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MultiPoint structure

MultiPoint is a suit that consists of three software products: MultiPoint-basic,
MultiPoint-consensus and MultiPoint-ultradense.

Each of the products can be purchased and operated separately/ They are
presented as a suit as they have many common properties and other suppliers
offer them as a single product.

The functionalities of the products are described in details in four sections of the
tutorial. The first section is an introduction and describes elements common to
the products.

The contents of the tutorial is separated also into four parts and the relevant
contents is adjacent to the text.
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MultiPoint Tutorial
Part 1 - General
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Short Introduction to the algorithms employed in MultiPoint
for multilocus map ordering

Genetic mapping: Some objectives

1 Constructing genetic maps (multilocus ordering)

1 Physical mapping (contig assembling)

1 Mapping simple (Mendelian) traits

1 Mapping complex (quantitative) traits
1 genetic mapping of QTL (MultiQTL package)
1 QTL physical mapping, cloning, and sequencing
1 QTL and gene expression (eQTL)

Constructing genetic maps (multilocus ordering)

1 Objectives

DDrdering multilocus maps (with ~103 markers/chr)
D¥eri fication of the orders
DBuilding consensus maps (with verification)

M Method and technoloqy

DReduction to the Traveler Salesman Problem (TSP)
Di&uided Evolutionary Strategy optimization algorithms
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Reduction of multilocus ordering to Traveler Sales Person (TSP)

AB CD E F G H
ab cd ef g he

The problem

How to chose the best
(true) order, i.e., the
one that gives the map

of minimal lengtl?

@rderl:abcdefghklmnl,
Order2:bacdefghklmnl,
Order3:acbdefghklimnls
eee
OrderN:fcmheagnklbdy

b

n=60— N =60!/2 ~ 3.10°%50orders

No exact solution exists to TSF
(computationally challenging
For practical situation various
heuristic methods have been
proposed, e.gEvolutionary
Strategyoptimization(for more
details see: Mester et abo3,h
2004 2005

GES algorithm as a memory based simulation analogue of evolutionary adaptation

models (Mester and Braysy 2005)

Natural elements

Simulated elements

Chromosome

Individual, a set of chromosomes
Mutation, change of the chromosome for a small value

Population, set of individuals

Fitness, quantitative characteristicof o r g a n pesfomasce
Selection, choosing the fittest individual(s) for next generations

Variable value Xx;

Solution vector x=(x1,& ,X;)
Operator M : xk-  xk+l

Set P of solution vectors {xk}
Opt. criterion value f(xX)
Operator S: f(xk) A min

112
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How to ensure high-quality of the maps despite the complexity caused by:
T i n! orders, while we need the best order (unique solution)

1 sampling variation in rj missing data, data errors
1 negative interference

The best way to check/verify the map is to show that the obtained solution does not depend on:
(a) sampling data variation, and (b) starting points

Re-sampling for quality control: By takingsubsampledrom the initial data, one can build
many repeated maps upon resampling and test whether /where marker ordering remains the sa

BOOTSTRAP or JACKKNIFE

with { without
replacement

1 13
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Detecting and removing (correcting) the markers/scores causing the troubles

Example: Maize B73 3 Mol7 (IBM) population (chr. 10)

90 92 94 96 98 100 102 104 106 108 110 112 114
a 89 91 93 95 87 99 101 103 105 107 109 111 113 b 90 92 96 98 102 106 107 110 112 114
90 1. 1 89 91 93 97 100 103 105 108 111 113
91 1 ®O
a2 s 717 |1 80 1] 1
93 o lw |3 91 1) .89.m
94 REERE KL 92 w10
95 54 | 3815 2
9% Rk EAREER 93 S| E
a7 IRz ] 9% ma 1
98 161645 39.78.03.04 .02 97 1 1.
a9 07 W 13272 08 ] 1
100 7883 1435
101 0031304 385 7 100 LA
102 M2 %35 ® 102 L
103 0212 5499 1701400 103 1 1.
104 R EIE AL 106 ] 1
105 NEIREE
108 771489 5 105 oL
107 080 32 58 1 107 L1
108 ] 143 5.0 108 1.1
109 043 98 5.2 110 1 1.
110 53 55 11 1 ]
11 NG :
12 12 8 1 112 1. 1
113 1.1 13 1. 1

(@) Initial ordering: Unstable neighborhoods; were detected by using jackknife re-sampling

(b) Resulting ordering: Stabilizing neighborhoods after removing the detected problematic markers

Mester, D., Ronin Y.l., Minkov, D., Nevo, E. & Korol, A.B. 2003. Constructing large scale genetic maps
using evolutionary strategy algorithm. Genetics 165: 2269-2282.
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The main steps of multilocus ordering approach implemented
in MultiPoint software

New high throughput DNA technologies resulted in a disproportion between the high number of scored
markers for the mapping populations and relatively small population size. Correspondingly, the number of
scored markers may by orders of magnitude exceed the number of practically resolvable by recombination
marker for the given population size. Hence, only a minority of markers can be genuinely mapped. The
question is how to chose the most informative markers for building such a fi s k e | relialenntap. We
believe that MultiPoint provides a solution to this difficult problem due to: (a) its powerful algorithms of
discrete optimization for multilocus ordering; (b) verification procedure (that is also impossible without fast
and high quality optimization); (c) interactive algorithm of marker clustering in complicated situations
caused by fuasi-linkageo (or A p s e-u d o k & gsignifi¢ant deviation of recombination rates between
markers of non-homologous chromosomes from the expected 50%; and (d) algorithm of removing
excessive markers to increase stability of multilocus ordering.

Two major problems should be solved in multilocus genetic mapping: Markers that belong to non-
homologous chromosomes should not be assigned to the same linkage group, whereas markers from the
same chromosome should be placed on the genetic map in the same order as the corresponding
fragments reside in the DNA molecule. With ~200-1000 markers per chromosome, sample size ~100, and
real deviations of the recombination rates between non-synteny markers from 50%, the problem of
clustering cannot be solved by an arbitrary choice of a certain (constant) threshold value of recombination
or LOD, albeit this is exactly how this problem is treated in many multilocus mapping packages (Lander et
al. 1987; Linkoln et al. 1983; Stam 1993). Indeed, in experiments with the foregoing characteristics, the
recombination values between groups of markers from different chromosomes may be smaller than
between adjacent markers within a chromosome. In MultiPoint package this problem is treated as follows.

1 15
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The main steps of multilocus ordering approach implemented
in MultiPoint software (continued)

The first step is calculating pairwise recombination fractions (rf) for all pairs of markers (using maximum
likelihood estimation procedure). Then, the number of clusters (linkage groups, LG) is evaluated and
displayed as a function of the threshold (maximal) value rfs, allowing to preliminary assign a marker to a
certain LG: Namely, marker mi may belong to a LGj if recombination between mi and at least one marker
from LGj is lower than the threshold rfs. User can obtain a prediction of the number of LGs for a series of
threshold rf values that he/she defines by setting min, step, and max values of rfs. Then, based on the
obtained information, it is necessary to chose a sufficiently small value of rfs to exclude the possibility of
getting in one LG markers from non-homologous chromosomes due to quasi-linkage. But because of the
chosen relatively small rfs you will get a large number of clusters (linkage groups) that will considerably
exceed the real haploid number of chromosomes. Therefore, the next steps should be controlled merging of
some of the clusters by relaxing the conditions on quasi-linkage (i.e., by increasing rfs). The specific feature
of our approach is that building and ordering of the LGs are considered as interacting procedures, in order
to reduce the danger of including non-syntenic loci in one LG duetothefiqu-a s nk@ie®d udkage o
phenomenon (see Korol et al., 1994, 2009; Peng et al., 2000; Sakamoto et al. 2000; Sivagnanasundaram et
al. 2004; Ronin et al., 2010). Namely, if some markers of two LGs appeared closer than the relaxed rfs, it
would be reasonable to permit merging if the closest markers of the two candidate LGs are terminal, so that
merging will of i e ftade n dype. If the closest markers reside in the interior part of one or both candidates,
then merging should be forbidden.

To employ efficiently the foregoing idea, we propose a repeated clustering approach that includes (see
the scheme below): (i) ordering the LGs obtained with the chosen value for rfs; (ii) replacing groups of
tightly linked (non-recombining) markers by their most informative i d e | e ghantmarkeos) that will further
comprise the skeleton map; (iii) verifying (evaluating the reliability) of the ordered LGs using the re-
sampling procedure (bootstrap or jackknife); (iv) removing the markers causing unstable neighborhoods in
the map; (v) relaxing the clustering conditions by increasing the end-to-end condition of merging, and
merging such candidates.

1 16
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The main steps of multilocus ordering approach implemented
in MultiPoint software (continued)

For each LG: Verificat
chosen rf : SrEE Lo
*»| First clustering ||| _hoosing »[ Ordering — & removing the
idel egptesw problematic markers
Merging the < Candidate LGs | Increasing |
end-by-end pairs for merging rfs

End clustering

The presented cycle can be repeated several times until further merging will cause appearance of large
gaps in the LGs. It is noteworthy that the procedure can be considerably simplified if anchor markers are
available. However, the choice and usage of anchors should be cautious because a relatively high level
of errors is characteristic of some published maps. We should also make here some introductory
remarks on our multilocus ordering procedure. As noted above, the number of scored markers may by
orders of magnitude exceed the number of practically resolvable by recombination markers for the given
population size. Thus, with population size n~100 and number of markers 1000, the minimum distance
between markers should be 2 1cM, hence the map length for a chromosome should be 1000 cM, which
is unrealistic in vast majority of organisms. In other words, only a small portion of markers (delegate
markers) can be included to the skeleton map, with the reminder markers being attached to the
delegates.
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The main steps of multilocus ordering approach implemented

in MultiPoint software (continued)

Beside close linkage combined with sample sample size, the necessity for selection of representative markers
for the skeleton map derives from varying information content of markers (co-dominant versus dominant,
missing data, distorted segregation, and scoring errors), linkage between repulsion-phase dominant markers,
and negative interference (Peng et al. 2000; Esch & Weber 2002; Korol et al., 2009). Using the MultiPoint
tools, you start from a linkage group with hundreds of markers and conduct several analytical steps (see the
scheme below): (a) multilocus ordering; (b) bounding together of closely linked markers followed by selecting
A del e gantnarkars) with highest information content; (c) replacing the groups of tightly linked markers
by their A d e | e gharkesrs;0(d) repeated ordering and re-sampling verification of the reduced LG; (e)
removing the markers causing unstable neighborhoods, and repeated ordering to get skeleton map; (f)
attaching previously removed markers to their best intervals on the skeleton map. The most difficult problem
is in step (e). MultiPoint allows conducting this step automatically, but the user may choose interactive
analysis based on his own control.

