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LTC
Comprehensive interactive package for physical mapping of
complex genomes using fingerprinting data for BAC libraries.

The corresponding tool, Linear Topology Contig (LTC) software package for
contig assembly is based on exploring the topology of clone overlaps. We
demonstrate how LTC can be used for construction, verification, elongation,
mer gi ng, a n the dowtigsr Tihenexamples fare based on practice with
real and simulated data. Some more detailed explanations on LTC approach
can be found also in our attached manuscript (Frenkel et al [1]).
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1. Background

Physical maps are the basis of genome sequencing and map-based cloning and their
construction relies on accurate assembly of BAC clones into large contigs anchored to
genetic maps with molecular markers. High Information Content Fingerprinting (HICF) based
on SNaPshot technology (Luo et al [2], Nelson et al [3]) has become the method of choice for
large and repetitive genomes such as those of maize, barley, and wheat. The high level of
repeated DNA in these genomes requires the application of very stringent criteria to ensure a
reliable assembly with the standard FingerPrinted Contig (FPC) software (Soderlund et al
[5]). The main problems with the results of FPC processing are: short contigs (most with
length of 3-5 clones before merging) and unreliable assembly in some difficult regions. These
difficulties can originate from (i) chimerical clones; (ii) false clone overlaps; (iii) low power of
clone ordering algorithms; and (iv) weakness of tools to identify sources of gaps in Minimal
Tiling Paths (MTPs).

In order to overcome the aforementioned difficulties a new analytical framework -
Linear Topology Contig (LTC) - was developed. LTC enables the construction of highly
reliabl e and | onger c o nt i cprmections hnecontigs tarel ctheir
Ar eipgdi, r thernelongation of contigs obtained by other assembly methods. LTC is also
able to work with clones fingerprinted by Sequence Tagged-Sites (STS) markers or by exact
short sequence tags (Whole Genome Profiling (WGP) technology, van Oeveren et al [4]).

The theoretical basis for the LTC software was developed as a part of the activity of
the Haifa University group within the TriticeaeGenome consortium (FP7 program). Close
collaboration of Haifa group with the INRA (Clermont-Ferrand) group (Catherine Feuillet,
Etienne Paux and Romain Philippe) played an important role in better understanding the
major problems and limitations of the standard methods, setting the objectives and finding the
best ways for testing of the proposed solutions. Fruitful collaboration with many other
colleagues dealing with physical mapping of wheat and barley genomes was a rich source of
challenges and gave us a great satisfaction when our approaches proved helpful for them.
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2. General program description

2.1 Contig assembly with LTC

Program LTC works with BAC HICF (or/and STS markers or/and WGP) data and can take
into account information on markers presented in clones (analogously to FPC program).
Working with LTC includes the following steps:

(a) Importing of fingerprint data of clones.

In the case of HICF fingerprint data based on SNaPshot technology: importing from
*sizes files (in format suitable for standard FPC program: one-dimensional list of band sizes
is provided for each clone). Note that LTC was developed for cases when data was already
filtered to get rid of the following problems: (i) too short or too long bands; (i) too similar
bands within clone (bands should be different at least on the tolerance value); (iii) clones with
problematic fingerprints (e.g., with too low or too high number of bands, etc.); and (iv) clones
occupying in close plate positions and having high number of common bands that putatively
caused by technical clone-to-clone contamination rather than real clone overlaps.

In the case of WGP data:

WGP data can be imported by two ways: (i) in the form of lists of found tags for each of BACs
(in this case input file is looking exactly like *.sizes file, but tolerance is equal to zero); and (ii)
in the form of lists of positive clones for each of tested tags. In both cases data should be first
cleaned from putative clone-to-clone contamination.

(b) Creation of net of significant (with the most liberal cutoff) clone overlaps for more quick
future calculation

(c) Identification of putatively problematic Q-clones and Q-clone overlaps

(d) Adaptive clustering of entire DB, starting from liberal cutoff (no more liberal than was used
for net of significant clone overlaps creation, see (b)) with (i) future increasing cutoff
stringency and (i) excluding of putatively problematic clones and clone overlaps for
problematic clusters. We need to split too large clusters because it is difficult to work with
them. We also split clusters with non-linear net structure of significant clone overlaps
because it contradicts to linear structure of the real chromosome.

(e) Selection of MTP for resulted linear clusters. Based on MTP clone-overlaps LTC
calculates clone-end coordinates for MTP clones (starting from the beginning of MTP). After
this, LTC estimates clone-end coordinates for other clones of the cluster (without creation of
guestionable band map for the cluster). From now, clones from the cluster with corresponding
clone-end-coordinates represent the contig.

(f) Verification of resulted contigs.
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(g9) Exporting of the resulted contig assembly in the popular format of FPC-output *.fpc file.
LTC also collects all MTP clones with consequent overlaps into one file (analogously to
MTP.txt created by FPC). LTC also collects all clones that putatively can be used as bridges
for contig elongation and merging.

2.2 Verification of contigs obtained by other tools (e.g. , FPC)

To verify contigs and MTP obtained by other tools (e.g., FPC) the following steps should be
conducted:

(a) Importing of HICF fingerprint data from *.sizes files. Please note that names of clones in
*.sizes files should be the same as in *.fpc file.

(b) Creation of net of significant clone overlaps with the most liberal cutoff.
(c) Identification of putatively problematic Q-clones and Q-clone overlaps.

(d) Identification of putative gaps caused by (i) presence of Q-clones and Q-clone overlaps in
contigs; (i) errors in contig splitting; (iii) putatively wrong contig merging resulting in
nonlinearity of topological structure of the net of significant clone overlaps; (iv) false clone
overlaps (especially for adjacent MTP clones) caused by errors in clone ordering within
contigs (also resulting in problematic clone-end coordinates). LTC is able to propose
alternative MTP for contigs having linear structure. It also has possibility for maximal using of
already selected MTP clones with special preference for some clones (e.g., already
sequenced).

2.3 Elongation and merging of contigs into supercontigs
(Under construction

LTC also can be used for elongation and merging of highly reliable contigs into longer (but
less reliable) supercontigs. Combining contigs into supercontigs can also significantly simplify
anchoring and contig orientation procedure. Using this LTC option includes the following
steps:

(a) Importing of HICF fingerprint data.

(b) Creation/loading of significant clone overlaps net with the most liberal cutoff for more
quick future calculation.

(c) Automatic contig elongation and end-to-end merging in the cases of unique possibility of
elongation/merging.

(d) Manual contig elongation and end-to-end merging.
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2.4 Simulation of HICF data

LTC program also permits simulation of HICF and WGP data based on already sequenced
scaffolds. LTC emulates DNA cutting by enzymes with low concentration to obtain DNA-parts
corresponding to clones (BACSs). In the case of HICF simulation, LTC emulates DNA cutting
by other enzymes with high concentration to obtain the set of bands for each simulated clone.
LTC also imitates errors in clone fingerprinting and merging of DNA-parts from different
places into chimerical clones. Simulated data allows comparing effectiveness of different
met hods t o truedc ocnhosnttriugc ta sise mbl y .

2.5 Identification of positive clones from the set of positive 3D -pools
(Under construction

Pooling of clones (usually from MTP) can significantly simplify and make cheaper the
identification of positive clones for DNA markers. Errors in scanning of pools, i.e. missing
pools (false negatives) or artificially positive pools (false positives) cause wrong set of
positive clones from the Aintersectiono of
to identify candidate clones. Increasing excess of the number of candidate clones makes the
tests more technically complicated and gives more possibilities for errors. By taking into
account the clone overlaps covering a marker, LTC can clarify (based on maximal likelihood
model) the set of candidate positive clones from the set of positive 3D-pools.
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3. Installation and starting LTC program

3.1 Installation

Users get LTC-program in the form of a single archive file. This archive contains exe-file of
LTC (that can be run in computer with installed Visual Studio 6.0 or distributives of Visual
Basic) and folder of installation package (for computers without Visual Basic).

