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Introduction

QTL Cartographer is a suite of programs for mapping quantitatid fioci (QTLs) onto
a genetic linkage map. The programs use lineaessgn, interval mappind.énder and
Botstein198Y, composite interval mappingdéng 1993Zeng1994 and multiple interval
mapping Kao & Zeng1997Kao et al.19997eng et al.199Pmethods to dissect the
underlying genetics of the quantitative traits.

Mapping is done onto a set of linked genetic markdth known recombination
frequencies. Genetic linkage maps and data filedeamported fronMapmaker. The
mapping program uses a dynamic algorithm that allawost of statistical models to be
fitted and compared, including various gene act{@aslitive and dominance), QTL-
environment interactions, and close linkage. Pr&gethe mapping programs can handle
data from backcrosses, intercrosses and recombimaned lines, as well as a few other
experimental designs.

Description of the example

We are going to use a file including chromosomesa6A 7A of our durum cross
UC1113 x Kofa. The first 19 markergli(to cfd2) correspond to chromosome 6A, and
the last 17 €23 to cfd6) to chromosome 7A. The C# markers represent grofips
completely markers that we have fused in a singfgdtype to facilitate mapping.

The filedurum.txt includes the raw mapping data dndrQTL.txt the raw mapping
data plus the QTL data.

durum texthttp://maswheat.ucdavis.edu/education/PDF/Mapping a@urse/data/durum.txt

Durabch.txthttp://maswheat.ucdavis.edu/education/PDF/Mapping aurse/data/Durbatch.txt

chromfa chrom7a
0 s i 2 .
T~ [{;m; :JEL _:ﬂ_ﬁm Traits analyzed
o \ /‘;:‘g 2 L nme | YP = yellow pigment
»8 facig BIZIE | 5 = semolina color
e\ B X "t o2
e %E hois 892 _\_é sarnse | PC = Pasta color
g2 Baaci 13 705 BaiciTh
ET R, o e w4 Baic 1034
: - ) i 1.- YPO3 7.- SCO05
(L] WY 53 BEITTA
82 f‘\_ e @ /- st | 2.- YPO4 8.- SCO06
o M Nmn e | 3_YPO5 9. PCO3
w0 Sk U e | 40 YPOB  10.- PCO4
v Sliast & Nt w3 /] A\-me® | 5. SCO3  11.- PCO5
1238 o W5 /| N\omzs | ' gC04 15 pCos
1235 E‘:-. ; Baec 1 159 ~ cx . :
125.1 ¢t 565 — ctka




Generating Mapmaker files for multiple chromosomes

We have prepared a file namedrbatch.txt
(http://maswheat.ucdavis.edu/education/PDF/Mappingcourse/data/Durbatch.txi)
which includes a series of commands for Mapmaker:

Prepare data durum.txt

Cent Kosambi

Print names on

make chromosome chrom6a chrom7a

sequence 123456789101112131416 1B18
anchor chrom6a
frame chrom6a

sequence 20 21 22 23 24 25 26 27 28 29 30 31 32 35 36
anchor chrom7a
frame chrom7a

sequence all

Start Mapmaker -> System -> Cd\MAP\QTL -> exit

Once you are back in Mapmaker and you are in theectC:\MAP\QTL directory type
Run Durbatch.txt

Mapmaker will run all the commands and generatewlemaps

Quit and answer yes to the question of saving #te d

Mapmaker has now created a series of files inclyBidRUM.MAP , which will be our
input withDurQTL.txt for QTL Cartographer

Importing data from Mapmaker into QTL  [F5SSCT0
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1. Start QTL Cartographer
Start -> Programs -> Bioinformatics -> QTL l Source Data Import _ Step 1.0f 2
Cartog rap h er 1 i~ Select format of souce data file

£ OTL cartographer INP format (*.inp, *inp]

This option can infer linkage map from cross data file.

