
!"#$%&'
()*$+,*-.'(//-+0#1'2+34$5-+-%*'

64)7-'8,#9-4'

:"4-7*$4;'<-%$+-'(//-+0#1'='(%,#1/"/'

64$,.'2%/>*)*-'

'

04)7-?04$,."%/>*)*-@$4A'

B3-7*4)+'$C'<-%$+-'2+34$5-+-%*'

Better Draft 
 Assembly 

Finished  
Genome 

Automated 
Improvement 

Quick 
Fixes 

Manual 
Improvement 

B3-7*4)+'$C'<-%$+-'2+34$5-+-%*'

Better Draft 
 Assembly 

Finished  
Genome 

Automated 
Improvement 

Quick 
Fixes 

Manual 
Improvement 

Sarah Young’s poster FF0184 

!"#$%&'(//-+0#1'2+34$5-+-%*'D$$#'

Better Draft 
 Assembly 

Finished  
Genome 

Automated 
Improvement 

Quick 
Fixes 

Manual 
Improvement 

Pilon 



<$,#&'<-*'E)4*F-4'8"*F'()*$+,>$%'

Better Draft 
 Assembly 

Finished  
Genome 

Automated 
Improvement 

Pilon 

!"#$%'G5-45"-H'
'

Pilon 

Assembly 
FASTA 

Aligned Reads 
BWA, Bowtie 2 

Improved 
Assembly 

IGV Tracks 

Consed nav 

I! 2.-%>J-/'"%7$%/"/*-%7"-/'0-*H--%'4-,.'.,*,',%.',//-+0#1'

I! E"K-/'/$+-'.-*-7*-.'."L-4-%7-/',)*$+,>7,##1'

I! M-3$4*/'$*F-4'3$*-%>,#'"//)-/'*$'*,4A-*'N)"79'+,%),#'"%/3-7>$%'

'

'

!"#$%'G3-4,>$%''

Summarize 
Alignment 

Data 

Identify & Fix 
Base Errors 

& Small 
Indels 

Identify &  
Try to Fix 
Structural 

Issues 

Generate 
Visualization 

Tracks 

O,#".',%.'2%5,#".'!,"4/'

? 

Valid: plausible orientation and separation (“Proper Pair”) 

Invalid: bogus orientation, separation, or unmapped mate 

Invalid doesn’t mean pair is bad -- it might be the assembly! 



B)++,4"P-'(#"A%+-%*'!"#-)3/'
QC$4'-5-41'#$7)/;'C$4'-5-41'#"04,41R'

I! 2%."5".),#'0,/-'/*,79/'

S! (##-#-'7$)%*/'

S! (##-#-'N),#"*1'/)+/'

'

'

'

'

B)++,4"P-'(#"A%+-%*'!"#-)3/'
QC$4'-5-41'#$7)/;'C$4'-5-41'#"04,41R'

I! 2%."5".),#'0,/-'/*,79/'

S! (##-#-'7$)%*/'

S! (##-#-'N),#"*1'/)+/'

'

I! 2%.-#/'

S! 2%/-4>$%'-5-%*/'

S! :-#->$%'-5-%*/'

'

'

'

B)++,4"P-'(#"A%+-%*'!"#-)3/'
QC$4'-5-41'#$7)/;'C$4'-5-41'#"04,41R'

I! 2%."5".),#'0,/-'/*,79/'

S! (##-#-'7$)%*/'

S! (##-#-'N),#"*1'/)+/'

'

I! 2%.-#/'

S! 2%/-4>$%'-5-%*/'

S! :-#->$%'-5-%*/'

'

I! T$5-4,A-'"%C$4+,>$%'

S! B-N)-%7-'7$5-4,A-'

S! !F1/"7,#'7$5-4,A-'

'

'

B)++,4"P-'(#"A%+-%*'!"#-)3/'
QC$4'-5-41'#$7)/;'C$4'-5-41'#"04,41R'

I! 2%."5".),#'0,/-'/*,79/'

S! (##-#-'7$)%*/'

S! (##-#-'N),#"*1'/)+/'

'

I! 2%.-#/'

S! 2%/-4>$%'-5-%*/'

S! :-#->$%'-5-%*/'

'

I! T$5-4,A-'"%C$4+,>$%'

