!

I'&.%!"#$"!90.0!)>-!+',!-(3456.5&!)7!A.+-9(&=!)9&!-(0'!0911',&0!)'>&3.B!g'9!6-7!01.23+7!&?.!
-(345.,!&''(!)7!.A3&354!&?.!a-(.-bX)35X-(.-B2'5+34!+3(.B!

!!
! 0-6&''(0 !90.A!&'!1,'2.00 !)-6 !+3(.0!:̀349,.! L!j !2<B!
http://sourceforge.net/projects/samtools/files/samtools/  

!
! ).AN,-1?K'\34]34 !!-5A!>34K'\34]34! 90.A!&'!2'5@.,&!).AN,-1?!-5A!>34!+3(.0!&'!)34]34!+3(.0!

: `349,.! L!j !A<B!
http://hgdownload.cse.ucsc.edu/admin/exe/  
!
! &-)3*!:MB8B[!',!?34?.,<!-5A!)4C31!:352(9A.A!>3&?!&-)3*<!90.A!&'!2,.-&.!&?.!1?-0.A!@2+!+3(.0!:`349,.!

L!j !-<!
http://sourceforge.net/projects/samtools/files/tabix/  
!
! ;^"G$FK8!90.A!&'!1?-0.! 4.5'&71.0!43@.5!&'!&?30!1,'4,-6!35!G(35J!\$QX!\FPX`"P!+',6-&!-5A!

4.5.,-&.0!1?-0.A!?-1('&71.0!35!^"G;X ;"PG#$ !+',6-& !: `349,.! L!j !-<B!K?.!1,'2.00!30!+9,&?.,!
A.02,3).A!35!"11.5A3*!"B!

http://www.shapeit.fr/pages/m01_basic/download.php  
!
! _E` &''(0 !90.A!&'!2'5@.,&!4.5'&71.0!35!_E`!+',6-&!&'!G(35J!G$QXP"G!+3(.!+',6-&!: `349,.! L!j !-<B!

K?.!1,'2.00!30!+9,&?.,!A.02,3).A!35!"11.5A3*!"B!
http://sourceforge.net/projects/vcftools/files/  
!
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! G(35J!90.A!&'!01(3&!&?.!4.5'& 71.0!35!G$QXP"G! +',6-&! )7!2?,'6'0'6.0!1,3',!&'!1?-0354!0352.!
;^"G$FK!1?-0.0!'5(7!'5.!2?,'6'0'6.!-&!-!&36. B!K?30!0'+&>-,.!-(0'!2'5@.,&0!&?.!4.5'&71.!+,'6!
.-2?!2?,'6'0'6.!+,'6!G$QX P"G! &'!\$QX\FPX`"P!+',6-&!,.-A7!&'!).!90.A!)7!;^"G$FK8!
: `349,.! L!j !-<B!K?.!1,'2.00!30!+9,&?.,!A.02,3).A!35!"11.5A3*!"B!

F&!30!,.2'66.5A.A!&'!?-@.!-((!&?.!,.D93,.A!A.1.5A.523.0=!?'>.@.,!A3++.,.5&!6'A9(.0!90.!'5(7!
2.,&-35!.*&.,5-(!&''(0B!̀',!.*-61(.!&'!>',J!>3&?!&?.!6'90.!A-&-=!7'9!>'5k&!5..A!&?.!1?-0354!6'A9(.!
: `349,.! L!j !-<!-0!1?-0.A!@2+!+3(.0!-,.!-(,.A7!1,'@3A.AB!K?90!;^"G$FK=!@2+&''(0=!&-)3*!-5A!G(35J!>'5k&!
).!5.2.00-,7B !

Setting	  the	  options	  
c1&3'50!092?!-0!&?.!-((.(32!-(3456.5&!6.&?'A!:90354!2'52-&.5-&.A!@0B!0.1-,-&.!4.5'6.<=!-(345.,!&''(!
:\]"!',!\'>&3.< !-5A!1-,-6.&.,0!1-00.A!&'!.*&.,5-(!&''(0 !2-5!).!6'A3+3.A!35!&?.!
a-(.-bX)35X-(.-B2'5+34B!K?.!6'0& !361',&-5&!'1&3'50!-,.%!

• "#eh;$eEcIE"K$I"K$QeN$IcP$%!$5-)(.0!90.!'+!2'52-&.5-&.A!4.5'6.!6.&?'A!
:A.+-9(&lL<!',!&?.!0.1-,-&.!4.5'6.!6. &?'A!:lM<!

• "#eh;$e\]"%!;1.23+3.0!90354!\]"!+',!-(3456.5& !:A.+-9(&<!
• "#eh;$e\c]KF$L%!;1.23+3.0!90354!\'>&3.L!+',!-(3456.5&!
• "#eh;$e\c]KF$8%!;1.23+3.0!90354!\'>&3.8!+',!-(3456.5&!
• "#eQ$\hN%!;.&0!A.)94!6'A.B!]?.5!.5-)(.A!:lL<!&?.!&''(!>3((!1,35&!-((!&?.!.*.29&.A!

2'66-5A0=!-5A!>'5m&!,.6'@.!&.61',-,7!+3(.0B !
!
!

