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These pages provide a guided tour through the main features and quirks of MERLIN.
Tutoria The section on input file formats is recommended for all users. The other sections will
depend on the focus of your research. Merlin can be used for linkage analysis, ibd and
Input Files Kinship estimation, haplotyping, error detection and simulation.
Linkage Enjoy!

Error Detection

Simulation

Haplotypin

IBD Estimation

Regression
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The current version of MERLIN is0.9.8. If you use MERLIN please e-mail goncalo@umich.edu or fill out the
Tutorial registration form.

Download | Source Distribution

Register Thisversion is recommended for Unix users with access to the GNU C++ compiler. To install Merlin, unpack the
archive below, type make and follow instructions. Have fun!
Reference
nerlin-0.9.8.tar.gz

FAQ
Example Files

This archive includes example input files only. These filesare used in the MERLIN tutorial.

merlin-exanples.tar.gz

Precompiled Binaries

If you do not have access to a C++ compiler, one of the following precompiled versions may work on your system:

Li nux-nerlin.tar.gz For GNU LI NUX systens

SunCS-nerlin.tar. gz For Sun Workstations

W ndows-nerlin.tar.gz For W ndows Wrkstations

SunCS-nerlin.tar. gz For MacOS X Workstations [conpiled by M Barnada]

Archive of Sources for Older Versions

Old releases of merlin are archived below. It is highly recommended that you download the most recent version,
instead of these. For alist of changes check out the Changel og file in the most recent distribution.

nerlin-0.9.3.tar.gz
nerlin-0.9.2.tar.gz
nerlin-0.8.8.tar.qgz
nerlin-0.8. 7a.tar.qgz
nerlin-0.8.7.tar.gz
nerlin-0.8.6.tar.gz
nerlin-0.8.5.tar.gz
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Center for

STATISTICAL GENETICS
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Home MERLIN - Registration Form

Tutorial Please take a few minutesto fill out the following registration form. It will enable us to keep
you informed of updates and bug-fixes and help gauge the level of interest in the project.

Download
If this form doesn't work for you, please e-mail Goncalo Abecasis (goncalo@umich.edu)

Register directly.

Reference User Information

FAQ Title |pr
Name
Position
Institution
E-mail

Product I nformation

Version | MERLIN-0.9.8

Comments - Comments and suggestions are always welcome! In particular, we would
like to know which features of MERLIN you like the best and which new feature you
might like to see.

Register Me!
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MERLIN - Reference Sheet

Thefollowing isasummary of all available MERLIN command line options and their
meanings:

Input Files and Basic Parameters
-d datafile
Selects input datafile, in linkage or QTDT format.
-p pedfile
Selects pedigree file, with genotype, phenotype and family structure information
-X m ssing_val ue_code
Selects the missing value code for quantitative phenotypes and covariatesin the
pedigreefile. If possible, it isalways safer to replace missing values with 'x', rather
than use this option.
-mmapfile

File indicating chromosome and centimorgan position for each marker. Use with
QTDT format input files. Recombination fractions will be derived from marker
positions using the Haldane mapping function.

-f [ale|lf|file]
Source for alele frequency information. Allele frequencies can be set in auser user
specified file (-f filename) or they can be estimated by counting in founders (-ff) or in
al individuals (-fa) or assumed equal (-fe). For use with QTDT format input files.

-r seed

Selects a different random sequence for simulation and sampling of haplotypes.
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General Analyses
--error

Find unlikely genotypes. Likely errors are listed in merlin.err file.
--information

Calculate information based on entropy at each analysis position.
--1i kel i hood

Calculate likelihood of observed genotype data.

IBD State Calculations
--ibd

Output pairwise IBD coefficientsto merlin.ibd
--kinship

Output pairwise kinship coefficients to merlin.kin
--matrices [see * note]

Calculate possible pairwise IBD matrices and their probabilities for each family. This
information is stored in the file merlin.kmx

--extended [see * note]
Output extended IBD state information to merlin.s15. Extended IBD states track

sharing of maternal and paternal alleles separately and also provide additional
information for inbred pedigrees.

Linkage Analyses
- - npl

Use the Whittemore and Halpern NPL all statistic to test for allele sharing among
affected individuals. Also calculates aLOD score using the Kong and Cox linear
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model.
--pairs

Use the Whittemore and Halpern NPL pairs statistic to test for allele sharing among
affected individuals. Also calculates a LOD score using the Kong and Cox linear

model.

--qtl
Use a non-parametric statistic to test for sharing among individuals with similar
phenotypes. Use the sample mean to estimate the popul ation mean, and calculate a
L OD score using the Kong and Cox linear model. Follow this link for additional
details on this option.

--devi ates

Similar to --qtl, but assumes that phenotypes are deviates from the popul ation mean.
Follow thislink for additional details on this option.

Variance Components Linkage Analysis
--VC

Perform variance components linkage analysis assuming no dominance. Also
calcul ates sample heritability for each trait.

--useCovari at es

Model covariate effects during analysis. In QTDT format datafiles, covariates are
indicated by "C" datatype.

Analysis Positions
--steps:n

Carry out analyses at n equally spaced locations to analyse between consecutive
markers

--m nSt ep: di st

When carrying out analyses between markers, ensure that consecutive analysis
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locations are separated by at least dist centiMorgans.
--maxSt ep: di st

When carrying out analyses between markers, ensure that consecutive analysis
locations are separated by no more than dist centiMorgans.

--grid:n

Carry out analysis along an n-cM grid of equally spaced locations, starting at the
location specified with --start option and continuing up to the location specified with
the --stop option. If --start and --stop are left blank, start at the first marker and stop
after the final marker in each chromosome.

--start: pos

Start analyses at pos centiMorgans.
- -stop: pos

Stop analyses at pos centiMorgans.
Haplotyping Analyses
- - best

Output the most likely haplotype vector to merlin.chr
--sanpl e

Samples alikely haplotype vector according to likelihood and outputs it to
merlin.chr. Use the random seed parameter, -r, to sample a different vector.

--sanpl e: n

Repeats the sampling process n times for each family.

--all
List al possible haplotype vectors for each family in merlin.chr. Must be used with
the --zero recombination option.

--founders
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List founder haplotype graphs in merlin.hap.
--hori zont al

Use an alternative, horizontal format for outputting haplotypes. In this aternative
format alleles for each individual haplotype are listed along asingleline

Recombination Options
--Zero

Assume no recombination between markers. Families with obligate recombinants
will be discarded.

--one, --two, --three

Allow 1, 2 or 3 recombination events between consecutive informative markers. This
can improve performance of Lander-Green algorithm convolutions and still provide
accurate solutions when markers are closely spaced.

- - si ngl epoi nt
Consider each marker individually.
Resource Usage
--bits:n
Do not attempt to analyse pedigrees of more than n bit complexity.
- -megabytes: n

Do not attempt to allocate more than n megabytes of memory. Can stop unnecessary
crashes on some systems.

--mnutes: n

Do not attempt to analyse families where calculations for the forward portion of the
Markov-Chain require more than n minutes.

--trim
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Trim pedigree by removing individuals with no phenotype or genotype datawho are
not required to define kin relationships between other individualsin the pedigree

--noCoupl eBi ts

Disable founder couple symmetry. This option generally slows things down, but
allows grandmaternal and grandpaternal hapl otypes to be distinguished during
hapl otyping analyses even when grandparents are not genotyped.

Output Formatting
--qui et

Do not output progress reports when analyzing large families
- - mar ker Nanes

Use marker names, rather than cM positions, to label results
--frequenci es

Output allele frequencies calculated internally by MERLIN to afile
--perFam ly

Output perFamily LOD scores for each family to afile. Currently, this option only
applies to non-parametric analyses. For each family, output includes non-parametric
Z score and two LOD scores calculated using the Kong and Cox method, one using
best fitting overall model and the other maximized within each family.

- - pdf

Output LOD score plots to pdf file merlin.pdf.

Simulation Options
--simul ate

Perform gene dropping simulation. Generate random genotypes for each marker,
conditional on current missing data pattern, genetic map and allele frequencies. Use
the random seed option (-r seed) to select a different replicate. For more details on
this option, follow thislink.
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--Save

Save simulated pedigree and corresponding data, map and allele frequency files as
merlin-replicate.ped, merlin-replicate.dat, merlin-replicate.map and merlin-
replicate.freq, respectively.

Miscellaneous options

--si mval k2

Perform a smart linkage analysisin conjuction with Simwalk2. MERLIN tackles the
small pedigrees, Simwalk2 does the larger ones, you get one answer. This option
requires Mega2 version 2.3 or later and MERLIN version 0.9.2 or later. Please see
the Mega2 Manual for more detailed information.

- - swap
Use swap file to reduce memory usage.

