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R*+U9-0'94/+8'/4)7+.9+0'0*'./5_2 C./6',*-./0C'O)49)%19)*(1*+2)202'*,'0=9'295>9+19'+/.92'0=/0
/669/-'/0'0=9'29U9+0='1*4>.+'*,'0=9'94/+8'/4)7+.9+0'! 49)%1.9$%&/+8'0=9'+/.9';*>'9A6910'0*
299')+'./5'/4)7+.9+0C'3=9',*44*<)+7')2'/+'9A/.649M

cX.fa chrX
c1.fa chr1
c2.fa chr2

D,';*>'/-9'/4)7+)+7'-9/82')+'29U9-/4':/01=92'>2)+7'94/+8H')0')2').6*-0/+0'0*'>29'0=9'2/.9)%19)*(
,*-'0=9'1*+U9-2)*+C'D+'/88)0)*+H'./5'<)44'4*/8'/44'0=9'/4)7+.9+02'/+8'2*-0'0=9.')+'0=9'.9.*-;C
D,';*>'=/U9'1*+1/09+/09'29U9-/4'94/+8'*>06>02')+0*'*+9'=>79'! 49H';*>'2=*>48'296/-/09')0')+0*
2./449-'! 492'0*'6-9U9+0'./5',-*.'9/0)+7'/44';*>-'./1=)+9'.9.*-;C

3=)2'1*../+8'/10>/44;'/).2'0*'2=*< Y4/+8'/4)7+.9+0')+'!/5U)9<C'"2 +* 5>/4)0;')+,*-./0)*+
)2'/U/)4/:49H'0=9'-92>40/+0'./5'/4)7+.9+0'! 49'2=*>48'+*0':9'>298'0*'1/44'1*+29+2>2'79+*0;692C

6K.8F=>*+,
*+,@6K.8F=>*+, ?! C+.$&:9.%@ ?! > +.$&;9.%@ ?! + #$5&)*(@ ?! 9@"-(1#$'/)%19)*(/)%1.5'"+(

R*+U9-0'D44>.)+/_2 YA6*-0' ,*-./0'0*' !/5_21#$' ,*-./0C'YA6*-0' ,*-./0' )2' /'+9< /4)7+.9+0
,*-./0' 2)+19' E*49A/S)694)+9! QC^CQ' <=)1=' /42*' 1/41>4/092' ./66)+7' 5>/4)0)92' 4)X9 ./5C' 3=9
-92>40/+0'! 49' 1/+' :9' >298' 0*' 1/44' 1*+29+2>2' 79+*0;692' /2' .*20' *,' +91922/-;' )+,*-./0)*+' )2
/U/)4/:49',*-'./5'0*'8*'0=)2'/11>-/094;C

'(3)'!%A

! C678 J9+70='*,'0=9'! -20'-9/8'?Q@

! > 678 J9+70='*,'0=9'291*+8'-9/8'?Q@

! + 678 !/A).>.'*>09-'8)20/+19',*-'/'1*--910'-9/8'6/)-'?`\Q@

! 9 b90/)+'! 409-98'-9/82

#"4Q($2O@1'##"!0%
:6*8@ *+,-./ :6*8 ?! M@ ?! ;@ ?! ! %L$)+*@ ?! : "-(H)+@)%12$*($/)%1*)#-&$(

K9.*+20-/09'0=9'>29' *,*+, /+8' )02'1*.6/+)*+'21-)602C'3=)2'1*../+8'<)44'2).>4/09' -9/82
,-*.' / O"E3" ! 49)%12$*($C 3=9'295>9+19'49+70=' /+8'5>/4)0)92' /-9'8909-.)+98' :;)%1*)#-&$(
<=)1=')2'79+9-/098',-*.*+,@;H*D=F+H9*-'1/+':9'8*<+4*/898',-*.'!/5'<9:2)09C'3=9'2).>B
4/098'-9/82'<)44'0=9+':9'./6698'<)0=*+,-./@6+;7FD9C 3=9'/4)7+.9+0'/11>-/1; )2 9U/4>/098
:; *+,@ ;H*D;=+=H 0=9' 1*+29+2>2' /11>-/1; :;*+,@ ;H*DB9;H /+8' 0=9EVS /11>-/1; :;

./5BQCcC%' `QQdBQeB`` d



!"#$%&' ()*)+,*-./0)12 3**42' !"#$%&

*+,R6J+/-./ C

(;'89,/>40H'6/)-98'9+8'-9/82'<)44':9'2).>4/098'/+8'/'8)64*)8'295>9+19'<)44':9'79+9-/098',-*.
0=9' )+6>0' :;' /88)+7' .>0/0)*+2'0*'9)0=9-'=/64*)8'0;69C'3=9' )+29-0'2)G9' /+8' .>0/0)*+' -/09' /-9
1*+0-*4498':;*+,@;H*D/+=6C