Setting	  the	  paths	  
!
g'9! 2-5!0.&!91!&?.!1-&?0!&'!&?.!,.D93,.A!&''(0!35!.3&?.,!'+!&?.!+'(('>354!>-70%!
!
L/!h1A-&.!a-(.-bX)35X-(.-B2'5+34!+3(.!-5A!.A3&!&?.!@-,3-)(.0!0&-,&354!>3&?!d"#e\FIe f!!&'!1'35&!&?.!
('2-&3'50!' +!&?.!&''(0B!
.B4!3+!)>-!30!350&-((.A!95A.,!nX)35X)>-=!6-J.!&?.!+'(('>354!2?-54.%!!
!
AL_BIN_BWA="~/ bin/ bwa"  
!
cH!
!
8/!E,.-&.!- !(35J!&'!&?.!('2-&3'5!'+!&''(0!3503A.!&?.!a-(.- bX)35!A3,.2&',7B!
.B4B!!
> cd <alea >/bin  

> ln Ðs PATH_TO_BWA bwa  

> ln Ðs PATH_TO_SAMTOOLS samtools  

> ln Ðs PATH_TO_SAMTOOLS samtools  

> ln Ðs PATH_TO_TABIX tabix  

> ln Ðs PATH_TO_BGZIP bgzip  

> ln Ðs PATH_TO_BEDGRAPHtoBIGWIG bedGraphToBigWig  

 
!
!

Hardware	  requirements	  
F&!30!,.2'66.5A.A!&'!,95!"#$"!'5!-! TV/)3&!hIFi !)-0.A!6-2?35.!>3&?!-!6353696!'+!VN\! -@-3(-)(.!
H"P!-5A! TM!N\!-@-3(-)(.!A30J!01-2.!:&'!1,'2.00 !)'&?!?96-5!-5A!6'90.!&.0& /A-&-<B!
!
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4) Test	  Data	  
!
]. !.61('7.A!'9,!";!131.(35.!'5!?96-5!0J35!+3),')(-0&!HI" /0.D!-5A!̂ RoRT6.R!E?FG/0.D!A-&-0.&0!
4.5.,-&.A!+,'6!&?.!0-6.!35A3@3A9-(B!K?.!',3435-(!A-&-!30!-@-3(-)(.!+',!A'>5('-A!95A.,!&?.!N$c!
-22.003'5!596).,0!N;PW[L8WW!-5A!N;PZLW8RZB!].!-(0'!?-A!-A@-52.A!-22.00!&'!-5! 9519)(30?.A!
>?'(.!4.5'6.!0.D9.52354!: ]N; <!A-&-!+',!&?30!35A3@3A9-(B!].!2-((.A!4.5'&71.!35!_E`!+',6-&!+',!&?30!
35A3@3A9-(!+,'6!]N;!A-&-!-5A!19&!&?.!_E`!+3(.!35!&?.!0-6.!+'(A.,!-0!`";Kp!+3(.0!-,.B!!
"((!,.D93,.A!-,.!6-A.!-@-3(-)(.!95A., !
+&1%XX+&1B)2402B2-X0911(.6.5&-,7X"#$"X+3(.0X&.0&/A-&-X?96-5X!-5A!2-5!).!A'>5('-A .A!
-9&'6-&32-((7!90354!&?.!02,31&!a-(.-bXA'>5('-Ae?96-5eA-&-B0?!!:I'&.%!,.D93,.0!>4.&<B!"((!+'9,!"#$"!
6'A9(.0!:;..!`349,.!L<!?-@.!)..5!-11(3.A! '5 !&?30!A-&-0.&!&'!,.2'50&,92&!35/03(32'!4.5'6.0=!A.&.2&!
?-1('&71. /01.23+32!0.D9.52354!,.-A0=!-5A!4.5.,-&.!0.1-,- &.!,.-A!1,'+3(.0!+',!.-2?!?-1('&71.!+',!HI" /
0.D!-5A!^RoRT6.R!A-&-B!HI" /0.D!A-&-!6-7!).!A'>5('-A.A! 6-59-((7 !90354!&?.!N$c!-22.003'5!
596).,!1,'@3A.A!-)'@.B !
!
"!0363(-,!-11,'-2? !>-0!-(0'! -11(3.A!&'!-!,.2.5&(7!19)(30?.A!A-&-0.&!+',!6'90.!&,'1?')(-0& !2.((0!
:E-(-),.0.!.&!-(B=!8ML8<=!352(9A354!HI"/0.D!-5A!^RoRT6.R!E?FG/0.D!A-&-!A.,3@.A!+,'6!2,'00.0!
).&>..5!E";KX$3S!:E-0&<!-5A!E[W\#XTS!:\T<!632.B!K?.!',3435-(!A-&-!30!-@-3(-)(.!+',!A'>5('-A!95A.,!
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5) Running	  ALEA	  
!
"#$"!2'5030&0!'+!&?.!+'(('>354!+'9,!6'A9( .0!+',!>?32?!&?.!1,'2.00.0=!&?.!3519&!-5A!'9&19&!+3(.0!-5A!
&?.3,!+',6-&0!-,.!0?'>5!35!`349,.!LB!

