Plant & Animal Genome XVIll Conference
January 9-13, 2010
San Diego, California

IWGSC: Physical Mapping Standard

Protocols Workshop;,
| Gontig assembly

: g Sl
) o p % “ ’ "b' T
» ] s
T KBk [/ el § 4
. ¢ o - .
. ¥ 4 3 4 T &
f - | f‘ 4
7 ) |, r. | §
§ ¥/ : LB g ’ !
i 1 e &8




Editing fingerprints
1- FPB



Different sources of peaks

Each peak represents a fragment with a certain size and intensity and it
can derive from different sources:

v "true peak" derived from a DNA insert digested band;
v low signal peak produced by the machine;

v’ partial digestion related peak;

v star activity by-product;

v E. coligenomic DNA band;

v’ vector band;

v out of size standard range band (with unreliable sizing);

v wide area peak (unreliable, resulting from co-migrating fragments).
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(adapted from Scalabrin et al., BMC Bioinformatics, 2009)


http://www.biomedcentral.com/1471-2105/10/127/figure/F1?highres=y�

Cleaning fingerprints using FPB

Automated FingerPrint Background removal: FPB
Scalabrin et a/. (2009) BMC Bioinformatics, 10:127

v "true peak" derived from a DNA insert digested band;> BAC fingerprint

v low signal peak produced by the machine;

v’ partial digestion related peak;
Background removal

v’ star activity by-product;

v E. coligenomic DNA band,

v’ vector band;

v out of size standard range band (with unreliable sizing);

v wide area peak (unreliable, resulting from co-migrating fragments).
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Pre-processing

(adapted from Scalabrin et al., BMC Bioinformatics, 2009)



Vector bands
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Two red fragments (Xfol):161 & 375 bp
common to all fingerprints

(all the other labelled fragments are too short to be selected)



Removing vector bands

M FPB - FingerPrint Background removal

BEX

First Value:

Lows index:

|3

Last Value: |?

|ED

Min bands: |40

Min sizes {per color): |5

Max sizes (total): |250

Blue background: |50 Green background: |50
Yellow background: |50 Red background: |50
Blue offset: |0 Green offset: |15000
Yellow offset:  |30000 Red offset: 45000
Tolerance: |0.4 Multiply factor: |30
Peak width: 15 Fized threshold: 500
Size from: |50 Size to: 500
Library from: [1 Library to: iE
Flate from: |13 Flate to: |18
Grid from: |17 Table suffix: |t
Save | Process |
#Wector File -
11?‘5%. 11 161
LY 375
Obsgrved values VS. Expected values

vector.cfg
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“Out of range” bands
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Removing “out of range” bands

X FPB - FingerPrint Background removal ‘._”Elm
First Value: |3 Last Value: |7
Low index: |50 Min bands: |40
Min sizes (per color): |5 Max sizes (total): |250
Blue hackground: |50 Green background: |50
Yellow background: |50 Red background: |50
Blue offset: o Green offset:  |15000
Yellow offset:  |30000 Red offset: 45000
Tolerance: (0.4 Multiply factor: |30
Peak width: 15 Fixed threshold: 500
Size from: |50 Size to: 500
Library from: 1 Library to: j12
Flate from: |13 Flate io: |16
Grid from: |17 Table suffiz: |t

Save | Process | Show vector | Quit |

Bl




Removing wide peaks

X FPB - FingerPrint Background removal ‘._”Elm
First Value: |3 Last Value: |7
Low index: |50 Min bands: |40
Min sizes (per color): |5 Max sizes (total): |250
Blue hackground: |50 Green background: |50
Yellow background: |50 Red background: |50
Blue offset: o Green offset:  |15000
Yellow offset:  |30000 Red offset: 45000
Tolerance: {04 Multiply factor: |30
Peak. width: |15 Fized threshold: |500
Size from: 50 Size to: 500
Library from: |1 Library to: [E
Aate from: |13 Flate to: |16
Grid from: |17 Table suffiz: |t

Save | Process | Show vector | Quit |

Bl




True signal vs. background

Calculation of the background threshold for each dye

19m -
1500
1im 3

Tm

_
+
=

tem
1sm—f
11m
m 3

am

T

tem
15u:—f
110 3
m

w0

190 —
1500
11im 3

Tm

am

Removal of all peaks below the threshold

(adapted from Scalabrin et al., BMC Bioinformatics, 2009)



Multiplication factor & color shift

FPC does not accept color labels or fractional sizes, so the fragments must be
manipulated before being loaded into FPC.

First, every size is multiplied by 30, after which the decimal part can be dropped
without losing significant information.
This results in a set of fragments ranging from 1500 to 15000 instead of the 50-500 bp.

Then the color labels are converted to non-overlapping numeric ranges by adding a
different offset value for each color: 0 to blue; 15,000 to green; 30,000 to yellow and
45,000 to red.

This puts each color into its own range, not overlapping with fragments of other colors.
The total range is then 0-60,000, with 4 gaps of length 1500 (0-1500; 15,000-16,500;
30,000-31,500 and 45,000-46,500).

X FPB - FingerPrint Background removal E]@
First Value: |3 Last Value: |7
Low index: |60 Min bands: |40
Min sizes (per color): |5 Max sizes (total): |250
Blue background: |50 Green background: |50
Yellow background: |50 Red background: |50
Blue offset: |o Green offset:  |15000
Yellow offset: J0a0o Red offset: |45EIEID
Tolerance: 0.4 | Multiply factor: |30
Peak width: |1 a Fized threshold: |500
Size from: |50 Size to: 500
Library from: |1 Library to: |12
Plate from: |13 Pate to: |16
Grid from: |17 Table suffix:  |t<t
Save | Process | Show vector | Quit |




Multiplication factor & color shift

BamHlI
Blue bands, from 50 to 500 bp

EcoRI
Green bands, from 50to 500 bp

Xbal
Yellow bands, from 50 to 500 bp

Xhol
Red bands, from 50 to 500 bp

o

15,000

80,000

45,000

60,000

Complete fingerprint
‘Black’ bands, from 0 to 60,000
(with 4 gaps)



Removing low quality fingerprints

X FPB - FingerPrint Background removal ‘._”Elm
First Value: |3 Last Value: |7
Low index: |50 Min bands: |40
Min sizes (per color): |5 Max sizes (total): |50
Blue hackground: |5I:| Green background: |50
Yellow background: |50 Red background: |50
Blue offset: o Green offset:  |15000
Yellow offset: |anunn Red offset: |4EDDD
Tolerance: (0.4 Multiply factor: |30
Peak. width: |15 Fized threshold: |500
Size from: |50 Size to: 500
Library from: |1 Library to: [E
Aate from: |13 Flate to: |16
Grid from: |17 Table suffiz: |t

Save | Process | Show vector | Quit |

Clones should have a number of true bands ranging from 40 to 25(.