Options marked * are currently available on atrial basis. They probably require careful
validation, but they may still be useful.

MINX: Chromosome X Analyses

MINX (MERLIN in X) isan X-specific version of Merlin. It is available in distributions of
MERLIN version 0.9.1 and later. Thereis currently no manuscript describing MINX
performance and algorithms in detail. Although | believe MINX results to be correct, the
methods are unpublished and | would advise using with care.

MINX implements X-chromosome specific versions of the functions provided by the
standard Merlin implementation. Males are hemizogous and carry only one X chromosome.
MINX assumes that males are scored as homozygous in the input pedigreefile.

MERLIN-REGRESS: Pedigree Wide Regression Analysis

Sham et al. (Am J Hum Genet 71:238-253)

MERLIN-REGRESS implements an extension of the Haseman-Elston quantitative trait
linkage analysis procedure that extracts linkage information from trait squared-sums and
differences from all non-inbred relative pairs. For adetailed analytical description of this
approach, please see the manuscript by Sham et al. (2000).
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This regression approach provides a powerful quantitative trait linkage test even in selected
samples, but requires specification of the trait mean, variance and covariances between
different relative pairs. The present implementation derives covariances between different
types of relative pairs from their kinship coefficients and an estimate of the trait heritability.

Most of the MERLIN-REGRESS options are described above. The following are MERLIN-
REGRESS specific options:

--Mean: X

Mean for the trait under investigation in an (unselected) population. Misspecifying
this parameter will generally result in decreased power.

--vari ance: x

Variance for the trait under investigation in an (unselected) population.
Misspecifying this parameter will generally result in decreased power.

--heritability:x

Heritability for the trait under investigation in an (unselected) population.
Underestimating the trait heritability can result in inflated error rates, so it is prudent
to avoid setting this value too low.

--rankFam | i es

Rank families according to their expected informativeness. This information can help
focus genotyping efforts.

-t nodel sFil e

Specifies the name of afile listing alternative models for analysis. This should be a
space delimited file where each line indicates atrait name, mean, variance and
heritability. An example is available in the tutorial. When this table exists, the --

mean, --variance and --heritability command line options are ignored.
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MERLIN - Frequently Asked Questions

. How do| reference MERLIN?

To reference MERLIN, please cite: Abecasis GR, Cherny SS, Cookson WO and Cardon LR
(2002). Merlin-rapid analysis of dense genetic maps using sparse gene flow trees. Nat Genet
30:97-101.

. Why should | register my copy of MERLIN?

WEell, al software programs are buggy... and MERLIN is probably no exception. If we find
something wrong, we need your e-mail addressto let you know. Thisinformation is also used
to gauge the level of interest in the project and hel ps decide whether to invest time making
MERLIN even better or, perhaps, go back to the lab and do some real work.

. Dol need alicensetouse MERLIN?

MERLIN is available free for both commercial and non-commercia use, no licenseis
required. However, note that no redistribution of the MERLIN source code or binariesis
allowed. If you do use MERLIN, please register.

. What isthe meaning of a negative non-parametric L OD scor e?

A positive non-parametric LOD score indicates excess allele sharing among affected
individuals (for discrete traits) or individuals with similar phenotypes (for quantitative traits).
A negative non-parametric LOD score indicates less than expected allele sharing among these
groups of individuals. Under the null, the average LOD score should be zero and an excess of
negative L ODs suggests that the data contain genotyping errors and/or misspecified
relationships.

. Can | send MERLIN output to afile?

To direct MERLIN output to afile, you can either redirect output to afile, with the ">"
redirect operator, e.g.:

pronpt> nerlin -d datfile -p pedfile -mmapfile > outfile
Or, in standard Unix systems, pipe MERLIN output through tee:

pronpt> nerlin -d datfile -p pedfile -mmapfile | tee outfile
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To get output both to the screen and afile. When redirecting output, the --quietoption is
recommended!

6. What arethedifferent quantitative trait analysis options?
MERLIN supports three different types of analysis for quantitative traits:

o Variance components analyses (--vc option), can incorporate user-specified covariates
(--useCovariate option), and are designed for unselected, normally distributed traits.
For other phenotypes, their interpretation usually requires simulation.

o Pedigree wide regression analysis (implemented in MERLIN-REGRESS) is suitable
for traits that are approximately normally distributed in the population, even after
selection. This method requires specification of the trait mean, variance and
heritability in the population. In large samples, the central limit theorem ensures good
control of type | error even for non-normal samples.

o Non-parametric analyses (--gtl and --deviates options) ook for excess sharing among
individualsin the same tail of the trait distribution. These analyses make no
assumptions about the trait distribution and are the most widely applicable, but have
low power for normally distributed traits. Within each family, more extreme
individuals are given greater weight. A more detailed description of these two statistics
Isavailable.

7. What causesthe message " SKI1PPED: Requiresimpossible recombination pattern

This message appears when the pedigree likelihood becomes zero. The most likely causes are
that a recombination event was observed between two markers separated by a recombination
fraction of zero or that, when an approximate solution is requested, the number of
recombinants between consecutive markers in a pedigree exceeds the user specified limit.

8. How doesthe --simulate option work?

This options generates random marker data through gene dropping simulations. Details are
provided in the Merlin reference.

9. Can MERLIN carry out chromosome X analyses?

To carry out chromosome X analysis you should run MINX (MERLIN in X), a separate
executable which isincluded with MERLIN version 0.9.1 and above. Presently, MINX is
unpublished but believed to be correct. Use with care.

10. Isthereaway to get the --per Family resultsin merlin.lod or ganized by family, rather
than by location?

If you are running tcsh, and have the standard UNIX utilities cut, sort, head, uniq and grep
installed in your system (these utilities are present in nearly al systems), you can try the
following series of commands.
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11.

pronpt > tcsh

pronpt> nerlin -d datfile -p pedfile -mmapfile --perFamly ...
pronpt> head -1 nerlin.lod > sorted.| od

pronpt> foreach famly ("cut -c¢ 1-10 nmerlin.lod | sort | uniq)
foreach? grep -E "~ *$fanmily " nerlin.lod >> sorted. out
foreach? end

After running these commands, the results in the file sorted.lodwill be organized by family.
Aswith other series of useful commands, you may be able to combine these into a shell script
in your ~/bin directory.

Can | analyse markerswith morethan 32 alleles?

Yes. Analysis of markers with up to 32 alleles can be enabled by including the option -
D__USE LONG_INT inthe CFLAGS line of the MERLIN Makefile and recompiling
MERLIN. With versions of MERLIN 0.9.6 and earlier the number of allelesis also the
maximum allele size. Versions of MERLIN 0.9.7 and later only consider alleles that actually
occur in the sample.

University of Michigan | School of Public Health | Gongalo Abecasis

http://www.sph.umich.edu/csg/abecasis/Merlin/FAQ.html (3 of 3) [3/5/2003 11:51:25 AM]


http://www.umich.edu/
http://www.sph.umich.edu/
http://www.sph.umich.edu/csg/abecasis/index.html

MERLIN Tutoria -- Input File Formats

Center for

STATISTICAL GENETICS

Tutorial MERLIN Input Files
Home
MERLIN performs common pedigree analyses. Input files describe relationships
Tutoria between individualsin your dataset, store marker genotypes, disease status and
guantitative traits and provide information on marker locations and allele frequencies.
Input Files
MERLIN supports input filesin either QTDT or LINKAGE format. Although the two
Linkage formats are very similar, in the discussion below we will focuson QTDT format.

Error Detection | Describing Relationships Between Individuals

Simulation Although pedigrees can become quite complex, all the information that is necessary to
reconstruct individual relationshipsin a pedigree file can be summarized in fiveitems. a
Haplotypin family identifier, an individual identifier, alink to each parent (if available) and finally
an indicator of each individual's sex.
IBD Estimation
As an example of how family relationships are described, we will
Regression construct a pedigreefile for asmall pedigree with two siblings, their

parents and maternal grand-parents.

For this smple pedigree, the five key items take the following val ues:

FAM LY PERSON FATHER MOTHER  SEX
exanpl e gr anpa unknown unknown m
exanpl e gr anny unknown unknown f
exanpl e f at her unknown unknown m
exanpl e not her gr anny gr anpa f
exanpl e si ster not her f at her f
exanpl e br ot her not her f at her m

These key values constitute the first five columns of any pedigree file. Because of
restrictions in early genetic programs, text identifiers are usually replaced by unique
numeric values. After replacing each identifier with unique integer and recoding sexes
as 2 (female) and 1 (male), thisis what a basic space-delimited pedigree file would look
like:
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<contents of basic.ped>

1 1 O 0 1
1 2 O 0 2
1 3 0O 0 1
1 4 1 2 2
1 5 3 4 2
1 6 3 4 1

<end of basic. ped>

A pedigree file can include multiple families. Each family can have a unique structure,
independent of other familiesin the dataset.