Genotype	  phasing	  
`',!?96-5!0-61(.0= !4.5'&71.0!-,.!&7132-((7!2-((.A!+,'6!>?'(.!4.5'6. /0.D9.52354!:]N;<!0?',&!
,.-A0!-22'61-57354!&?. !.134.5'632!A-&-0.&!95A.,!";!0&9A7B!;^"G$FK8!30!&?.5!.61('7.A!&'!1?-0.!
4.5'&71.0! 35!90354!&?.!19)(32(7!-@-3(-)(.!,.+.,.52.!1-5.(!'+!?-1('&71.0=!1,'@3A.A!)7!&?.!LMMM!
N.5'6.0!1,'O.2& !!:"11. 5A3*/" !.*1(-350!&?.!A.&-3(0!'+!,955354!;^"G$FK8!90354!,.+.,.52.!1-5.(!'+!
?-1('&71.0<B!].!&?.5!90.!&?. !'9&19&!'+!;^"G$FK8=!3B.B!1?-0.A!?-1('&71.0! :B?-10<=!&'4.&?.,!>3&?!&?.!
',3435-(!951?-0.A!@-,3-5&!+3(.!:_E`<!&'!2,.-&.!-!1?-0.A!@-,3-5&!+3(.!>3&?!&>'!?-1('&71.0!2'5&-35354!
?'6'C74'90!-5A! 1?-0.A!?.&.,'C74'90!;IG0!-5A! F5A.(0!: `349,.! L!j !-<B!
!
`',!6'90.!A-&-0.&0= !"#$"!-22.1&0!.134.5'632!6-,J0!+,'6!`L!?7),3A!'++01,354!>?'0.!1-,.5&0 !-,.!
-6'54!&?.!LW!35),.A!0&,-350!-@-3(-)(.!+,'6!&?.!P'90.!N.5'6.!G,'O.2&B!K?.,.+',.=! &?.!1?-0.A!@-,3-5&!
+3(.!30!-(,.-A7!-@-3(-)(.!-5A!>.!A'!5'&! 5..A! &?.!1?-0354!0&.1B!!K?.!1?-0.A!;IG0!-5A!F5A.(0!+3(.0!-,. !
A'>5('-A.A!-5A!1(-2.A! 95A.,!a-(.-bX&.0&/A-&-X6'90. !90354!&?.!a-(.-bA'>5('-Ae6'90.eA-&-B0?!
02,31&B!
!
K?.!).(('>!2'66-5A0!-,.!'5(7! ,.D93,.A!'5!?96-5!0-61(.0B !
!
T78=2S0
alea phaseVCF hapsDIR unphased.vcf outputPrefix  
!
]6%+'$7S0
?-10QFH!!!!!!!!! ! 1-&?!&'!&?.!A3,.2&',7!2'5&-35354!&?.!B?-10!+3(.0!
951?-0.AB@2+!!!! ! 1-&?!&'!&?.!@2+!+3(.!2'5&-35354!951?-0.A!;IG0!-5A!F5A.(0!
'9&19&G,.+3*! ! '9&19&!+3(.!1,.+3*!352(9A354!&?.!1-&?!)9&!5'&!&?.!.*&.503'5!
!
])%6)%S0!!
E,.-&.0!&?.!+3(.!'9&19&G,.+3*B@2+B4C!
!