If they have less that 40 bands, it is likely that the fingerprinting
failed (low number of bands from one or several dyes).

If they have more than 250 bands, they are considered as putativeg
chimeric clones (or contaminated wells)

Bl




International naming convention (IWGSC)

TaaCsp3BFhA_0001A23 is a specific BAC with the following specifications:

v Digits 1-3 define the genus/species (Taa).
Three characters are used since there was concern two would not be enough to clearly define all
possible cases (e.g. Taa = Triticum aestivum ssp. aestivum).

v Digits 4-6 define the cultivar (Csp).
Three characters since we're concerned two won't be enough in future, and to handle cultivars that
already have a standard 3 letter designation (e.g. Csp = Chinese Spring).

v Digits 7-9 define the chromosomal source of DNA (3BF).
F for full chromosome, L for long arm, S for short arm, ALL for whole genome and 146 for 1D-4D-6D
(e.g. 3BF = whole chromosome 3B).

v Digits 10-11 define the restriction enzyme used to make the library and the number of the library (hA).
(e.g. hA s the first library made with Hindlll, hB the second one).

v Digit 12 separates the library name from the specific clone identification within that library ().
Its main functionis to improve readability, instead of the continuous long stream of characters which
the eye will tend to blur.

v Digits 13-19 identify plate number and well position within the plate (0001A23).
Four digits are used for the plate number (e.g. 0001A23 = clone A23 from the plate 1).

http://www.wheatgenome.org/pdf/Triticeae_Annotation_Group_Report_2007.pdf



Setting up clone name in FPB

X FPB - FingerPrint Background removal ‘._”Elm
First Value: |3 Last Value: |7
Low index: |50 Min bands: |40
Min sizes (per color): |5 Max sizes (total): |250
Blue hackground: |50 Green background: |50
Yellow background: |50 Red background: |50
Blue offset: o Green offset:  |15000
Yellow offset:  |30000 Red offset: 45000
Tolerance: (0.4 Multiply factor: |30
Peak width: |15 Fized threshold: |500
Size from: {50 Size to: {500
Library from: |1 Library to: [E
Flate from: |13 Flate io: |16
Grid from: |17 Table suffix: |t

Save | Process | Show vector Quit |

TaaCsp3BFhA_0001A23

Bl




FPB output

GeneMapper .txt files

FPB .sizes files
v'FPC-compatible

v'Background-free

v'Vector-free
v'Ranging from 50 to 500 bp...

Vs

Genoprofiler



Editing fingerprints
2- Genoprofiler



Clone renaming

FPC cannot handle BAC names longer than 15 digits.

Thus BAC names have to be shortened to be used in FPC.

TaaCsp3BFhA_0001A23

TaaCsp3BF001A23

Short names are informative enough for FPC analysis.

However, clones have to be renamed according the international nomenclature
prior to being released in the public domain.



Clone renaming using Genoprofiler

1/, File Management

Subset Clones | Reneme Clones | Remove Yector/Repeat Bands |
FROM: FPC Size Fils Director
=T

[ [F=—=—Initial fingerprint file directory

T New FPC Size File Directary

I |[===— Renamed fingerprint file directory

Ol vs, New Clons Name Lt Fils
| |E===—=— Conversion name file (.txt file)
For example:
TaeCsp3DLhA_0023A01 TaaCsp3DL023A01
TaeCsp3DLhA_0023A02 TaaCsp3DL023A02
TaeCsp3DLhA_0023A03 TaaCsp3DL023A03
TaeCsp3DLhA_0023A04 TaaCsp3DL023A04
TaeCsp3DLhA_0023A05 TaaCsp3DL023A05
TaeCsp3DLhA“BU28A06  TaaCsp3DL023A06
TaeCsp3DLhA_0023A07 — TaaCsp3DL023A07Z |
etc...

:

But the ‘rename clone’ function of Genoprofiler does not
work with names longer than 10 digits!!



Clone renaming using per/

TaaCsp3BFhA_0001A01 TaaCsp3B001A01
TaaCsp3BFhA_0001A02 TaaCsp3B001A02
TaaCsp3BFhA_0001A03 TaaCsp3B001A03

Command line:

> perl -pe “s/TaaCsp3BFhA_0/TaaCsp3B/g” File_to_be_renamed.sizes > Renamed_file.sizes




Configuring Genoprofiler

%F Sample File/Clone Naming Setting

Specify Maming Policy of Sample File Mame and Clone Mame

& sample file name at least includes information of plate number and well position, as wel as library
code if there are mulkiple ibraries associaked with clones, User needs to specify the exact

positions of library code, plate number and well position in a sample file name, which are

necessary For many operations in this software, & clone name usually includes

a library code (optional), a plate number, and a well position, such as RIDO3F12,

Example of sample file name: RI_Plate0d? 512 _03.fsa, In this file name, the library code

is "RI" from 1 to 2, the plate number is "007" from 2 to 11, and the well position is "G12" from 13 ko 15,

Library Code

Library Code From |1 | To |9 |
Well Position From |13 To |15

[ Help H Defaulk H Save ” Zancel H Ok ]