Describing Phenotypes and Genotypes

Usually the five standard columns are followed by various types of genetic data,
including phenotypes for discrete and quantitative traits and marker genotypes.

Disease status is usually encoded in a single column as

U or 1 for unaffecteds,
A or 2 for affecteds, and
X or 0 for missing phenotypes.

Quantitative traits are encoded as numeric values with X denoting missing values (it is
also possible to use a peculiar numeric value to flag missing phenotypes, but the
procedure is prone to error and not recommended).

Marker genotypes are encoded as two consecutive integers, one for each alele,
optionally separated by a"/". To denote missing alleles, either a0 or an X can be used.
Thefollowing are all valid genotype entries /1 (homozygote for alele 1), 0/0 (missing
genotype), and 3 4 (heterozygote for alleles 3 and 4). For the X chromosome, males
should be encoded as if they had two identical alleles.

Thisiswhat the previous pedigree file might look like after adding a column for disease
status, measurements for a quantitative trait and genotypes for two markers:

<contents of basic2. ped>

1 1 O 0 1 1 X 33 X X
1 2 O 0 2 1 X 4 4 X X
1 3 O 0 1 1 X 12 X X
1 4 1 2 2 1 X 4 3 X X
1 5 3 4 2 2 1.234 13 2 2
1 6 3 4 1 2 4. 321 2 4 2 2
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<end of basic2. ped>

Notice that the two siblings (individuals 5 and 6 in the last two rows) are marked as
affected (value 2 in the sixth column), everyone else is marked as unaffected (value 1 in
the sixth column). The quantitative trait (seventh column) takes values 1.234 and 4.321
for each sibling. Whereas everyone is genotyped at the first marker, for the second
marker, only individuals 5 and 6 are genotyped.

Describing the pedigree file

Pedigree files can include any number of marker genotype, disease status and
guantitative trait variables, limited only by available memory. Since each pedigreefile
has a unique structure (apart from the first five columns), its contents must be described
in acompanion data file.

The datafile includes one row per data item in the pedigree file, indicating the data type
(encoded as M - marker, A - affection status, T - Quantitative Trait and C - Covariate)
and providing a one-word label for each item. A datafile for the pedigree above, which
has one affection status, followed by one quantitative trait and two marker genotypes
might read:

<contents of basic2.dat>
A sone_di sease

T sone_trait

M sone_nmar ker

M anot her _mar ker

<end of basic2. dat>

Y ou can get a summary description of any pair of pedigree and data files using pedstats
(included in the MERLIN distribution). To run pedstats you must provide the name of
your datafile (-d command line option) and pedigree file (-p command line option). In
the MERLIN examples directory, try the following command:

pronpt > pedstats -d basic2.dat -p basic2. ped

Genetic Maps

To analyse genetic markers, MERLIN requires information on their chromosomal
location. Thisisusualy provided in amap file. Thisfile has one line per marker with
three columns, indicating chromosome, marker name and position (in centiMorgans).

The data file and map file can include different sets of markers, but markers that are
absent from the map file will be ignored by MERLIN. Here iswhat atypical map file
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looks like:

<contents of basic2. nap>

CHROMOSOVE  MARKER LOCATI ON
24 sone_nmar ker 123. 4
24 anot her _marker 136.2

<end of basic2. map>

Using separate data and map files makes for a very simple file structure and allows
MERLIN to analyse multiple chromosomesin asingle run.

Allele Frequency Files

LINKAGE format data files specify the number of alleles at each locus and their
frequencies. When using QTDT format input files, MERLIN estimates allele
frequencies by counting alleles across all individuals. If thisisinappropriate for the
analysis at hand you can request equal allele frequencies or estimates derived by
counting among founders only (-fe and -ff command-line options, respectively) or
provide a custom allele frequency file (-f filename option).

A custom allele frequency file indicates allele frequencies for all marker alleles at each
marker. For each marker, a single header line naming the marker is followed by alist of
alele frequencies, which can take multiple lines.

Each header lineislabelled M and includes the marker name. This header is followed by
alist of alele frequencies. There are two alternative formats for linesin the dlele
frequency list:

Classic format
Linesin the allele frequency list are labelled F and list frequenciesfor al aleles
consecutively, starting with alele 1. Thisformat is convenient for markers with a
small number of aleles.

Extended format
Linesin the allele frequency list are labelled A and consist of anumeric alele
label followed by an allele frequency. Alleles that are not specifically listed are
assumed to have frequency zero.

Classic Allele Frequency Format

For example, if some_marker has four alleles with frequencies 0.1, 0.2, 0.3 and 0.4
respectively and another_marker has two alleles with frequencies 0.6 and 0.4 thisis
what the file might look like:

<contents of basic2.freg>
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M sone_nmar ker
F0.10.20.30.4

M anot her _mar ker

F 0.6 0.4

<end of basic2.freq>

An equivaent layout for the same information is:

<contents of basic2.freg>
M sone_nmar ker
F 0.1

not her _mar ker

LI =< B B A
copooo
AOO MWNDN

<end of basic2.freqg>
Extended allele frequency format

This format is recommended for microsatellites and other markers with large allele
numbers. For example, if you are analysing a microsatellite marker with alleles of size
152, 154 and 156 base-pairs and their respective frequencies are 0.5, 0.4 and 0.1 your
frequency file might read:

<contents of allele frequency file>
M sone_mcrosatellite

A 152 0.5

A 154 0.4

A 156 0.1

<end of allele frequency file>

WEell that isall you need to know about file formats to get started! Y ou can proceed to
linkage analysis, ibd and kinship estimation, haplotyping, error detection or Ssmulation.

Have fun!

University of Michigan | School of Public Health | Goncalo Abecasis | Merlin
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MERLIN Tutoria - Linkage Analysis

Center for

STATISTICAL GENLETICS

Tutorial MERLIN Tutorial -- Linkage Analysis
Home
Linkage analysis tests for co-segregation of a chromosomal region and atrait of interest. In this section, we will walk
Tutorial through a basic non-parametric and variance components linkage analysis using MERLIN.
Input Files For this example, we will use a simulated data set that you will find in the examples subdirectory of the MERLIN

distribution or in the download page.
Linkage
The dataset consists of asimulated 5-cM scan of chromosome 24 in 200 affected sib-pair families and is organized
Error Detection | iNto 3 files, adatafile (asp.dat), a pedigree file (asp.ped) and a map file (asp.map). An overview of MERLIN input
filesis available elsewhere.
Simulation
The recommended first step in any analysisisto verify that input files are being interpreted correctly. So let's start by
Haplotypin running pedstats... Pedstats requires an input datafile (-d parameter) and pedigreefile (-p parameter):

IBD Estimation| pronpt> pedstats -d asp.dat -p asp.ped

Regression By examining the abbreviated pedstats output below, you should be able to confirm that there are 200 pedigrees, each
with 4 individuals (two affected siblings and their parents). Among phenotyped individuals, the prevalence of the
disease is 100% (there are no unaffecteds in the sample) and the pedigree also includes a quantitative trait. In addition
there are no phenotyped or genotyped founders.

Pedi gree Statistics
(c) 1999-2001 CGoncal o Abecasis

The followi ng paraneters are in effect:

QIDT Pedigree File : asp. ped (-pnane)
QIDT Data File : asp. dat (-dnane)
M ssi ng Val ue Code : -99. 999 (-xnane)

PEDI GREE STRUCTURE

I ndi vidual s: 800 (400 founders, 400 nonfounders)
Fam lies: 200
Average Fanmily Sizes: 4.00
Aver age Cenerations: 2.00

QUANTI TATI VE TRAI T STATI STI CS

[ Phenot ypes] [ Founder s] Mean Var
trait 400 50.0% 0 0.0% 0.021 1. 496

AFFECTI ON STATI STI CS

[ Di agnosti cs] [ Founders] Preval ence
affection 400 50.0% 0 0.0% 100. 0%
Tot al 400 50.0% 0 0.0%

MARKER CGENOTYPE STATI STI CS
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[ Genot ypes] [ Founder s] Hetero

VRK1 400 50.0% 0 0.0% 72.8%

MRK2 400 50.0% 0 0.0% 73.2%
(...statistics for other narkers woul d appear here...)