You can start the program by simpler u n n LTClgetaBxed0 i n computers with |
Studio 6.0 or distributives of Visual Basic 6.0. We recommend before installation to create
working folder foryourpr oj ect (ts_alyy ALPTT®J)e c

For computers without Visual Basic:

In case of Windows platform package installation you have to do the following:

- Activate Set up. elXTE Patkagegar Wimdowsodfader. f

- Setup will automatically select default program folder as C:\Programs Files\LTC.
If you want to select other folder, ¢ | | Gh&nge&iDirectoryd but t on, sel ect dr
directory and double click on selected folder (validate that Path is correct).
Cl i©OKo futton

- Click Icon button to start installation.

- InLTC-Choose Pr ogr amCo6Gtmoedipbuton. i ¢ k A

- In next steps in case the package was already installed, you can give message about
flesinruse (I n t higeoreda s #edai lbuttonk). A
Cl i OKO fherresult message box.

In case of Linux platform you can work under Wine program.
For comparison, you can use FPC and Pajek programs:

- Standard FPC program can be run only on computers with Linux. FPC can be freely
downloaded from the site: http://www.agcol.arizona.edu/software/fpc/.

- Progr am daPRlzejusdkfor alternative graphical visualization of nets of significant
clone overlaps. You can download the fi P a j peoggram from the site:
http://vlado.fmf.uni-lj.si/pub/networks/pajek/default.htm

3.2 Starting LTC

To start LTC program you needtorun iTC 1.3. e x e 0
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4. Preparation of data

4.1 Names of clones

Beta version of LTC works with clones fingerprinted by SNaPshot or by WGP. BAC libraries
are usually stored in plates: each clone in one specific well. Each well is characterized by its
row and column numbers (row number is usually expressed by letter). Clone name is usually
based on its library position. For example, substring 014A15 in clone name means that this
clone is situated in plate 14, row A, and column 15. Clone name can include also the name of
the reduced library name (it can include name of species and subspecies of organism,
chromosome name, arm and enzyme, used for the library construction and library code).
Example of clone name: TaaCsp3DLhA_0023F15

Triticum aestivum subspecies aestivum

Chinese Spring

the chromosome 3D, arm L

h - Hindlll enzyme used for the library construction

A is the library code (first library)

Plate 23

Well in row F and column 15

Note that using of too long clone names is usually not so convenient. Standard FPC program

Too Joo Too oo oo o To

canot work with c¢clone names more than 16 char act

4.2 SNaPshotfingerprinted data

The BAC fingerprinted data should already be transformed into text format. It also should be
filtered to get rid of the following problems: (i) too short or too long bands; (i) too similar
bands within clone (bands should be different at least on tolerance value); (iii) clones with
problematic fingerprints (e.g., too low or too high number of bands, etc.); (iv) clones located in
close plate positions and having high number of common bands that were putatively caused
by technical clone-to-clone contamination rather than real clone overlaps.

Algorithm of data preparation:

BAC library fingerprinted using HICF technique (SNaPshot™ Kit using, i.e., ABI 3100
capillary genetic analyzer and AB3730 sequencer, see Luo et al [2]; Nelson et al [3]). Results
of fingerprinting are saved as fsa-file for each plate (e.g., TaaCsp3DLhA_ 0023F15.fsa). Fsa
files are converted to text table data with GeneMapper program. Text table data are cleaned
from background and are converted into FPC format (.sizes) by FPB program.

For our 1BS data we used FPB with following tasks:
1) Remove all bands being out of the range 50-500 bp.
2) Discard all clones having less than 40 bands or more than 250 bands, as being either
badly fingerprinted or potential chimerical clones.
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3) Cleaning of fingerprints from background considering peak amplitude.

4) Remove vector bands from fingerprints.

5) Band sizes conversion to integer values. FPC works with integer numbers till 65535.
To avoid rounding errors it was decided to work with multiplication factor 30.

6) Exporting processed fingerprints to .sizes files that are compatible with GeneProfiler.

Input data format

Input data contains only a list of band sizes for each clone (analogously to FPC). Band sizes
should be positive numbers (noto)ex Emaeldiorig | Vva&ltu:e
the current clone i-80.maClkerde brya mmeusmbean fibe f ol
bands and gel name (subdivided by tabs):

Example:

CloneExample_014A15_v1 3 Gel
70

120

300

-1

CloneExample_018B21_v3 4 Gel
75

200

250

275

-1

We recommend using standard f i usmallyefirgerprintdataoisn 0. s
subdivided into several files. Each of these files contains fingerprint data for all clones from
one plate). Size files should be saved into a single folder (no other files can be placed there).

Pagel0
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5. Importing of fingerprint data

We recommend creating specific folder for all of your LTC-based results for your physical
mapping project,e.g., ALTC _resul t so

5.1 Initial loading of fingerprinting data (from text fo  rmat, .Sizeg

Before importing the data, you should specify the following parameters: (i) total gel length; (ii)
tolerance value in estimation of band size; and (iii) number of different bands using p-value of
clone overlaps based on Sulston score. In the case that you are working in accordance with
TG Consortium guidelines (http://www.triticeaegenome.eul/institutions.php?id=1/), then for each
clone your fingerprint data is united from k=4 electropharesis results with band length from
Pmin=50 to bmax=500 bp with tolerance value t,:5=0.4 and scaling coefficient = 30 (to obtain
integer band lengths). Correspondingly,

(@ Total gel length L = k*bmax*s = 4*500*30 = 60000;

(i) Tolerance value t = tjoca*s = 0.4*30 = 12;

(i)  Number of bands for calculation of Sulston score Nsyist = k*(Dmax-bmin)*s / 2t =
4%(500-50)*30 / (2*12) = 2250.

In several projects electropharesis results were with band length up to bna=1200 and after
the scaling:

0] Total gel length L= k*bpmax*s = 40000;

(i) Tolerance value t = tigca*s = 5;

(iir) Number of bands for calculation of Sulston score Ngyst = K*(Bmax-bmin)*s/2t =
4*(10000-700) / (2*5) = 3720.

To set these parameters for calculations:
- Click MainMenuA View A General parameters
- Set tolerance, Gel length and N_bands_Sulston:

Furamciore x|
:f-:i;-r-lc-l-l Dorin=mxs I Hat of clora or-mr s |

Tokares. b= 12

Gl lmngth, L= |enooc

M Fanrde Suehan - [3350

-Cl i OKo
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Note that these parameters should not be changed during your using the LTC. If you want to
change them, you will need to make all your calculations again.

If your own data is stored in a single file, then

Click MainMenuA FileA Load from LTC projectA Clones with lists of bands A
from single fA.size(s)o fileé

. LTC {PhisMapHaifa)
File Edit Simulations Wiew Format Analysis Tools  Windows

Open LTC project... |

Load From LTC project : :

from single *.size{s)" file...

Save clones with lists af bands in LTE-specific File mek af significant clone-overlaps k from Folder af ".sizels)" files. ..

Irite Filez with hands ' zizec™) inka cinale Fils _ Lo LTC 12,

Selectyour file with fQOpanger prints and click

If your own data is stored in several files under the same specific folder, then

Click MainMenuA FileA Load from LTC projectA Clones with lists of bands A
from folder of #A.size(s)o filesé

File Edit Simulaktions WYiew Format  Snalvsis Tools  bindows
Open LTC projeck. ..

Load From LTC project
Save clones with lists of bands in LTE-specific file net of sigrificant clone-overlaps

[T U DT IR (R | T | N TP MO Pyt I _ From ".LTC" file. ..