TaaCsp3DL
023
A01



Configuring Genoprofiler

408 Size Calling and Editing Setting

Size: Calling || 5122 Editing |

Alf Size Calling and Editing Setting

Setting Panel 1 | setting Panel 2 | Setting Panel 3|

r Size Caling ! Size Editing

o

30,

Drves
Size Calling Mulkiply-Factor of Size
Size Offsets For Dyes

Blue

Green 15000
Vellow 30000
Red 45000

Qutput Size Range

D

Calling method  Local Southern
[Jorange Size standard | GeneScan 500 LIZ

Color of size: standard

Tolerance For matching
of two bands

[ Help H Default ][ Save ]

[ Help | [ pefaut | [ save |




Sources of DNA contamination

v Chloroplastic DNA contamination v Well-to-well contamination

Anatomy of the Plant Cell

-Cytoplasm
Rough
' Endoplasmic
— Reticulum




Chloroplast DNA contamination

Sheath fluid

Flow sorted
chromosome arms

Flow

chamber Flow karyotype

Fluorescence
emission

1BS
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p |ates % S catte red Relative fluorescence intensity
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Left Right chromosomes
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—> K]}
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No chloroplast DNA contamination since chromosomes are
flow-sorted and not simply extracted

(kindly of J. Dolezel)
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= Non-adjacent wells showing similar profiles

= Adjacent wells showing similar profiles

v Well-to-well contamination in 96

v Well




‘One-to-one’ contamination

Two adjacent wells contain the same clone B1

Bands: 173 262 86 158 161 151 S50 1¥0 94 176 222 189 108 199 145 IF0 197 159 154 150 140 67 44 44 260 175 159 160 153 159 108 169 151 179 175

gha d 29 3k 9 21 18 2% 8 - 1 29 28 22 20 22 19 2 2% 21 21 21 20 12 & 13 4018 26 22 1 26 10 1gE 20 29 20

ansst 9% 9% 3% % 5% 8% 3% . 4% 9% T T T T B TR T 6% T TR 6% B¥ 2% % 109 5% 29 P % 29 3% 98% 6% 9% 6%

Prob: 1,3E S5E 1,3 3.8E 3,3 2,3E 20E - 60E 1,8E LFE L7E 6.2E 3,3E E.6E 4,9€ 29 4.1E 2,8E 2,1E 2,0E 2,1E 17E 7.6E 1,3FE 6,0E 56E 2.1E 65E 56E 15E 3.0E 43FE 25E 2,1
-5 -5 -1l -3 -2 -5 -2 - -5 -3 -3 -5 -3 -3 -3 -3 -3 -3 -3 -3 -3 -1 -2 -E -2 -5 -3 -2 5 -1 -188 -3 -5 -2

80-100% identity of fingerprints



‘One-to-two’ contamination

One well contains one clone B1 and the adjacent one
contains the same clone B1 and another one B2

Bands:
ahared
Prob:

0
&0
100
150
200
250
300
350
400
480

g0 -
0

)
100
150
200
250
200
380
400
40
&0

0

)
100
150
200
250
300
350
400
450
B

0

&0
100
150
200
250
200
350
400
450
B

23 137 3 213 126 233 164 161 138 66 137 66 144 185 @6 A7E 93 17D 4 95 199 236 119 208 183 129 170 181 133 233 284 164 161 65 I7E 63
42 7 5 2 16 31 21 2 2 15 15 1 2 24 12 20 & 15 1 11 - I8 12 30 36 13 23 2 19 29 29 29 2 12 30 15
109 8% 2% 796 5% 79 6% 936 £9% 6% 43 E9% 9% 6% 49% 595 2% 49 0% 3% - 43% 3% 896 109 4% 9% 79 6% 796 6% 69 6% 4% 8% 6%
90E 15E LEE 96E 40E 47E 26E LE 43F 2,0E 13E 86E L7E L7E 4.3E 7,1E 36E 2,7E 16E L3E - L7E 2)IE L3E L9E 2,0E LIE L9E L2E L4E 85E 7,7E 2,2E 5SE LIE 30
7 % 1 3 & 2 & 4 3 4 4 = £ & 2 2 1 4 4 1 40 4 % € 1 2 3 & =z & & 2 3 <4 4

35-50% identity of fingerprints:
one of the well displays two merged fingerprints



Contamination removal using Genoprofiler

4l Contamination Check Setting

X

A makch percentage is used as a cukoff ko determinge iF bwo adjacent clones
within 384-well ar 96-well plates or a clone and chloroplast contaminated
clone are wery similar, IF they hawve similar fingerprint patterns,

we think they are contaminated,

Threshold of match percentage For 384 well plate %o

Threshald of match percentage for 96 well plate [40.0 | 2%

Threshald of match percentage for o
chloraplast DMA contamination check i

Threshald of matching percentage -
far high prafile sharing clones e

Murbet of bands that a clone has at least

l Help ][ Default ” Save ” Cancel H Ok ]

|[‘ Contamination Check

Checking | Result Summaryl

Choose Contamination Source

Processing Message

354 well Plate Check 96 well Plate Check

[] chloroplast DMaA Check [] High Profile Sharing Check

FP.C Size File Directory

[ |
1 |

Mew FPC Size File Directory

Initial fingerprint file directory

|| ]
[ t :
|

Chlaroplast Fragment Size File

| | Erowse

FPC Size Clone Mame Filer Pattern

Contamination-free fingerprint file directory

Tolerance For Band Matching | 0.4

[ Help ][ Start ][ Cancel H Close




Contamination removal using Genoprofiler

Yate: TaeCsp3EFHM G880 el Contamination Check

M Chloroplast DM& Conbamination M High Overlap Clone Check
1 2 23 4 5 &6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

=0 o = Z 0~ = = I oo mm g o | -




Control clones for quality check

1. 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

®@ m m ©O

Four well-characterized clones, Four empty wells
with known fingerprints
and sequence