Tot al 8000 50.0% 0 0.0% 74. 1%

Everything checks out, so let's run merlin! We will need to specify an input datafile (-d parameter), pedigreefile (-p
parameter) and map file (-m parameter). In addition, we need to request a non-parametric linkage analysis. In this
case, we will request calculation of both the Whittemore and Halpern NPL pairs (--pairs) and NPL all (--npl)
statistics:

pronpt> nmerlin -d asp.dat -p asp.ped -masp.map --pairs --npl

After running the command, you should first see the MERLIN banner and a summary of currently selected options:

MERLIN 0.8.4 - (c) 2000-2001 Goncal o Abecasi s

The foll owing paraneters are in effect:

Data File : asp. dat (-dnane)
Pedigree File : asp. ped (-pnane)
M ssi ng Val ue Code : -99. 999 (-xnane)
Map File : asp. map (-mane)
Al'lele Frequencies : ALL IND VIDUALS (-f[ale|f]|file])
Steps Per Interval : 0 (-19999)
Random Seed : 123456 (-r9999)
Data Anal ysis Options
Ceneral : --error, --ibd, --kinship, --infornation
Li nkage : --npl [ON], --pairs [ON], --qtl, --deviates, --vC
Hapl otyping : --best, --sanple, --all, --founders
Reconbi nation : --zero, --one, --two, --three, --singlepoint
Limits : --bits [24], --megabytes
Qutput : --quiet, --markerNanes
Sinulation : --simulate, --save
Additional : --simwal k2, --matrices, --swap

Notice that allele frequencies were estimated by counting among all individuals (the default). Alternatively, one could
calculate allele frequencies among founders only (-ff), request equal alele frequencies (-fe) or use an allele frequency

file with custom frequencies.

After afew moments, you should see analysis results at each location:

Phenotype: affection [ALL] (200 famlies)

Pos Znmean pval ue delta LOD pval ue

mn -20.00 1.0 -0.707 -60.21 1.0

max  20.00 0. 00000 0. 707 60.21 0.00000
0. 000 0. 96 0.2 0.092 0.27 0.13
5. 268 1.39 0.08 0.126 0.54 0. 06
10. 536 1.27 0.10 0.110 0.43 0.08
15. 804 1.43 0.08 0.128 0.56 0. 05
21.072 0. 88 0.2 0.083 0.22 0.2
26. 340 1.37 0.08 0.130 0.55 0. 06
31. 608 1.53 0. 06 0.151 0.71 0.04
36. 876 2.18 0.014 0.197 1.32 0.007
42. 144 2.60 0.005 0.218 1.75 0.002
47. 412 3.00 0.0014 0.251 2.33 0.0005
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52. 680 3.43 0.0003 0. 286 3.05 0.00009
(... results continue at other locations...)

The first two lines indicate the maximum possible scores for this dataset. These are followed by analysis results at
each location (cM position, Zscore, p-value assuming normal approximation, Kong and Cox delta, K& C LOD score
and K& C p-value). Y ou will notice that results are identical for the NPL all and pairs statistics -- thisis aways the
case for families with asingle affected sib-pair! Linkage peaks at location 52.68 with a Zscore of 3.43 (assymptotic p-
value of 0.0003), corresponding to a Kong and Cox LOD score of 3.05 with probability 0.00009.

Commonly used linkage analysis options include requesting output with marker names, instead of cM positions (--
mar ker Names option) and requesting analysis between markers (--steps n for n steps per interval) or along a grid of
equally spaced locations along the chromosome (--grid n for an n-cM grid). Try them out! For example...

pronpt> merlin -d asp.dat -p asp.ped -masp.nap --steps 4 --pairs --narkerNanes

... would calculate the NPL pairs statistic at 4 locations between consecutive markers and use marker namesin the
output.

To carry out a variance components linkage analysis on the same data set, we will use the --vc option. If you are using
apeculiar value, such as 1234 or -99.999 to represent missing valuesin your data, remember to use the -x
peculiar_value option to tell MERLIN about it in al quantitative trait analyses. In the asp pedigree, missing values
have been replaced by x. Let'stry avariance components analysis.

pronpt> merlin -d asp.dat -p asp.ped -masp.nmap --vcC

In the output, you will see the estimated sample heritability for each phenotype (in this case 86%) followed by
estimates of the genetic effect and LOD scores at each marker location:

Phenotype: trait [VC] (200 fanmilies, h2 = 86.74%

Position H2 Chi Sq LOD pval ue
0. 000  40.95% 5.21 1.13 0.011
5.268 51.42% 9. 88 2.15 0.0008
10. 536 56.26% 13.01 2.82 0.0002
15.804 65.40% 19.63 4.26 0.00000
21.072 60.89% 15. 36 3. 34 0.00004
(... results continue at other |ocations...)

In this case, linkage peaks at position 15.8 cM. Since this is a selected sample, you might want to check out the
simulation section to find out how conduct gene dropping simulations that could be used, for example, to estimate
empirical p-values. Or proceed to the error detection (improves power!), haplotyping or ibd estimation sections.

University of Michigan | School of Public Health | Goncalo Abecasis | Merlin
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MERLIN Tutorial -- Error detection

Genotyping errors can lead to misleading inferences about gene flow in pedigrees and greatly
reduce the effectiveness of pedigree analysis. In this section, we will use MERLIN to conduct a
sensitivity analysis of the likelihood and identify problem genotypes.

Y ou can find the simulated data set for this section in the examples subdirectory of the
MERLIN distribution or in the download page.

The dataset consists of asimulated 5-cM scan of chromosome 24 in 200 affected sib-pair
families and is organized into 3 files, adatafile (error.dat), a pedigreefile (error.ped) and a
map file (error.map). An overview of MERLIN input filesis available elsewhere.
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How does error detection work?

Before conducting the error detection analysis, we will review the basic
principles behind it. Consider the simple pedigree to the left, with two
siblings genotyped at several markers. Since their genotypes are identical
at al markers, it seems quite likely that they share the stretch of
chromosome under investigation.

Now, consider what happens if we change the genotype for asingle
marker (indicated by thered circle)... This marker now contradicts
information provided by al others, indicating that perhaps one of the
parents carried two nearly identical copies of the chromosome or two
recombination events occurred.

In the first example, inference about inheritance isrelatively consistent at
al markers, while in the second example inference about inheritance is
strongly influenced by the single genotype. Intuitively, the first outcome
seems much more plausible.

MERLIN finds genotypes that provide information about gene flow in a pedigree that
contradicts information provided by other available data. MERLIN considers all available data
simultaneously (not just pairs of individuals) so that error detection improvesin accuracy in
larger pedigrees. Genotypes flagged by MERLIN are likely to be errors and are certainly worth
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checking!
Error detection using MERLIN

To run error detection using merlin, we need to provide an input pedigree file (-p command
line option) and matching data and map files (-d and -m options) and request an error detection
analysis (--error option):

pronpt> nmerlin -d error.dat -p error.ped -merror.map --error

Try it out! Y ou should see the merlin banner and a summary of selected options, followed by a
list of unlikely genotypes. In this case, thisis the list:

Fam | y: 2 - Founders: 2 - Descendants: 2 - Bits: 2
MRK11 genotype for individual 3 is unlikely [0.003848]
MRK11 genotype for individual 4 is unlikely [0.003848]

Fam | y: 73 - Founders: 2 - Descendants: 2 - Bits: 2
MRK17 genotype for individual 3 is unlikely [0.008866]
MRK17 genotype for individual 4 is unlikely [0.008866]

Fam | y: 81 - Founders: 2 - Descendants: 2 - Bits: 2
IVRK8 genotype for individual 3 is unlikely [0.001567]
VRK8 genotype for individual 4 is unlikely [0.001567]

Fam | y: 94 - Founders: 2 - Descendants: 2 - Bits: 2
MRK12 genotype for individual 3 is unlikely [0.002101]
MRK12 genotype for individual 4 is unlikely [0.002101]

Fam | y: 136 - Founders: 2 - Descendants: 2 - Bits: 2
MRK16 genotype for individual 3 is unlikely [0.008330]
VMRK16 genotype for individual 4 is unlikely [0.008330]

Fam | y: 162 - Founders: 2 - Descendants: 2 - Bits: 2
MRK14 genotype for individual 3 is unlikely [0.003037]
MRK14 genotype for individual 4 is unlikely [0.003037]

Fam | y: 164 - Founders: 2 - Descendants: 2 - Bits: 2
VRK6 genotype for individual 3 is unlikely [0.001805]
VRK6 genotype for individual 4 is unlikely [0.001805]

Unlikely genotypes listed in file [nmerlin.err]

In this data set with 20 markers and 200 sib-pair families, MERLIN flagged 7 pairs of unlikely
genotypes. Since we are dealing with sib-pairs, errors are not pinpointed to specific individuals
(al that we can tell isthat at least one of the siblingsis likely to have an erroneous genotypein
each family!).
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In area-life setting it would be worthwhile re-checking genotype assays for these individuals.
In this case, we will ssimply run pedwipe to erase genotypes that are flagged as problematic.
Run:

pronpt> pedw pe -d error.dat -p error. ped

Pedwipe retrieves alist of unlikely genotypes from the merlin.err file and removes them from
the data. A new set of data and pedigree filesis created, named wiped.dat and wiped.ped. You
can get afeel for the impact of these 7 problematic genotypes on linkage analysis by running a
non-parametric linkage analysis before and after their removal:

pronpt> merlin -d error.dat -p error.ped -merror.mp --npl
(...excerpt of results before renoving problematic genotypes...)
Phenotype: affection [ALL] (200 famlies)