A 4

A 4

=) Y]
A= 4

: Choosing d—L—} e @rdeting s Verification &_removing
linked markers the problematic markers

Attaching removed markers
to the skeleton map

1 18
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Input panel

For demonstration of the diverse functions of the system functions, we have prepared examples for different
population structures: Backcross, F2, RIL_selfing. The majority of the examples are based on simulated data.
After you have entered, you get the main window of the program and its main menu. l

8 MultiPoint

Open Edt Save alclusters  Clear saved clusters  Show view  Undo Fndl marker's [ocation  Prnt (eupus e EXCEL) LG FralrestlE Exit

To start working, you choose the option <Open>, and to finish i the option <Exit>. Open Edit Save dlclusters «
The option <Clear saved cluster> will be described later. Population fle

The option <Open> includes a few possibilities. We begin from the <Population file> e g greys anchyes
and will get the window <Input data>. Cld linkage groups
Format of input data : each row for one marker, includes the marker name and marker
scores, separated by backspace, comma, or tab.

e et data | it fle

We first should chose the population type in

Lppend addiional markers

~Input of populationdata  the <Type of population data> window (very - Papulationcodes
Type of population data llimited in the fist version of the package). Homozygote (A4) [
I = Type of population data In the right part .Of the Remezee (62 [
<Input data> window we
=] will see the genotypes Heterozygote (Aa) |
> Selctdaafe | — characteristic of the Missing data symbol .
AOKCTOsS chosen population type
Anchor Data | E:::_gilfmgt' (|:2 in the presented Homol OR Hetero |
. I0-1matin
|7 [~ Anchar data availabel examp|e) > s GRI s
By pressing <Select data file> button, we can chose the data file for mapping analysis.
1 19
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Input panel (continued)

The input file should be in text format and have extension *.txt (default) or *.chr. The system suggest to open or
create a folder for the data and mapping results. To create a new folder, you should chose the root folder (in our
example it was Local Disk D) and press buttons <Make New Folder> and <OK>. This will create a folder with
name <New Folder> that can be re-named by user. Results of analysis of different data sets can be stored

in one or different folders. If such a folder already exists, 2] x|
user can Choose It and preSS <OK>' In the Current Select or input the directory that you want 1o use for saving data and
example this is folder MultiPoint_Results. results
[’ﬁ' Creskiop o
‘J MVLEtter ,'_'l My Cocuments j
=) Matasha = My Computer
_l ey Folder ] J 3 Floppy (A7)
S | ocal Disk (C)

[+ ‘3 LGP it _chiwe 7 SName SRS ool Cisk (D)
| controlMutorial
I Copy of Familkywersion

|20 Examplestultod

[E3] ,__‘l PrOJect chw? SHame
2 Mubigd
F 2 muliQTLdemao

=) Familywersion
- ,_‘1 MU ra vI
Pl vI (=nl N S R SR PR R
Make Mew Folder | Ok I Cancel | rake MNew Folder | (o]l I Cancel |

A

A new sub-folder will then be created in this folder named Project  <name of the treated data file> (e.qg.,
Project_chw7_5Name). If you want to include your project into an existing folder, you should chose this folder
(marked in blue). It wi || i nclude user s mapping dat a
results (as described in corresponding sections of the tutorial). On this stage, the program is testing whether in the
chosen folder you have already treated data with the same name. The system of storing the data and the treatment
results will be described later (p. 1_23, 1_73). If data with such a name

have already been treated, you will get the following message: User's L [z
|f yOLI answer <Yes>, the O|d data are d6|eted, and If some ? y  Project with this name already exists and this data set is already saved.
treatment results were already stored, they also will be deleted. ¢ o you ke changer

The answer <Yes> makes sense if you want to replace the old Yes No |

data by new under the same name. If your answer was <No>,

then the program reads previously treated data and control is not needed. 1 20
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Input panel (continued)

During the initial data input or input updated data under old name (see p. 1_20), the program checks
correspondence of the codes to the population type. As standard we consider codes: for Backcross, Ril_Selfing,
Ril_Sib-mating, and Double haploid : 1, 2 and 0 for missing data, or a, b (A, B) and ¢-e for missing data. For F2:
1,2,3,4,5and 0,0ra, b, h,d, c (A, B, H, D, C)and ¢-e In case of standard codes, they will be displayed in the
window (here the input file F2.txt, is for population F2.)

If your codes differ from standard one, you will get a message with a request
to fill in the code table. But even if your codes are standard ones, but the

Fopualation codes

Homozygote {AA) | 1 . . . .
data include excessive symbols, these later will be considered as wrong
RIETEEEETs (FE) [ 2 codes and you will have to fill the coding table. The excessive codes can be
Heterozygote (Aa) [3 considered as missing values. For that, you should put the check button
— <Control of data codes> to state <Off>. It may happen that your codes are
Missing data. symbol [ o standard, but have another sense (see the example).ﬁ
Homol OR Hetero | 4 derutatinicadas Fopulation codes
Homo2 OR Hetero | 5
Homozygote (ag) I 2 Homozygote (aa) |T
I Contol of data codesg Heterozygote (Aa) I 1 e e (%) |1—
eterozygote (Aa
Input Data kizsing marker symbol I 0 -
+ | Missing marker symbol | 2
To input data and check the data file, press I<Input Data> button. e
If the treatment results for this data were already saved, you will e

get a corresponding message. If, nonetheless, you answer

<Yes>, the old treatment results will be abolished. If the answer is
<No>, the system will warn you that you cannot continue the
analysis. You should leave the system and start again after
changing the name of the data file or folder name for your data.

<P Computaton results for this data have aready been written.
“'r/ WoLld you like to delete these results?

es (e |

1 21
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Input population file

Control and correction of errors in the data file

Two types of errors can be detected in the file: errors in genotypes and in marker in general.

The first type includes the following:

1. The data include symbols that differ from the defined. You can correct these or automatically consider these
as missing data by getting button <Control of data codes> in state <Off>.

2. In some markers, the codes are inconsistent, e.g., in a row with 2 and 4, sometimes codes 1 and/or 3 appear.

The second type includes the following:

3. Different population size for different markers

4. Fully identical markers with identical names and scores appear twice.
5. Markers with identical names but different scores appear.

Messages with detailed information on the number and types of the detected errors are provided. The errors
can be fixed independently of the program or using the program as a tool.

In the first case, all errors are saved in a special file error.txt, in the same folder, where user has saved the
data and results.

In the second case, the errors are provided in form of data tables and can be corrected by the program. In
fact, errors of types 2 and 3 are difficult to correct by the program: it is not clear which symbol should be
inserted, or how to replace the marker value that does not correspond the chosen coding. Errors of types 4
and 5 can easily be corrected by the program.

1 22


http://www.multiqtl.com/

ER{T\OTTV'
. . = NP N
Input population file

Control and correction of errors in the data file (continued)

The errors of type 5 can be corrected using the program, but we should provide a new name to replace the
repeated one. Thus, if we have to markers of and F2 population with identical names but different marker scores:

ﬂgrﬂarkers with identical names but different genotypes

Display: marker's distances, Belete matker  UnDo  Changs name

| 1] 2] 3| 4] s| s 7| & 9| 10] 11| 12| 13] 14] 15[ 18] 17] 18] 18] 20| 21] 22] 23] 24| 25| 28] 27| 26]
1EXgwm497a | c o |a c a |c © |& |C

Xgwm487a ¢ ¢ c jc c ¢ a ¢ &

a C c c a c [ a [ c C a
a =] C C a C [ a [ a C a

<]

Using <Change name> option, clean the name field and enter another one, e.g., Xgwm497b.

ﬂgrﬂarkers with identical names but different genotypes

Display marker's distances,  Delete marker  UnDo  Change name

| 1| 2| 3| 4] s| s] 7] 8] 9] 10| 11] 12| 13| 14| 15| 18] 17| 18] 19] 20| 21| 22| 23| 24| 25| 28| 27| 28|

¥gwmd487a ¢ o ¢ o ¢ c a 't & | c g ¢ a a c©c ca Cc c a ca o |a c o c

<

As a result, in the folder chosen (or created) by user, a sub-folder will be created named: Project+name of
data file, and within it, a sub-folder <Data> that will carry the corrected data file and file of data codes,
whereas for data of anchor markers the last sub-folder will also include the file of anchor markers (see next
page). In the future, if you need a repeated data input, it is easy to do that from this sub-folder: the data will
be displayed automatically, and will certainly be correct.

1 23


http://www.multiqtl.com/

AN
MULLOT
N ] =
Input population file
Input of anchor markers
You may have anchor markers in your mapping problem. To allow dealing with anchors, you should switch
the button <Anchor Data Exist> of the <Input data> window to state <On>. AnchorData
Then, during the input process, after pressing button <Input Data> you will get _
- ) ¥ Anchor data availabel ]
the systemdébs requirement to enter.the fil

The structure of the anchor file is as follows: The name of the marker, the number of the chromosome of the
markers, and the number defining the order of the anchor marker among other anchors for this chromosome. If
the position of the anchor is not defined, the second number will be -1. The elements of this file are separated
from each other by backspace or tab. The file should be in text format and be named as *.txt. Among our example
files, one is F2_anchor.txt for F2, for which anchor markers are provided in file anchor.txt (see below)

markerls3
markerldd
markerlgg
markerliZz
markerz2z0
marker=45

LA A s s Ld L

[ I T N R Y A PN

N x|

It iz necessary to choose the file of anchor markers

0]:4

During input of this file, the program checks for correspondence of its markers to other
markers of the population. In case of inconsistency, the user will get error report. The file is
copied to the sub-folder <Data> of the project. The name of this file together with the data file
name is displayed on the panel of the main clustering window. We will also show on this

example how to deal with data containing anchor markers..

After input, the marker name is extended by its sequential number in the input file. Anchor markers are marked
by an additional left letter <A>.

1 24
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Analyzing markers and genotypes for missing level and segregation

First window displays information about missing data and segregation distortion (c2) of markers and
missing of genotypes. Marker sorting can be conducted for missing or segregation distortion (as in the

example). To delete, we can select markers or genotypes and press <Delete> button.