Selectany file from the f ol d@enawi th . si zes

Pagel2
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The program will create a few files with data statistics for saving. In particular, it will create
thef i $taistits_of bands.tsva If you want all results to be saved in specific folder, select
it before saving:

- Select the folder to save.

- C1 i ®8akeo i Save Reportodialog

- If this folder already exists, click iveso  af@Kb donfirmation window about using
this folder for all LTC results.

- Set the name for the resulted file in iSaveodialog ( d e f €@lanleBandBizes.LTCdbo.)
This name will be used for the file, containing your data in LTC specific format. Using
of this file will simplify and accelerate data reading next time of using LTC for your
data.

- Cl i sakea i
File with selected name will be saved in working folder.

- Cli©Gko An confirmation window

3

Lists of bands for clones in the LTC-specific Format are saved.

K

Program will show number of clones and file name in Database frame of main form.

Next time you can faster load your data in LTC format.

5.2 Loading LTGdata

If you already have your fingerprinted data in LTC-format, you can load this file instead of its
creating again:
- Click MainMenuA FileA Load from LTC projectA

Clones with lists of bands Af rom #A. LTCo fil eé
- Select file with lists of bands in LTC format (e.g., iCloneBandSizes.LTCdbo ) and c | i
fOpena

- ClioOGko Ann confirmation wddatdloadinganbout fingerpr
- Cli©Oko i n appeared window with parameters.
- You will see number of clones and file name in Database frame of main form.
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6. Network representation of sign ificant clone overlaps

LTC uses network representation of significant (with some cutoff) clone overlaps for contig
assembly (see Frenkel et al [1]). To facilitate this process, LTC from the beginning calculates
p-values for each pair of clones.

6.1 Initial creating of file with net of significant clone overlaps

To create file with net of significant clone overlaps you need to do the following:
- Click MainMenuA ViewA Metric for clone overlap

b etnic

| [/

-Log_10 [Cutaff] = 15

Fraction of comman

bands resulting buring 0.9

Ok | Cancel |

- Set cutoff level (minimum of T LogioSulstonScore). We recommend using cutoff equal
to 15. If this value will be found as too liberal, then it will be relatively simple and fast to
use most stringent cutoff(s). But if this cutoff level will be found not enough liberal, then
recalculation will take a lot of time.

- Set proportion of shared bands to consider clone C1 as buried in clone C2 (we
recommend to use 0.9; this value can be dependent on the tolerance value and
accuracy of band size score).

- Pre®©ko Abutton in the bottom of the form

- Click MainMenuA FileA Create net of significant clone overlaps (.txt).

- Click i S a vierBrirt significant overlaps to textfiledo di.al og

- Click ivyeso0 b uih thegpreprocess window.

- Click /OKO6 b uib theommdow with selection the maximal number of bands per clone
in the preprocess table.

- Wait for finishing OKO daltd wboafimatmonwireom pr ess

Pre-calculation is Finished.
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- ClickiOKO butt on o n window (sedeptipneobistarind) point = 1).

- Wait until the end of calculations
(note that this procedure can take a lot of time, depending on the number of
clones: it calculates Sulston score for each pair of clones)
and cOKbcknfithe appeared message box

LTC X

File with net of significant clone overlaps is created.
Max significant overlaps number n_max=41 .

- In case we have clones with more than 500 overlaps, the following message appears

LTC X

File with net of significant clone overlaps is created.

Maximal significant overlaps Far one clone n_max=1910,

In tokal, 1545 clanes with more than 500 significant overlaps were Found,
ou can continue, but we recommend to be careful with these clones
[say, try bo exlude them or increase cutoff stringency,

- I'n next wiYesbo w oc Il ioald @@ hkeTCcreated net t

Do wou want to load the cteated net of significant clone overlaps?

Yes Mo

- You will get iSaveodialog with default file name
(fnet_signif_Sulston_ 1988 15.00.LTCnso0.)
- CIl i 8akeo i t o ths reewoEsignificant clone overlaps in the LTC-specific format.
- CliOko i n the window with parameters.
- You can view now the basic characteristics of the neti n Ndtee p@ane of
fParameters0 wi ndow
To view them, click
MainMenuA View A General parameters A Net of clone overlaps.

Also they will be shown in Clone Overlaps frame of the main form.
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6.2 Loading file with net of significant clone overlaps

If you already have the file with the net of significant clone overlaps in LTC-format, then in
starting of LTC you can load this file instead of making previous step described in section 6.1:
- Click MainMenuA FileA Load from LTC projectA
Net of significant clone-overlaps Af rom fA. LTCo fil eé
- Select file with lists of bands in LTC format (e.g.,
fnet_signif_Sulston_1988 15.00.LTChs0) an dOpenbi ck A
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7. ldentification of Q -overlaps and Q-clones
7.1 Analysis of entire database of clones

To identify Q-clones and Q-overlaps (e.g., see TENPP procedure in Frenkel et al [1]) and
create a new net of significant clone overlaps without Q-overlaps and without overlaps with
Q-clones:
- Click MainMenu A Analysis A Revision of net of significant clone overlaps A
detect Q-overlaps, then Q-clones
- Select the name of file for the new net
(e.g., et_signif_noQQ.LTCnso ¢ nd cSavee k
- Select rank of the vertices (we recommendtousel)and cOKbcki i sel ectin
maximal rank of vertices to search short parallel paths).
You will obtain next message window:

ldentification of Q-clones |g|

Do wou wank to use additional cukoff?

- Cl i c k fiyousanitq usa additional cutoff in Q-clone identification (to reduce the
number of Q-clones and to obtain putatively the longer contigs: for each tested clone ¢
we consider set C of clones overlapped with ¢ on additional more stringent cutoff; after
this we clustering set C with initial cutoff, e.g., 15; if we obtain more than one cluster
then clone c is referred as Q-clone). After this, in next window set an additional cutoff
value (it should be more stringent than the initial one, e.g. 25, when the initial was 15)
and cOKaock

Identification of Q-clones

Input additional cutoff value [zhould be maore stringent kK
than zpecified cutaff]; -

Cancel

£5.00
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- Wait for finishing of the procedure and click lODK0 message box

Met of significant clone overlaps is revized

You will get next files:
- File with new net (in LTC format)
- foutoffl5_Q_clones.txtdo with Q-clones
- Acutho®f dv er | vatp@-overlaps o
- Acutbhof €4t of _c | o withsesuftsmfrtest@or dachtclone of DB.

7.2 List of all Q-clones

Now, if you need to obtain a file containing only list of Q-clones, it can be done by the
following way:

- Open (or put content) of file i c ut50®Qf & | o negs, bytExcel 0

- Select column with clone names (without heading)

- Copy it into new text file

Qcl ones can be used as putati ve Hh-blonesctanelsse

gaps between contigs, we recommend to add Q-clones to the list of MTP clones (see below).

7.3 List of Q-clones presented in list of clones

If you need to obtain intersection of list of Q-clones with some list of clones (e.g., in FPC
based contigs or in large cluster to split it into more simple parts, see below), please do the
following:
- Create file with list of all Q-clones (s e e sect i 0@ clénetxto e . g. ,
- Create file with | istmyofonesxtbgér esti ng c
- Click in main menu Tools A Two list of clones (hames)A | nt er secti o
- In the open f i |@clahesadtoo ga nsdeOpazicitc kf i | e A
- Intheopenfi | e di al o gy slenesetxdd & n dOpenfii ¢ k
- After this pr ogr mtarseetioh IQ cipaeas emyactoaes.fxiol avi
ofQ-cl ones pr esmydlands.txton (fcilloenefis i n t hi's
by name and repeats will be deleted).
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8. Adaptive clustering

After detection and exclusion from the analysis of Q-clones and Q-overlaps you can run
automated adaptive clustering of your clones. Adaptive clustering will be started from the
cutoff defined before (see Metric pane, if you want to change it then chick in main menu View
A Metric for clone overlaps; note that it should be not more liberal than the one used in
creation of the net of significant clone overlaps, e.g., 107-20 < 107-15, section 6.1).