J
K
L
M
N
o
P

=
S——
1 |
v Control of plate rotation or inversion P EEEEEES SRR H SERRSERK
r ,,,,,,,,,,,,,,,,,,,,,, : !=====--H====__
BT

v’ Calculation of contamination rate



Removing control clones using Genoprofiler

— Input fingerprint file directory

___ Output fingerprint file

1, File Managkment

directory

oy

i ubset Clones f Reneme Clones || Remave Yector Repeat Bands‘

Choose InputfFile Type

(%) FPC Size Files (*,sizes| *.bands)

() Sample Files (*Fsa) () FPC File (*.fpc)

FROM: FRC fe File Direchor
| | Erowse ]

Excluded Clone List File

Erowse ]

T3: Mew FPC Fize File Directory
|‘ H Erowse ]

only Included Clone Lisk File

‘ ‘[ Erowse ]

Set Clone Barfd Mumber Range

Set Band Sizefftange (bp)

Contig Mame List (seperated by commma *, ")

Clane Mame Filter List {Wildcard Patterns)

Total Bands From To (250

Green Bands From

Red Bands From

Size From [5 bp To bp

ICITU
CRA

LIRS

SubSet Clones

Eluz Bands From

Yellow Bands From

DTD
ICITU

List of excluded clones (.txt file)

For example:

TaeCsp3DL023A01
TaeCsp3DL023A02
TaeCsp3DL023B01
TaeCsp3DL023B02
TaeCsp3DL023021
TaeCsp3DL023022
TaeCsp3DL023P21
TaeCsp3DL023P22



Genoprofiler output

FPB .sizes files

Genoprofiler.sizes files

v'Contamination-free

v'Control clone-free...

"

FPC



Contig assembly
1- Overview



Pairwise comparison and contig assembly

BAC1 BAC2
Comparison BAC1 vs BAC2
=1= ' (fingerprints)
BAC3
Comparison BAC3 vs BAC1
< ’ BAC3 vs BAC2
BAC4
Contig1 Contig2

Comparison BAC4 vs BAC1

e et BAC4 vs BAC2

BAC4 vs BAC3

Contig1



Overlap calculation: the Sulston score

A

B

C

Sulston cutoff

FingerPrinted Contigs (FPC)

nlL
DIH((1-p)mprt-m)]
m=M

Tolerance for two bands to be identical

Number of possible values for bands

Number of bands for two clones

Number of shared bands

1le0
le-50
1le-100
le-1504 |- 50 bands AN
—— 114 bands ™
1e-200 — _ 200 bands
le-250 . . . .
20 40 60 80 100

% overlap of clones

A

B

A B C

Cc




Assembly of the physical map

[e-70]
[e-65]
[e-60]
(/2]
o)
:.2 [e-55]
o
3]
4 [e-50]
| .
3 [e-45]
S
>
Initial assembly Automated assembly Manually-edited assembly
(incremental contig building) (merging, DQing...) (merging, splitting...)




Contig assembly
2- FPC overview



Contig assembly
3- Initial assembly



Configuring FPC: configure window

Average band size
For clones larger than 100 bands (based on fingerprints and sequences)

AN P

r-Q( Configure Di;B&z / .’ @ﬁ‘

[Tolerance Fil;:T\\\\\\\C) Yariahle Taoler

() Fast Sulston|® Pure Sulston

Genome =ize 0 kb one size 150000 b
Eand =ize 1100 kb

[Gel length 54000 |

Contig display page zize A000
) Agargze | @ HICF

[Vedtor File:|

/
Number of possible values for one band:
(15,000 -1500) x 4 = 54,000

SNaPshot labelling & capillary sequencer



Building contigs

X FPC Main Analysis __— Start at very high stringency (1e-75)

Tolerance: 12 Cutoff: 1e-75

@Precompute ®lse CpM o [CoM Table

/ Start a new assembly

Cilog @Stdout
CE: Best contig of 100 el

ui ontigs uns ki irst
[Build C (R Kill f 3]
Contig =ize <= & @kill Seq Ctgs

[Incremental EBuild Eu:untigg MoCE on Existing
Last Build 2508 Z0:31 Cutoff 18 Cpabd

—

if 5<104 05 Step 3 ONo meres Comaps | Compute newly added fingerprints

ReBuild| if DM egq - @U eq 7
i(DIAuto Merges/Add FromEnd 55

Ends--*Ends Match 1

[KeySet-->Fpc] ©OEnds Only OInclude Ctgd

Clones [--3Fpc] [--2Key] [Help]

All functions are Fd interruptable




Sulston score overlap

1e0

£ 1e50- -
+ I x
o 1e-100- M\\
E ~
S le-1501 [ 50 bands \
= —— 114 bands )
@ 12004 | oo

1e-250 . ' ~Tos0%

0 20 40 60 80 100

% overlap of clones



DQing contigs

X FPC Main Analysis 2= %]

Tolerance: 12 Cutoff: 1e-75 Bury™: 0,10

#@Precompute  @lUsze CpH 1- DQer
v i -
OLog @stdout decreasing the cut-off to remove Qs
vonly for contigs having more than 10% Qs
CE: EBest contig of 100

. v Three times (1e-78, 1e-81, 1e-84)

[Build Contigs (Runs Kill First}|
Contig size <= & @kill Seq Ct

[Incremental Build Contigzs| (OMolE o =isting
e-45 CpH

Last Build 2/5706 20:;31 Cutoff

if »=10% U= Step 3 640 merge CBmaps I 2- Rebuild modified contigs as the
Sb.ild] if OO 09 - @0 =g ~ — ' number of Qs is no longer reliable
(D1Auto MergesAdd FromEnd 55

Ends--*Ends Match 1

[KeySet-->Fpc| QEnds Only OInclude Chg0

3- If necessary, perform a new DQer step,
starting at 1e-84, followed by Rebuild...