Global Undo  Undo the last step

Population data

|ExampIeParﬂ

|38c:kcross Data Type
Number of markers

1769

Population Size

100

New number of markers

—

Analysis of genolypes

42
80
50
4
2
6

65
5

45
76
63
66
35
7

51
71
57
3

44

208
202
200
199
198
136
196
195
194
193
193
192
192
191
150
130
150
189
189

Delete

Genotype | Missing |A

Analysis of markers
Marker name Missing Chi"2
*chrdmar272 13 11.2925
*chrimar74 10 10.1939
*chr2mark3 11 96242
*chrémar2 70 8 8.6584
*chrimar7s 12 17977
*chrimar76 13 7.2862
*chrémars1 6 7.2861
*chrdmar29s 1 71179
*chrdmar276 14 6.7874
*chrémar218 10 6.4781
*chrimardl 10 64781
*chrzmarst 10 6.4781
*chrémar2gd & 6.3339
*chrémar217 6 6.1960
*chrimar7? 13 61533
*chrzmars0 4 6.0641
*chrimar210 1 6.0118
*chromar212 1 6.0118
*chrémar222 9 R &8767
Sort by
« Chi*2

Delete | ¢ Missing

1 25
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Analyzing markers and genotypes for missing level and segregation (continued)

We can return baCk for one Step Of the Analysis missing and segregation of markers and missing of genotypes (=1 To =B
deletion of markers or genotypes, Giobal Undo  Undo the last step
according to the selected menu option. Population dota Analysis of genotypes Analysis of markers
|ExampleParﬂ Genotype | Missing | - *Msr:ern;rée Misasing BCQISA; -
50 200 chramar, .
Undo the last step Backoross Data Type o e | cerimaizs 12 7977
chrimar .
y deleted markers Number of markers ég 13; *chizmar51 6 7.2861
¢ e N
. = chrdmar; .
deleted genotypes Population Size is 13‘? *chrimarg1 10 64781
s = e *chr2mar56 10 64781
= e *chrémar218 10 6.4781
. *chrdmar230 8 6.3339
Menu option <Global Undo> allows New numberofmarkess | | |3 b “chiémar217 : 6.160
. .. . *chrimar77 13 6.1533
returning to the initial data. After closing 1766 % - *chi2mars0 4 6.0641
: ~ ; 4 rehrigar210 1 6.0118
the window, youobll get a quesjionm™asKki do 1 60113
f fi ; f the deleti Deleted genotypes » 1% *chr3mar183 : 58767
or confirmation of the deletion request. — n 189 .
Genotype | Missing | 3 189 chrémar221 9 58767
47 207 44 189 *chr2mardd 9 58767
Delete Markers M= 80 201 54 18 - “chrémar222 s 55767 g
Sort by
0 Are you sure that you want to delete 3 markers Delete | £ Missing @ Chi"2
: 2 genotypes
Deleted markers
Yes No Marker name Missing | Chi™2 |
*chrdmar272 13 112925
“chrimar74 10 10.1939
*chrZmars3 n 9.6242

If the answer is <No> the window will be

retained and you could use Undo option. User's choice
If the answer is <Yes>, the data will be
changed as requested by deletion
choice, and a question about saving the Yes no |
deleted markers will appear.

.:9;. Do you want to save deleted markers into the Heap(YES) or to move them to a spedial file(NO)?

These markers may be moved to Heap and be used in the future as attached or saved in a special file
deletedMarkers.txt in the project folder <Data>. 1 26


http://www.multiqtl.com/

Preliminary treatment

N LL b

MultiQTL

7= N S

Analyzing markers and genotypes for missing level and segregation (continued)

Warning: If you plan to input additional portions of data, then do not delete genotypes! Otherwise the
population size for the second portion will not be equal to that of already included data and such situation is

considered as error.

The second window displays the markers sorted for
Ai nformativityo

corresponding marker to all other markers in the data set.
=T T e

Analysis the informativity of markers

Global Undo  Undo the last step

Population data

|ExampIeParﬂ

Number of markers

1766

Population Size
98

New number of markers

—

Informativity (max LOD)

( maxi mal

You can

| -

Marker name | LOD

*chrémard1 20448
*chromar71 23589
*chrimarll 34612
*chrdmars9 8.4081
*chr2mar248 8.9370
*chr4émarl26 102665
*chrimarl43 10,7494
*chrimar1sl 10.7494
*chrZmari44 11.2355
*chrsmar266 11.3657
*chrdmar77 11.4797
*chr3mar270 11.7718
*chrimard 11.8627
*chrimar262 12.0248
*chr3mari4d 122785
*chromar2d4 126133
*chromar206 127050
*chrimar3g 127327
*chrbmariig 12.8648
*chr2mar7& 12,9685
#rhrdrnarRR 12 N424

Delete |

delete the markers with lo
() 1) N

Analysis the informativity of markers

Global Undo  Undo the last step

Population data

[l K A ()
=T T e

Informativity (max LOD)

informativity

|ExampIeParﬂ

|Backcross Data Type
Number of markers

1766
Population Size

93
New number of markers

1763
Marker name | LOD
*chrdmard1 20443
*chrbmar71 23589
*chrimarll 34612
4 e »

[

Marker name | LOD
*chrdmars9 84081
*chr2mar243 89370
*chrdmarl26 10.2665
*chrimar151 10.7494
*chrimar149 107494
*chrZmarl44 11.2355
*chrbmar266 11.3657
*chr3mar77 114797
*chramar270 1718
*chrimard 11.8627
*chrbmar262 12.0248
*chramar143 122785
*chromar294 126133
*chrbmar206 127050
*chrimar3s 127327
*chrbmar113 125648
*chrZmar7g 129685
*chrZmar226 13.0434
*chrdmarss 13.0434
*chrzmar227 131170
*rhrErnard 11 9008

You can employ Undo option for the last step or even start the analysis from the beginning by using <Global
Undo>. After closing the window, the user will get the same questions as described on the previous page.

1 27


http://www.multiqtl.com/

Preliminary treatment

¥

oTL

7T N -

Defining the threshold recombination level

The system suggest conducting stepwise clustering,
to define a reasonable initial threshold value rfs. In
case of very large marker set, this procedure takes f:,/
a lot of time. Thus, the user may skip this step by

answering fiNoo to tHhe—sy

The first step is calculating pairwise recombination
fractions (rf) for all pairs of markers (using maximum
likelihood estimation procedure). Then, the number of
clusters (linkage groups, LG) is evaluated and displayed
as a function of the threshold (maximal) value of rf
allowing to preliminary assign a marker to a certain LG:
Namely, marker m; may belong to a LG; if recombination
between m; and at least one marker from LG; is lower than
the threshold rfs. User can obtain a prediction of the
number of LGs for a series of threshold rf values that
he/she defines by setting min, step, and max values of rfs.

If anchor markers are available, the threshold rfs will be
increased until a critical level of rf is reached when

anchors from different chromosomes will be i r e atd y

merge.

User's choice

Do you want to choose minimum rf of clastering (Yes) or to create it by yourself (Mo)?

fesg

w |

First Clustering

~ Popuiation Dala

I F2 anchor

Hesults of clusternmg

=1o] x|

Current threshald rf |Numberofclasters |

I F2 Data Type

Population size 200

MNumber of mark 500

~ Sefup forclustermng |
% Recomhb. Rate

LoD
Threshold value

Choosing of threshold |

1 28
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Defining the threshold recombination level (continued)

Corresponding message is displayed in this case, and the process is stopped. In fact, the last will be the step of
fusing when the anchor markers are not yet fi r e a  yuse, whereas at the next step they could fuse if this were
not forbidden (because they belong to different chromosomes). There might be situations when already at the first
step LGs anchored by markers from different chromosomes will tend to fuse. In such cases, a smaller initial value of
threshold rf should be taken (and, possibly, a smaller step of changing rf values).

First Clustering

— Population Data

| F2

Results of clusterimg

=1o] x|

Current threshold |Number0fc|asters |

I FZ2 Data Twpe

Population size 200

Murnber of mark 500

- Sefup forclustenng
% Recomh. Rate

LoD
Threshold value

0.050
0100
0.150
0.200
0.250
0.300
0.350
0.400
0.450
0.500

27z
147
1
35
15
3

1

[

Choosing of threshaold

First Clustering = |EI |i|
_ - :
Population Daia Results of cfusiterng
I F2_ anchaor
Current threshaold rf |Numberof clasters |
I F2 Data Type 0.050 2ie
: . 0.150
Fapulation size 200 0200
0.950 It is necessary to finish this process
Mumber of mark 500
Ok
~ Selupforciusterfmy |
* Recomhb. Rate
LoD
Threshold value
Min. | 0.05
Step | 005
=0 I 05
Choosing of threshald |

In the absence of the file of anchor markers (example
in file F2.txt), the situation is different. But in both cases
using threshold rf=0.2and 0.25we 61 85 g e

and 15 clusters, respectively. 1 29
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Defining the threshold recombination level (continued)

By double click, we can choose now any level of clustering from the |EEEMCERED =1olx]
left column of the <Result of clustering> list : It will be displayed by a hurmber of clusters

histogram of clusters distribution with different number of markers. We
can get such histograms with different steps. Thus, for step=0.2 we have
clusters one, two, three, five, and eight clusters (two clusters for each of
the foregoing sizes), five clusters with 16 markers each, and one cluster
per each of the remainder cases. For step=0.25 we have six clusters
with 50 markers, and one cluster per each other size. e

MNumber of markers in cluster

=] 3

1 1 1 1 1 1 1 1 1

ﬂgHistogram {step =0.2)

Mumber of clusters

1 2 3 4 5 5 7 g 9 10 11 14 16 17 19 20 24 26 29 34 37 42 45
HNumber of markers in cluster

Using these histograms, we can chose a reasonable threshold value of rfs. We strongly recommend to start with
moderately low rfs value, to prevent fusion of linkage groups that may belong to non-homologous chromosomes
displaying quasi-linkage (pseudo-linkage) (see Korol et al., 1994; Peng et al., 2000). With large amount of markers,
it would be reasonable to chose such an initial rfs that the size of each cluster will not exceed 150-200 markers. You
should select the desirable rfs in the left column of the list by clicking left mouse button, and then press button
<Choosing of threshold>. In the clustering window y o ug®tl the results. We chose rfs = 0.25 and will show the

window of clustering results for both our examples.
1 30
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The window for working with clusters

8 MultiPoint

Open Edit Save al clusters  Clear saved clusters  Show Wiew  Undo Find marker's location  Print (output to EXCELY LG Final results Exit