Initially, the entire database of clones is considered as one big cluster. For each cluster, the

program checks its connectivity at current cutoff value.

(D If it is not connected, then the program is clustering this cluster into connected parts using
single-linkage algorithm with current cutoff.

(I1) For connected cluster, the program checks its size:

(Il.a) if the cluster is too large then the program increases the cutoff. This can result in
exclusion of some overlaps. After this step, the cluster can became unconnected. In
such a case it will be split into parts in the next iteration.

(Il.b) If cluster is not too large, then the program checks the topology of net of significant
clone overlaps (at current cutoff).

(Il.b.2) If it is linear then such cluster will be ordered and considered as a contig.
(I1.b.2) If not, cutoff will be increased. Increasing cutoff can result in exclusion of some
overlaps. After this,
(Il.b.2.1) if the cluster is still connected, topology of clone overlaps can became
linear (false overlaps are putatively less significant than true ones).
(I.b.2.i1) If cluster becomes unconnected then it will be split into parts in the next
iteration. We suppose that it will be split into linear parts rather than dissolved
because false overlaps are putatively less significant than true ones.

To run automated adaptive clustering you need to do the following:
- Click MainMenu A Analysis A Adaptive clustering
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| = opti - [E] Adaptive clu... [=)[0)X]
Real DataB aze of clones O ptionz
Table of distances Continwe if
[v Test of ordering M clones in cluster > (1200
[ Test of all distances - .
kinimal cluster size
|Sulstu:un zcore anly B
width of net > |17
[v Met structure visualization
b ethod
[v Mark buried clones Shocs .
¥ Mark relat Cutoff increazing
ark. relations . &
St =10
[w Mark lizt of clones =i s 3
[ Mark bao ligts M zteps g
[v Cutoff by calor
[v Cutoff by caption [ Escluding branching
[v clone name .
R ank relat
[v local cla_ne number mal:rl‘;arrnepaaltr;e 2
L = [0 el Minimal branch size |3_

Ordering of clones
[with JE. on bands]

M_J K=||:|_ alpha_JK<g 05

<

Start | Cancel |

Left panel is not used for automatic adaptive clustering, but can be used by users
for manual contig assembling. We recommend using the following parameters in
automated contig assembling, presented in right panel:

T Maxi mal number ofNadohes melsister>0 ) £280n Glustgrs withi
more clones will be automatically separated into parts by increasing of cutoff (too
large contigs are questionable).

T Mini mal number o fMinmrabaluster sizen ) 6 (shorscontigs mdy i
also be questionable).

T Maxi mal width of net work representWadthi on f o
of netd = 1. Clusters with higher width are considered as questionable because
their network representation contradicts to linear chromosome structure
(see Frenkel et al [1]).

9 Cutoff increasing parameters in adaptive clustering:
fStep size = 1070 34 increasing of cutoff stringency in each step.
fN stepsd 63 maximal number of steps for cutoff increasing.

9 fExcluding branchingd s h o whcbecked, because sometimes it does not
work properly in the fully automatic procedure.

- Click iStarta

Page20



P Lo mm ’
NONIYOIIMN |
University of Haifi

- Clickfiveso i n next message box

Clear information about markers?

Yes Mo |

- Wait for finishing Clustering process (this procedure can take a lot of time).
- After finishing of the process the following message box will appear:

Adaptive clustering is completed

Cl i Oka i

- CI i ©Koin gaving FPC files message box.
- You will get new folder with results files (see next chapter).
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9. Viewing the results of analysis

9.1 Resulting files

You wi | |

ge L T @e wo h dbdordamiédg sibfolders with results for each cluster
separately and the following files:

1 freport_contigs.txtdo wi t h gener al statistics on resu
cutoff (used for the contig construction), number of clones in substrate for MTP
(diametric path), width of net of significant clone overlaps, quality of clone ordering
based on global TSP-like optimization (sometime impossible to use), number of clones
with ranks 2 and more relative to MTP and history of cluster creation in adaptive
clustering
i cluster n_clones contig cutoff diam width n_gaps n_rank_M User_remark full_name

2¢l_2 25 TRUE 25 4 1 0 0 all_cl25.00_1 25
| 3cl 3 181 TRUE '.’.‘:\El 1 ] ] all_cl25.00_2 181
6cl6 22 TRUE 25 5 1 0 0 all_cl25.00 5 22
8cl_a 8 TRUE 25 2 1 0 0 all_cl25.00_7 &
10 cl_10 28 TRUE 25 4 1 0 0 all_cl25.00_9_28
11 el_11 123 TRUE 25 15 1 0 0 all_el25.00_10_123
12 cl_12 6 TRUE 25 2 1 o o all_cl25.00_11 &6
13 el_13 29 TRUE 25 4 1 ] ] all_cl25.00_12 29
14 cl_14 11 TRUE 25 3 1 0 0 all cl25.00 13 11
15 ¢l_15 32 TRUE 25 L 1 o o all_cl25.00_14_32
17 cl_17 28 TEUE 25 3 1 0 0 all_cl25.00 16 28
20 cl_20 16 TRUE 25 3 1 0 0 all_cl25.00_19_16
21 el_21 8 TRUE 25 2 1 0 0 all_cl25.00_20_8
22 ol_22 16 TRUE 25 3 1 0 0 all_cl25.00_21_16
24 el_24 19 TRUE 25 3 1 ] ] all_cl25.00_23_19
27 ¢l _27 7 TRUE 25 2 1 0 0 all_cl25.00_26_7
54 ¢l_s54 49 TRUE 28 9 1 1 i} all_cl25.00_3_43_pr28.00
60 cl_60 120 TRUE 34 17 1 2 o all_cl25.00_6_261_pr28.00_cl28.00_1_260
61 ¢l_p1 137 TRUE 34 22 1 0 0 all_¢125.00_6_261_pra8.00_cl28.00_1_260_
i freport _clusters.txtd wi t h gener al statistics on al/l o
A B C D E F G H 1 J K L
i cluster n_clones contig cutoff diam width n_gaps n_rank M User_remark full_name
lcl 1 915 FALSE 25 Mot connected  all
2cl_2 25 TRUE 25 4 1 0 0 all_cl25.00_1_35
3cl 3 181 TRUE 25 19 1 0 0 all_cl25.00_2 181
4cl 4 49 FALSE 25 7 2 1 1 all_cl25.00_3_49
5¢cl_5 1 FALSE 25 1 0 0 0 all_cl25.00_4_1
6cl 6 22  TRUE 25 5 1 0 0 all_cl25.00 5 22
7cl 7 261 FALSE 25 26 & 3 57 all_cl25.00_6_261
Scl 8 8 TRUE 25 2 1 0 0 all_cl25.00 7 8
9cl 9 1 FALSE 25 1 0 o 0 all_cl25.00 8 1
10 cl_10 28 TRUE 25 4 1 o ] all_cl25.00_9 28
11 cl_11 123 TRUE 25 15 1 0 0 all_cl25.00_10 123
12 cl_12 & TRUE 25 2 1 o ] all_cl25.00_11 &
13 cl_13 29 TRUE 25 4 1 0 0 all_cl25.00_12_29
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fFPC_like.fpcoa n dFPQi like_short_ctg_names.fpcoi FPC-like files containing
information on position of clones within the contigs
fclones_in_MTP.txtoT1 file with list of MTP clone names in all contigs
fclones_in_MTP_and_bridges.txtoi file with list of MTP clone names in all contigs

and clones that were found (putatively artificially) without overlaps (at the starting

cutoff) with MTP clones. If such situations are caused by structure of physical overlaps

rather than low fingerprint quality then these clones can b e

for contig merging.
fclones_in_MTP_details.txtoi file with estimated coordinates for MTP clone ends in
band map (for all contigs), physical and map-based overlaps of adjacent MTP clones
and p-value for overlaps calculated based on observed numbers on common bands.

used

as

put ati ve

Folder with results for each cluster contains the following files (most of these files can be

used by experience users):

T

E |

ﬁ*

nfer visualization of net of significant clone overlaps.