'(3)'!%A

! M 2).>4/09'/'=/64*)8'295>9+19')+209/8'*,'/'8)64*)8'295>9+19

! ; >29'2)+749B9+8'.*89'0*'/4)7+'-9/82')+209/8'*,'6/)-98B9+8'.*89

! ! 678 +>.:9-'*,'6/)-2'*,'-9/82'0*':9'2).>4/098'?%QQQQQQ@

! : H6C *>06>0'8)-910*-;'?./589.*@

!'3$A

f 3=9'*>06>0'! 492',-*. *+,R6J+/-./ =/U9'+*0':99+'8*1>.9+098H':>0';*>'./;'./X9 / 7**8
7>922'/0'2*.9'*,'0=929'! 492C

f 3=)2' 1*../+8' o>20' 89.*+20-/092' 0=9' >29' *,' 0=9' ./5' 2>)09C' 3=9' /11>-/1; *+ -9/4' 8/0/' )2
/4.*20'/4</;2'4*<9-'0=/+'<=/0';*>'299',-*.'6>-9'2).>4/0)*+C

6+;7FD9@ *+,-./ 6+;7FD9?! C +.$&:?.%@ ?! : "-(1&)+@ ?! 9 %C.$&*@ ?! " <$&$'(.+@ ?! 6 #)%H.' @ ?! ,
#)%M%*D@ ?! . @ ?! > +.$&;?.%@ ?! + #$56%*@ ?! %@ ?! ! @)%1+.212$*($/)%:12$*(4?)%;12$*(4@

"+/4;292' 6)694)+9' ,*-' 2./44' 79+*.92C' Y/2;->+' 1*../+8' <)44' ->+' .*20' *,' /+/4;292' ).649B
.9+098')+*+, C (; 89,/>40H6+;7FD9/22>.92'/44'0=9')+6>0'-9/8'295>9+192'! 492'/-9'2)+749B9+8
/+8')+8969+89+0i'<=9+! . )2'2691)! 98H'0<* -9/8'295>9+19'! 492'/-9'-95>)-98H'*+9',*-'9/1='9+8C

E9U9-/4'! 492'<)44':9'79+9-/098')+"-(1&)+H /.*+7'<=)1='0=9',*44*<)+7'! 492'/-9'0=9'X9;'*>06>0M

!%*1! %$91*%' ! +/4EVS1/442'<)0='4*< 5>/4)0;'*+92'! 409-98'*>0

!%*124 1*+29+2>2'295>9+192'/+8'5>/4)0)92')+'0=9O"E3# ,*-./0

'(3)'!%A

! : H6C *>06>0'8)-910*-;'?9/2;->+@

! 9 678 +>.:9-'*,'-9/82P6/)-2')+'*+9':/01='*,'/4)7+.9+0'?`QQQQQQ@

! % /664;'264)0B-9/8'/+/4;2)2'*,'2=*-0')+8942'$./;:9'U9-;'24*<&

! ! 678 +>.:9-'*,'=/64*0;692P20-/)+2')+'0=9'6**4'$aj`&'?`@

! " >6?B ! 49',*-'^_! /8/609-C 3=9'! 49'2=*>48'1*+0/)+'/'2)+749'4)+9'*,'295>9+19'?+>44@

! C678 49+70='*,'0=9'! -20'-9/8H'Q',*-'/>0*'?Q@

! 6 678 .)+).>.'-9/8'8960='-95>)-98'0*'1/44'/ EVS$,*-'EVS! 409-&'?^@

! , 678 .)+).>.'1*+29+2>2'5>/4)0;',*-'EVS2')+ !%*1! %$91*%'?^Q@

! . 2<)01='0*'6/)-98'9+8'/4)7+.9+0'.*89

! > 678 49+70='*,'0=9'291*+8'-9/8'<=9+! . )2'/664)98'?Q@

! + 678 ./A).>.')+29-0'2)G9'<=9+ ! . )2'/664)98'?`\Q@

!'3$%A

f O*- EVS1/44)+7'*+'6**498'2/.6492H'>29-2'2=*>48'290'1*--910'g! ! _ /2 <944'/2'g! $ Q_C

f 3=9')+6>0'! 49'1/+':9'./5_2 :)+/-;',*-./0C *+,-./ <)44'/>0*./0)1/44;'890910'0=9'! 49',*-./0C