2. Right Click on the QTL Cartographer icon and
send it to the Front Desk for future use

excel form
emap

€ QTL cattoarapher DUT format [* map, * cro)
& MapMaker / OTL formnat [*map or *mps, * raw]

" Microsoft Excel format (*.xls)

3. Select -simport on the top panel | G Carion.|

 EQTL Datafiles [ map, ke, o)

4. SelecMapMaker/QTL format

< Bank Mext > Cancel Help




5. Click|Map File jand browse for the
DURUM. MAP in your C\MAP\QTL

— D ata files for import

directory - | C:AMAPYOTLADURUM. MAP
T

6. Click|Cross Databrowse for the ----- I™ | Infer map infermation from erass datafile

Durum.txt in your C:\MAP\QTL =====

directory ====I Cross Data.. ||c;\MAP\mL\DuruTL.m

7. Enter Name of source data file to be

Enter name of source data file to be created :
createdDURUM_mps_In it creates a [0}

. . . Cross DURUM |
file with the extension | il

DURUM_mps_Inmcd Diectory._| [CRMAPWDTL

This file can be directly opened by QTL
cartographer without the need to import

< Back | Finizh | Cancel Help

from Mapmaker again

8. ClickDirectory|: to establish the directory where to file will Siored. Click
Modify...|and select your C:\MAP\QTL directory. CIi@ to finish selecting the
target directory.

QTL cartographer assumes Haldane distances. TCedaiovKosambi click Basic
Information and select Map function (in the bottormXosambi

Analysis of data with QTL Cartographer

1. Mapping function: QTL cartographer assumes Haldane distances. fedoto
Kosambi clickBasic Info..] and select Map function (in the bottom)Kssambi ->OK

2. Analysis: SelectComposite Interval Mapping

Click GQ

Click [Control] and in Regression Method selgearward and Backward Method
Press START to create a file with the extension “nff’ (takes[12 minutes)

Once the QTL image appears selgetting on top panel and select
“Show trait names or Legend

To see all traits Click on t indicated by the arrow
To change chromosome click




i Il DURUM_mps_In-C - Graph for TL Mapping Result - C:\MAPQTL\DURUM_mps_In
File Chrom Traits Effects Tools Setting \
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The lower curve indicates which allele contributes positive effect.

Compare the results on 6A from the CIM analysidwit

Single Marker analysis Interval Mapping Analysis
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Summary from QTL Cartographer Manual (Included in y our files

Single-marker analysis

When to use:For quick scanning of the entire genome (all chreomoes) to find best
possible QTLs. Use single-marker analysis firgtrisure your data file is clean; then
move on more sophisticated analysis methods, ssictieaval MappingandComposite
Interval Mapping

How it works: Single-marker analysis is based on the idea thheie is an association
between a marker genotype and trait value, ikeyithat a QTL is close to that marker
locus.

Comments: Single-marker analysis can be somewhat useful éuriek look at data, but
it has been superseded by Interval Mapping and ©sitglnterval Mapping. IM and
CIM are more thorough and accurate indicators of Q'he prime value of
WinQTLCart's single-marker analysis is its idewtition of missing data that could
affect later analysis.

Running a single-marker analysis
1. Open a mapping source data file (an .MCD fikep ithe WinQTLCart main window.

2. Select Method>Single-Marker Analysis. WinQTLCanmialyzes the data and displays
the single marker analysis controls in the formedrhe information pane on the right
includes the analysis results.

3. Select a trait for display from the Trait Selectpull-down list. All the traits present in
the file will be on the list.

4. For each trait, the information pane on thetrdjgplays WinQTLCart's statistical
summary of the file. (You can view this summaryitarger window by clicking the
Result button in the Statistical Summary group hast to the left of the information
pane.)

5. In the Single Marker Analysis group box, clickdRilt to view the analysis result for
the selected trait. You can change the font usettidgisplay window to make the
results easier to read.

Click the Save... button in this group to save thek@aanalysis results to a text file.

6. In the Statistical Summary group box, click Reguview the summary in a larger
display window. Click the Save... button to savegtsistical results to a text file.

The statistical summary includes:
- Basic summary of the data
- A histogram for the quantitative trait



Interval Mapping

What it is: Interval mapping (IM) is an extension @ifigle-marker analysisin single-
marker analysis, only one marker is used in QTL piagpbut effects are underestimated
and the QTL position cannot be determined. Intenvabping provides a systematic way
to scan the whole genome for evidence of QTL. LaBdéstein (1989) developed the
Interval Mapping (IM) approach in which one markgerval at a time is analyzed to
construct a putative QTL by performing a likeliho@dio test ( LRT) at every position in
the interval.