Such files can be opened by using LTC tool for net graphics representation (see
section 10.1).
For comparing you can also open such files with Pajek program (see section 10.2).
Aor der _ c o nwith redults bn. verikication of clone ordering by jackknife
resampling on bands.
FAIl_dist_cl_*.txtdoT with names and bands of all pairs of clones in cluster, number of
common bands, tolerance, Sulston factor, Absorption - buried field (if exists) and
weakness of connection

H1 - S | k_double_tolerance
A B c D E F G H | J K

1 |i ] Mame n Mame n k Ik dout__:!Suls‘ton_lﬂﬂﬂ Absorpweak?
2 1 2 SimulBACOO00256 130 SimulBACO00314 156 20 23 3.37 Weak
3 1 3 SimulBACOO0256 130 SimulBACOO0480 153 75 78 52.95

4 1 4 SimulBACOO0256 130 SimulBACO00630 183 21 28 2.93 Weak
5 1 5 SimulBACO00256 130 SimulBACOOD07TS 57 5 5] 0.67 Weak
(7] 1 6 SimulBACOO0256 130 SimulBACO0L063 99 10 13 1.29 Weak
7 1 7 SimulBACOO0256 130 SimulBACO0L660 7O 62 64 67.76

8 1 8 SimulBACO00256 130 SimulBAC002096 143 15 23 1.84 Weak
9 1 9 SimulBACO00256 130 SimulBAC002292 179 25 30 4.78 Weak
10 1 10 SimulBACOO00256 130 SimulBACO02460 58 9 10 2.32 Weak
11 1 11 SimulBACO00256 130 SimulBACO02580 109 13 17 2.08 Weak
12 1 12 SimulBACO00256 130 SimulBACO02595 122 13 16 1.7 Weak
13 1 13 SimulBACDO00256 130 SimulBACD02616 109 14 17 2.49 Weak
14 1 14 SimulBACO00256 130 SimulBACO02700 134 21 26 2.9 Weak
15 1 15 SimulBACDO00256 130 SimulBACO02717 144 12 13 0.96 Weak
16 1 16 SimulBACO00256 130 SimulBACO02303 85 13 14 3.04 Weak
17 1 17 SimulBACDO00256 130 SimulBACO02807 146 15 18 1.77 Weak
18 1 18 SimulBACOO0256 130 SimulBACO02956 146 108 111 105.77

19 1 19 SimulBACO00256 130 SimulBACD03493 62 8 11 1.65 Weak
Aconseq _ di spvaldesft xrt 0a dvji & daelones oeedapst i g 6
Aconseq_dist_ MVRIUesxtf@rwiatdlh agent
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9.2 How to use these results

In simple situations, the resulting file iFPC_like_short_ctg_names.fpco can be used as a
result of contig assembly. However, sometimes the results need further improvement, e.g.
using of the stingiest cutoff can be not enough to split problematic clusters. List of such
problematic clusters can be found in file freport_contigs.txta you need to search for clusters
having too much clones or width>1. Such clusters should be analyzed in more detalils:

9.2.1 Clusters with width>1: network structure of such clusters should be viewed (see chapter
10). Presence of single clones having no significant overlaps with MTP (i.e., in terms of
network representation, showing no significant clone overlaps within cluster, see Frenkel et al
[1], presence of vertices with rank>1 relative to diametric path) can be explained by low
quality of fingerprinting and it is not probably to clime splitting of such clusters. Clusters with
group(s) of overlapped clones, having no significant overlaps with MTP, need linearization.
Sometimes it is enough to increase the clustering cutoff stringency cutoffsyingent (N€NCE Need
to make more steps in adaptive clustering, see above). In other cases, increasing of cutoff
can lead do dissolving of cluster rather than to its linearization. In such cases we recommend
manually detect the list of clones that should be deleted to split cluster into linear parts.

Fle Selechon Opbors Do Undo Fun process
) Selected Vemces
Smd063P11 _]
o 155 K07
Chsstevs
# | Qusrer | Tl | Shown |
1 cl_1zn 489 459
I Ful ‘_J
< l v ! > I Peture .

Timer Swelecion = Nads N_salecied » 2

By removing clones TaaCsplBS063P11 and TaaCsplBS055K02 (yellow colored, marked by
arrows), we will get linear clusters.
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9.2.2 Large clusters: although a cluster with >1200 clones is automatically considered as
guestionable, it still can represent real contigs and its network structure can be viewed using
tools described in chapter 10 (if clusters not too large and clones of clusters are not too
overlapped). In such cases we recommend manually detect the list of clones that should be
deleted to split cluster into linear parts (see chapter 10). If you obtain linear part with >1200
clones, then in the net running of adaptive clustering you need to increase this value (1200).

9.2.3 Too large and too overlapped clustersManual dealing with such clusters seems
problematic. We recommend using more stringent cutoffs in the identification of Q-clones and
Q-overlaps within such clusters (see chapter 7): you need to (i) increase cutoff by clicking in
main menu View A Metric of clone overlaps, select more stringent cutoff, e.g., 10" without
additional cutoff, a n d cQko ) kreafe subnet of significant clone overlaps with new cutoff
by clicking in main menu Analysis A Create subnet of significant overlaps; (iii) find Q-
clones 1 see sections 7.1 and 7.2; and (iv) select Q-clones situated only in too large
cluster(s) 1 see section 7.3. Sometimes this also does not help and large highly overlapped
(even at stringent cutoff, say 10™° of Sulston score) clusters can be obtained. We think that
ordering of such clusters is too problematic and prefer to exclude from the analysis.

9.3 Guidelines for continu ation

After running the automatic clustering (chapter 8) and working with each problematic contig
individually (section 9.2) you need to find the following:

ﬂ Flnd Cutoffstringent y e.g., 10_366

paragraph 9.2.1)

1 Find maximal number of clones N in linear part of large clusters (e.g., 1361
that>1200, see above, paragraph 9.2.2)

1 Find list of all clones that should be deleted in order to split problematic clusters into
linear parts (see paragraphs 9.2.1-3) and save it in a single text file, e.g.,
fclones_to_exclude.txta Please note that this file should be organized manually. If
you want to add selected clones in Draw Net form (see section 9.2.1)

, sufficient to improve clusters with width>1 (see above,

After this you should do the following:

T Setinitial liberal cutoff, e.g., 10™.

1 Load net of significant clone overlaps with excluded Q-overlaps and disconnected Q-
clones using initial liberal cutoff, e.g., 10™** (see section 6.2).

91 Disconnectcloness av e d icloneé_itol exdudéitxtoby clicking in main menu:
Edit A Clusters A Restart (no need to create cluster with all clones); then
Edit A Clusters A Move to BlackList (clones from *.txt file); then select file
fclones_to_exclude.txtoin Open file dialoga n d cQpéno k iditeAnClusters
A Create subnet with disconnected clones from the black list. After this, new
LTC-specified file with net of significant clone overlaps will be created. In this file Q-
overlaps (based on initial cutoff, e.g., 10™°) are excluded; Q-clones (based on initial
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cutoff, e.g., 10™°, and additional cutoff, e.g., 10%°) and all clones from

fclones_to_exclude.txto wi | | be disconnected from other
1 Load the created net file (Main menu A File A Load from LTC project A net of
significant clone-overlapsAf rom fA. LTCo f il eé

and select these new net file)

1 Run again automated adaptive clustering with using ( Niclones in cluster>0 ¥ 1375
and N stepso= Int[(-Log1o cutoffsyingent I (- LOG10 CUtOffinitiar))/ LOG10 Step size]+1=
Int[(36.6-15)/3]+1 = Int[7.2]+1 = 8 (see chapter 8);

1 Revise results again (see this chapter 9)
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10. Visualization of cluster net structure

10.1 Visualization with LTC program
In order to visualize the net structure using LTC program you need to do the following:

- Click Main menu A View A Net of clone overlaps;
- In Draw Net window click: File A Open net file;
- Select *.net file (containing network representation for a concrete cluster).