Pos Zmean pval ue delta LOD pval ue
42. 144 2.16 0. 02 0.186 1.24 0.008
47. 412 2.39 0.008 0.204 1.51 0.004
52. 680 2.57 0.005 0.214 1.69 0.003
57.948 1.72 0. 04 0.145 0.76 0. 03
63. 216 1.19 0.12 0.106 0.39 0. 09

pronpt> nmerlin -d w ped.dat -p w ped. ped -merror.nmap --npl
(...excerpt of results after renoving problematic genotypes...)
Phenot ype: affection [ALL] (200 famlies)

Pos Znean pval ue delta LOD pval ue
2 0. 191 1.32 0.007
2. 0. 209 1.60 0.003
52. 680 2.87 0.002 0. 237 2.10 0.0009
2 0. 175 1.13 0.011
1 0.127 0.57 0. 05

The seven problematic genotypes (out of 8,000 total genotypes), cause a 0.4 change in the
Kong and Cox alele sharing LOD score! To learn about estimating false positive rates for error
detection and linkage analysis you should proceed to the simulation section. Alternatively, you

may want to learn more about linkage analysis, haplotyping or ibd estimation.

University of Michigan | School of Public Health | Gongalo Abecasis | Merlin
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When interpreting results for pedigree analysis, it is extremely helpful to know how often asimilar result might
Tutorial arise by chance. For example, in alinkage analysisit may be helpful to know how many peaks of similar height
are expected conditional on the set of phenotypes being analysed and the available marker map. When
investi gating suspicious genotypes, it isimportant to characterize the fal se-positive rate for error detection

Input Files
procedures.

Linkage . . . . . . . .
MERLIN has the ability to perform gene dropping simulations which replace input data with simulated

chromosomes conditional on family structure and actual marker spacings and allele frequencies, aswell as

Error Detection .. . . . . . .
missing data patterns. The procedure for generating simulated data is described in the reference section.

Simulation
For this example, we will use adata set from the examples subdirectory of the MERLIN distribution as input.
Haplotvpin Y ou can also find the example data in the download page.

1BD Estimation| EStimating false positive rates for error detection

Regression In the error detection tutorial, we identified 7 pairs of unlikely genotypesin a 20 marker, 5-cM scan, of 200 sib-
pairs, corresponding to 8,000 total genotypes. The data is organized into three files, a pedigree file summarizing
genotypes and relationships (error.ped), a data file describing the contents of the pedigree (error.dat) and map
file providing marker locations (error.map).

To review a descriptive summary of the dataset, you could run pedstats:

pronpt > pedstats -d error.dat -p error. ped

Toreview the original set of unlikely genotypes, you could use Merlin's automated error analysis.
pronpt> nerlin -d error.dat -merror.map -p error.ped --error

To estimate false positive rates, we will request that MERLIN analyse a simulated data set with identical allele
frequencies and marker spacing by using the --simulate command line option. Try it out!

pronpt> nerlin -d error.dat -merror.nap -p error.ped --error --sinulate

Y ou should first see the MERLIN start-up screen and summary of selected options. Note that the options --error
and --simulate are selected. Note al so that the current random seed is 123456. This seed indicates which
simulated replicate will be used, and selecting a different seed produces an aternative simulated data set.

MERLIN 0.8.4 - (c) 2000-2001 CGoncal o Abecasis

The followi ng paraneters are in effect:

Data File : error.dat (-dnane)
Pedigree File : error.ped (-pnane)

M ssi ng Val ue Code : -99. 999 (-xname)
Map File : asp. map (- mane)
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Al'lele Frequencies : ALL INDI VIDUALS (-f[a|le|f|file])

Steps Per Interval : 0 (-i19999)
Random Seed : 123456 (-r9999)
Dat a Anal ysis Options
General : --error [ON], --ibd, --kinship, --information
Li nkage : --npl, --pairs, --qtl, --deviates, --vcC
Hapl otyping : --best, --sanple, --all, --founders
Recombi nation : --zero, --one, --two, --three, --singlepoint
Limts : --bits [24], --negabytes
Qutput : --quiet, --markerNanes
Simulation : --sinulate [ON], --save
Additional : --simial k2, --matrices, --swap

This start-up screen should be followed by an error detection analysis for the replicate, which should indicate a

single pair of unlikely genotypes:

Fanmi | y: 38 - Founders: 2 - Descendants: 2 - Bits: 2
MRK6 genotype for individual 3 is unlikely [0.021855]
MRK6 genotype for individual 4 is unlikely [0.021855]

So MERLIN flags asingle pair of unlikely genotypesin this particular replicate... Isthistypical of other
replicates? One way to check isto repeat the above procedure with a different random seed. To do this, you will
need to set the -r command line. The following command repeats the previous analysis but selects replicate 123:

pronpt> nmerlin -d error.dat -merror.map -p error.ped --error --simul

In this manner, it is straight-forward to repeat any MERLIN analysis for simulated chromosomes and estimate
false-positive rates for error detection or linkage analysis (note that MERLIN does not change input phenotypes

and disease status when conducting simulations).

Now that you have seen how to generate simulated replicates, you could proceed to haplotype analysis or ibd

estimation. If you haven't already done so, you could try the linkage or error detection tutorials.

University of Michigan | School of Public Health | Gongalo Abecasis | Merlin
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Tutorial MERLIN Tutorial -- Haplotyping

Home
Information about gene flow in a pedigree can be used to reconstruct likely haplotypes for families and
Tutorial individuals. In this section we will walk through some simple examples of how Merlin represents
estimated hapl otypes.

Input Files
The sample input files used are in the examples subdirectory of the MERLIN distribution and are also
Linkage available in the download page.

Error Detection | Thefirst data set we will consider consists of very simple families, each with two parents and asingle
offspring genotyped for three SNP markers. The datais organized into three files: a pedigreefile

Simulation (haplo.ped), adatafile (haplo.dat) and a map file (haplo.map).

Haplotvpin Merlin has three haplotype estimation modes. It can either provide hapl otypes corresponding to the most
likely pattern of gene flow (--best command line option), sample gene flow patterns according to their
likelihood (--sample) or provide all non-recombinant haplotypes (--zer o --all). For this example, we will

IBD Estimation ” ;
use the first option:

Regressio
e pronpt> nerlin -d hapl o.dat -p haplo.ped -m hapl o. map --best

Estimated haplotypes are in the merlin.chr output file. We will now examine thisfilein detail. For the
first family, father and child are heterozygous at all markers, whereas the mother is homozygous for alele
'1'at all loci.

<-- contents of nerlin.chr output file -->

The first Iine names the famly. In a trio famly no

i nformation on reconbination is available, and this famly
is |abelled uninformative.

FAMLY 1 [Uninformative]

The next header |ine names individuals. Founders are |abelled
F and non-founders are followed by their parents' nanes in

br acket s.
1 (F) 2 (F) 3(2,1)
The next |ines provide haplotype pairs for each individual.
Pairs are separated by a : if there is no information on reconbination,
by a | if they do not reconbine, or a/, \, + if they reconbine
in the maternal, paternal or both chronosones, respectively.
2 1 1 : 1 1 : 2
2 1 1 : 1 1 : 2
2 1 1 : 1 1 : 2

Output for the next family is similar, but you will notice that one chromosome carries an unknown allele
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which does not appear in any genotyped individuals. Thisislabelled by a? (question mark).

FAM LY 2 [Uninformative]

1 (F 2 (F) 3(2,1)
2 2 1 1 1 2
2 1 1 1 1 2
2 . ? 1 1 1 2

The next family presents atrickier challenge! Although all individuals are genotyped, phase is uncertain
for the third marker. Either the father transmitsa"2-2-2" chromosome to the child and the mother a"1-1-
1" chromosome, or the father transmits a"2-2-1" chromosome and the mother transmitsa"1-1-2"
chromosome.