—Build Linkage Group Toital numbar of clustar 15

— Popufation Data Linkage Groups
ID:\MultiMapExe\TutDrialExamples'
I FZ Data Type
Faopulation size 200
L512 (50) LG11 (507 LG3 (50) LG15 (507 L514 (507 LG13 (507 LG6 (42)
Mumber of markers 500
Mamea of anchor e
— Sefup for dustermmg |
& Recomb. Rate LGE (37 LG2Z (33) LG4 (31) LG5 (19) L1 (17) LGS (11) LG7 ()
Lal W a]n]
Fecomb. Rate
threshold 0.25
Build Linkage Groups |
_ﬁ:gggéo,{conﬁafsﬂﬁﬂgbomdi LG10 (2)
Part of name to choose  pricrity
markers
I Coefficients of prioity This is how the window looks like when anchor markers are not available. The
Missing Segragation clusters (linkage groups) are denoted as LG; (n;), where i is the number of the
[0 [ cluster and n; is its size (number of markers). Note, that the clusters are ordered
Minirnurm tf by decreasing size.
ID.D
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The window for working with clusters

Open Edit Save al clusters  Clear saved clusters  Show Wiew  Undo Find marker's location  Print (output to EXCELY LG Final results Exit

:ﬂﬂ

—Build Linkage Groups |

— Population Data

I FZ_anchor

I Fz Data Type

Fopulation size 200

Mumber of markers 500

MNama of anchor file

anchor. txd

— Fafup for dustering |
* Recomb. Rate

< LoD

Fecomhb. Rate
threshold 0.25

Build Linkage Groups |

fogeaethar markers

Part of name to choose priority
markers

Coefficients of promty |
Missing Segregation

i3 3

kefinirriuien

e

— Satup forcomtralliing bound ————

Folal number of clusier 15

Linkage Groups

L5112 (50 LG11 (50 LGE (507 LG15 (50) L5144 (50 LG13 (50 LG (42)
ch.7 ch.e ch.2 ch, 10 ch.g ch.B ch.4
LG10 (37 LGS (33} LGT (31} LGS (19) LG4 (17) LGZ (11} L1 (8}
ch.5 ch.1 ch.3 ch.3 ch.1
LG3 (2}

This is how the window looks like in case of availability of anchor markers. In this
case, the chromosome number defined by the anchor marker(s) is also indicated.
In our example, two clusters had anchor markers that belong to chromosome #1,
and two with anchors of chromosome #3. Some clusters have no anchors and for
the reminder clusters the anchors define one cluster per chromosome.
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The window for working with clusters
Controllingin bound t ongaekerb er 0O
Some of the markers may be of speci al I mportance for

be marked by special symbols added to their names. These symbols can be defined in the window <Part of name
to choose priority markers>. In case of one combination of the symbols, you can set these symbols directly,
whereas in case of sever al sets you should connect th

In addition, user can denote priority markers in treating each linkage group (see
p. 1_37). In current version of the system, we employ the information on priority Setup for comtrolling bound

markers dealing with the problem of tightly linked markers and choosing among | '@gédher markers
these so called Abino (or fAskel et ono) Fartofnametochoose priority t h
missing (Miss) and segregation (Segr) levels and sorting the markers according markers
to linear combination (A*Miss + B*Segr). Here coefficients ¢ and | (¢ + I 1) are Jntr & bl & htg|
set equal by default, but user can define other (unequal) weights by setting A Coefficients of priority
(Missing) in the window <Coefficients of priority>. It is also necessary to set the kissing Segregation
<Minimum rf> value; markers that are closer than this value are considered as |E|.5 |E|.5
Af usedo. ,vBewsetihisvalaeuas t 0.0.
tdinirnurm rf
Satup for comroling bound Il]_l]
fogather markers
Fart of name to choose  priority
markers
|r33s )
Coefficients of priority b In our example of a set with anchor markers (file F2_anchor), let us
Missing Segregation define one marker, r338, as priority marker, and leave unchanged other
R i parameters of the <Setup for controlling bound together markers >

kinirmurm f

IEI.EI 1 33
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The window for working with clusters

Setup for clustering

Build Linkage Groups The left panel of the window includes the name of the data file, population type,

Popuiation Dala population size, and number of markers in the data file. For data with anchors, the
name of the file with anchor markers is also provided. In the current version of the
package, only threshold recombination rate is employed as a criterion for clustering.
If you have selected function Defining the threshold recombination level the
threshold value is chosen on stage of preliminary treatment (see p. 1_30) to get
Fopulation size 200 the first step of clustering, under a relatively stringent conditions (resulting in
relatively large number of relatively small linkage groups). If this function has not
been used on the previous stages of analysis, the default value of threshold
recombination rate is =0.05, hence you should define your value of threshold and
press button <Build Linkage Groups>.

I FZ_anchor

I Fz Data Type

Mumber of markers BO0

MNama of arnchor file

anchor tx

Satup for clustering

* Recomhb. Rate To continue building the linkage groups, you need to change the threshold value
LoD of rf and press the button <Build Linkage Groups>. Clearly, the higher rf, the
Recomb. Rate o smaller the number of linkage groups. If you want to decrease rfs, the clustering
threshold : starts from the beginning, whereas by increasing rfs you switch on the algorithm

Build Linkage Groups | of repeated clustering.
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The window for working with clusters

Some additional service options

By using option <Show> A <Population data> or
corresponding button Tool bar, one can get the
information on the entire population 1 all its markers
and genotypes. However, this option is

practical only for small size problems. Due to
technical limitations, not more than 550 markers can
be shown on the display.

E D:\MultiMapExe example-Abram*,F2_anchor

—

2 3 4 &

o
E |
]

[u]

1% MultiPoint

Open Edit Save al clusters

Clear saved clusters

Shicwr

S LLLLIN
Eﬂz { 11Q
.

NS

Yiew  Lndo F

FopLlation data
Marker distances

—
—_
—_
—_
—_
"
"

18] 19] 20| 21

22| 23] 24

markerd(1)
marker33(2)
marker3a(3)
marker3(4)

marker3g(5)
marker2(b
markerd4
marker27(3
marker37 (4

markerdd

markerdd

markerd 7

markerZ?

markerhl

markerdl

marker3d

marker12
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10
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Some additional service options (continued)

By using option <Show> A <Population data> or
corresponding button Tool bar, one can get the
matrix of pairwise recombination fractions for all
markers. However, this option is also practical only
for small size problems. Due to technical limitations,
not more than 550 markers can be shown on the

cisplay. _lo| x|
] ] 2] 3] 4] 18] tea
. IIIIIIIII: D 284 0. 4IZIB 0. 45? 0. 54? 0.5327 0.300/0.520 0.427 0.619 0,326 0.547 |
0.943 0.000 0132 0,486 01371 0,427 03871 0.224 0137 0.219 0,185 0.488 0.407 0,438 0,102 0.12:
0485/ 0.132 0.000 0.383 0.0358 0.328 0.3858 0.341 0.093 0173 0,135 0.424 0.345 0.447 0.184 0.24(
0.216/ 0,496 0.393 0.000 0.436 0.120 0.454 0.447 0.467 0.504 0,457 0.542 0.415 0.535 0.490 0.57
0.503 0,131 0.038 0.436 0.000 0.475 0.334 0.275 0.020 0.096 0.059 0.430 0.337 0.441 0,173 0.22¢
0.284 0,427 0.328 0120 0.475 0.000 0.444 0.366 0.452 0,458 0.475 0.579 0,401 0.629 0.438 0.46°
0406 0.381 0.3588 0.454 0.334 0.444 0.000 03958 0.324 0.328 0.3168 0.344 0.416 0.445 0.381 0.40:
0487 0.224 0.3471 0.447 0.275 0.366 0.3958 0.000 0.289 0.285 0.304 0.458 0.263 0.493 0.188 0.13F
0.547 0137 0.093 0,467 0.020 0.452 0.324 0.289 0.000 0.058 0.031 04168 0.321 0.441 0,171 0.22°
0527 0,219 0173 0.504 0.096 0.4558 0.3258 0.295 0.0558 0.000 0.019 0.432 0.399 0,477 0.248 0.28¢
0.500/ 0185 0,135 0.487 0.053 0.475 0.316 0.304 0.031 0.019 0.000 0.452 0.3558 0.464 0.223 0.267
0.920/ 0,488 0.424 0.5942 0.430 0.579 0.344 0.458 0.416 0.432 0.422 0.000 0,427 0.173 0.410 0.349,
0427 0.407 0.345 0.415 0.337 0,407 0416 0.263 0.321 0.3958 0.353 0,427 0.000 0.429 0.373 0.32F
0619 0,438 0.447 0.535 0.4471 0.629 0.445 0.493 0.441 0.477 0,464 0,173 0.429 0.000 0.389 0.37¢
0.5926 0102 0184 0,490 0173 0,435 0.3871 0186 0.171 0.248 0.223 0.410 0.373 0.359 0.000 0.04C
0.5945 0122 0.240 0.577 0.224 0,467 0,402 0.135 0.221 0.289 0.267 0.397 0.325 0.379 0.040 0.00C
0414/ 0.974 0.447 0,483 0.444 0.476 0,409 0.418 0.414 0.437 0.442 0.477 0.409 0.523 0.492 0.450
0242 0.530 0.537 0.376 0.536 0.371 0.434 0.492 0.550 0.536 0.535 0.474 0.437 0.576 0.4765 0.45¢%
0.496 0,485 0,480 0.533 0.4671 0.544 0.476 0.540 0.455 0.485 0.419 0.523 0.427 0.364 0.536 El.jJ
4

% MultiPoint

Cpen Edit Save all clusters Clear saved clusters | Show  Wiews  Lndo F

Fopulation data
Marker distances
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Analysis and treatment of a separate linkage group
Def i ng groups of tightly linked (0

Ordering  Distance matix  Extending the inkage group  Division of the inkage group  Marker list options

Marker fist of current inkage group
MName | issing | Segregation Al . L L

markerd22(328) 38 101 51.0 Choosing additional priority markers

markerd25(329) 38 2.7:1.0(d4)

ker312(330 4h 2.9:1.0(cl4 ~ .

m::k;aaggaad 36 5_1;1_9Ed4§ We 6 | | take one of the cluster with anc

markerdd1(332) 32 3.8:1.0(d4) ; i

sy e By define and gnalyze groups of fusing markers. To choose a cluster, we use

marker307(334) 44 10:21:1.2 <doubleclick>0f t he mouse | eft button on cl
A markerd34i33n) 42 1.0:1.6:09
P A g SiE 1004 J :axtar:nﬁllei V\]/ce_tselectfd clusterbLlGlZO,I chrt7. "

QQ[‘;ES]ES%Q §§ ;2?3@},} N Ine 1St of IS mar ers_: Symboo ¢ denotes the Marker list options  Cptors |

S anchors and symbol { T priority markers. To

rarker336(339) 39 2.7:1.0(c) o L T R E——

marker343(340) 39 101811 choose additional priority markers, we use the play -
JT A sub-option <Select of priority> of <Marker list Select of priority

Satup for ordering options>.