If you made your contigs with automated adaptive clustering in LTC, such files are
saved in respective subfolder.

Laok in: | (9 93 - & ®B ek E-
=1 |j Met_contral _MTP_cl_93_cutaff16.00_Sulston_1985_16.net
uﬁ |2 JMet_conkral MTP | 93 Sulston_1988_16.net:
by Recent
Documents
=
Deszktop

by Documents

.

-

&

by Computer

t-'] File name: |Net_u:u:untru:ul_MTF'_u:l_EE_SuIstu:unj 9358 1 E.netﬂ Open |
-
My Metwork,  Files of tppe: |Net files j Caticel

P
aces [ Open az read-orly

- Once you made your contig selection, the program will open the net. Vertices are
corresponding to clones; edges are corresponding to significant clone overlaps. Color
of edges can characterize p-value of clone overlap (see below). Color and shape of
vertices are used for marking of some clones (see below). To make the figure more
informative (user-friendly), LTC can automatically change position of vertices in the
picture. Thus, after opening the file, you can sometimes (if the coordinates of vertices
were not fixed previously) see animation representing the optimization process of
vertices positions. This process convergestoafi st at i ¢ othemét,eg.ur e of
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w LTC 1.3 Draw net
o Seleciad Verhions

Clusten
# Naw  Clonet |shose
i d 83 5|

Navaton optors T Aotwe opsons

| afi0 ™
RAEIRAES"-ISUCY I ] foel NN 00 ]
o cecton <Venex [Wodeced=0 |

Editing the picture:

- You can run automatic process to improve vertices positions by click
fRun processo .

- When the process is running you can manually stopitb 'y pr eStapiprogesso ,
otherwise the process will be stopped after 100 steps of positions optimization.

= LTC 1.3 Draw net
Selectad Vatices
Chaters
8 Nane Cores [shown|
1 oL 15915y
Naviganon cphons - F;o—tu_opcm 2
RIEIRAEAr - ISUCY I ] G O 8 ()
dachon « Vaflex [N_xieohed-ﬂ |Steos « 20 Erengy « S09.067
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- Byusing o p tSelextion A Vertexoyou can select / unselect a vertex.
When pressing on any vertex of the picture, you will change the vertex color to yellow
and the name of the clone corresponding to the selected vertex will be added to the
fSelected Verticeso pane.

& LTC 1.3 Draw neat

Fie Séledtion Options Do Undo Run peocess
Selecied Vesices
BF17
Clusiers -
# Name  Clon=s [shown|
1 d 3B 530
Navigason opbions Rotae options
! | | vy | =
<|2lv|2RqRQQ]| B|ref 2|:|H
Selecion = Vartes N _selecied =1 \

- IfyouclickiShi ft o button and si mul tthisweruwslilbbey s el e
selectedandi t s cl one name Selected Veliieesta dpdaende .t o A

- If you click on an already selected vertex, it will be colored by the initial color and its
clone name will be removed from the fSelected Verticesopane.

- You can select several vertices simultaneously using
fSelection A Group by Rectangleo
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« LTC 1.3 Draw net

Fle Selection Options Do Undo ALn process

<[4T¢| »[38@a]| [O[*mm :|: o]

Chsters

# Name  Chnes [showd

1 o83 e85

[Seecton = Gicup by seciangle. [N_selecsed =1 |

- You can drag and drop selected vertices using mouse:

« | TC 1.3 Draw net
Fle Selection Options Do Undo

flun process

"ela] | o38Qa| O | : 0|

Seleciad Vehces

001023
1516
m7a7?
omno3
032013
[ves S
ez
041807
074K22
108603
11E8M0
12550

Cores o)

(BN R L VLT

-Veiex |N_slocted =12 |Drag and dop selected vetices
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Custers

i Nave  Clones {shown|

1 d 33 159)159)

"Slalv|o58@ o "of%w | -0l

_ § Selachon » Vertae [N_seloctad =32 |
- Youcanalsorotatese| ected vertices. Click nAnActivate
M avigation aptiot: Ratate oplion
(¢ s[v|o[3ERa| O] 2|
lackivate rokate optior*I
Selection =ertex IN_seIected =1

- After clicking, you will see a picture with center of rotation in the center

& LTC 1.3 Draw net
Mo Selection Opbons Do Undo Aun process

Cusets

[ Mare  Chos |chomen)
1 .43 15a[sg)

"elelvlos8@la) T 2|5 |0

Seloction = Vertex N _selecied ~ 12 [Select conler of 10taboe and roiale seiecled yerices By arow
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- You can change position of rotation center by mouse click on any point of the picture,
change value of angle and rotatese | ect ed vertices by arrows i

righto. We selected angle=90 and used fAROt at
~ LTC 1.3 Draw net =13
e Selection Optios Do Undo Run prodess
Gelectad Verscar
fomaz3
| 015E 16
‘mTAIvT
(A3
038019
e kg
a2
| 1807
e
106603
118420
125
Cumen
1 # Nare Clores (shown)
/ 1 cl ¥ 1591
<
Nawigation ophons . N oo optons = x
¢4 v[»38R Q|| Dfri-fr 2|5 |O)
Selechon = Verdes lrl_xbdad-lz iUmm:mm«!n&ebcm-wes
- TocancelfRotateco pt i on click fACancel rotate optiono
N avigation optiohz Rotate optiong
B a -
¢4 ¢ o[2YQIa| Dfwem 2|c|Q
{Cancel rotate option)
|Selection ='erten |N_selected =12 |Use arrows bo rotate selected vertices

- Afterclickingt h e @A Ca n c e |corsobofirotationrcenterhwdl disappear and
rotation arrows will be inactive.

- You can also zoom and move pictures by pressing on corresponding buttons:
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MulioTL]

=~ LIE 1.0 Draw any

e [3]58Qa) o 1| ¢ o)

Chastens

1 o3

= Clones {¥nown)

153 (1%5)

=Vetes

[M_selected =12 |

- AZoom

- Byclickingtheb ut t on

& LTC 1.3 Draw net

MfResi ze

| nwill befprthar improved in the next version of LTC.

f u ItHe neptipictirea r e 0

you

-
Oharbens

1 R

8 Nww  Clone:

159 153)

- By choosing fSelection A Group by linkso

linked to the selected one:

opt.i

on

you

can

s.,e |
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Seloced Vetices

00EPZ3 ~
nE21

mmw3;

0812

020

03rms

| 031122

| 03005

{§_Name  Clones [shown|
1 d 53 15930139

Nawgahon opton |8
¢|efv220Q

Rotate cptore
al| Ofme-m |

(|
-~

[Sefnciion = Group by bk [Nosolected =25 |

- You can save the current pictureb y p r eBog§ yon ¢an dancel this action by
p r e s sUndog(lash5 steps are saved).

- You can save networ k r eFiaAe Saeea Afeertyouselectbdy pr e s ¢
thef i | e name i n théfBogranewilBave thedfilg (default folder is Results
under working folder).