Sets of related outcomes for a single marker are labelled with a unique letter by Merlin and two
alternative haplotype choices. For each marker, selecting either thefirst allelein the set for all
chromosomes, or else the second alele, defines hapl otypes compatible with the same gene flow pattern.
Thisiswhat the output looks like:

FAM LY 3 [Uninformative]

1 (F 2 (P 3(2,1)

2 2 1 1 1 2

2 1 1 1 1 2
2,1A 1 A1, 2 1,2A : A2,1 1,2A : A2,1

Now that you know how to read Merlin haplotype output, you could look at more complex examples (try
to haplotype the data set gene.dat, gene.ped and gene.map) or proceed to other sections of the tutorial.
Available topicsinclude linkage analysis, error detection, ibd estimation and simulation.
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Tutorial MERLIN Tutorial -- IBD and Kinship estimation

Home
Since there a finite number of alleles at most genetic loci, individuals may exhibit the same genotype at
Tutorial aparticular locus but, nevertheless, carry distinct chromosomes. Information on allele frequencies and
neighbouring markers can be used to estimate the probability that any two individuals actually inherited
Input Files the same chromosome from founders in the pedigree.
MERLIN can estimate the number of alleles shared identical-by-descent among relatives in a pedigree,
and summarize this information either as probabilities that a given pair will share0, 1 or 2 alleles IBD or
as the kinship coefficient between each pair at a particular locus.

Linkage

Error Detection

Some programs require IBD estimates as input for their analysis. For example, QTDT testsfor

Simulation
association using all phenotypes from related individuals and requires IBD matrices to distinguish
Haplotvoin between linkage and association.
IBD Estimation| OF this example, we will use asimulated data set in that you will find in the examples subdirectory of
the MERLIN distribution or in the download page.
Regression

The data set includes 50 families, each with 4 siblings, genotyped for 3 SNP markers and isalso used in
the QTDT tutorial. Wewill use MERLIN to estimate IBD for this data set in aformat that is ready for

use by QTDT.

Y ou should aready be familiar with input file formats. The data consists of a pedigree file (sibs.ped),
which specifiesindividual relationships, genotypes and phenotypes. In addition, a map file (sibs.map)
provides marker locations and a datafile (sibs.dat) describes the data set.

Asusual, it isaways a good ideato check contents of input files by running pedstats:
pronpt > pedstats -d sibs.dat -p sibs. ped

To calculate pairwise IBD matrices, we will use the --ibd command line option. Since MERLIN labels
all results with chromosomal positions by default, we will also use the --mar ker Names option to
regquest that output include the marker names which are required by QTDT. So, the command:

prompt> merlin -d sibs.dat -p sibs.ped -m sibs. map --marker Nanes --i bd

Will estimate IBD coefficients for al relative pairs and produce a merlin.ibd file ready for use by
QTDT. Each line in merlin.ibd begins with a family identifier followed by identifiers for two
individuals. Thisisfollowed by marker names and probabilities for sharing 0, 1 and 2 alleles IBD.

Commonly used options when estimating IBD coefficients include --singlepoint (which considers each
marker independently) and --steps n (which requests analysis at n positions between markers) or the --
grid k (which requests analysis every k cM along the chromosome).
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Congratulations! Y ou have reached the end of the Merlin tutorial. Y ou may wish to review previous
sections on input file formats, linkage analysis, error detection, simulation or haplotyping.
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Tutorial MERLIN Tutorial -- QTL Regression Analysis
Home
Quantitative trait linkage analyses examine whether a chromosomal region is responsible for some of the variation in atrait
Tutorial of interest. Here, we will describe how fast quantitative trait regression analyses can be carried out using MERLIN.
Input Files Data for this exercise
Linkage For this example, we will use a simulated data set that you will find in the examples subdirectory of the MERLIN distribution

or in the download page.
Error Detection

The dataset consists of asimulated 5-cM scan of chromosome 24 in 200 sib-pair families and is organized into 3 files, adata
Simulation file (asp.dat), a pedigree file (asp.ped) and a map file (asp.map). A quantitative trait has been scored for each offspring.

Haplotypin The recommended first step in any analysisisto verify that input files are being interpreted correctly. So let's start by running
pedstats... Pedstats requires an input datafile (-d parameter) and pedigreefile (-p parameter):

IBD Estimation
pronpt > pedstats -d asp.dat -p asp. ped

Regression

By examining the abbreviated pedstats output below, you should be able to confirm that there are 200 pedigrees, each with 4
individuals (two siblings and their parents). The pedigree includes a quantitative trait that has been measured on al 400
offspring but none of the founders.

Pedi gree Statistics
(c) 1999-2001 CGoncal o Abecasi s

The foll owi ng paraneters are in effect:

QIDT Pedigree File : asp. ped (-pnane)
QIDT Data File : asp. dat (-dnane)
M ssi ng Val ue Code : -99. 999 (-xnane)

PEDI GREE STRUCTURE

I ndi vi dual s: 800 (400 founders, 400 nonfounders)
Fam | ies: 200
Average Family Sizes: 4.00
Aver age Generations: 2.00

QUANTI TATI VE TRAI T STATI STI CS

[ Phenot ypes] [ Founder s] Mean Var
trait 400 50.0% 0 0.0% 0.021 1. 496

AFFECTI ON STATI STI CS

[ Di agnosti cs] [ Founders] Preval ence
affection 400 50.0% 0 0.0% 100. 0%
Tot al 400 50.0% 0 0.0%

MARKER GENOTYPE STATI STI CS

[ Genot ypes] [ Founder s] Hetero
MRK1 400 50.0% 0 0.0% 72.8%
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MRK2 400 50.0% 0 0.0% 73. 2%
(...statistics for other markers woul d appear here...)
Tot al 8000 50.0% 0 0.0% 74. 1%

The most popular method of quantitative trait linkage is the Haseman-Elston (1972) procedure where squared trait
differences for sib-pairs are regressed on IBD allele-sharing. If agenein the region being investigate influences trait levels,

sib-pairs who share more aleles are expected to show similar phenotypes and, therefore, smaller squared trait differences.

Pedigree-Wide Regression Analysis

The flexibility of the method of Haseman and Elston has lead many authors to propose enhancements and extensions. Sham
et a. (2000) have recently described a regression-based procedure for linkage analysis that uses trait-squared sums and

differencesto predict IBD sharing between any non-inbred relative pairs. This method isimplemented in the MERLIN-
REGRESS program, included in the merlin distribution. The method of Sham et a. can be applied to selected samples but
reguires specification of the trait distribution parametersin the general population.

Analysing a single trait

To run MERLIN-REGRESS, we will need to specify the input data(-d parameter), pedigree (-p parameter) and map (-m
parameter) file names. In addition, we will need to specify the trait distribution parameters (--mean, --variance and --
heritability options). In this case, we will assume that the trait of interest has mean=0.0, variance=1.5 and heritability=80% in

the general population:

pronpt> merlin-regress -d asp.dat -p asp.ped -masp.map --nean 0.0 --var 1.5 --her
0.8

After running the command, you should first see the familiar MERLIN banner and a summary of currently selected options:

MERLIN 0.9.1 - (c) 2000-2002 Goncal o Abecasis

The followi ng paraneters are in effect:

Data File : asp. dat (-dnane)
Pedigree File : asp. ped (-pnane)
M ssi ng Val ue Code : -99. 999 (-xnane)
Map File : asp. map (-mane)
Al'lele Frequencies : ALL INDIVIDUALS (-f[ale|f|file])
Random Seed : 123456 (-r9999)
Regressi on Anal ysis Options
Trait Model : --nean [0.00], --variance [1.50], --heritability [0.80]
Reconbi nation : --zero, --one, --two, --three, --singlepoint
Positions : --steps, --nmaxStep, --nminStep, --grid, --start, --stop
Limts : --bits [24], --negabytes, --mnutes
Qutput : --quiet, --markerNanmes
Ohers : --sinmulate, --swap, --rankFanilies
Estimating allele frequencies... [using all genotypes]

MRK1 MRKZ2 MRK3 MRK4 MRK5 MRK6 MRK7 MRK8 MRKO MRK10 MRK11 MRK12 MRK13 MRK14
MRK15 MRK16 MRK17 MRK18 MRK19 MRK20

After afew moments, you should see analysis results at each location:

Pedi gr ee- Wde Regression Analysis (Trait: trait)

Posi tion H2 St dev Info LOD pval ue
0.000 0.406 0.192 64.8% 0.970 0.02
5.268 0.526 0.183 71.1% 1.792 0.002

10.536 0.598 0.182 72.1% 2.343 0.0005
15.804 0.733 0.182 72.1% 3.520 0.00003
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21.072 0.586 0.182 72.2% 2.255 0.0006

26.340 0.596 0.190 66.0% 2.135 0.0009

31.608 0.535 0.189 67.0% 1.744 0.002

36.876 0.522 0.184 70.6% 1.752 0.002

42.144 0.414 0.181 73.0% 1.137 0.011

47.412 0.295 0.175 77.5% 0.614 0. 05
(... results continue at other locations ...)