S! B-N)-%7-'7$5-4,A-'

S! !F1/"7,#'7$5-4,A-'

'

I! !,"4"%A'"%C$4+,>$%'

S! O,#".'3,"4'7$5-4,A-'

S! 2%5,#".'3,"4'7$5-4,A-'

S! U$7,#'"+3#"-.'"%/-4*'/"P-'

'



2.-%>C1"%A'6,/-'V44$4/'='(+0"A)">-/'

'W/"%A'3"#-)3'/)++,41'.,*,;''

'!"#$%'7,##/'-5-41'0,/-'"%'*F-',//-+0#1',/&'

'

S! T$44-7*'

S! 2%7$44-7*'

S! (+0"A)$)/'

S! W%7,##,0#-'

'

!"#$%'H"##'JK'X"%7$44-7*Y'0,/-/'

'

M-/$#5"%A'M-3-,*/'W/"%A'Z)+3'!,"4/'

'(//-+0#-.'4-3-,*/'

$[-%'7$%*,"%'

,+0"A)$)/'0,/-/'

'E4,A+-%*'3,"4/',4-'*$$'

/F$4*'*$'."/,+0"A),*-'

M-/$#5"%A'M-3-,*/'W/"%A'Z)+3'!,"4/'

'

'O,#".'\)+3'3,"4/'7,%'

4-,7F'"%'*$'4-/$#5-'

Repeat 

M-/$#5"%A'M-3-,*/'W/"%A'Z)+3'],*-/'

'

'

'O,#".'\)+3'4-,./'QA4-1R'

,A4--'$%'0,/-'7$44-7>$%/'

'

'!"#$%'H"##'JK'*F-/-'^'0,/-/'



2.-%>C1"%A'B+,##'2%.-#/'

'B+,##'"%.-#/',4-'".-%>J-.'

C4$+'*F-',#"A%+-%*/'

'

'

''

''

''

Repeated 6-mer 

2.-%>C1"%A'B+,##'2%.-#/'

'B+,##'"%.-#/',4-'".-%>J-.'

C4$+'*F-',#"A%+-%*/'

'

'

''

''

'!"#$%'/F"[/'-N)"5,#-%*'"%.-#/'

/$'*F-1'/*,79')3'34$3-4#1'

Repeated 6-mer 

Delete this copy 

2.-%>C1"%A'U$7,#']"/,//-+0#"-/'

'T$5-4,A-'+$>C&'4,3".#1'7F,%A"%A'5,#".'

7$5-4,A-'$%'$4.-4'$C'4-,.'#-%A*F'."/*,%7-'

S! V/3-7",##1'XO_."3/Y'

'

G05"$)/'7$%>%)"*1'04-,9`'

E"K"%A'U$7,#']"/,//-+0#"-/'

'

I! E"%.'C4,A+-%*'3,"4/'C4$+'*F-'#$7,#'%-"AF0$4F$$.'

I! M-_,//-+0#-'*F-'#$7,#'4-,./'

I! V%/)4-'7$%>%)"*1'H"*F'A$$.'/-N)-%7-'$%'0$*F'/".-/'

I! 2C'%$'/$#)>$%;'$3>$%,##1'74-,*-'7$%>A'04-,9'

'



E"K"%A'U$7,#']"/,//-+0#"-/'

'

I! E"%.'C4,A+-%*'3,"4/'C4$+'*F-'#$7,#'%-"AF0$4F$$.'

I! M-_,//-+0#-'*F-'#$7,#'4-,./'

I! V%/)4-'7$%>%)"*1'H"*F'A$$.'/-N)-%7-'$%'0$*F'/".-/'

I! 2C'%$'/$#)>$%;'$3>$%,##1'74-,*-'7$%>A'04-,9'

'

Pilon found 48-base deletion 

E"##"%A'<,3/'
8,#9'"%'C4$+'/".-/'

I! E"%.'C4,A+-%*/'HF"7F',#"A%'%-,4'-.A-'$C'A,3',%.'*F-"4'+,*-/'

I! 8,#9'"%;'-K*-%."%A'7$%>A/'C4$+'-,7F'/".-'

'

Gap 

E"##"%A'<,3/'
E"%.'7,%.".,*-'\)+3/'=',//-+0#-'