Clones [--5Fpe] [--2Key] [Help]

ALl functions are Fd interruptable




Assembly of the physical map

Number of contigs

Initial assembly
(incremental contig building)







Contig assembly
4- Automated assembly



Single-to-end merging

/

X FPC Main Analysis M=%
Tolerance: 12 Cutoff: 1e-70 Feorg™: 0,10
@Precompute  @Use CpM [CoM Table
@log @Stdout
CE: Best contig of 100

[Build Contigs (Runs Kill first}|
@Kill Seq

|Ihcrem5htal Build Enhtigs|

Contig =ize <= max

(]!
toff le-45 CpH

on Existing

Laszt Build 13-8-09 13354

if »>=10% Q=

CiMo merze CEBmaps

./

ReEBuild]| if gq - @L eq "
7

i Aot o Merge/ﬁddl FromEnd 55

Ends-->Ends I Match 1

[KeySet-->Fpc| @Ends Only Ofpclude Ctgo

Clone:

-—rFpc| |--rEey {EE;E
N

All functions are F4 interruptable

o

Decrease the stringency stepwise
(1e-70, 1e-65, 1e-55, 1e-50, e-45)

/ Select Automerge for automatic merging

FromEnd tells how close to the contig
end a clone must be in order to
count as an end-clone (1/2 the
number of bands in an average
clone)

Match tells the number of clones from
one contig that have to match with
another contig for merging

Start single-to-end merging (singletons
are added to contig end only)



End-to-end merging

-,

X FPC Main Analysis Mi==
Tolerance: 12 Cutoff: 1e-70 Feorg™: 0,10
@Precompute  @Use CpM [CoM Table
@log @Stdout
CE: Best contig of 100

[Build Contigs (Runs Kill first}|
@Kill Seq

|Ihcrem5htal Build Enhtigs|

Laszt Build 13-8-09 13354

Contig =ize <= max

on Existing

(]!
toff le-45 CpH

CiMo merze CEBmaps

aAuto MergesAdd|| FromEnd 55

Frnd=s--*Ends=

|KEHSEt">fEE+~\£QEEEf;DHlH D1 Include Ctgl

Match 1

_—””—’—

./

Clone: ~=sKey| [Hel
lE\.

All functions are F4 interruptab

Decrease the stringency stepwise
(1e-70, 1e-65, 1e-55, 1e-50, e-45)

/ Select Automerge for automatic merging

FromEnd tells how close to the contig
end a clone must be in order to
count as an end-clone (1/2 the
number of bands in an average

clone)

Match tells the number of clones from
one contig that have to match with
another contig for merging

T Perform end-to-end merging



Sulston score overlap

1e0

1e-45
w 1e-50-
O
= 1e-100-
-
% le-150- 50 bands
= 16200 —— 114 bands AN
W €<V | _ 200 bands

le-250 . E— .
0 20 40 60 80 100

% overlap of clones



DQing contigs

-,

X FPC Main Analysis

/ 1- Rebuild contigs at merging stringency

HETry™: 0,10

Tolerance: 12 Cutoff: 1e-70
@ Precompute @Use CpM [CeM Takble

@log @Stdout
CE: Best contig of 100

i onhtigs uns Ki irst
[Build C (R Kill £ 3]
@Kill Seq Ctgs

|Ihcrem5htal Build Enhtigs|

Laszt Build 13-8-09 13354

Contig =ize <= max

45;; merge CEBmaps

-/

2- DQer
v'decreasing the cut-off to remove Qs
vonly for contigs having more than 10% Qs

v'Three times

3- Rebuild modified contigs as the
number of Qs is no longer reliable at
merging stringency

Der| iF »=10% = Step 3
|[ReBuild| if OQ eq - @0 eq " Hel
@Avto Merges/Add FromEnd 55

Match 1

Frnd=s--*Ends=

|KEHSEt">FPD|

D1End=s Only O Inclode Chgo

4- If necessary, perform a new DQer

Clone: [-->Fpe] [--7Key]| [Help]

step,, followed by Rebuild...

All functions are F4 interruptable

5- Perform single-to-end and end-to-end
merging until 1e-45



Assembly of the physical map

[e-70]
[e-65]
[e-60]

(/2]
o)
:.2 [e-55]
o
3]
4 [e-50]
| .
3 [e-45]
S
>
Z

Initial assembly Automated assembly

(incremental contig building) (merging, DQing...)







Contig assembly
5- Manually-edited assembly



Adding markers

| = =]
X FPC V9.3 Main Menu 12 Threads |- ||0/23
Project: TriticeaeGenone_project Replace framework Seanch CB Unii Range
Class: [Contigs]| [Clones| [Markers] Replace sequence skius IU— o IF
Merge markers
Search: Hame |
Menge clone remarks
|Search Commands ... |El ear| |Reset| Merge marker remarks
Replace conlig user remarks
E [Conrigare] [CLear Up] - 7| Replace conlig chromosome remarks
Righticlick CADIE STSENIE
|Saue ,ch:| |L0ad +Fp:w:| |Update .c:n:n*| Save FFC as _
|Mair‘| F\nalgsis| |Etg->Ehr| Save Config as FPC _
STS194-3B
|E!U.it| |HE—'lF‘... |BSS| |MTP| |DraFt| Save Markers as Excel PG3-3B _
Save ordered marker lisl
Save clone sizes
Save as Ace e
F102BAT
. LInyLock wrile access 16~ TaaCsp3BFOE1H10
Marker.ace file (b b3
TaaCspa3b FOB4 B20
Creat new project 18~ TaaCsp3b FORIM1 3
Clone : "TaaCsp3EBFO15FO7™
o T12EM* TaaCspab FO1SFOF
Positive 3T3 "STS65-3E" Check Cor 1 S ————
Positive TS "STSPPZ-3E" — aaCspaBF1ze
Positive TS  "STSE14-3B" TaatspibFOz7HoS
Positive ST3 "SyngentadS5—3E" TaaCsp3B FOs8I0e-
TaalCsp3BFOTIP12*
Clone : "TaaCsp3EBFO15FOS"™ TaaCsp3B FOOTM 19~
TaaCsp3BF103E15*
TaaCsp3BFO33P14
Fl / TaalCsp3BF106E15
lnes TaaCsp3BF112K02