IM uses two observable flanking markers to constancinterval within which to search
for QTL. A map function (either Haldane or Kosamilused to translate from
recombination frequency to distance or vice vidgern, a LOD score is calculated at each
increment (walking step) in the interval.

Finally, the LOD score profile is calculated foetivhole genome. When a peak has
exceeded the threshold value, we declare that al@aVe been found at that location.

When to use it:IM is a good general standard to use for all dasase
High-level process

Here's a quick overview of how to use WinQTLCadisimplementation. The first few
times you run this analysis, go with the WinQTLGdefault values for the form's
parameters. The defaults provide the best all-at@amameter settings, especially for
initial analysis sessions.

1. Select the IM analysis method.
2. Select the chromosome(s) and trait(s) you waahglyze.

3. Select a threshold level to apply to the setetiat(s). Select eithédy manual input
(the WinQTLCart default) oBy permutationgto have WinQTLCart determine an
optimum threshold). Click OK to start the calcubais for the threshold level.

4. Following threshold calculation, dét form parametersSelect a walk speed in cM.
It's recommended you use the same walk speed toreydire dataset. Don't reset the
walk speed between runs or your results will notd@parable.

5. Click Start to begin the analysis.
Running interval mapping analysis

WinQTLCart provides default values for the paramreete this form. The defaults
provide the best all around parameter settingga@salby for initial analysis sessions.

Interval mapping analysis uses WinQTLCart mappimgrse data files (.MCD files). Use
WinQTLCart's import commands to move your sourda diges from text to .MCD
format.

1. Open a source data file into the WinQTLCart nvaimdow.

2. Select Method>Interval Mapping. WinQTLCart desys the interval mapping analysis
controls in the form pane.



Composite Interval Mapping

The approach of Interval Mapping (IM) considers Q. at a time in the model for
QTL mapping. Therefore, IM can bias identificatimmd estimation of a QTL when
multiple QTLs are located in the same linkage graamsen (1993) and Zeng (1993,
1994) independently proposed the ideaarhbining IM with multiple regression
analysis in mapping Zeng named thisombination “composite interval mapping”
(CIM) . When testing for the putative QTL in an inter@dM uses other markers as
covariates to control for other QTL and to redudeeresidual variance such that the test
can be improved. The model of CIM includes one @hd markers.

What it is: Composite interval mapping (CIM) adds backgroural o simpleinterval
mapping(IM). CIM fits parameters for a target QTL in omearval while simultaneously
fitting partial regression coefficients for "backgnd markers" to account for variance
caused by non-target QTL.

"In theory, CIM gives more power and precision tlsanple IM because the effects of
other QTL are not present as residual varianceghBumore, CIM can remove the bias
that would normally be caused by QTL that are lthiethe position being tested.”

Background markers are usually 20-40cM apart.
High-level workflow

Here's a quick overview of how to use WinQTLCatis implementation. The first few
times you run this analysis, go with the WinQTLGdefault values for the form's
parameters. The defaults provide the best all-at@anameter settings, especially for
initial analysis sessions.

1. Select the CIM analysis method. Select the cbsmme(s) and trait(s) you want to
analyze.

2. Select a threshold level. Click OK to start tldculations for the threshold level. This
may take from several minutes to several hourano r

3. Following threshold calculation, setM form parameters Select a walk speed in cM.
It's recommended you use the same walk speed torerdire dataset. Don't reset the
walk speed between runs or your results will nott@parable. Click Start to begin the
analysis. The analysis may take from 20 minuteseteral hours to run.

Running composite interval mapping analysis

WinQTLCart provides default values for the paramsete this form. The defaults
provide the best all around parameter settingsaalby for initial analysis sessions.

Composite interval mapping analysis uses WinQTLGaurce data mapping files
(.MCD files). Use WIinQTLCart's import commands tova your source data files from
text to .MCD format.

1. Open a source data file into the WinQTLCart nvaiimdow.

2. Select Method>Composite Interval Mapping. Win@Hit displays the CIM analysis
controls in the form pane.