Insilico	  genome	  creation	  
K?.!'9&19&!'+!&?.!1?-0354!6'A9(.=!&?.!1?-0.A!@-,3-5&!+3(.=!&'4.&?.,!>3&?!&?.!,.+.,.52.!4.5'6.!30!
+.A!35&'!&?.!0.2'5A!6'A9(.!: `349,.! L!j !)<!35!>?32?!?-1('&71.!,.43'50!-,. !,.2'50&,92&.A!+,'6!&?.!
35A3@3A9-(!?-1('&71.0B!K>'!3503(32'!4.5'6.0!-,.!2,.-&.A!&'!).!90.A!+',!&?.!'1&36-(!3A.5&3+32-&3'5!'+!
2?,'6'0'6-(!',!-((.(. !01.23+32!.++.2&0B!`',!6'90.=!&?.!&>'!3503(32'!4.5'6.0!,.1,.0.5&!&?.!1-,.5&-( !
?-1('&71.0=!?'>.@., !+',!?96-5!&?.!&>'!4.5'6.0!>3((!.00.5&3-((7!).!-!6'0-32 !'+!&?.!1-,.5&-(!
?-1('&71.0!A9.!&'!&?.!95(3J.(35.00!'+!&,9.!('54/,-54.!1?-0354B!F5!-AA3&3'5!&'!&?.!&>'!3503(32'!
4.5'6.0=!&?30!6'A9(.!-(0'!2'52-&.5-&.0!&?.0.!1-,.5&-(!4.5'6.0 !+',!.-2?!2?,'6'0'6.!-5A!6-J.0 !-5!
-,&3+323-(!4.5'6.!>?32?!30!&>32.!&?.!03C.!'+!&?.!1-,.5&-(!4.5'6.0B!K?30!5.>!4.5'6.!30!90.A!(-&.,!+',!
+35A354!?-1('&71. /01.23+32!.134.5'632!,.-A0B!
!
c5.!2-5!,95!&?.!).(('>!2'66-5A!+',!)'&?!?96-5!-5A!6'90.B!K?.!5-6.!'+!0&,-350!2-5!).!+'95A!+,'6!
&?.!1?-0.AB@2+B4C!+3(.B!`',!?96-5=!3&!30!-(>-70!d?-1Lf!-5A!?-18f=!>?32?!-,.!&?.!5-6.0!&?-&!;^"G$FK8!
90.0!+',!1?-0.A!?-1('&71.0B!`',!6'90.=!&?.0.!-,.!&?.!5-6.0!'+!&?.!1-,.5&-(!35),.A!632.!2,'00354!&'!
2,.-&.!`L!?7),3A!6'90.! 95A.,!0&9A7!:.B4B!E";K$3S!:E-0&<!-5A!E[W\#TS!:\T<!632. <B!c9,!&''(!-22.1&0!LW!
6'90.!0&,-35!5-6.0!+,'6!&?.!+'(('>354!(30&%!
E[W\#TS!=!L8Y;L!=!"S!=!"oH !=!\"#\2S !!=!ER^^.S!=!E[W\#TIS!=!E";K$3S!=!E\"S !=!Q\"8S !=!̀_\eIS !=!#GS!=!
IcQ;?3#&S!=!Iqc !=!G]oG?S!=!;1,.&90!=!];\$3S !
!
T78=2S0
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]?.5!-((! ;IG0 !-5A!F5A.(0!-,. !35!-!0354(.!@2+!+3(.!
alea createGenome reference.fasta  phased.vcf.gz strain1 strain2 outputDir  
!
]?.5!&?.! ;IG0 !-5A!F5A.(0!-,.!35!&>'! 0.1-,-&.!@2+!+3(.0%!
alea createGenome - snps - indels - separately reference.fasta phased_snps.vcf.gz 
phased_indels.vcf.gz stra in1 strain2 outputDir  
0
]6%+'$7S0
,.+.,.52.B+-0&-!!!!!!!!! &?.!,.+.,.52.!4.5'6.!+-0&-!+3(. !
1?-0.AB@2+B4C!!!!!!!!!!! &?.!1?-0.A!@-,3-5&0!@2+!+3(.!:352(9A354!;IG0!-5A!F5A.(0<!
0&,-35L!!!!!!!!!!!!!!!!! ! 5-6.!'+!0&,-35L!.*-2&(7!-0!01.23+3.A!35!&?.!@2+!+3(.!:.B4B!?-1L<!
0&,-358!!!!!!!!!!!!!!!!! ! 5-6.!'+!0&,-358!.*-2&(7!-0!01.23+3.A!35!&?.!@2+!+3(.!:.B4B!?-18<!
'9&19&Q3,!!!!!!!!!!!!!!! ('2-&3'5!'+!&?.!'9&19&!A3,.2&',7!
!!!!!!!!!!
!/0510/35A.(0/0.1-,-&.(7 ! 90.!3+!;IG0!-5A!F5A.(0!-,.!35!&>'!0.1-,-&.!@2+!+3(.0!
1?-0.A /0510B@2+B4C!!!!!!!!!! &?.!1?-0.A!;IG0!:0?'9(A!).!01.23+3.A!+3,0&<!
1?-0.A /35A.(0B@2+B4C!!!!!!!! &?.!1?-0.A!F5A.(0!!:0?'9(A!).!01.23+3.A!0.2'5A<!
0
])%6)%S0
E,.-&.0!&>'!1-,.5&-(!35 /03(32'!4.5'6.0!0&,-35LB+-0&-!-5A!0&,-358B+-0&-!-0!>.((!-0!-(3456.5&!35A32.0B!
!"!2'52-&.5-&.A!4.5'6.!0&,-35Le0&,-358B+-0&-!>3((!).!2,.-&.A!3+!
"#eh;$eEcIE"K$I"K$QeN$IcP$lL!30!0.&!35!-(.-B2'5+34!B!
0
Z'%2S0!F&!30!1'003)(.!&'!?-@.!;IG0 !-5A!F5A.(0!35!&>'!0.1-,-&.!@2+!+3(.0B!F5!&?-&!2-0.!90.!/0510/35A.(0/
0.1-,-&.(7!'1&3'5=!-5A!6-J.!09,.!7' 9!01.23+7!;IG0 !).+',.! F5A.(0B!
0