‘aaCspiB FOA1NGG




Looking for small overlaps

X FPC Main Analysis =/ ot3

Tolerance: 12 Cutoff: 1e-25 |Buryg®: 0.10 v’ Stdout (screen)
@Precompute  @lse CpM

®lLog | ®WStdout
CE: Best contig of 100

[Build Contigs (Runz Kill firsty]
Contig =ize <= § MKill Seq Ctgs

v .logfile

[ITncremental Build Contizs] OMolBE on Existing
Laszt Build 2/5-08 20131 Cutoff 1le-25 CpM

Ctgd F TesCsp3EFO047P1Z 54b Ctglé L TeaCsp3BFO096G20 114h  Match 43 6e-31
if S-I0%0s Step I OMNo merge CBmaps Ctge L TasCsp3BFO62ZEL17 117h CtgS35 B TaaCsp3BFO77D16 137h  Match 52 Ze-32
Ctod L TesCsp3BFO62EL7 117h CrgS35 L TasCsp3BF137E13  79h  Match 45 le-41
if O eq - @0 eq " Ctod L TasCsp3BFO62EL17 117k Ctg535 L TaaCsp3BF168D06 81k Match 45 1=-36
Ctys L TesCsp3EF113B05 100b Crg4S R Taacsp3EFO3TELS 128b Match 50 Se-36
CiAuto Merge/Add  FromEnd 55 Ctgs L TaaCsp3BF113E058 100b Ctg4? R TaaCsp3BFO09ZH10 154h  Match 47 9e-29
Match 2| Ctga L TaaCsp3BF113B0G 100k Ctgdl B TaaCsp3BFOS8Kle 6£2b  Match 40 Se-30
Ctys L TesCsp3BEFL13B0S 100k Crgd49 R TeaCsp3BF153J05 58b  Match 35 7e-33
OBnds Only Olnclude Ctel Ctys L TesCsp3BEF140415 959b Ctg49 R Teacsp3BEFO3TELS 1280 Match 49 Se-35
Ctys L TasCsp3BF140415 998 Ctg49 R TaaCsp3BFO9ZHIO 154 Match 48 4e-30
Clone: [-->Fpe] [-->Key] [Help] Ctgs L TesCsp3BEF140A15 959b Ctg4® R TaaCsp3BFO09SKL6 62h  Match 40 3=-39
Ctys L TasCsp3EF140415 99k Ctg49 R Teacsp3BF153J05 58k Match 35 S5e2-33

All Functions are F4 interruptable March: 5L 409F curoff:Se—36




M FPC Main Analysis

B=1%

Tolerance: 12 Cutoff: 1e-25 Boury™: 0,10
@Precompute ®@Use CpM  [CpM Takle

®lLog | ®WStdout
CE: Best contig of 100

[Build Contigs (Runz Kill firsty]
@Kill Seq Ctes

|Incremental BEuild Conti S|

Last Build 275706 20331

Contig =size <= 5

CiMalCE on Existing

Cutoff 1le-25 CpM

if »=10% G= Step 1 ONo merge CEmaps
ReBuild| if O eq - @I egq ”
T1Autn Merges/Add  FromEnd &5
Endz-->Ends Match 2

O Ends Only O Include Chgl

KeySet-->Fpc

Ctod B TaaCsp3BFO47P12 S94b  Ctgla L TaaCsp3BFO96GZ0 114k Match 43 6e-31
Ctogd L TaaCsp3BFOGZE17T 117k CtgS535 B TaaCsp3iBFO77D16 137h  Matech 52 Ze-32
Ctod L TaaCsp3BFOGZE17 117kh CtgS535 L TsaCsp3BF137E13 79 Match 45 le-41
Ctgd L TaaCsp3BFOGZE17 117b Ctg535 L TsaCsp3BF168D06 81k Mateh 45 1le-36
Ctgs L TaaCsp3BF113EB05 100k Ctg4d? E TaaCsp3iBFO37E1S 128k Match 50 9e-34
Ctgs L TaaCsp3BF113BOS 100k Ctg49 B TaaCsp3BFOS9ZH10 154k Match 47 9=-29
Ctghs L TaaCsp3BF113BOS 100k Ctg4d9 B TaaCsp3BFO98K1le 62b Match 40 S5e-39
Ctgs L TaaCsp3BF113B05 100k Ctg4d9 E TaaCsp3BF153J05 58k Match 35 Ve-33
Ctgs L TaaCsp3BF140415 95b Ctg49 B Taalsp3BFO37E1S 12Z8b Match 49 Se-35
ctgs L TaaCsp3EBEF140A15 S5k Crtg4Q F. TaaCsp3BFOSZH10 154k Match 45 4e-30
Ctgh L TaaCsp3BF140415 95k Ctg4d9 E TaalCsp3BFO98Kl1s 62b Match 40 3Je-39
Ctghs L TaaCsp3BF140415 99k Ctg4d9 R TaaCsp3BF153J05 58b Match 35 S5e-33
Hatch: SL 459R cutoff:iSe-36

Clone: [-->Fpe] [--2Keu] [Help]

All functions are Fd interruptable

(unless mapping data are conflicting)

Perform merging




ctgll? B TaaCsp3BFO82P11 162k CtgilS L TasCsp3BFOOVEOZ 104b  Match 5S4 1e-34
CtgloS L TaaCsp3EFO07S9K1Y 104k Ctg593 L TaaCsp3BFOS9PE24 S0b HMatch 41 6e-31
Ctglo® L TaaCsp3BEFO79E1Y 104k Ctg593 L TaaCsp3BF129B01  YoObh IHMatch 40 Ze-35
Ctglo® L TaaCsp3iBEFO79E1Y 104k Ctg593 L TaaCsp3BF167I13 11Ybh HMatch 41 Se-Z6
Ctgllsd L TaaCsp3EFO076DZ4 122k Ctgd4d40 B TaaCsp3BF106C03 145h HMatch 59 2e-37
Ctglle L TaaCsp3EFO053L16 153k Ctgd440 B TaaCsp3BF106C03 145h  HMatch 52 2e-24