I! E"%.'H-##_,%7F$4-.',%.'7$44-7*#1'$4"-%*-.'\)+3/'"%'*F-'

%-"AF0$4F$$.'HF$/-'+,*-/'+"AF*'C,##'"%'*F-'A,3'

'

'

'

'

I! :$','#$7,#'4-,//-+0#1')/"%A'*F-'C4,A/',%.')%3#,7-.'\)+3'+,*-/'

Gap 

2.-%>C1"%A'T$##,3/-.'M-3-,*/'

'T$5-4,A-'+$>C&'4,3".'7F,%A-'*$'

4-A"$%'$C'.$)0#-'Q$4'+$4-R'7$5-4,A-'

S! ,//-+0#-4'"%7#).-.'*$$'C-H'7$3"-/'

'

'

'!"#$%'".-%>J-/'7$##,3/-.''

'4-3-,*/;'0)*'.$-/'%$*'Q1-*R'JK'



D4,79/'2.-%>C1'!$*-%>,#'2//)-/'
abbc0'O"-H'

D4,79/'2.-%>C1'!$*-%>,#'2//)-/'
abbc0'5"-H'$C'!"#$%'*4,79/'

D4,79/'2.-%>C1'!$*-%>,#'2//)-/'
abbc0'5"-H'P$$+-.'"%'*$'dc0'5"-H'

D4,79/'2.-%>C1'!$*-%>,#'2//)-/'
abbc0'5"-H'P$$+-.'"%'*$'dc0'5"-H'

Sakina Saif’s  
Poster FF0187 



T$%/-.'2%*-A4,>$%'

Optional “nav” output file can take  
analyst to regions of interest quickly 

2*-4,>5-'2+34$5-+-%*'

I! B$+-'"//)-/'+"AF*'$%#1'0-'

4-5-,#-.'01'$*F-4'JK-/'

I! :,*,'+"AF*'%$*'F,5-'*F-'

X4-,7FY'*$'".-%>C1'$4'C)##1''

JK'/$+-'*F"%A/'"%'$%-'3,//'

Re-align 
Reads 

Run 
Pilon 

New assembly 

(//-+0#1'2+34$5-+-%*'

Pilon 

Fix some 
misassemblies 

Fix bases & 
small indels 

Assembly 
diagnostics 

Pilon takes assembly and morphs it  
to conform to evidence in sequencing data  

(//-+0#1'2+34$5-+-%*'$4'ef'

Pilon 

Structural 
changes 

SNPs & 
small indels 

Genome 
diagnostics 

Pilon takes assembly reference genome and morphs it  
to conform to evidence in sequencing data  



(//-+0#1'2+34$5-+-%*'$4'ef'

Pilon 

Variant 
Calling 

Structural  
changes 

SNPs & 
small indels 

Genome 
diagnostics 

Sophistication 
of calling models 

(//-+0#1'2+34$5-+-%*'$4'ef'

Pilon 

Variant 
Calling 

Reference 
Assisted 

Assembly 

Structural  
changes 

SNPs & 
small indels 

Genome 
diagnostics 

Novel 
sequence 

Sophistication 
of calling models 

!"#$%"&'&''()*%+$(,&+-.$*/0123'
2+34$5"%A','E"%"/F-.'M-C-4-%7-'

I! (UU!(DgB_U<'F104".',//-+0#1'.-5-#$3+-%*'

S! BF),%A1-'h"%i/'*,#9'EEbjkb'

S! ]-,/)4-',77)4,71'4)'J%"/F-.'4-C-4-%7-/'

S! M-,#"P-.'*F,*'$[-%',//-+0#-4'H,/'X4"AF*Y;'%$*'4-C-4-%7-'

'

!"#$%"&'&''()*%+$(,&+-.$*/0123'
2+34$5"%A','E"%"/F-.'M-C-4-%7-'

I! (UU!(DgB_U<'F104".',//-+0#1'.-5-#$3+-%*'

S! BF),%A1-'h"%i/'*,#9'EEbjkb'

S! ]-,/)4-',77)4,71'4)'J%"/F-.'4-C-4-%7-/'

S! M-,#"P-.'*F,*'$[-%',//-+0#-4'H,/'X4"AF*Y;'%$*'4-C-4-%7-'

'