Allele-‐specific	  Alignment	  
!
].!90. !\]"! ',!\'>&3. !&'!-(345!E?FG/0.D!',!HI" /0.D!0?',&!,.-A0!35!`";Kp !+',6-&! : \]"!-(0'!
0911',&0!+-0&DB4C!-5A!)-6!-0!3519&<!&'!&?.!3503(32'!4.5'6. 0!2'50&,92&.A!)7!&?.!1,.@3'90!6'A9(.!-5A!
A.&.2&!&?.!-((.(32!,.-A0!&?-&!-,.!953D9.(7!-(345.A!&'!.-2? !4.5'6.! : `349,.! L!j !2<B!K?.0.!,.-A0!6-1!&'!
&?.!,.43'50!2'5&-35354!?.&.,'C74'90!;IG0!-5A!2-5!).!90.A!&'!A.&.,635.!&?.!-((.(32!,-&3'0!+',!&?'0.!
,.43'50B!E'50.D9.5&(7=!-((!,.-A0!-(345.A!&'!69(&31(.!('2-&3'50!'+!.3&?.,!?-1('&71.0!',!-(345.A!&'!)'&?!
?-1('&71.0!-,.!+3(&.,.A!'9&B!K?90=!&?.!6'A9(.!2-1&9,.0!&?.!?-1('&71. /01.23+32!,.-A0!-(345.A!'5(7!&'!
'5.!'+!&?.!?-1('&71.0B!;-6&''(0! 30!.61('7.A!&' !2'5@.,&!-5A!0',&!&?.!4.5.,-&.A!;"P!+3(.0!&'!\"P!
+',6-& B!!
!
K?.!).(('>!2'66-5A!2-5!).!-11(3.A!'5!)'&?!?96-5!-5A!6'90.!A-&-B!K'!+35A! .(343)(. !5-6. 0!+',!
?96-5!-5A!6'90. !0&,-350=!1(.-0.!,.+.,!&'!&?.!1,.@3'90!0.2&3'5!:F503(32'!4.5'6.!2,.-&3'5 <B!
!
T78=2S0
90354!2'52-&.5-&.A!4.5'6.!6.&?'A!:"#eh;$eEcIE"K$I"K$QeN$IcP$lL<% !
alea alignReads < - s/ - p> <input_reads_1 [input_reads_2]> <genome_concat> <strain1 
strain2> <outputPrefix>  
!
90354!0.1-,-&.!3503(32'!4.5'6.0!6.&?'A!:"#eh;$eEcIE"K$I"K$QeN$IcP$lM<% !
alea alignReads < - s/ - p> <input_reads_1 [input_reads_2]> <genome1  genome2> 
<strain1 strain2> <outputPrefix>  
!
]6%+'$7S0
/0!!!!!!!!!!!!!!&'!-(345!0354(./.5A!,.-A0!:,.D93,.0!'5.!3519&!+3(.<!
/1!!!!!!!!!!!!!!&'!-(345!1-3,.A/.5A!,.-A0!:,.D93,.0!&>'!3519&!+3(.0<!
!!!!!!!!!!
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3519&e,.-A0eL!!!&?.!L0&!3519&!,.-A0!+3(.!35!+-0&DB!
!!!!!!!!!!!!!!!!!!!!:+-0&DB4C!',!)-6!30!0911',&.A!>?.5!90354!\]"<!
!!!!!!!!!!!!!!!!!!!!!
3519&e,.-A0e8!!!:1-3,.A!.5A<!&?.!85A!3519&!,.-A0!+3(.!35!+-0&DB!
!!!!!!!!!!!!!!!!!!!!:+-0&DB4C!',!)-6!30!0911',&.A!>?.5!90354!\]"<!
!!!!!!!!!!!!!!!!!!!!!
4.5'6.e2'52-&!!!:>?.5!"#eh;$eEcIE"K$I"K$QeN$IcP$lL< !
!!!!!!!!!!!!!!!!!!!!1-&?!&'!&?.!35A.*.A!,.+.,.52.!+',!2'52-&.5-&.A!3503(32'!4.5'6.B !
!!!!!!!!!!!!!!!!!!!!+',!\]"=!01.23+37!1-&?!&'!&?.!+-0&-B!
!!!!!!!!!!!!!!!!!!!!+',!\'>&3.=!01.23+7!35A.*!+3(.5-6.!1,.+3*!:63590!&,-3(354!BiB.)>&!',!BiB)&8<!
!!!!!!!!!!!!!!!!!!!!!
4.5'6.L!!!!!!!!!:>?.5!"#eh;$eEcIE"K$ I"K$QeN$IcP$lM< !
!!!!!!!!!!!!!!!!!!!!1-&?!&'!&?.!35A.*.A!,.+.,.52.!+',!L0&!3503(32'!4.5'6.!:'+!0&,-35L<B!
!!!!!!!!!!!!!!!!!!!!+',!\]"=!01.23+37!&?.!+-0&-!+3(.B!
!!!!!!!!!!!!!!!!!!!!+',!\'>&3.=!01.23+7!35A.*!+3(.5-6.!1,.+3*!:63590!&,-3(354!BiB.)>&!',!BiB)&8<!
!!!!!!!!!!!!!!!!!!!!!
4.5'6.8 !!!!!!!!!:>?.5!"#eh;$eEcIE"K$I"K$QeN$IcP$lM< !
!!!!!!!!!!!!!!!!!!!!1-&?!&'!&?.!35A.*.A!,.+.,.52.!+',!85A!3503(32'!4.5'6.!:'+!0&,-358<B!
!!!!!!!!!!!!!!!!!!!!+',!\]"=!01.23+37!&?.!+-0&-!+3(.B!
!!!!!!!!!!!!!!!!!!!!+',!\'>&3.=!01.23+7!)-0.5-6.!'+!35A.*!+3(.0B!
!!!!!!!!!!!!!!!!!!!!!
0&,-35L!!!!!!!!!5-6.!'+!0&,-35L!
!!!!!!!!!!!!!!!!!!!!:.B4B!?-1L!',!E";K$3S<!
!!!!!!!!!!!!!!!!!!!!!
0&,-358!!!!!!!!!5-6.!'+!0&,-358!
!!!!!!!!!!!!!!!!!!!!:.B4B!?-18!',!E[W\#TS<!
!!!!!!!!!!!!!!!!!!!!!
'9&19&G,.+3*!!!!1,.+3*!+',!'9&19&!+3(.0=!352(9A354!&?.!+9((!1-&?=!>3&?'9&!-5!.*&.503'5!
!!!!!!!!!!!!!!!!!!!!:.B4B!BXK;Ee^RoRT6.R!<!
!
])%6)%S0
'9&19&G,.+3*e0&,-35Le0&-,358B0-6!!!:>?.5!"#eh;$eEcIE"K$I"K$QeN$IcP$lL<!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!-((!,.-A0!-(345.A!&'!&?.!2'52-&.5-&.A!3503(32'!4.5'6. !
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
'9&19&G,.+3*e0&,-35Le-((B0-6!!!!!!!:>?.5!"#eh;$eEcIE"K$I"K$QeN$IcP$lM<!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!-((!,.-A0!-(345.A!&'!&?.!+3,0&!3503(32'!4.5'6.!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
'9&19&G,.+3*e0&,-358e-((B0-6!!!!!!!:>?.5!"#eh;$eEcIE"K$I"K$QeN$IcP$lM<!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!-((!,.-A0!-(345.A!&'!&?.!0.2'5A!3503(32'!4.5'6.!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
'9&19&G,.+3*e0&,-35LB)-6!!!!!!!!!!!-((.(32!,.-A0!+',!0&,-35L!4.5'6.!:0',&.A!)-6< !
!!!!!
'9&19&G,.+3*e0&,-358B)-6!!!!!!!!!!!-((.(32!,.-A0!+',!0&,-358!4.5'6.!:0',&.A!)-6<!
!
HP8B6927S0
!!!!:"#eh;$eEcIE"K$I"K$QeN$IcP$lL=!"#eh;$e\]"lL< !
alea alignReads - s H3K36me3.fastq CASTEiJ_C57BL6J.fasta CASTEiJ C57BL6J 
./H3K36me3  
alea alignReads - p H3K36me3_1.fastq H3K36me3_2.fastq CASTEiJ_C57BL6J.fasta 
CASTEiJ C57BL6J ./H3K36me3  
!
!!!!:"#eh;$eEcIE"K$I"K$QeN$IcP$lM=!"#eh;$e\]"lL< !
alea alignReads - s H3K36me3.fastq CASTEiJ.fasta C57BL6J.fasta CASTEiJ C57BL6J 
./H3K36me3  
     