- If you want to select/unselect all verticesuseopt i ons AAlI I 6/ 6Unsel ect
fSelection0 menu or by right mouse click

Selection efsldi=lgt Undo  Redo Ru

Werkex

Group by rectangle

W Group by links
Allove rowing of linked werkices
Cluster

1
Unseleck All |

Froze position of selected wvertices
Unfroze position of selecked vertices

Add edges
Elongate
Fill clusters

Remove selected wertices

Some other options are under construction.
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10.2 Visualization with Pajek program

For comparison, you can also visualize the net structure with the s t a n dRajekd pragram
(see above section 3.1 explaining how to obtain and install this program). For that, you need
to do the following:

- Start Pajek program
- Click Main menu A File A Network A Read
- Select the file with network representation (*.net, obtained before).
- Minimize Report window
- Click Main menu A Draw A Draw
- Maximize window with picture
- Pregsl+kd or <cl i ck
Main menu A Layout A Energy A Kamada-Kawai A Free in Pajek Graph window
- You will get next picture:

B 1. 00\ WAL 20110 10 date 01 2%t NWiet_comtrol MIP el 3 Sutsion 1988 16 net (101)

Laptak  Gactiiviy  Pedvkins  Madiee  Meal  COUONE BApat S Mawe  3W0

- In the resulting picture, the vertices correspond to clones and edges correspond to
significant clone overlaps. Overlaps can be marked by their Sulston Score value
(LogioSulstonScore); clones can be marked by names; vertices corresponding to
buried clones are marked by white border; vertices corresponding to clones from the
selected diametric path (MTP) are colored by red; clones with rank two and higher
ranks relative to MTP are marked by squares; arrows indicate that one clone is buried
in another.

- You can make the picture more c |l ear by <changi ngt iogppnsonisn ([
window with picture) A é) or by ma ofwerticesmovi ng

- You can save the picture in vector format (using function Save) or in bitmap format
(*.bmp or *.tif) using Ctrl + Print Screen and pasting the image into a picture editor
(e.g., Paint).
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11. Importing and automatic verification of contigs assembled by
FPC

11.1 Importing contigs assembled by FPC

To import contigs assembled by FPC program you should first input the fingerprints of
corresponding clones (see chapter 5). You also need to select a cutoff and create net-file
with _significant clone overlaps (see chapter 6) or import an already existing net-file by
MainMenu A File A Load from LTC project A net of significant clone-overlapsA
from f. L Tahdseléctnetdilé (e.g., i n esignif Sulston_ 1988 15.00.LTCns0)

Then, you should perform the following:

- Click MainMenu AFileA Read FPC cBRCOAgls (.
- Select *.fpc file with results of FPC contig assembly f r oLMC _fontigs_..0 f ol der .
Please note that names of clones in *.sizes files should be the same as in *.fpc file.

Because of the restriction on clone names in FPC, clone names can be different from
the initial ones. It seems simpler to change clone names (return the original ones) in
the *.fpc file using text editor (e.g., TextPad)

- CI i Yekoinfinessage box fClear information about markerso .

- Wait for the finishing of FPC-f i | e r e a d i @K@in theresultmd nesskge bBox.

- CI i Yekoinfinessage box fPrint FPC contigsa

- C1 i Yekoinfinessage box fDo you want to test contigs? o run automatic
verification.

- CIl iYek0 Ai n  mbox BJsegraximal connected sub cluster? o

- You will get message box

Increase cukoff ko make clusker linear (Far MTP selection)?

Yes Mo

- If you want to eliminate connections between contigs from too far parts of MTP path,
cl iYeso .n

- You will have to wait quite a lot of time to get the results (especially for big BAC
libraries. After the test is finished cl i ©Koinfinessage box firest of clusters
completedo .

- You will get the message
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Reading of FPC contigs |g|

Do o wank to load also MTPs From FPC?

Yes Mo |

- If you have no file with MTP, then select iNoO0 .
If you also have file with MTP in FPC format and want to testit,c | i Yeda #
Then, select this file and wait for finishing of MTP-file reading and testing (this
procedure can take a lot of time).

At this stage you will get:

(@ F i Imarkeis_in_clones.LTCO t h at simfosnmatioa about markers in clones (in
the current version of LTC this file is not in use)

(b)Fol der wicludtersnFP@ erdéredo .
This folder contains three subfolders:
fcontig orderedd wi t h | i sts of cl tghedtemnmcobrdimaed i n e a
provided by FPC;
fcontig_ordered _cooro wi t h pend amnd righd-entd @drdinates for each clone;
fcontig_ordered_markersowith printed markers for each clone.

(c)Fol der WwILITIC _rtamaeifiws €h r es ul tfyourclustevsesee f i cat i
chapter 9 with explanations on how to understand these results.

(dFol der wiMTh FRCa.methiis f ol der repartixtéa i wist i id heo riit
about parallelism of MTPs (obtained by FPC) to diametric path selected by LTC

program. You also can view the situation by opening corresponding *.net files (using
tools described in chapter 10).
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11.2 Manual run of contigs and MTP verification (under construction)

The resulting contigs should have linear structure (width of net equal to 1 or even 0, see file
Aireport.txto) and contain no gaps iequaldthZandbr der
more points to non-linearity of the cluster structure. This non-linearity is inconsistent with

linear chromosome structure. It can be a result of false clone overlaps or bad selection of

diametric path (in the case of width=2). For more detailed verification of resulted contigs and

candidate MTPs you can view file with information about all pair-wise overlaps of clones from

the cluster . To obtain such fil es Tgsbaf allsdistancesd ¢ me d kh e
analysis of your clusters (see sections 13.1, 13.2, and 13.3). You also should take into

account the topology of cluster structure (that can be visually viewed, see chapter 10).

You can manually edit your clusters by changing the order of clones within files, by adding
additional clones or excluding some clones. It can also be useful to apply special LTC tools:
Click MainMenu A Tools A é

Here you can sort a selected list of clones (by name), delete repeats, obtain combined lists of
clones, check for differences between two sets of clones, compare two different subdivisions
of clones into clusters, print *sizes files for selected Ilist of clones, etc.

11.3. Dealing with large highly overlapped cluster s

Sometimes, automatic contig assembly (after excluding Q-clones and clone overlaps and
automatic relaxing of clustering stringency) can result in problematic large highly overlapped
cluster(s). It is expected, that if coverage of the BAC library was not high, an extremely large
number of significant overlaps at one clone indicates a problem in data (e.g., contamination,
chimerical clones, many long repeats, etc.) or is a result of a too liberal cutoff. For such large
problematic clusters we recommend to exclude clones having too many (say >40) significant
(at intermediate cutoff, e.g., 10°° for HICF data) overlaps. After this, try to run adaptive
clustering again. If you still obtain complex cluster with non-linear structure, then try to identify
linear parts manually using graphical representation of net of significant clone overlaps for
this cluster.
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12. Elongation and merging (under construction)

Current version of LTC program does not yet allow automatically merging of the contigs.
Elongation can be fulfilled in graphical mode. You continue to work in iL.TC Draw Neto
window. If you enter this window without previous loading of net of significant overlaps and
FPC contig and try to elongate any contig, which was imported from net-file, you will get the
message: Meed to load net before elongationo .

In our case we get contig cl_93 from 1BS LTC project. You select some clones (vertices) at
the one end of contig (Selected clonesareinthefi Sel ect ed v er tseleceopton pane)
fElongatedby right mouse click:

= LTC 1.3 Draw net

File Selection ©Options Do Undo Run process

Selected Vertices

039F17
001023

v Werkex
Group by rectangle
Group by links
Allows moving of linked vertices
Cluster
Al

Unselect Al Clusters

Froze position of selected vertices #  Mame Clones [shown)
Unfroze position of selected vertices 1 cl 33 153 (159

Add edges

Elongate

Fill clusters

Remove selected vertices
Mavigation options Fiorareopror:

<aT%] o288 a) S[%w |- 5]

"Selection ="erten |N_selected =2 |

You can select the parameters in next window and press fiGoo

=% Add clones _|
- Log 10 [Cutoff] = 15.00
v Uze net 15.00
Ok |

You can also select another cutoff to check clones overlapped with the selected clones
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(default value will be 15 - cutoff of overlaps in selected net). Af t e r Okothe pcogranfiwill
calculate the number of ranks (till 5) with clones overlapped with clones of previous rank:

- Log_10[Cutaff] = |

[ 15.00

Rark = |5—

H{0)=2
mi1j=1
mi2}=1
n3)=18
n[4)=27
n(5)=18

Ok Cancel |

n(0) i number of clones to elongate (rank = 0);
n(i) T number of clones overlapped with clones of previous rank.