I! !"#$%'7,##-.'*F-'/,+-'/-*'$C'ak'Bl!',%.'/+,##'"%.-#'-5-%*/'

S! !#)/'$%-'*4)#1'3$#1+$43F"7'0,/-'

I! !"#$%',#/$'".-%>J-.'*H$'7$##,3/-.'4-3-,*/'"%'*F-'4-C-4-%7-'

S! (UU!(DgB_U<'F,.'"%/-4*-.','*,%.-+'7$31'$C'-,7F''

'



!'5-6&).''5.#&,7'$)*&'"&)%&#()'
2+34$5"%A'<-%-/')/"%A'Ml(_B-N'

I! X<4-,*Y'F104".',//-+0#1')/"%A'B,%A-4',%.'^a^'.,*,'

S! jm'7$%>A/;'jj'/7,L$#./;'/7,L$#.'lab'$C'j@a]0'

I! e0)*'A-%-/'H-4-'4"..#-.'H"*F'C4,+-'/F"[/'

'

'

!'5-6&).''5.#&,7'$)*&'"&)%&#()'
2+34$5"%A'<-%-/')/"%A'Ml(_B-N'

I! X<4-,*Y'F104".',//-+0#1')/"%A'B,%A-4',%.'^a^'.,*,'

S! jm'7$%>A/;'jj'/7,L$#./;'/7,L$#.'lab'$C'j@a]0'

I! e0)*'A-%-/'H-4-'4"..#-.'H"*F'C4,+-'/F"[/'

'

I! (#"A%-.'2##)+"%,'Ml(_B-N'.,*,'*$',//-+0#1'

I! !"#$%'7$44-7*-.'jdk'$C'jn^'A-%-/'H"*F'C4,+-'/F"[/'

'

!"#$%'2+3#-+-%*,>$%'

I! !$4*,0#-&'4)%/'"%'Z,5,'O]'

I! 84"o-%'"%'*F-'B7,#,'34$A4,++"%A'#,%A),A-'

I! W/-/'$3-%'/$)47-'3"7,4.p/,+*$$#/'Z,5,'#"04,4"-/'

I! E,/*'Qqa'+"%)*-/'$%'0,7*-4",#'A-%$+-'H"*F'rdbbK'7$5-4,A-R'

'

I! (5,"#,0"#"*1&''

S! />##')%.-4'.-5-#$3+-%*''

S! H"##'0-'4-#-,/-.')%.-4'$3-%'/$)47-'#"7-%/-'*F"/'/)++-4'

'

04)7-?04$,."%/>*)*-@$4A'

E"%,#'DF$)AF*/'

'

I! DF-4-'"/'$[-%'+$4-'"%'*F-'.,*,'*F,%',//-+0#-4/'7,%')>#"P-'

'

I! !"#$%'"/'3,4*'$C'$)4'#,4A-4'5"/"$%'C$4',.5,%7-.',//-+0#1',%,#1/"/'

S! B-,%'B19-/i'34-/-%*,>$%'%-K*`'



!

"#$%&#!'((#&)*+!,!'$-*+(.(!

!"#"$%&'()*%

!+")%!,-+.%

!"-/)"%!"/0%

(+4'(0$)-##-"#'

g,4"%.4,'(4,7F7F"'

(,4$%'6-4#"%'

B,%*-'<%-44-'

(#+,'2+,+$5"7'

Z-4$+-'l,1#$4'

D-441'BF-,'

%

/0$1.$2!

!

3%&405-6%$-*!7#(#-89:!,!;#<#*%4&#$5!

:,5".'Z,L-'

2,"%'],7T,##)+'

(UU!(DgB_U<'*-,+'

'

/.$.(:.$2!

1/-+%2/345+#"67%

'

=$5#28-6<#!"#$%&.9(!>.#?#8!

Z"+'M$0"%/$%;'-*',#@'

'

"#$%&#!@#A0#$9.$2!,!'$-*+(.(!B8%28-&!

TF,.'l)/0,)+'

'

'

'

(79%$H#-.A+-%*/' VK*4,'B#".-/'

]"K-.'M-3-,*&'
M-/$#5"%A'(+0"A)">-/'W/"%A'Z)+3/'

Fragments are 2:1 in favor of ref “A” 
!but all fragments are MQ=0 Frags 

Jumps 

]"K-.'M-3-,*&'
M-/$#5"%A'(+0"A)">-/'W/"%A'Z)+3/'

Fragments are 2:1 in favor of ref “A” 
!but all fragments are MQ=0 

But all “good” jumps show “G” 
!this copy of repeat is different! 