!!!!:"#eh;$eEcIE"K$I"K$QeN$IcP$lM=!"#eh;$e\c]KF$LlL< !
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alea alignReads - s H3K36me3.fastq bowtie1 - index/CASTEiJ bowtie1 - index/C57BL6J 
CASTEiJ C57BL6J ./H3K36me3  
!

Projecting	  to	  reference	  genome	  
K?.!+',&?!6'A9(.! : `349,.! L!j !A<!4.5.,-&. 0!&>'!?-1('&71. /01.23+32!&,-2J!+3(.0!+,'6!6-11.A!,.-A0!-5A!
1,'O.2&0!&?.6!)-2J!&'!&?.!,.+.,.52.!4.5'6.B!Q9.!&'!&?.!.*30&.52.!'+ !F5A.(0!35!&?.!2'50&,92&3'5!
'+!1-,.5&-(!35/03(32'!4.5'6.0!&?.!2'',A35-&.0!'+!&?.!&,-2J0!-,.!0J.>.A!'52.!2'61-,.A!&'!&?.!
,.+.,.52.! 4.5'6.B!^'>.@.,=!6'0&!@309-(3C-&3'5!&''(0!>',J !)-0.A!'5!-(3456.5 &!&'!,.+.,.52.!
4.5'6.0B!h0354!&?.!)>-!35A.* !+3(.!2,.-&.A!>3&?!&?.!35/03(32'!4.5'6.0=!"#$"!6-10!&?.!&,-2J0!)-2J!&'!
&?.!,.+.,.52.!4.5'6.B !
!
K?.!).(('>!2'66-5A!2-5!).!-11(3.A!'5!)'&?!?96-5!-5A!6'9 0.!A-&-B!K'!+35A!.(343)(.!5-6.0!+',!
?96-5!-5A!6'90.!0&,-350=!1(.-0.!0..!d3503(32'!4.5'6.!2,.-&3'5f!09)0.2&3'5B!
!
T78=2S0
alea createTracks <options> bamPrefix strain1 strain2 genome1.refmap 
genome2.refmap chrom.sizes outputDIR  
!
]6%+'$7S0
/0!! ! ! &'!2,.-&.! &,-2J0!+',!&?.!0354(./.5A!-(345.A!,.-A0!
/1!! ! ! &'!2,.-&.!&,-2J0!+',!&?.!1-3,.A/.5A!-(345.A!,.-A0!
!
)-6G,.+3*!!!!!!! ! 1,.+3*!90.A!+',!&?.!'9&19&!'+!-(345H.-A0!2'66-5A!
0&,-35L!!!!!!!!! ! 5-6.!'+!0&,-35L!:.B4B!?-1L<!
0&,-358!!!!!!!!! ! 5-6.!'+!0&,-358!:.B4B!?-18<!
4.5 '6.LB,.+6-1! ! 1-&?!&'!&?.!,.+6-1!+3(.!2,.-&.A!+',!3503(32'!4.5'6.!L!
4.5'6. 8B,.+6-1!! 1-&?!&'!&?.!,.+6-1!+3(.!2,.-&.A!+',!3503(32'!4.5'6.!8!
2?,'6B03C.0!!!!! ! 1-&?!&'!&?.!2?,'6'0'6.!03C.!+3(.!:,.D93,.A!+',!2,.-&354!B)><!
'9&19&QFH!!!!!!! ! '9&19&!A3,.2&',7!:>?.,.! &'!2,.-&.!&,-2J!+3(.0<!
!!!!!!!!!!
])%6)%S0
'9&19&QFHX'9&19&G,.+3*e0&,-35LB).AN,-1?!
'9&19&QFHX'9&19&G,.+3*e0&,-35LB)>!!!!!!!!,.-A!1,'+3(.0!+',!0&,-35L!1,'O.2&.A!&'!,.+.,.52.!4.5'6.!
!!!!!!!!!!
'9&19&QFHX'9&19&G,.+3*e0&,-358B).AN,-1?!!
'9&19&QFHX'9&19&G,.+3*e0&,-358B)>!!!!!!!!,.-A!1,'+3(.0!+',!0&,-358!1,'O.2&.A!&'!,.+.,.52.!4.5'6. !
!!!!!!!!!!
'9&19&QFHX'9&19&G,.+3*e0&,-35LB>34B4C!
'9&19&QFHX'9&19&G,.+3*e0&,-358B>34B4C!!!!951,'O.2&.A!,.-A!1,'+3(.0!+',!0&,-35L!-5A!0&,-358!
!
!
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6) Examples	  
!