" Bootstrap

& Jackknife

Fopulation for Jackknife (%)

Mumber of iterations

Time to ES (s)

Mumber of markers

40

a

0.z

a0

{4

v Taking into account order of anchors

Contral of bound together markers |

Caontrol of manotony |

Now weob6ll choose the
mouse left button, and then, by pressing
the right button, will get the prompt:

b

Display marker's distance
Create(or Undo) priority markers

We select the option <Create (or Undo) priority marker>. Correspondingly,
the marker will become priority marker, or oppositely, its priority status will be
cancelled. This procedure can be applied to several markers.
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Analysis and treatment of a separate linkage group
Defining groups of tightly | i ncknénekd ( Obour

Marker list of current linkage group

— : Pressing <Control of bound together markers> button results in the question
Mame | tigsing | Segregation Al

W 101510 shown below. If the answer is <Yes> the system will define groups of markers with

marker322(328)
markeriZ6(328) 38 271.0(d4) o rf <Minimum rf> set by user
markerd12(330) 46 2.91.0(d4)
makerd3033) 36 511,04 for all clusters (see p. 1_32). The
marker3d1(33z) 32 3.8:1.0(d4) R?/ Do you want to bound together (nto groups) tightty Inked markers? | algorithm includes the following. For
marker348(333) 38 2.31.0(d4) )
markerd07(334) 44 102112 S each marker of the cluster, the relative
A e J Yes No | missing values and the c2 score for
P marker336(136) 3 351.0(d4) . , .
marker316(337) 34 1.0:2511 segregation distortion are scaled on
QZ&EES;ES% gg gg] gg? their maximum values within the cluster, and then the linear combinations with the
marker349(340) 39 10181, <Coefficients priority> are calculated (see p. 1_33). Markers of each group,
N | | anchor, priority, codominant and dominant (for F2) are sorted by increasing value of

the foregoing linear combination. Note that anchor markers are considered as having
higher rank compared to priority markers, but user can set an opposite situation.
All markers are combined in one set. Each marker of the set, starting from the

Seiup for ordenng
C Bootstrap  Population for Jackknife (%)

LR [ a0 first marker of highest priority, festab
Number of terations | 10 distances to the priority marker less than the <Minimum rf>. Such marker is referred

Tirne 0 E5 (5) [0z to as a ﬁdellegatec‘) marker.of _its group.
Nombsrof markers [ 50 groups established by higher rank delegates are not considered in the group of

lower rank delegates. If some groups with delegates of equal rank include shared
markers, these shared makers will remain in the group with smaller distance to the
delegate marker. Thus, only delegate markers are retained in the cluster.

[¥ Taking into account arder of anchars

Control of hound together markers |

For the possibility of using this function for all data immediately after data input
see p. 2_2.

Caontral of monatamy |
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Analysis and treatment of a separate linkage group
Defining groups of tightly | i ndnenekd ( 0Oboun
The reminder markers are removed from the cluster to the i He asetd EE x|
These markers do not participate further map ordering. The system informs 2 groups of bound together markers are created

Murmber of remaining markers in cluster

about the number of groups of bound together markers and the number of (after replacing the aroups by delegates) 48

markers retained in the cluster.

4

The names of delegates are marked by symbol S (or AS for anchors and PS

for pr_lorlty markers). Such a marker can be chosen Wlth mpuse right .button, or Marker fist of current finkage group

function <Change delegate marker> of the <Marker list option> of main menu. — :
This allows displaying a table of all markers associated with the chosen group, their hEmE | Missing | Segregm'”” 4]

missing, segregation and distance to the delegate marker. The red rectangular m:ﬁgg:gg% ;? 23135333

indicates that the marker is dominant (dominant repulsion phase markers will be markerd1 7(308) 13 2:9;1:D(d4j

marked in blue and codominant in green). v. | |3 marker3zz(309){s} 46 1.0:21:1.0

Group of bound together marker: - |D |ﬂ rmarker30l(311) 37 2.5:1.0(d4)

_ Change delegate marker AS marker310(312){S} 36 2 6:1.0(d4)

Main marker of the group (delegate) markeri0s(313) 38 2.7:1.0(c4)

: : Options f rnarkerdd2(314) 44 4.4:1.0(d4)

|marker332(309) Ma”‘fer ISt options oTens marker304(315) 48 2 2:1.0{c4]

| Display marker's distances rnarkerdl 9(316) 31 1.0:2.0:0.9

P - - Select of pricrity markerdl3(317) 44 2.8:1.00d4)

Meme | | Missing | Segrepation | Distance | marker335(318) 39 2 5:1.0(cl4)
Brarkerddi(343); 39 281004 0.000 Change delegate marker e = 2= “’T _I—I

User's choice il

You can cancel the established groups within the Do yol want to cancel the grouping of bound together markers
cluster by using the button <Control of bound <7 of this daster?

together markers> and answering <Yes> to the
appeared question. = o

1 39



http://www.multiqtl.com/

AN
MULIOTL
. ) i
Analysis and treatment of a separate linkage group
Build Linkage Groups Ad d |t|0 n al exam p | e
Population Data
| BC We recommend to treat each LG after the initial clustering and only then to continue

the clustering procedure. In other words, to reach reliable results and reduce the
danger of combining non-syntenic loci in one LG due to the i qu-& 6§ nk &g e 0
Fopulation size = i ps e-udok @pheeromngnon (see Korol et al., 1994; Peng et al., 2000), building
and ordering of the LGs should be considered as interacting procedures.

I Backcross Data Type

Number of markers | 250 To demonstrate the procedure of treatment a separate cluster, we will use the
example from data file BC.txt that allows to deal will diverse situations. After the input
and primary clustering (no marker or genotype deletion was conducted), let us
choose a threshold rfs =0.25. The following picture will be obtained:

Setup for dustenng

* Bacomb. Rate Ciusters fotal numbers 1

SN EGE] Linkage Groups

Fecomb. Rate

threshold 0.25

Build Linkage Groups |

Sefup for controling bourd LGE (50) LG1 (42)

L6 (35)
fogethar markers

LG3 (27) LG4 (23) LG10 (23)

Fart of name to choose priority
markers

Coefficients of prionty

hissing Segregation

LG2 (8) LG7 (8) LGS (7)
(0.5 [0.5

kinirriurm ef

o Let us choose cluster LG9 for further illustrations
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Additional example (continued)

LA G B DT D We employ the option of controlling bound markers and found 3 groups

MName | Missing | Segregation & of such markers. The fi d e | e ghathesegmups are marked by symbol
el ZZI(Z0) 27 UHDLBIZE S. We can see, that after removing the the bound together markers (3
S marker202(210){5} 24 101211 - .
marker?20(212) 25 100,923 markers were removed) but retaining the delegates, the cluster includes
marker215(213) 28 1.0:1.140 24 markers. These three groups can be analyzed as shown before.
marker223(214) 29 1.0.0.952
marker224[216) 30 1.0:0.765
S marker218(218){S} 31 100831 — _
marker207(218) 31 1.0:1.245 X
marker210(220) 26 101296
S marker?14[223){S} 30 101207 3 groups of bound together markers are created
marker209(225) I 101288 Mumber of rgmaining markers in cluster
marker205(228) 27 1.0:1.236 (after replacing the groups by delegates) 24
marker206(228) 37 101811
e proaly Lol s kel kY an 1 0.0 773
q f 4 oK
Setup for ordering
C Bootstrap  Papulation for Jackknife (%) Now we can move to the process of multilocus ordering.
&+ Jackknife a0

Tirne to ES (s) N L, Ordering Distance matrix  Exte

Mumber of markers Z

Mumber of deleted markers

A1

Contral of bound together markers I

Caontral of monoton
y | 1 41
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The procedure of multilocus ordering

Marker fist of current linkage group To start ordering you should choose the menu "’ Ordering  Distance marix  Exte
Name [ Missing | Segregation « | option <Ordering> or use the gorresponding_ _

markerd22(328) 38 1.0:15:1.0 button of Tool bars. The ordering algorithm is :

markerizh(329 3 2.4:1.0(d4) HRE

e e T basgd on minimizing the total length of the _ o

i e EE 36 £.11.0(cl4) multilocus map of the linkage group. The problem is solved on the initial data

marker341 (332 g; gglgggjg set and on re-sampled sets, in order to test the stability of the obtained order.

A markerd34(335) 42 101.6:08 J iteration > (by default 10). Re-sampling can be conducted using Bootstrap or

P marker33B(336) 34 35100 Jackknife approaches (only the second is implemented in current version of the

(

(

(

(

(
marker343(333

(

E
marker316(337 M 1.0:2511

(

(

)
)
)
)
)
markar307 33,@ 44 102112 The number of such sets is defined by user in the parameter <Number of
)
)
)
)
)
)

marker315(338) 38 3.31.0(d4) package). Parameter <Population for Jackknife> defines the part of the total

marker336(333) 39 2.7:1.014) population (in %) sampled at each run (by default 90%). The results of the first

marker343{340 KE| IR N R . . . . .

el oD 4TS D T_IJ i teration define the ordering that wil
! d all other iterations. Parameter <Time to Es> defines maximum time allowed for
Setup for ordering searching of the multilocus order in each iteration. By default, it is defined as a

¢ Bootsirep  Population for Jackknfie (2 | unction of the number of markers in the cluster by some simple procedure. All
, these parameters can be changed by user.

& Jackknife 0
Mumber of terations u For data with anchor markers, if the order of anchors is known and indicated in
Time to E5 (z) 0.2 the input data, a special check box <Taking into account order of anchors>
will appear on the panel <Setup for ordering>. It will be in state <On> to take
into account the preset order of the anchors. If you change the state to <Off>,
the ordering will be conducted ignoring the preset order of anchors.