Frags 

Jumps 



]"K-.'M-3-,*&'
M-/$#5"%A'(+0"A)">-/'W/"%A'Z)+3/'

Fragments are 2:1 in favor of ref “A” 
!but all fragments are MQ=0 

But all jumps with MQ>0 show “G” 
!this copy of repeat is different! 

Frags 

Jumps 

Pilon corrects these 4 bases 

<(V]M'

I! <-%$+-'(//-+0#1'V5,#),>$%;']-*4"7/;',%.'M-3$4>%A'

I! B)"*-'$C',//-+0#1',%,#1/"/'*$$#/'

I! (%1',//-+0#-4;',%1'"%3)*'.,*,'

I! M-#-,/"%A'*$'7$++)%"*1'*F"/'/)++-4`'

O"/),#"P,>$%'D4,79/'

I! X<$$.Y',%.'X0,.Y'3,"4'/-N)-%7-'7$5-4,A-'

I! :-#*,'7$5-4,A-'QF$H'C,/*'/-N)-%7-'7$5-4,A-'"/'7F,%A"%AR'

I! <$$.'3,"4'3F1/"7,#'7$5-4,A-'

I! ]-,%'"%/-4*'/"P-'$C'A$$.'3,"4/'"%'3F1/"7,#'7$5-4,A-'

I! !-47-%*,A-'$C'0,.'3,"4/''

I! ],33"%A'N),#"*1'H-"AF*-.'01'/-N)-%7-'0,/-'N),#"*1'

I! B-N)-%7-'0,/-'N),#"*1'H-"AF*-.'01'+,33"%A'N),#"*1'

I! <T'3-47-%*,A-'

I! T$44-7*-.'0,/-/;')%7$%J4+-.'0,/-/'

I! g"AF_#-5-#'/)++,41'C-,*)4-'*4,79'

2%C$4+,>$%'<#-,%-.'C4$+'!"#-)3/'

I! !"#$%'J4/*'#$$9/',*'3"#-)3/'$C',#"A%-.'4-,.'.,*,'

S! Xc%$H/Y',0$)*'3,"4-._-%.'C4,A+-%*/',%.'\)+3/'Q+,*-'3,"4R'

I! W>#"P-/'%$>$%'$C'XA$$.Y',%.'X0,.Y'3,"4/'

S! <$$.',#"A%+-%*/',%.'X34$3-4'3,"4Y'".-%>J7,>$%'"+3$4*,%*'

S! X<$$.Y&'3#,)/"0#-'$4"-%*,>$%',%.'/-3,4,>$%'

'

I! T$+3)*-/'#$*/'$C'/)++,41'+-*4"7/',*'-5-41'#$7)/'"%',//-+0#1&'

S! !F1/"7,#'='/-N)-%7-'7$5-4,A-/'

S! T$)%*/',%.'N),#"*1'/7$4-'/)+/'$C',##-#-/'

S! T$)%*/'$C'"+3#"-.'.-#->$%/',%.'"%/-4>$%/',*'#$7)/'

S! 2%/-4*'/"P-/;'e'



!#,%%-.'V%F,%7-+-%*/'

I! T#$%-'7$##,3/-.'4-3-,*/',%.'J%.'F$+-/'C$4'7$3"-/'Q-@A@;'

*,%.-+;'"%'A,3/R'

I! B)33$4*'C$4'%$%_3,"4-.'.,*,'Q-@A@;'!,76"$R'

I! T"47)#,4"*1'.-*-7>$%'Q0,7*-4",#'7F4$+$/$+-/;'3#,/+"./R'

I! 2+34$5-'/7,L$#."%A'.",A%$/>7/;'"+3#-+-%*'JK"%A'

I! (//-+0#1'$C'%$5-#'/-N)-%7-'Q)%+,33-.'4-,./R'

B3-7*4)+'$C'<-%$+-'2+34$5-+-%*'

(//-+0#1',#A$4"*F+/'F,5-'"+34$5-.'