Check mapping data
& perform merging if mapping data are consistent

X FPC Ctg109 TriticeaeGenome_project_anchor

File Edil Anahsis Highlighl Add irack Layoul Siz opiions

Zoom

Whnlel

€108 of TriliceaGenome._project_anchor

Show buried clones
O Yes @ Mo

CB Unil Range —

i

3BSE
] GAD1-38 STSE14-3B
BF262335.38 STSE53B
B E499865-38 STSPP2-3B

STS142-38 STS194-36

STSE22-3B PG33E Syngentd5-38
— TaaCsp3B FO40AGE" TaaCspIBFO33P14

TaaCsp3BFOHIT TaaCsp3BF 106E15
TaaCsp3BFO05L18 TaaCsp3BF 112K02
TaaCspIBFO15AM TaaCspIBFOS1NGE
TaaCspIBFOBN1S TaaCspIBF102B17
TaaCsp3B FO44HIS TaaCspIBF112EM4*
TaaCspIBF112L18 TaaCspIBFO2G11
TaaCspIBF 105511 TaaCspIBFOBTETS TaaCsp3BFOS1H10
TaaCsp3B F041D01 TaaCsp3BFO6EL16 TaaCsp3B F064B20
TaaCspIBF 117604 TaaCspIBFOES002* TaaCspIBFOISFO7
TaaCspIBF 102014 TaaCspIBFOPID10 TaaCspIBFOZTHOE
TaaCspIBFO41B07 TaaCspIBFO3B24 TaaCspIBFOTIP12*
TaaCspIBFOTOK1T TaaCsp3BF 104105 TaaCsp3BF 103E15*

=

X FpPC Ctg593 TriticeaeGenome_project

File FEdil Analysis Highlight Add frack Lz

3BsE

|CI{{EX]

TaaCsp3BF 132N
TaaCsp3BF150012
TaaCsp3BF130P17
TaaCsp3BF164L19
TaaCsp3BF 129801
TaaCsp3BFO49002*

aCsp3BF176A12
TaaCsp3BF 167113

1A



Conflicting results

ctg?
Ctg?
Ctg?
Ctg?
Ctg?
Ctg?
Match: 7R
ctg?
Ctg?
Ctg?
Ctg?
Ctg?
Match: 7R

fon e n e N < s

o e s R g a

TaaCsp3EF155L17
TaaCsp3BF155417
TaaCsp3BF155417
TaaCsp3BF1lo6D21
TaaCsp3BF166DE1
TaaCsp3BF166DE1

T3]
a4l
a4l
a4l
a4h
a4h

7Z28R cutoff:ze-45

TaaCsp3EFO0ZK10
TaaCsp3BFO0ZK10
TaaCsp3BFO0ZK10
TaaCsp3BFO0ZEK10
TaaCsp3BFOO0TOZ3

178h
178k
178k
178h
165k

742L cutoff:de-29

CLog7zZs
Crtog7za
Crtog7za
Crg7za
CLg7ZE
CLg7ZE

Crog74z
Crog742
Crog742
CrLg74z
CrLg74z

fom = - n S e«

| o N

TaaCsp3EBF 146402
TaaCsp3iBF147C07
TaaCsp3iBF 149119
TaaCsp3iBFO60G1E
TaaCsp3iBF109HM02
TaaCspiBF149M19

TaaCsp3BFO014LZ4
TaaCsp3iBFOS5F11
TaaCsp3ibBF127414
TaaCsp3iBF1528K02
TaaCsp3iBF152K02

S0k
=]
TEh
194h
25k
T2k

147h
13zZh
6olh
Tidh
Tdh

Match
Hatch
Hatch
Hatch
Match
Match

Match
Hatch
Hatch
Match
Match

36
40
41
40
39
Z9

59
[=18]
38
B
42

Se-34
le-40
2e—45
2e-27
Te-37
le-2Za

Te-25
Ge-32
2e-27
Je-30
de-259

Check manually

v Small contig included into the others

v’ Chimeric clones...




No match but shared markers

X FPC Cte477 TriticeaeGenome_project_anchor

File

Edil Analysis Highlighi Addirack Layoul Sizeoplions

3BSE

Zoom Sh
5.0

B | Whole C

| Clg477 of TriliceaeGenome_projecl_anchor

I+]

5T513-3B
5T552-3B
BE499618-3B

5T562-3B
ST5206-3B 5T532-3B

[ICH | N

TaaCsp3bFO7aF02"
TaaCsp3BFOGTE14
TaaCsp3BF113K11
TaaCsp3B F139G07
TaaCsp3B FOCOEDS
TaaCsp3BF172EM
TaaCsp3b FOBGKI2
TaaCsp3BFOT1FO7
TaaCsp3B FIE8014
TaaCsp3BF129F07
TaaCsp3BFO40F12*

TaaCsp3BFIREF0E

K|

Perform merging

K FPC Ctg5%3 TriticeaeGenome_projec

File Edil Analysis Highlighl Addirack Lz

Zoom

a0

i : Whale
T

 Cig393 of TriliceasGenome_project_anchor

3B5E

STS206-3B
STE6E2-3B

[e Il

TaaCsp3BF 132N
TaaCsp3BF 150012
TaaCsp3BF130P17
TaaCsplBF164L19
TaaCsp3BF 129801
TaaCsp3BFO49002*

aCsp3BF176A12
TaaCsp3BF 167113

1

(if marker data are reliable)



Looking for small overlaps

¢ [ ne Lommands - D
X FPC V9.3 Main Menu 12 Threads [-_"E]Ei X Clone Command BEX]