CRRR

MNurnber of markers a0

[¥ Taking into account order of anchors

Control of hound together markers |

Control of monatany | 1 42
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The procedure of multilocus ordering (continued)

After ordering is finished, a grid table and a graphical display of the LG will appear in

the window. The table shows the effect of variation of the recombination estimates
caused by re-sampling on the local stability of the map. It includes also the
information on missing data and segregation ratios. The graph of the LG includes
cluster name, its length, and rf values for adjacent markers. If the rf exceeds the
threshold value, it will be highlighted in red. Likewise, the anchors, priority markers,
and fidel egateo markers are indicated

—E-MN——— =lofx]

Display marker's distances  Delete marker  UnCo  Change delegate marker

Mame Miszinc| Segregation -
Index| 7| 8| B[ 10| 11| 12| 13| 14| 15 16| 17 18| 18] 20

marker223(214) 28| 1.0:0852 ]

marker222(234) 23| 1.0:0.8858 Bl 1

marker221(201) 27| 1.0:0.922 7 1

marker220{212) 25| 1.0:0.923 g 1 1

{Stmarker218(218: 31 1.0:0.831 3 1 B 2 =z

marker217(237) 200 1.0:1.281 10 B 1 4

marker2 16(247) 25| 1.0:1.273 11 201 B 2

marker215(213) 25| 1.0:1.140 12 2 4 B B

{Simarker214(223: 300 1.0:1.222 13 2 .8 5 5

marker212(236) 30| 1.0:1.353 14 ] 15

marker211({248) 32| 1.0:1.185 15 1 B4

marker210{220) 26| 1.0:1.286 15 A 85 8 A _I

marker208(225) 31 1.0:1.285 17 4.5 11

marker205(239) 32| 1.0:1.070 15 N 1 |

marker207(213) 31 1.0:1.245 15 .5 4

marker205(229) 37 1.0:1.511 20 |

marker205(228) 27 1.0:1.236[ 21 N 1

marker201(241) 36| 1.0:1.073[ =22 g0 .

I"C." ool a0 AN A I e A e B | k=] _I _’I_I

by

S L 1L
M U%TL
[ N ]~

LG9(1.096)

Frintng Metric length

0.153

0.043

0.031
0.021
0.020
o.o19
0.020
0.010

0.235

0.009
0.020

0.032

0.063

0.011
o.o10
0.020

0.021
0.054
0.022

0.011
0.189

0.021
0.a09

marker227 (231)

rmarker226(244)

markerZ25(230)
marker224(216)
marker2Z23(214)
rmarker222(234)
marker221(201)
marker220(212)

—[Smarker218{218)

marker217 (237
marker2 16247

rmarker2150213)

(Simarker214{223)

rmarker212(236)
rmarker211(248)
marker210[220)

rmarker209(225)
rmarker203 (239

rmarker207 (2199

rmarker206(229)
marker205(225)

rrarker201(241)

— [ Simarker202{210)

marker204(235)

D O
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Analysis and treatment of a separate linkage group
Options of the table of ordered markers

Visualizing the distance table

‘-'*!"
Mvui 10T
= N S

Some simple service functions are available in this Display marker's distances  Delete marker UnDo  Change delegate marker

section to facilitate the analysis. For any chosen > Al markers
marker, user can get a table of its rf values with other Nearest markers |«
markers of the ordered LG. Based on this information
and/or the results of ordering displayed in the grid

Delete marker marker2 10{220)

table you may want to remove this marker (in fact,
deletion can be conducted for a separate marker or _ c
simultaneously for a set of markers). After the Display nearest marker's distances
marker(s) is (are) chosen using left mouse button,
you can do that using the menu of the table,

or getting a prompt help by pressing mouse right button.' In the considered option, the distance table is
displayed for any one chosen marker. It can show the rf values between the chosen marker and all other
markers (using option <All markers>). In this case, you may need to use Scroll bar, which may be time
consuming if the number of markers in the LG is relatively high and you employ this option many times.

|, Display all marker's distances

ﬂgniﬁtance from marker210(220) marker - |I:I |i|
hame 1 2| 3| 4 s & 7| & & o] 11| 12| 13| 14] 15 18] 13
mTrkTrEm(:ED.atzué 0.349 0.314 0.337 0.299 0.142 0.127 0.139 0.050 0.021 0.010 0.000 0.02C
q >

Alternatively, you can display only to its nearest 8 markers from each side (using option <Nearest marker>).

ﬂgnistance from marker210(220) marker — |EI |i|
harme g gl 1ol 1] 12] 13| 14| 18] e 17| 18] 19] 20 21| 22] 23] 2
marker210{50.337: 0.050 0.021 0.010 0.000 0.020 0.041 0.102 0.104 0.126 0.250 0.272 0.27¢
L | | | b
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Options of the table of ordered markers (continued)

Display marker's distances

Delete marker  LUnCo  Change delegate marker

Options for delegate marker ¥
For delegate markers there is an additional option: <Change delegate Delete marker marker218(218)
marker>. After choosing the delegate marker, y o u get this additional Display all marker's distances
(to the previous) option. In the considered example, the chosen marker Display nearest marker's distances
is the first one in the ordering, hence for displaying its pairwise distances L,  Change delegate marker
only <Display all marker distance> option is possible.
Group of bound together markers - |EI |i|

After <Change delegate marker> is selected, you get a

window with a list of all markers of the groupiir e pr e g nt e «

the delegate marker. By selecting any marker of this group
with the mouse left and then right button, you can obtain the
table of its distances (rfs) to all other markers of the group, or
replace the delegate. In the last case, the process of ordering

fain marker of the group (delegate)

|rrarker218(218)

the LG is initiated, to take into account the new marker
participating in multilocus map. Consequently, updated
version of the grid table of ordered markers and the LG graph
are displayed.

MName | hissing |Segregation | Distance
marker219(Ze4)] 28 1.0:0.824 0.000
iZhange delegate
L1, ge deleg

Display table distance

1 45

‘-'*!'W<
Eﬁvui Tl QTE
N \


http://www.multiqtl.com/

mor]
Analysis and treatment of a separate linkage group S
Options of the table of ordered markers (continued)

Deletinq markers Display marker's distances Delete marker  UnCo  Change delegate marker
To delete markers from a LG you can use the menu
function <Delete marker> or the first option of the | — » pelste marker marker215(213),marker214(223), marker212(236)
prompt table called for by pressing mouse right button. Display all marker's distances

You can choose several markers by using keyboard Display nearest marker's distances

buttons <Ctrl> or <Shift>. After the selected markers
are deleted, the system automatically moves to re-
ordering of the LG, followed up by output of new grid Display marker's distances  Delete marker  UnDo  Change delegate marker
table and LG graph. Simultaneously, the <UnDo>

option becomes available.

Such operation can be conducted sever al times. At the
numbered according to the order they were deleted from the LG.

Deleted markers Using menu option <UnDo> you can recover the deleted markers. This can be
done starting form some step. Namely, by choosing the number of a deleted group
in the list, you can recover or markers of this group and those deleted after this
group. Thus, pressing <UnDo> after the choice shown in the list shown below, we
can return to the LG all markers starting from marker178(193) and till end of the list.

1 :marker215(213)
markerz 14(223)
marker2 12(236)

2 marker205(228)
markerZ01(241)
markerZ04(230)

Anchor marker(s) can also be deleted. But in such an attempt the system displays

ker212(236 - : L )
) ;m::kz:gtﬁggza% 4l a warning message. As indicated eatrlier, all deleted markers are moved to a group
marker201(241) referred to as <Heap> and do not participate in further clustering (if needed) and

markerZ04(235

ordering and can appear in the map only as attached markers

marker208{235)
marker216{247) = 1 46
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Options of the table of ordered markers (continued)

After the introduction to the service tools helping in analyzing the clusters (linkage groups), we can describe the
algorithm of analysis. The following steps and actions aim to utilize the available information for excluding from
the map markers that (1) cause unstable neighborhoods, and (2) unreasonable map extension. Clearly,
removing markers causing the map extension, we actually deal with double recombinants. Their appearance on
small distances may be caused by both negative interference (e.g., Peng et al., 2000) and errors in marker
scoring. We have not yet implemented the i ¢ | e aprdacesg a@lbeit some functions are already available. For
example, automatic i ¢ | e athe nmg foom closely linked markers to get a stable skeleton map is conducted
by pressing button <Control of bound together markers> and allows deleting markers with minimal ranking.

The results are shown on p. 1_39. Verification process based on re-sampling procedures (jackknife or
bootstrap) reveals unstable local neighborhoods, hence potential candidate markers causing such instability. A
crude approximate information about unstable neighborhoods can be obtained just by using 10-20 jackknife
runs. A formal objective of cleaning is to get a map with minimal deviation of left-side and right-side
neighborhoods from the 1-1 double diagonal in the grid table (expected under perfect ordering). Ildeal 1-1
pattern indicates that sampling variation among the jackknife runs does not affect the results of multilocus
ordering. One may relax the requirement to stability and instead of an ideal ordering (1-1 along the i d o u b | «
di a g o beashtigfied by probabilities €0.9.