Successive columns indicate position aong the chromosome (in CM), estimated locus specific heritability, standard deviation
for the estimate of locus specific heritability, proportion of linkage information extracted at this location (100% information
corresponds to the smallest possible confidence interval for estimated effect size), LOD score and corresponding p-value. In
this case, linkage peaks at position 15.8 with an estimated |locus specific heritability of 73.3% and a LOD score of 3.52
(probability 0.00003).

Estimating family informativeness

Another useful option in MERLIN-REGRESS is the ability to quantify the expected amount of linkage information in each
family. This can be useful when focusing genotyping efforts (for example, by genotyping the most informative families first)
or identifying problematic outliers (extreme outliers will lead to some families with very large weights which can reduce
effective sample size in linkage analyses).

To estimate family informativeness, specify the trait distribution in the population (by specifying it's mean, variance and
heritability) and use the --rankFamilies option. Using the example input files the command line would read:

pronmpt> nerlin-regress -d asp.dat -p asp.ped --nmean 0 --var 1.5 --her 0.8 --rank
Running this command would produce the familiar MERLIN output screen followed by atable looking like the one below:

Fam |y I nformativeness

Fam |y Trait People Phenos Pairs Info ELOD20
1 trait 4 2 1 0.099 0.001
2 trait 4 2 1 0.025 0.000
3 trait 4 2 1 1.989 0.017
4 trait 4 2 1 0.269 0.002
5 trait 4 2 1 0.327 0.003
(... additional rows follow for other famlies)

Each row indicates the family and trait of interest, followed by number of individuals and phenotypes in each family, the
number of phenotyped relative pairs and the relative informativeness of the family. The final column indicates the expected
LOD score for aregion with alocus specific heritability of 20% when afully informative marker is typed. In this case family
3 seems particularly informative (you can try and find out why by examining the phenotypes for each individual in the
asp.ped pedigreefile).

Expected LOD scores are proportional to the squared locus specific heritability. To calculate expected LOD scores for a
different effect size, simply multiply the expected LOD score by (heritability/20)"2, where H2 denotes your desired effect
size and *2 denotes the square operator. For example, for an effect size of 40%, you should multiply each expected LOD
score by 4.

Comparing trait models and analysing multiple traits

Often multiple quantitative traits may be available in a particular dataset. Each of these traitsis likely to have a distinct mean,
variance and heritability in the population. The -t models file specifies the name of atext file listing analysis models, one for
each trait. Using a models table allows distinct models to be specified for each phenotype in the pedigree file.

A models table includes four columns. The first column indicates the trait name and is followed by columns indicating the
trait mean, variance and heritability. Optionally, afifth column can be included with alabel for each model. Hereisan
example:
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<sanpl e regression nodels file>

TRAI'T MEAN VARI ANCE HERI TABI LI TY  LABEL
Wei ght _Ki | ogr ans 75 10 0.63 metric_anal ysis
Wei ght _Pounds 160 40 0. 63

i nperial _anal ysis
<end of sanple regression nodels file>

Where to go next?

Now that you know how to carry out a pedigree-wide regression analysis using MERLIN you might want to find out estimate
empirical p-values using simulation, or perhaps explore the sections on error detection, linkage analysis, haplotyping or ibd
estimation.
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Windows Version of Merlin

These executables were compiled using MINGW, aminimalist port of the GNU utilitiesto a

Windows environment. Using these executables requires aworking knowledge of the
Windows command prompt. The command prompt is a Windows utility that allows you to
execute software with atext based interface, such as Merlin.

In general, you should unpack the merlin download and place the executable (.EXE) filesin
asubdirectory of the Program Files directory. For convenience, you can add this directory
to your path statement. For example, if you install the merlin executable files in the directory
C:\Program FilessMerlin you might add the following line to your autoexec.bat file:

@et path=c:\Program Fil es\Merlin; $path

After rebooting your computer you should be able to start acommand prompt by selecting
Run.. from the Start menu and entering CMD (in Windows XP) or COMMAND (in some
older versions of Windows) in the dialog box. If everything is working, you should be able
to execute MERLIN by typing MERLIN at the prompt.
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Record of Changes to MERLIN

Changelog

Basi ¢ PDF output. Merlin and Merlin-Regress now produce a sinple PDF
file with one LOD score plot per page when the --pdf option is used.
Each trait, chronbpsonme and analysis option is plotted on a separate page.

Pedi gree Trimming. Merlin and Merlin-Regress can now renove uni nformative
i ndi viduals from pedigrees to speed up analysis. To use this functionality,
use the --trimcomuand |ine option.

Mcrosatellite Allele Sizes. Allele nunbers are now recoded internally,
allowing mcrosatellite allele sizes to be used in the pedigree file.

Extended IBD state information. Extended allele IBD state probabilities,
whi ch di stinguish maternal and paternal allele sharing and provi de additional
i nformati on on inbreeding can now be cal cul at ed.

Multiple Trait Mddels for Regression Anal yses. MERLI N REGRESS now accepts an
optional table describing nean, variance and heritability for each trait. This
facilitates anal yses of pedigree files with nultiple traits.

Founder couple symetries can be optionally disabled with the --noCoupleBits
option.

For variance conponents anal ysis, fixed bug that I ed to non-invertible
mat ri ces when the paraneter estinmated variance conponents are close to
zero. This condition could produce a crash in earlier versions.

Fi xed bug in Merlin-Regress that caused crashes in famlies with
nore than 4 pairs of grand-parents with no phenotype or genotype
data. This condition would produce a crash in earlier versions.

Fi xed aggressive optimnization that could cause the --all option (which lists
al | non-reconbi nant hapl otypes) to miss sonme hapl otype states. Fornerly,

mar kers were | abel |l ed uni nformative whenever they inplied identical |ikelihoods
for all inheritance vectors. This version inplenents a stricter definition

that also requires that the sane allelic state is inplied for each vector.

MERLIN 0.9.3

* M nor source code changes for conpatibility with GCC version 3.

Hori zontal hapl otypes are no |onger output by default, but
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require --horizontal flag.

MERLIN 0.9. 2

* Public release incorporating changes in versions 0.9.0 and 0.9. 1.

MERLIN 0.9.1

* Added general pedigree regression analysis. This is an early
i npl ement ati on of the approach proposed by Shamet al (2002)
inthe AJHG It is still somewhat slow, but functional. Run
as a separate program MERLI N- REGRESS.

* Added --horizontal option which selects horizontal hapl otype
layout in [nerlin.chr] output file.

* Stopped Merlin fromautomatically loading [nerlin.freq] allele
frequency file. To load allele frequencies, the -f filenane
option nmust be specified explicitly.

* Added --useCovariates options to support covari ates
i n variance conponents |inkage anal yses.

* Fixed bug that |l ed to crashes when the nunber of alleles in
the pedi gree exceeded those in the allele frequency file by
exactly one.

* Renamed the option --nmarker-names as --marker Names, for
consi stency with other two word options, such as --mnStep
and --maxStep.

MERLIN 0.9.0

* Support for X chronmpbsone incorporated. Runs as a separate
program Merlin In X (MNX).

* New --frequencies output option saves allele frequencies as
estimated by nerlin in nmerlin.freq file.

* New --perFam |y output option saves informati on and NPL
scores for individual fanmilies in separate files.

* Qui et output no |onger includes warning when markers with
very low information are skipped

* | nput pedigree files now checked for the presence of parents
with identical sexes. If a pedigree file has nore than one
formatting problem Merlin tries to report as nmany probl ens
as possi bl e before stopping.

* Linkage datafiles where lines end precisely with "<<" or
">>" now handl ed correctly. In previous versions, these |ines
woul d be rejected by Merlin with an error nessage.

* Changed scaling of non-paranetric |inkage statistics in
Simnval k2 interface file.

* M nor changes in source code to inprove portability.
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Specifically, there are no |onger any return statenents
with void argunents or new style type casts. This should
all ow conpilation with Sun Wrkshop C++ conpiler.

* M nor changes in Makefile to inprove portability.
Specifically, ar and ranlib are now i nvoked separately to
all ow conpilation in Mac OGS X systens.

MERLIN 0. 8.8

* Fixed problemreading linkage files with liability class
information. Previous versions printed a spurious warning
about trailing colums in input pedigree and ignored the
| ast columm in input.

MERLIN 0. 8. 7a

* Families with inpossible reconbination patterns excluded
from NPL anal yses (previously scored as zero) and vari ance
conponent s anal yses.

MERLIN 0.8.7

* Merlin now estimates kinship between inbred parents and
their offspring (previously assunmed to be 0.25).

MERLIN 0. 8.6

* Fixed singlepoint so correct narker nanes are displ ayed.
(Probl em occurred when --steps, --ninStep, --nmaxStep, and
--grid, --start and --stop options were introduced)

* Change optimzation default from-0O3 to -Q2 to avoid
crashi ng gcc-2. 95. 3.