If the program did not found clones overlapping with the selected list, n(1) = 0 and after click
fOkothe following message will appear:iNo ¢l ones added. O

In our case, the program calculated 5 ranks and default rank value: Rank = 5 (decided to
elongate till 100 new clones).

After c | i Gka&youfwill get message:

65 clones added.

And after press.i amgwipcieonlLy®RrawwWetwihdow e t
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T1C 1.3 Draw net

File Selection Options Undo Run process
Selected Vertices
an1023
039F17
Clusters
#  Mame Clones [shown)]
1 cl 12584 11016 (1)
2 cl 93 159(159)
3 cl_12314 101 [E1)
4 cL412 1(1)
5 cl 3166 1[1)
B cl 3561 1(1)
Mavigation options Fiotate options
¢| 4| e][o[20QIa] | Of e
"Selection ="ertex |N_se|ected =2 |

All clones, belonging to the same cluster are marked with the same color. You can select
fi @steroin selection mode and after pressing on any clone symbol you will see all clones of
this cluster yellowcoloredand corresponding cluster in ACIust

File Selection ©Options Do Undo Run process

Selected Yertices

010M03 »
004C01

017HO8

021N21

021P07

02313

O3EM17 B
047F05

05614

065013

0BSPO5

079K04

080009

124808

130001

131P12

132013

139€18

141H24

O1IN12 =

Clusters

#  Mame Clones [shown)
1 cl 12584 11016 (1)
2 cl § 159159
3 cl 12314 101 611

4 cL412  1[1)

5 cl 3166 1(1)

g cl 3561 1(1)

Mavigation options Fiotate options
SJaTelelmeya) 8% | :]o]

"Selection = Cluster |N_se|ected =K1 |Drag and drop selected cluster
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Otherwise, if you select any cluster in cluster pane, all clones of this cluster will be yellow
colored on the picture.

In Clusters pane you can see a lot of new clusters. First of all we want to remove some
clusters. We select 1-st cluster cl_12584 with a big number of clones (11016):

w LTC 1.3 Draw net

Seleciad Vertoes
nan
._‘\

dmm
it Naowe Cloewes [homn|
§2 c 93 1550159)
{3 < 12314 101 §1§
" c 412 1Y
{5 ¢ 3166 111}
6 e 3561 111

Nawgston options RAotate cptons

¢| 4| 0| +30Qa]| | Of - || D]
Selachon = Chusler [N_l&-cred- 1 g&qaﬂawwbmdcwv

Now select option fRemove selected verticesd0 b y mopuisegclick and get a new picture
without the deleted cluster:

= TG 17 Do amt

Selecind Vences

... Lones [shownd
CRENSLCEE]
c1204 30 (B1)

etz )
cLdks 1)
cL:61 1)

eleTe o 38@a| (O | o)

Gedechion « Chater [N_ssected w0 |
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You always can go backtothepr evi ous s
Inthel ast case fiRedoo i s a

o
- wm

D wm

ing AUndoo
to move toc

T T
O o

Select cluster cl_12314.

w LTC 1.3 Draw mot
File  Selection  Cptiom Undo Rads  Run process

M
(7
(%

Selecied Vetces
[ -
| ongcin
| o1moe
W@IN21
17
s Sk}
TEM17

Chusters

it Nomw Clorass [shown,
1 3 159154

l
"

¥ 3 412 1)
( i) d ek 1)
\ is o3 1)

Navigabion opsons Flotate options
<[4]v| o[38Qa|| [O%-m ¢|:|0)

Sebachion « Chstey [N_sebectac e 61|

The selected cluster is not fully represented in the picture (only 61 of 101 clones are shown).
You can select option fFill clustersd6 by ri ght mou ©Oko ¢hemertlwindamd c | i
The following picture will be obtained:

» LTC 1.3 Draw nct K ﬂ"!lk]

Fle Selection Options Undo Run process

T Gelected Vatcer
01IME ~
co40m

GINI
1P
02¥13
03EM17
DEFIE
514
085013
06705
0P
080003
¥ 124608

- o 1300
131P12
132113
1318
141424
O11N12

Ousers

# Nurw Clerms (thowey)
1 ¢ 198059
G 12314 101 (107}
412 1)
d N8 11
d B8 111

| o ” r.

O N

<[4]%|+[28@a| of*-m <[ (o]

ffeiechon < Thate [ickcted gl |
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Now this cluster is full T all 101 clones are shown. In order to clarify the local structure of
supercontig, it may be helpful to move some clones or contigs within the graphical display.
In the presented example, select clusters cl_412 and cl_3166 and move them.

& LTC 1.3 Draw net

Selacied Veartices
05F19
e
o Vertex
Group by rectangie \
Grong by ks ‘.\
Ko moving of bnked vertices \
Chustes
-
Usalect Al
"‘:\ Proze postion of selectad vertices Dhottaer
4(} Urdvoze postion of selected vertices 3 'Nare lores (showrd
{1 i <83 18a(Ed
e Acdladpes 2 e12ma 101 (101)
/ ‘ Elonpate 3 d 42 1
¢ M dusters 4 < EE 1)
\ 5 3% 111
. Fonrrarvn seboctvd vartaw
qu'-;moqluu Felats optione
¢[olv|o[RAA| Ofrn-f 2|0 |O
Selachon » Yertes [N_seiected =2 |

We can see now that the selected clusters are linked to the middle of another cluster;
therefore, we remove them. After removing, let us rotate part of cluster cl_12314:

= LTC 1.3 Draw net I'. ﬁ"ﬂb(l

A

& Nare  Oopes (thowny
1 d 93 1580159
2 < 12314101 (101}
3 431 1)

e+l v| 028 a|| T 2 [F]0|

lS-bcmn - Ve [N_selocted =16 [Lide aromes 1o fclae selecied verlces

Select end clones of this cluster and try to elongate them:
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& LTC 1.3 Draw net

Mo Zeecon Cphons Do Undo Fun process
5‘-:0-’_\'-{:;,:
| DATDS
OB
1122008
v Vertex
Group by rectangls
Growp by Wds
Alow movng of ekaed vertces
Chuster
o
Unselact AX
Frone postion of selacted vertices Clusters
W Unfroge postion of selectad vertices i Nam Clonas [shown]
{1/ R = i d.93 153155
,("* Aukd wiges . {2 d1Zne 10 o
¥ R
‘\" Fill custers
b Reamove sefected vertions
Navaten ophors Horate opticns
|40 »RRQIa| | B wee-fi 18]
Solecton = Veitex N_seocied=3 |

Click Ok in next window to select Rank =3

X

w. Add clones

- Log 10 [Cutaff] = 15.00

[# Use net 15.00

Rank = 3

Al0)=3
Al1)=1
r[2)=3
Ai3)=11
ri4)=635
A[5)=5703

Cancel |
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Select cluster cl_11881 with shown 19 clones of 196 and fill this cluster. You will get a picture:

Now try to elongate the cluster cl_93 from the other end. After selection of some vertices,
elongation and filling the new cluster we will get the following result:

This option will befurther mprovedin the next version of. TC. It will also includeadditionaltools for
merging contigs intgupercontigs
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