We are now describing the steps of the algorithm of cleaning up the LG from problematic markers. First, we
should check whether the automatically chosen optimization time is sufficient for convergence. For that we can
repeat the ordering procedure several times with the same parameter <Time to Es>. If the same order is
obtained, we can conclude that the chosen optimization time is sufficient and we canstartic | eani ngo
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Analysis and treatment of a separate linkage group
Options of the table of ordered markers (continued)
We 6 | | start from del et i n g EEE——— =
.. . . . Display marker's distances Delete marker  UnlDo  Change delegate marker
monotonic increase of rfs (i.e., deviation from the Neme S e I I A I O O ™
. . index| 7| 8| 8| 10| 11| 12| 13| 14| 15| 1e| 17| 18] 18] 20
expected increase of rf between a marker and its ranerzzaEiy | 7a iooes] s
subsequent neighbors). The algorithm detects such P N o N B
markers automatically. By pressing the button e L T R e
~<Control of monotony>, you start the process of meted IO e HIR
detectmg and removmg such marker215(213) zg]  1.0:1.140] 12 2 B g
. _ il [Shmarker214{223" 30| 1.0:1.222| 13 2 5 5
markers. By the end of this marker212(236) 50| 101353 14 5 1 5
rarker211(248) 32 1.0:1.185 15 1 s} 4 1
Process a message appears 3 markers are deletad marker210(220) 28] 1.0.1.298] 18 5 .5 .5 5 [
. . . rarker208(225) 31 1.0:1.288 17 4 s} 1 1
Indlcatlng how many markers rarker208(239) 32| 1.0.1.070] 18 1 1 E
rarker207(218) 31 1.0:1.245 149 1.9 g
were deleted. Ol marker206(229) a7 101511 20 E
marker205(228) 27 1.0:1.238 21 A 1
rarker201(241) 36 1.0:1.073 22 1
> Control of monotany R T T R - _»I_I
=)
Display marker's distances  Delete marker Co Change delegate marker In many Cases, after once CyC|e Of SUCh
RETE el e il = cleaning the resulting ordering does not satisfy
Index B 7 g 9| 10| 11| 12| 13| 14| 15] 16| 17| 18] 13 . .
marker227(231) 27| 1orise] 1 you (e.g., the probabilities on the diagonal are
e s oo 5 less than 0.9). You can continue cleaning
e S22 o] IO (removing markers) as will be shown on the
marker223(214) 28 1.0:0.852 al 1 .
marker222(234) 23100868 6 1 next page. Alternatively, you may cancel the
marker221(201) 27| 1.0:0.822 711 1 . . .
el D) N : : results of automatic cleaning by using <Undo>
{S)merker215(218) 81 1.0.0831] 8 ! * and analyze the situation manually, step-by-
marker216(247) 258 1.0:1.273 10 1 1
{SHmarker214{223 30| 101222 11 1 7 3 Step.
marker212(236) 300 1.0:1.353 12 7 1 3
marker211(248) 32| 1.0:1.185 13 1 73
marker210{220) 2B 1.0:1.285 14 3 3.7 7 - .
marker206(225) 31| 1.0.1288] 15 a7 1 See also additions on p.2 418
marker208(238) 32 1.0:1.070 16 1 1
marker207(219) 31 1.0:1.245 17 1 1
marker206(229) 37 1.0:1.5N 15 1 1
»;. Fleme ORI 00Y 27 101 29R 10 _I 1 _}I—I 1_48
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Options of the table of ordered markers (continued)

{Stmarker2 18(218" 31 10083 g 1 1

Among markers with strong deviation — marker218(z4/) 29| LO.E7E) 0 ! !

f the 1 on the dla onal we ma {Stmarker214(223’ 30 1.0:1.222 11 1 i 3

rom _g ) _y ) marker212(236) 30| 1.0:1.353] 12 7 1.3
choose marker(s) with highest missing  markerz11(248) 2ol 101 amsl 44 1 7| 3
and most distorted segregation. After ~ markerz10zer;  Delete marker marker211(248) 3 3 7 7
de'e“ng th|S marker we can see a Clear marker208(225] DiSpIa‘f al marker's distances a7 1
. . .. marker208[235] 8 I 1 1
improvement manifested in increased — Display nearest marker's cistances

values of probabilities along the double diagonal. The name of the deleted Deleted rnarkers
marker is shown in the window below the grid table. In case on a not successful R

choice, you can cancel the deletion by using <Unc|io> option. 3 imarker211(248)

=

Display marker's distances Delete marker UnDo  Change delegate marker

After deletion, we recommend to conduct a

Name Missing| Segregation repeated control of marker for deviation from
Index 1 2| 3| 4 & B8 7| 8 9| 10 11| 12| 13| 14| 15| 18 H

TR T 1 - monotony. For that, we should again press t_he
(Smarker202210)__ 24| 101211 2] 1 9 button <Control of monotony> In the considered
markerZ03(228) 271 1.0:1.236 & g 1 1 -t H
e T el Tasil 4 : : _example, one marker was deleted; it is displayed
marker207(218) 31| 10:1.245] 5| 1 1 9 in the table of deleted markers. It can be marked
marker208(238) 32| 1.0:1.070 B 1 R 1 . . .
marker208(225) il 01288l 7 . . their and returned back by using <Undo> (and this
marker210(220) 28| 1.0:1.298) @ 1 1 is what we will dO).
marker212(236) 301 1.0:1.353 9 1 1
{Spmarker214(222| 30| 1.001.222] 10 1 1 X Deleted marlers
marker?16(247) 28] 1.0:1.273 11 1 1 _ _I
{Smarker218(218: 31| 100831 12 1 1
marker220(212) 25| 100923 13 1 1 1 markers were deleted 3 :marker211(248)
marker221(201) 27| 1.0:0.922] 14 1 1 4 :marker212(236)
marker222({234) 23| 1.0:0.8B8 15 1 1 0] 4 -
marker223(214) 28] 1.0:0.952 15 1
marker224(21E) 301 1.0:0.7B5 17 1
marker225(230) 28] 1.0:0.779 18
) = Tooss 3 To close the table of ordered markers

(231) 20

marker227(231 27 101158 we can press the button
: | : g x| 1 49
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L$39(0.997)

Frinting  Metric length

0.004

0.183

0.011
0.022

0.054

0.021
0.020

0.050

0.078

0.233

0.010
0.020
0.o1e
0.020
0.021
0.031

0.043

0.153

— marker204(235)
—{Smarker202(210)

— marker205(223)
— marker206(229)

— marker207 (215)

— marker205(235)
— marker209(225)
— marker210{220)

— S narker214(223)

— marker216(247)

—{Smarker218(218)
— markerZ20(212)

— marker221(201)
— marker2Z22(234)
— marker223(214)
— markerZZ4(216)
— marker225(230)

)

— marker226(244

— marker2Z7(231)

&

Options of the table of ordered markers (continued)

Extending the inkage group  Division of the linkage group Marker list options  Options for additional markers

Marker fist of current inkage qroup

MNarme | hissing | Segregation
marker?04{235) 23 1.0:1.082

S marker202(210131 24 1.0.1.211
marker205(228) 27 1.0:1.236
markerz06(2249) v 1.0:1.511
markerz07(2149) 3 1.0:1.245
marker?(08{2349) 32 1.0:1.070
marker219(225) K] 1.0:1.288
marker210{220) P 1.0:1.296

S marker214(223){3} 30 1or1z222 T
markerz16(247) 25 1.0:1.273

S marker218(218){5F 31 1.0:0.831
marker220(212) 25 1.0:0.923
marker221(201) 27 1.0:0922 -

< f_>l_|

— Satup for ordonng
" Bootstrap

* Jackknife 40
Mumber of iterations 1a
Time to ES (=) 0.1

MNumber of markers 19

Mumber of deleted markers

RAR

Control of bound together markers |

| Caontrol of monotany I

Cluster inverse order |

Fopulation for Jackknife (%)

markers. Information about

A
- O] x|

After closing the table of ordered markers, we
return to the single LG window that includes the
scheme of the ordered LG, list of its markers,
number of markers and number of deleted
the number of markers moved

d x|

to the Heap set from current
LG is also provided together
with total number of markers
in Heap.

In the Heap B markers were wiritten
The number markers in the Heap setis now 8

04

To close this window we can
This brings us to the window
are presented. Ordered LGs

use the button | x|
where all the clusters

are presented as

LGS (20)
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Further clustering and treatment of merged clusters

After each of ©Bmar&kust eas wirelht ®©d weatmenttotiall olustersd t he wi
It makes sense now to increase the threshold value rfs. For our example, let us increase rfs from 0.25 to 0.27.

NOW we proceed W|th a SpeC|aI a|gOI’Ithm FToital number of cluster 10
that allows testing different pairs of Linkage Groups
clusters for the possibility of merging.

Consider a pair of clusters Cy, and Cy. Al

pairs of markers my-my; are tested. If the

pair with minimal rf (my,mn;) consists of LGS (36) LG1 (29) LGE (22) LG9 (20) LG3 (17) LG10 (17) LG4 (16)
markers distal in their clusters and this

minimum is less than the relaxed

threshold value of rf, the clusters will fuse, E E E

if they do not include anchors from

different chromosomes. L2 0) LGS ) 167 ©)

Clearly, clusters with markers anchoring different chromosomes cannot be merged by definition. If at least one of
these two closest markers is interior in its cluster, we analyze the i t e n t acbmbwned Iclyster after its ordering. If
after ordering rf (mwi,mnj) is less or equal than the relaxed threshold value of rf, the clusters will fuse. If rf (myi,mp) is
higher than 1.5 of the relaxed threshold value rfs, fusing is forbidden. And if rf (mw,mpj) is between these two values,

the decision is by the user (visual analysis). Pressing button <Build LinkageGroups>

initiates the clustering process. | f ¢l uster merging depends of wuser o6s dec

rfs <rf (myi,mnj)<1.5 rfs) the following massage will appear: Fecomb. Fate
s ( ! nj) S) g g PP threshold I D-Z?I
. x| Build Linkage Groups |
Yol should decide about merging LS 5 containing 7 markers . . .
With LG 6 contaning 22 markers into LG 47 After pressing <OK> a new window will appear (see next
Minimum rf (0.267) between markers4(101) and 18(107) page) with the names of two closest markers from the
o indicated two clusters (#5 and #6) that fit the condition rf
Mii,Mni) < rfs.
( Kiy nj) S 1 51
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Further clustering and treatment of merged clusters (continued)

Merging clusters

barkers with min. rf |

The distance between the closest markers also
appears in the window. If we press the button

rf between them

I 0.2667

marker146(1071)

<Display clusters>, the figures of three LGs

\ 4

Display clusters

will appear: two old ordered groups and a newly

ordered group after merging the initial two. The
markers that have displayed minimal rf before uTur | T S
merging are highlighted in bold font in the three oo - materda
groups. Near the name of the LG we can see 0.080

. . . ool marker146(101)
the sum of the recombination fractions taken 0 ops | eEr146(042
over all its consequent intervals. — markerl44(104)  —

< |

We recommend to refuse merging the groups (by answering
<No0>), in any of the two conditions: (1) If one (or both) of the
bold markers are relatively far from the ends of their LGs
(separated from the end by more than one marker), and (2) If
the a posteriori distance between the two merged groups
considerably exceeds the aforementioned distance between the
bold markers. In the discussed example the reasonable answer
is, of course, <No>. After answering the question on this pair of
clusters, the window is closed and the clusters are merged or
not (depending on the answer).

marker142(107)

es | Mo |
LG6(1.707) LG4(2.246)
Bl
0.051 -
0 g1 | (Emarker24014) Al e
: — marker!Z23(122)
amol™ marker131(141)
0.180 D-D19 — marker132(150)
0 g | Emarker134(130)
- LR ) ) marker 35(102)
0.138
— marker!28(135) 0.261
0.233 o010 | marker136(132)
0 05 —[S¥marker137(1256)
— marker130¢103 :
marker! 30(108) 001 | merkert #1149
0.208 “ 7 |- marker142(107)
— marker131(141) 0279
3813 — marker132(150) '
=2 |15 marker1 340130
0.z [ (S markert34{130] — marker144{104)
— marker135(102) 0.055
ool marker1 450142
0.218 |- marker146(101)
0.020
— marker142(107) — marker! 47(134)
0.019 0.01
— marker141(149) — marker148(139)
0.050 0.037
0010 | marker136(132) | g | marker1430110)
S Snarker! 37 (125) = marker150(121)
-
KN Mg | >

Do you want to combine the groups?