%!( ! /=6F@ *+,-./ %!(! /=6F?! : #)%H.' @ ?! 0 #$5H.' @ ?! 4 #$5G$'D @ ?! , #)%M%*D@ ?! L )%&.9N)%O
K)J.@ ?! 9 #)%7.)D@ ?! I )%1)%&.9'.@ ?! <)%1)%&.9*"$@ ?! ; #)%K!"+.@ ?! * #$5A!+"**@ ?! +@ ?! !
#$5N)%K7L@ ?! S &.%*N)%K)J.@)%1!%*;*%'1*%'a "-(1! 9(.+.&1*%'

b>49'*>0'EVS2'0=/0'/-9'1*U9-98':;',9< -9/82'$2691)! 98':; ! : &H':;'0**'./+; -9/82'$2691)! 98

./5BQCcC%' `QQdBQeB`` e



!"#$%&' ()*)+,*-./0)12 3**42' !"#$%&

:; ! 0 &H'+9/-'$2691)! 98':; ! L & 0* / 6*09+0)/4')+894H',/44)+7')+'/'6*22):49'-9690)0U9 -97)*+'$1=/-B
/109-)G98':;! 4 &H'*-'=/U)+7'4*<B5>/4)0;'+9)7=:*>-)+7':/292'$2691)! 98':; ! 9&C'D,#$5N)%K7L
*-'.*-9'EVS2'/669/-')+'/+; &.%*N)%K)J.<)+8*<H'0=9; <)44'/42*':9'! 409-98'*>0'0*790=9-C

'(3)'!%A

! : 678 !)+).>.'-9/8'8960='-95>)-98'0*'1/44'/ EVS?^@

! 0 678 !/A).>.'-9/8'8960='-95>)-98'0*'1/44'/ EVS$p`\\H'*0=9-<)29')7+*-98&'?`\]@

! 4 678 b95>)-98'./A).>.'./66)+7'5>/4)0;'*,'-9/82'1*U9-)+7'0=9 EVS?[Q@

! , 678 !)+).>.'1*+29+2>2'5>/4)0;'?`Q@

! 9 678 !)+).>.'/8o/19+0'1*+29+2>2'5>/4)0;'?`Q@

! L 678 E)G9'*,'0=9'<)+8*< /-*>+8'0=9'6*09+0)/4')+8942C'EVS2'0=/0'/-9'14*29'0*')+8942'<)44
:9'2>66-92298'?^@

! I >6?B 3=9H9:6/.6 *>06>0'?+>44@

! <>6?B 3=9H9:6/;8+*>06>0'?+>44@

! ; 678 !)+).>.'21*-9',*-'/'2*/B)+894'0*':9'1*+2)89-98'?^@

! * 678 !/A).>.'+>.:9-'*,'-9/82'0=/0'1/+':9'./6698'/1-*22'/'2*/B)+894'?%@

! + "409-+/0)U9'! 409-',*-'2)+749'9+8'/4)7+.9+0

H9:6/.6@ *+,-./ H9:6/.6)%1)%&.9'.a "-(1)%&.9'.

R*--910'0=9'+>.:9-'*,'-9/82'./6698'<)0=*>0')+8942',*-'=*.*6*4;.9-'0-/102C'3=)2'1*../+8
.*8),;' 0=9' [0=H' %Q0=' /+8' 0=9' 4/20' 0=-99' 1*4>.+2' *,)%1)%&.9'./+8' *>06>0' 0=9' -92>40' )+
"-(1)%&.9'.C ",09-' 0=9' 1*--910)*+H' 0=9' ,*44*<)+7+LN 1*../+8' 7)U92 6>0/0)U9' =*.*G;7*>2
)+8942M

awk Õ($3=="*" !! $3=="+") && $6+$7>=3 && ($6+$7)/$4>=0.75Õ

/+8'0=9',*44*<)+7'7)U92 =909-*G;7*092M

awk Õ($3=="*" !! $3=="+") && $6+$7>=3 && ($6+$7)/$4<0.75Õ

S49/29'+*09'0=/0'0=)2H9:6/.6 1*../+8'o>20').649.9+02'29U9-/4'=9>-)20)1'->492C'D0'8*92'+*0'1*-B
-910' ,*-' ).6>-9' =*.*6*4;.9-' ->+2' *-' 8) ! +>149*0)89P0-)6490' -969/02C' R*+295>9+04;H 0=9' 0<*
/<X 1*../+82'*+4;'7)U9'/66-*A)./09'=*.P=90')+8942C

$T"#(O$%
N Y/2;->+'21-)60M

./5C64'9/2;->+'! 8'9/2;->+'-9,C,/20/'6/-0%C,/205'6/-0`C,/205

N q9;'1*../+82':9=)+8'9/2;->+M
./5',/20/`:,/ -9,C,/20/'-9,C:,/i
./5',/205`:,5'6/-0%C,/205'6/-0%C:,5i
./5',/205`:,5'6/-0`C,/205'6/-0`C:,5i
./5'./6'6/-0%C./6'-9,C:,/ 6/-0%C:,5i
./5'./6'6/-0`C./6'-9,C:,/ 6/-0`C:,5i
./5'./6.9-79'/4+C./6'6/-0%C./6'6/-0`C./6i
./5'/229.:49'1+2C1+2'-9,C:,/ /4+C./6i

O)1$!%$
FVT F9+9-/4'S>:4)1'J)19+29H'U9-2)*+'^'$FSJU^&

"U@")O"V)O)3&
p=006MPP./5C2*>-19,*-79C+90a

"W3E'2
Z9+7'J)'p4=^n2/+79-C/1C>Xa

./5BQCcC%' `QQdBQeB`` %Q