S! V5-%'H"*F'"%-K3-%/"5-'/-N)-%7"%A;'.4,[',//-+0#"-/',4-'$[-%'

N)"*-'A$$.'Qrjbbc0'7$%>A/;'rj]0'/7,L$#./;'rs^bR'

S! 8"*F'*F-'4"AF*'7$+0"%,>$%/'$C'.,*,;'%-,4_3-4C-7*'8$*+&4&*

0,7*-4",#'A-%$+-/',4-'3$//"0#-'Q#,*-/*'(UU!(DgB_U<'3,3-4R'

'

Better Draft 
 Assembly 

Finished  
Genome 

B3-7*4)+'$C'<-%$+-'2+34$5-+-%*'

()*$+,*-.'"+34$5-+-%*'

S! (//-+0#-4/'/>##'+,9-'+"/*,9-/'

S! /5$#$*,.7*9$*,&#$*-+*"5$*8.".*"5.+*"5$*.))$,9:$#*'&(:8*)$$*

S! g$H'7,%'H-'+"%-'*F-'.,*,'*$'+,9-'*F-',//-+0#1'0-o-4f'

'

'

Better Draft 
 Assembly 

Finished  
Genome 

Automated 
Improvement 

B3-7*4)+'$C'<-%$+-'2+34$5-+-%*'

()*$+,*-.',%,#1/"/'7,%'3"%3$"%*'3$*-%>,#'"//)-/'

S! U$H-4'$5-4F-,.'C$4'+,%),#'JK"%A'

'

Better Draft 
 Assembly 

Finished  
Genome 

Automated 
Improvement 

Quick 
Fixes 



B3-7*4)+'$C'<-%$+-'2+34$5-+-%*'

:-5$*-',..">$%,#'4-/$)47-/',/',334$34",*-'*$'*F-'34$\-7*&'

S! (..',..">$%,#'.,*,'*13-/'*$'A-%-4,*-'0-o-4',//-+0#"-/'

S! (..">$%,#'+,%),#'"%5-/>A,>$%',%.'"+34$5-+-%*'

Better Draft 
 Assembly 

Finished  
Genome 

Automated 
Improvement 

Quick 
Fixes 

Manual 
Improvement 

D4,.">$%,#'!,*F'*$'6-o-4'<-%$+-/&'
E"%"/F"%A'

M-/)#*&'5-41'A$$.'Qsabt;'/$+->+-/'snbR'A-%$+-/'

Draft Assembly Finished Genome Time, Labor, $$ 

V/7F-4"7F",'7$#"'Gjb^&g^'
QV)4$3-,%'G)*04-,9R'

I! Tddk_jj'QC4$+'<-4+,%'$)*04-,9R'5/'Dh_d^ud'Q6<2'4-C-4-%7-R'

S! jjk'0,/-'7F,%A-/'Qma'7F4$+$/$+,#;'d'3Dhj;'db'3DhdR'

S! n'/+,##'"%/-4>$%/'

S! j'#,4A-4'"%/-4>$%'Qav0R'

S! k'/+,##'.-#->$%/'

S! ju'#,4A-4'.-#->$%/'Qvn_j^^0R'

S! G*F-4'3$*-%>,#'/*4)7*)4,#'."L-4-%7-/'

'

2%C$4+,>$%'<#-,%-.'C4$+'!"#-)3/'
6,/-/'='B+,##'2%.-#/'

Base frequencies & qualities 

Indels 



2%C$4+,>$%'<#-,%-.'C4$+'!"#-)3/'
!,"4-.'(#"A%+-%*/'

Valid Pairs: plausible  
orientation & separation Invalid Pairs 

2%C$4+,>$%'<#-,%-.'C4$+'!"#-)3/'
!-4_6,/-']-*4"7/'

•! Sequence coverage 
•! Physical coverage 
•! Local mean insert size 

B3-7*4)+'$C'<-%$+-'2+34$5-+-%*'

Better Draft 
 Assembly 

Finished  
Genome 

Automated 
Improvement 

Quick 
Fixes 

Manual 
Improvement 

Time, 
$$ 

B3-7*4)+'$C'<-%$+-'2+34$5-+-%*'

Better Draft 
 Assembly 

Finished  
Genome 

Automated 
Improvement 

Quick 
Fixes 

Time, 
$$ 