Human	  skin	  fibroblast	  
\.+',.! &.0&354!"#$"!'5!&?.!?96-5!A-&-!7'9!5..A!&'!A'>5('-A!&?.!?96-5!0J35!+3),')(-0&!&.0&!A-&-!
:,.+.,.52.=!;IG0!r!F5A.(0=!E?FG/0.D!A-&-=!.&2<!)7!,955354!&?.!a-(.-bXA'>5('-Ae?96-5eA-&-!02,31&!
g'9!5..A! -&(.-0&!LMN\!'+!A30J!01-2.!+',!&?.!3519&!A-&-!-5A!-5'&?.,!L[ N\! &'!,95!&?.!131.(35.B!
G(.-0.!-(0'!6-J.!09,.!&'!0.&!&?.!1-&?!&'!,.D93,.A!.*&.,5-(!0'+&>-,. !-0!.*1(-35.A!35!&?.!0.2&3'5=!
;.&&354!&?.!B!
g'9!2-5!@.,3+7!&?-&!7'9!?-@.!&?.!5.2.00-,7!+3(.0!)7!,955354!&?.!+'(('>354!-5A!2'61-,354!&?.!'9&19&%!
!
>ls Ðgo test - data/human  

 

- rw - r -- r --   1 3153508730 Aug 19 18:16 GRCh37 - lite.fa  

- rw - r -- r --   1       2746 Aug 19 18:16 GRCh37 - lite.fa.fai  

- rw - r -- r --   1 3763 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$'%K6206>87+$=0
> 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%+'$0
> bin/alea createGenome \  

test - data/human/GRCh37 - lite.fa \  

test - data/human/skin01_a20921.phased.vcf.gz \  

hap1 hap2 test - data/human  
!
! F99292L762*+3+*089+=$B2$%0
> bin/alea alignReads - s \  

test - data/human/H3K36me3_fib01_A08393_1.fastq .gz  \  

test - data/human/hap1_hap2.fasta \  

hap1 hap2 test - data/human/ H3K36me3 
!
! N&'O2*%+$=0%'0&232&2$*20=2$'B20
> bin/alea createTracks - s \  

test - data/human/H3K36me3 hap1 hap2 \  

test - data/human/hap1.fasta.refmap \  

test - data/human/hap2.fasta.refmap \  

test - data/human/hg19.chrom.sizes \  

test - data/human  
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!
!

Mouse	  trophoblast	  
!
\.+',.!&.0&354!"#$"!'5!&?.!6'90.!A-&-!7'9!5..A!&'!A'>5('-A!&?.!6'90.!&.0&!A-&-!:,.+.,.52.=! ;IG0 !r!
F5A.(0=!E?FG/0.D!A-&-=!.&2<!)7!,955354!&?.!a-(.-bXA'>5('-Ae6'90.eA-&-!02,31& !
g'9!5..A!-&(.-0&!L [ N\!'+!A30J!01-2.!+',!&?.!3519&!A-&-!-5A!-5'&?.,!L[ N\!&'!,95!&?.!131.(35.B!
G(.-0.!-(0'!6-J.!09,.!&'!0.&!&?.!1-&?!&'!,.D93,.A!.*&.,5-(!0'+&>-,.!-0!.*1(-35.A!35!&?.!0.2&3'5=!
;.&&354!&?.!B!
g'9!6-7! ,95 !&?.!+'(('>354!&'!@.,3+7!&?-&!!-((!5.2.00-,7!+3(.0!-,.!A'>5('-A.AB!
!
>ls Ðgo test - 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 q.gz  

- 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 --  1 5580872284 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 --  1 2688098092 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%+'$0
K?.!+'(('>354!>3((!2,.-&.!&?.!3503(32'!4.5'6.0!E";K$3SB+-0&-!-0!>.((!-0!2'52-&.5-&.A!E";K$3S!
eE[W\#TSB+-0&-!3+!90354!2'52-&.5-&.A!4.5'6.!6.&?'A!:"#eh;$eEcIE"K$I"K$QeN$IcP$lL< B!
I'&.!&?-&!0352.!E[W\#TS!30!&?.!,.+.,.52.!4.5'6.!3&0.(+!:&?90!5'!.5&,7!35!&?.!@2+!+3(.<=!5'!5.>!3503(32'!
4.5'6.!>3((!).!2,.-&.A!+',!3&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  
!