Al
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Analysis and treatment of a separate linkage group -

Further clustering and treatment of merged clusters (continued)

Toial number of cluster § < As aresult, the following pattern of clustering
will then be obtained: We will see 8 clusters,
two LGs appeared with a changed (mosaic)

coloration, telling us that they resulted from
fusion of smaller clusters.

LGS (37) LG1 (36) LG7 (35) LGS (22) LG2 (17) LG3 (16) LG4 (7) For returning to the previous step of
Lt ot clustering the <Undo> option can be

Opem Edt Saveal clusters  Clear saved clusters  Show  iew Umda—, employed.

Linkage Groups

; =lol
--| I:':l |ﬂ| | 3y marker's distances  Delete marker UnDo  Change delegate marker
J mL TETTTE Missinc| Segregation -
LGE (& Index| 0] 1 2] 3] 4] 5[ s 7 8] 8 1] nf 12[ 13
marker204(235) 23| totos2| 1 T 1
{Simarker202(210) 24| 1.0:1.211] 2 1 1
We need now to clean these 2 clusters. There is no need|rocs5es 15 oo 4 T
here for control of bound together markers (already merker207(218) |  31] 10:1.245| 8 1 1
. marker208(239) 32| ro1.070] B 1 1
conducted earlier). Let us open one of these two, €.9.,  |nakezoszzs) | 31| 1oizss 7 1 .
LG8, and conduct its ordering accompanied by re- morker210(220) | 26| 1.01.298] 8 ! ‘
_ . ) {Sjmarker214(223] 30| 1.0:1.222] 8 1 1
sampling analysis. In this example, two markers were marker2 16(247) 28] 1.0:1.273] 10 1 1
{Sjmarker218(218) 31| 1.0:0.831] 11 1 1
deleted at the step (;ontrol of monotony and two more (e — e 1 1
were deleted to achieve the l marker221(201) 27| 100822 13 1
neighborhood stability (values ~ Deleted markers mener2oe14 |2 Tooss s |
of probabilities along the marker224({216} 30| 1.0:0.785| 1B
. 2 :marker245(227) marker225(230) 28] 100779 17
double dlagonal). 3 :marker248(202) marker?26(244) 33| 100887 19 =
V:Trlzr-lw'?'?'f(")'?1\ 27 101 1RA 19 LlJ

Usually, clusters obtained from merging are ordered very easily. The described clustering process should be
continued until the number of LGs will coincide with the number of chromosomes, or until rfs has reached a
certain user-defined maximum level (say, <0.30 or 0.35). 1 53
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Analysis and treatment of a separate linkage group

Representing the map of an LG

d e

M U%T
N S

To get the LG map length in cM, we should chose <Metric length> in the LG title, choose the needed mapping
function in the appeared window (e.g., <Haldane>), and press <OK>.

LG0(1.009)

Frintng Metric length

0153

0.043

0.031
0.021
0.020
0.019
0.020
0.010

0.233

0.07a

0.050

0.010
0.022
0.021

0.0324
0022

0.011
0.183

0.009

— rmarketZ227 231)

— rmarker226(244)

— marker225(230)
— markerZ24(216)
— markerZ23(214)
— marker222(234)
— rmarker221(201)

— rmarker2200212)
—{Smarker215(213)

— market216247)

—(Simarker214(223)

— marker210(220)
— rmarker211248)

— marker209225)
— marker203239)

— marker207 (215)

— rmarker206(229)
— marker2050228)

— I Simarker202{210)
— marker204(235)

[

Changing metric

Method of overview

Length
& |nterval length

& Haldane
" Kosambi - y r
Changing metric
" Recombination
tethod of owverview Length
& Haldane  Interval length
OK " Kosambi & Surnmary length

" Recomhination

OK |

Then the map length of the LG and marker distances will
be shown in cM. In the table, the distances were shown
as recombination fractions. To return back to this
presentation, we should again enter the selection
window in LG title and select <Recombination> option.
When needed, the map can be printed and/or the
information about the map can be saved as EXCEL table.
For that, we choose option <Printing> and the needed
options of the described window of map distance options.
Note that in printing regime, an additional option
<Summary space> appears. It allows to output the map
positions of the markers instead of showing the interval
lengths. For more details about output see p. 1_74.

Skeleton
Marker=

rnarkerZz27

Distance
(=M Haldarne]

markerzze

18.2

rnarkerZ25

2.2

markerzzd-
rharker222—y
markerz2z2z———"1
rmarkerz221—"]
rnarkerzz20
rarkerz12

5.0
==
[-———=0.1
[zz.4
A4
5.1

rarkerzd

rErker2dad-
rnarkerz10

rmarkerz11——]3
rnarker 209 ——
rmarker 20

markerzﬂ?—a&
marker206—___|
rnarker2035

rmarker202—__ |

rmarkerz04

Note: For getting better quality visualization of the constructed genetic map, by publicly
available software MapChart (Voorrips, 2002). https://www.wur.nl/en/show/Mapchart.htm
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Analysis and treatment of a separate linkage group

Representing the map of an LG (continued)

The form of the graph in some specific cases

If the function <Control of bound together markers> has not been applied, the map of the LG may include

markers with distance 0.0. Such markers are drawn in one line.

0.010
0.019

0.032

0.216

0.011
0.032

0.010
0.010

For population of F2 type, the marker types are denoted by colors: red and blue
for the two types of dominant markers and green for co-dominant markers.

— marker1 31141
— marker!32(150

(141)
(150
— rmarker134(130)
— marker135{102)

— rmarker1d2(107)
— marker143(103)
— rmarker141(149)
— rnarker140{143)
— marker136{132)

marker! 33(129)

marker! 39(14E)

marker!38(131)

marker!37(125)

Frintng  Length metric

0.125

0.106

0.025
0.056
0.053
0.0458

— markerZ80Z245)

— markerZd49(216)

— rarkerZ243(241)
— markerZ47 (207

— rmarkerZ2d6(232)
— markerZd45(227)
— markerZd44(211)

=] i
MUl OT
= N N
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Analysis and treatment of a separate linkage group

Adding markers

T
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7= NN

During the treatment of the LG, some markers were removed from it to the Heap set, that does not participate in
further clustering. Heap set will also include new markers that may be added to the problem after the main ordering
process was finished (see p. 1_88 ), as well as markers of small clusters removed to Heap (see p. 1_69). Markers
from Heap group can be added to the LG by using one of sub-options of the menu option <Extending the linkage
group>. Two options of adding markers to the skeleton map: by <insert marker(s)> and by < attach marker(s)>.

&

inzert marker(s)
attach marker(s)

| Extending the linkage group

Why these functions are important ? Adding markers to the map makes sense despite the fact that these

markers were previously removed from the map in order to prevent their disturbing effect on the quality of
multilocus ordering. Indeed, in many cases, user may want to know the positions of these markers (genes,

ESTs, SNPs, etc) relative to the skeleton markers.
After first of the two sub-options (or corresponding

buttonof t 0 o | bars) was chose
markers from the Heap set. This list is prepared as
follows: all markers from Heap are subdivided into
groups according to their closeness to each cluster
and for the current LG its group is provided for further
adding steps.

The foregoing list displays marker name, its missing
and segregation characteristics, name of the closest
marker and the distance to it. It shows also the
predicted length of the LG after this marker is

inserted above or below the closest to it marker of the LG.

(In the last versions of MultiPoint, the form of the marker list is slightly modified, see p. 2_11)

i 15t of additional markers
Addition marker | Miss. | Segred. | MNearest marker | i} | Input up | Input do...
marker1 43(103) 37 1.0:0882 marker! 42(107) 0011 1731 1742
marker1 290115) 30 1.0:0935 marker] 30(108) n.osa 1.767 1.771
marker 27(126) 28 1.0:0.743 marker! 26(111) nnz2z 1737 1.781
markerI 110117 30 1.0:1.182 marker 10(113) n.0oo 1.707 1.707
marker1 25(133) 3 100919 marker! 24{114) n.0oo 1717 1728
marker1 3801317 32 1.0:0967 marker] 37(125) n.0oo 1.707 1.707
marker] 33(129) 33 1.0:0857 marker! 34{130) n.0oo 1.707 1.707
marker118(119) 33 1.0:1.089 marker] 20(136) oo 1728 1.714
marker1 17(144) 33 101127 n.021 1.749 1718
marker1190112) 28 1.0:1.068 oo 1.726 1.707
marker113(118) 43 1.0:0.931 marker!12(148) 0023 1735 1753
marker140143) 28 1.0:0.848 marker] 41(149) oo 1.720 1.717
marker] 39(146) 34 1.0:0.841 n.021 1721 1.740
<] | ]
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Adding markers (continued)

From the aforementioned list we can | Options for addtional markers
select by mouse left button the Insert up the nearest marker Insert up the nearest marker
desired marker and _th_e_r_l, ChO(_)SG Insert down the nearest marker s Sl e FEEREsE e
one of the four possibilities using Insert up the marker chosen by user
right mouse button or <Options for Insert down the marker chosen by user Insertup the marker chiosen by user
additional markers> from the main Insert down the marker chosen by ser
menu window.
— marker!21(147)
ggg? — marker120(136)
' — matkerl 16(138)
In this example, we have chosen <marker117> . Pl ease not e, t hat on the LGO6s

graph the marker locus closest to the selected marker is denoted by bold
font. If one of the first two menu options was chosen, then the selected
marker will be placed near the marked one. If we choose option <Insert up
nearest marker>, the added marker will appear in the LG marker list and in
the LG graph and marked by underlying. If one of the last two menu options

was chosen, then we should indicate by mouse button the marker from the list, e.g., as explained below. We choose

<marker133> and put it above <marker135> _
by using option <Insert up the marker As the result we will get:
chosen by user>.

Note that no additional ordering is conducted in this case: the marker is placed on the chosen position
on the skeleton map and removed from the list of added markers. 157