Clone Mame Substring
P'I"DJECt: TrltlceaEEEHDNE—DFDJECt Eefore created date do/mme Yy hhimm
After created date dd/mms gy kb mm
N Eefore modified date do/mme Yy hhimm
Class: [Contigs| |[Clonez]| [Markersz] After modified date dd/mme gy hh g mm
Remark Substring of remark
SEET“CI"I: HEI'I'IE | TaaCspSBFD'?EJKl'? Without Remark Substring of remark
Gel Identifier
I 1 I 1 '-'- ch Clone Clone name
|53~31“'3|"I Commands ... [LIear] [Feset] 1 latch Clone Clone name
Contig Mumber
File,.. [Confizure| [Clean Upl > M Bands Humber
|Saue +Ff:w:| |L|:|ad +Ff:w:| |L|pdate +n:|:|1“| Singletons

Multiple Fingerprints
Mo Fingerprints

|Main Hnaleis| |Etg—>Ehr|

Selected {(Ignore current keyset)

Canceled {Ignore current keyset)

[Quit| [Help. .. [B55] [MTP] [Draft]

Full-®
Half-%
Gap-closure

= Contaminated

}( Contig Evaluate [._HE]E

Tolerance: 4 Cutoff: le-45 Bury™: 0,10

@log @Stdout @Use CpM [CpM Takble| [Helg]

| [Clore 11 |[Eva] [ Feel|

[--» Cte CpM| [--> ctz Markers]

--» Clone 1] OSize

[Ctg --> Ends| [Sel --» Ends| FromEnd: 55

Useful to check MTP results when
clones belong to 2 different contigs.

|Ethheck||Step| |NDDlap||Step| |Baleap| 15
|sr1|:t Eheck"sntt Step|
|Marker Split| |MultEtg|

Some functions are Fd interruptable




Killing small contigs

I 1
X FPC Main Analysis M=}
Tolerance: 12 Cutoff: 1e-25 EBury™: 0,10

@ Precompute @Use CpM o [CoM Table

C'Llog @Stdout

CE: Best contig of 100

[Build Contigs (Runs Kill first)]

Contig size <= §| ill Seq Ctes Kill contigs containing less than 6 clones
[Incremental Build Contigs| OMNoCE on Existing (‘max’ to kill all the contigs)

Last Build 2506 Z0:31 Cutoff 1le-25 CpM

if »=10% U= Step 1 OiHo merge CEBmaps

ReBuild| if OO eq - @O sq ”
OAuto MergesAdd FromEnd 55

Ends--*Ends Match 1
KeySet--2Fepc 1 Ends Only O Include Ctgo

Clone: [--2Fpe] [--rKey| [Help]

All functions are Fd interruptable




Killing small contigs

X Project TriticeaeGenome_project Page 9.0 of 11.0 u@m
FPC Triticeaekenome_project Clones 7246 Seq O Markersz O By length,,. [Help
9.3 Date: 14:07 Thu 27 Aug 2009 User: epaux Chr_Remark
Totallen 120660 kb Avglen 574 kb Cearch
lCDntig Clone Marker Seq Draft Date Status Qg Chr_Remark
476 7 - - - 225 195 o] o]
487 1z - - - 221 193 o] 1
b35 11 - - - 215 187 o] o]
101 q - - - 213 184 o] o]
162 11 - - - 21z 185 o] o] .
538 9 - - - 21z 185 o] o]
938 3 - o o a2 e 0 : Contigs smaller than 300 kb
rirl i 4 40 A fut fut

-l- L .-'E-: . I I
560 a8 - - - 205 179 0 0
436 7 - - - 204 178 0 0
507 b - - - 201 175 0 0
485 9 - - - 193 173 0 0
[] 613 5 - - - 138 173 0 0
492 5 - - - 197 172 0 0
410 5 - - - 19& 171 8] 8]
733 g - - - 19& 171 8] 8]
1] 738 10 - - - 194 159 8] 8]
726 g - - - 190 156 8] 8]
X Edit Contig Remarks & Status I._"QIE
nght click Edit contig 567 (Qs 0O}
v Status:
Cliosz D0k {do everything?
Edil Highlighied Conlig COMoCB (For IBC. add clones. merge contigs. but do not reorder clones)
GoTo Curreni Config D Avoid (Avoid on both Build and IBC)
GoTo Top I mDead (Mo Summary-Builds. HceDumpI
Prim fo file
Prini Screen Chr Remark:
Chr Poszition: 0,00
Chiry () Mo Auto update {(Type the word 'none’ if no assignment)
Pos: ) Mo Auto update

Hit <CRE> after entering a value

User Remarks:
Trace Remark: Dler MoSplit 1le-d8, 0" HoSplit 1le-45, Add 1. @ MoSplit 1e-55, End-mej|
Remark iz changed as =oon az you start typing.

Trace Eemark automatically uvpdated on contig changes.




Assembly of the physical map

[e-70]
[e-65]
[e-60]
(/2]
o)
:.2 [e-55]
o
3]
4 [e-50]
| .
3 [e-45]
S
>
Initial assembly Automated assembly Manually-edited assembly
(incremental contig building) (merging, DQing...) (merging, splitting, killing...)




Contig assembly
6- LTC: Linear Topology Contig



LTC program

Frenkel Z, Paux E, Mester D, Feuillet C and Korol A (2009) LTC: a novel algorithm to improve the
efficiency of contig assembly for physical mapping in complex genomes. Manuscript in prep.

v LTC program starts clustering with a relatively relaxed cutoff and uses the topology of
significant clone overlapping to obtain longer contigs with realistic (linear) structure.

v In each cluster, clones are ordered based on a global optimization procedure and clones that
disturb the order stability (assessed by re-sampling analysis) are excluded from the contig.

v Ordered contigs are then merged upon a relaxed cutoff into longer contigs using for control of
the contig topology the network representation of the significant clone overlaps.

12
PR, =10 I N
Pr=10" I N C)

18
Pr,=10" I T T N
Pry=107" KO N

(kindly of A. Korol)



Examples of non linear topology contigs

(kindly of A. Korol)
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(kindly of A. Korol)



Examples of contig elongation

= .
e
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™ (lenes from Database
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Our contig

W, Y

Lo Cloms
W, from Database

(kindly of A. Korol)
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(kindly of A. Korol)
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