! F99292L762*+3+*089+=$B2$%0
!

A.+-9(&%!90354!2'52-&.5-&.A!4.5'6.!6.&?'A!:"#eh;$eEcIE"K$I"K$QeN$IcP$lL< !
> bin/alea alignReads - s \  

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

test - data/mouse/CAS TEiJ_C57BL6J.fasta \  

CASTEiJ C57BL6J test - data/mouse/H3K36me3  
!
>?.5!90354!0.1-,-&.!4.5'6.!6.&?'A!:"#eh;$eEcIE"K$I"K$QeN$IcP$lM< !
> 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&'O2*%+$=0%'0&232&2$*20=2$'B20
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	  
!
].!.61('7.A!;^"G$FK8!+',!4.5'&71.!1?-0354B!;352.!>.!4.5.,-&.A!&?.!4.5'&71.!'+!'9,!?96-5!A-&-!
35!_E`!+',6-&=!>.!5..A.A!-!+.>!1,. /1,'2.00354!0&.10!&'!2'5@.,&!'9,!_E`!+3(.!&'!&?.!6'0&!-11,'1,3-&.!
+',6-&!90.A!)7!;^"G$FK8=!3B.B!G(35J!\$QX!\FPX`"P!+',6-&B !K?30!2-5!).!A'5.!)7!-!0.,3.0!'+!
2'66-5A0!,955354!_E`&''(0!-5A!G(35J!).+',.!>.!,95!;^"G$FK8%! !
!
! E'5@.,&354!_E`!+',6-&!&'!G(35J!G$QXP"G! +',6-& !
vcftools -- vcf  skin01_a20921.vcf -- force - index - write -- plink -- out skin01_a20921  

!
!
! ; 1(3&&354!&?.!4.5'&71.0 !35!G$QXP"G! +',6-&! )7!2?,'6'0'6.0 !-5A!2'5@.,&354!&?.6!&'!

\$QX\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 -- out chrX -- noweb 

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

plink -- file chrX -- make- bed -- out chrX -- noweb 
!

!
K'!,95!;^"G$FK8!'5! ,.+.,.52. !1-5.(!'+!?-1('&71.0=!1,'@3A.A!)7!&?.!LMMM!N.5'6.0!1,'O.2&=!'5.!
0?'9(A!+3,0&!A'>5('-A!&?.!L=MMM!N.5'6.0!1?-0.L!?-1('&71.!0.&!35!&?.!2',,.2&!+',6-&B!K?30!>3((!).!
-9&'6-&32-((7!A'5.!'52.!7'9!,95! da-(.-bX A'>5('-Ae?96-5e A-&-B0?f!02,31&B!K?.!+'(('>354!&>'!
2'66-5A0!,95!;^"G"FK8!'5!01(3&!4.5'&71.!+',!.-2?!2?,'6'0'6.!:35!\$QX\FPX`"P!+',6-&!<!90354!
,.+.,.52.!1-5.(!'+!?-1('& 71.0%!
!
! "(3456.5&!'+!&?.!;IG0!).&>..5!&?.! 4.5'&71. !-5A!&?.!,.+.,.52.!1-5.( !
/bin/SHAPEIT/shapeit.v2.r644.linux.x86_64 - check - B ../skin01_a20921_break/chr1 -
M 

/1000_Genomes_phase1_haplotype/ALL_1000G_phase1integrated_v3_impute/genetic_map_c
hr1_combined_b37.t xt - R 
/1000_Genomes_phase1_haplotype/ALL_1000G_phase1integrated_v3_impute/ALL_1000G_pha
se1integrated_v3_chr1_impute.hap.gz 
/1000_Genomes_phase1_haplotype/ALL_1000G_phase1integrated_v3_impute/ALL_1000G_pha
se1integrated_v3_chr1_impute.legend.gz 
/1000_Genomes _phase1_haplotype/ALL_1000G_phase1integrated_v3_impute/ALL_1000G_pha
se1integrated_v3.sample -- output - log chr1.alignments  
!
!
! G?-0354!&?.!4.5'&71. !90354!&?.!,.+.,.52.!1-5.(!'+!?-1('&71.0 !
/bin/SHAPEIT/shapeit.v2.r644.linux.x86_64  - B ../skin01_a20921_break/ch r1 - M 
/1000_Genomes_phase1_haplotype/ALL_1000G_phase1integrated_v3_impute/genetic_map_c
hr1_combined_b37.txt - R 
/1000_Genomes_phase1_haplotype/ALL_1000G_phase1integrated_v3_impute/ALL_1000G_pha
se1integrated_v3_chr1_impute.hap.gz 
/1000_Genomes_phase1_haploty pe/ALL_1000G_phase1integrated_v3_impute/ALL_1000G_pha
se1integrated_v3_chr1_impute.legend.gz 
/1000_Genomes_phase1_haplotype/ALL_1000G_phase1integrated_v3_impute/ALL_1000G_pha
se1integrated_v3.sample - O chr1.phased -- exclude - snp 
chr1.alignments.snp.strand.exc lude -- no- mcmc -- thread 8  

!