* Added --steps, --mnStep, --maxStep as well as --grid,
--start and --stop for fine control of analysis |ocations.

* The --steps option now replaces the old -i (steps per
interval) option

* Now i ncludes internediate output at all markers, even
those that map at the same location, for --simal k2
anal yses.

* Fixed in variance conponents that resulted in non-
positive definite natrices in sone pedigrees with
uni nformati ve grand- parents.

* Added pedwi pe to MERLIN distribution.
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MERLIN 0. 8.3

* Check whether reconbination fractions or centi Morgan
di stances are provided in linkage datafiles.

MERLIN 0. 8. 2

* Maintain ordering for markers separate by the recomnbination
fractions of zero. Previously, the output order for these
mar kers was random The new version keeps the sane order
as in the linkage datafile (linkage format) or mapfile
(qtdt format)

* Qutput IBD probabilities with 5 digit precision.

MERLIN-0. 8.1

* Mpjor editing of tree traversal and construction code to
account for changes in operator precedence between gcc
version 3.0 and versions 2.95.*,

(and you thought C++ was pretty well established, eh?)

* Mnor fix to code which optimzes ordering of individuals
within pedigrees. No effect on results, but may sometines
speed things up.

MERLIN-0.7.3

* Catch out of nenory errors during haplotyping and gracefully
skip to next pedigree.

MERLIN-0.7.1

* Attenpt to recover fromnenory allocation failures. In 32-bit
systenms sone failures are unrecoverable (e.g., trying to
all ocate nenory bl ocks > 2@B), so the --nmegabytes option is
necessary so Merlin doesn't try to allocate these huge bl ocks.

* The --bits option now replaces the old -b option.

MERLIN-0.6.1

* Very unlikely genotypes now have scores in scientific notation,
e.g., le-10 instead of 0.00000.

* Added support for variance conponents anal ysis.

MERLIN-0.5.1

* First version distributed outside Oxford.
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OLDER VERSI ONS OF MERLI N ONLY USED | NTERNALLY
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Extended IBD states

When the --extended command line option is used, MERLIN calculates probabitities for 15
extended IBD states. These define all possible states of alele sharing for apair of
individuals. This page describes the labelling used by MERLIN for each possible IBD state.

Nuclear family

Consider two individualsi and j. Each of these individuals carries a maternally inherited
aleleip and j, and apaternally inherited allelei, and i,. For apair of full siblingsin anon-

inbred family, four IBD states are possible:

109 {im JmHip, i} Maternal and paternal alleles are shared IBD
110 {im ImHipHip} Only maternal alleles are shared IBD

111 | {ip jpHimH{im Only paternal aleles are shared 1BD

115 {imHimH{ipgHip} No alleles are shared IBD

Extended non-inbred pedigree

For larger pedigrees, additional IBD states are possible. For example, a maternally inherited
alelefor oneindividual may be indentical to the paternally inherited allele for another
individual. In these pedigres, three additional IBD states are possible for atotal of seven IBD
states:
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109 {im JmH{ip, i} Maternal and paternal alleles are shared IBD
110 {im ImHipHip} Only maternal alleles are shared IBD
111 | {ip jpHimHimt Only paternal alleles are shared IBD

112 i i in i'smaternal aleleisIBD toj's paternal alele and

vice-versa
. i'smaternal alleleis|BD toj's paterna alele,
113 {im JpHipHIm} other alleles are not IBD
T I's paternal alleleisIBD to j's maternal allele,
114 {ip JmHimHp) other alelesare not IBD
115 {imH{imH{ipHipt No aleles are shared IBD

Inbred Pedigree

The two alleles carried by an inbred individual may be IBD, and this produces additional
IBD states. In an inbred pedigree there are up to 15 possible IBD states for each pair of

individuals:
oae CoppaDdes pwpn
101 | {im ipim Ipt All four alleles are identical by descent
102 {im 1o, Imt{ip} All aleles, except j,, areidentical by descent
103 {im 1o JpHimt All alleles, except j,, areidentical by descent
104 {im I JpH i} All aleles, except i, areidentical by descent
105 {ipsim JpHim} All alleles, except iy, areidentical by descent
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| and j areinbred and alleles are IBD within each

106 | {Tm TpHJm Jpt individual
s g | isinbred and carries maternal and paternal
1071 Al TpHUmi Ll dlelesthat are 1BD
T j isinbred and carries maternal and paternal
108 | LimH{ipHm Il allelesthat are 1BD
109 {im ImHip, i} Maternal and paternal alleles are shared IBD
110 {im ImHipHip} Only maternal alleles are shared IBD
111 | {ip ipHimH{im Only paternal aleles are shared IBD
112 i JHips i} :/}scrg?/t;rg:l dleleisIBD toj's paternal alele and
. I'smaternal aleleis|BD toj's paternal allele,
113 {im JpHIpHIm! other alleles are not IBD
N T I's paternal alleleis IBD to j's maternal alele,
114 {ip JmH{im} {lph other alleles are not IBD
115 | {imH{imH{ipHIp} No alleles are shared IBD
References

For more information on extended IBD states, see the excellent book Lange K (1997)
Mathematical and statistical methods for genetic analysis.
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Non-parametric statistics for quantitative
traits

This page provides a brief overview of the non-parametric quantitative trait linkage statistics
implemented in MERLIN. These statistics are accessed through the --qtl and --deviates
command line options.

The two non-parametric quantitative trait statistics are implemented in the general
framework of Whittemore and Halpern (1994) and Kong and Cox (1997). The basic ideain
this framework is do define some function §v) that allows alternative inheritance vectors for
one pedigree to be ranked according to the evidence for linkage they provide.

Thus, a suitable function should be such that Sv;) > v,) indicates that inheritance pattern
v, iIsmore suggestive of linkage than v,. For example, for affected sib pairs, one suitable
definition is Sv)=p(v) where p(v) denotes the number of alleles shared for inheritance
vector v. For discordant sib-pairs, an aternative definition might be S(v)=-p(v).

For quantitative traits, MERLIN uses the following defintion:

S(v) = Z S e V)

founder
alleles

S aeie(V) = Z (v, — 1)

all carriers

af allele

Here, the score for each inheritance vector V) is calculated by summing squared scores for
each founder allele. This sum will take larger values when the scores for individual founder
alleles are more extreme. The score for each founder allele is calculated by simply mean
deviates (y;-+) for al individualsi who carry the founder allele. Note that y; is the phenotype
for individual i,  is the population mean and the list of individuals who carry a particular
founder alleleisimplied by v.
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When the --qtl option is selected MERLIN uses the sample mean to estimate «. When the --
deviates option is selected, MERLIN fixes e at O (zero). The later option is suitable for the
analysis of selected samplesif the sample mean is subtracted from individual phenotypes
prior to analysis.

The procedure for converting scores for individual inheritance vectors into Z-scores for a
single or multiple pedigreesis described in detail by Whittemore and Halpern (1994). These
Z-scores are used by MERLIN to construct alikelihood ratio test for linkage and define a

L OD score statistic using the procedure described by Kong and Cox (1997).

MERLIN also implements variance components (--vc option) and regression-based
(MERLIN-REGRESS package) tests of linkage for quantitative traits. Both of these tests are
designed for traits which are normally distributed in the population and are likely to be more
powerful for such traits. Detailed descriptions of these alternatives are available elsewhere
(see for example, Amos, 1994; Sham et al, 2002).

References

Amos (1994) Robust variance-components approach for assessing genetic linkage in
pedigrees. American Journal of Human Genetics 54535-543

Kong and Cox (1997) Allele-sharing models. LOD scores and accurate linkage tests.
American Journal of Human Genetics 61:1179-1188

Sham, Purcell, Cherny and Abecasis (2002) Powerful regression-based quantitative-trait
linkage analysis of general pedigrees. American Journal of Human Genetics 71:238-253

Whittemore and Halpern (1994) A class of tests for linkage using affected pedigree
members. Biometrics 50118-127
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How MERLIN simulates data

With the --ssmul ate option, Merlin can generate random datasets that |ook like the original
datain terms of marker informativeness, spacing and missing data patterns. In these datasets,
marker data are simulated under the null hypothesis of no linkage or association to observed
phenotypes. Phenotypic measurements, including covariates, quantitative traits and affection
status are preserved.

Here is what the --simulate option does:

1. It assigns random chromosomes to founders according to allele frequencies at at each
marker. No allowance is made for marker-marker disequilibrium.

2. It segregates these chromosomes through the pedigree using the relationships
specified in the original pedigree file and recombination fraction specified in the map
file or linkage format datafile.

3. It replacesthe original genotypes with these simulated genotypes, retaining the
original pattern of missing data exactly. (For example, if individual A isuntyped at
marker B in the original data, individual A's genotype at marker B will be discarded
in all replicates).

The net result of thisisthat you get a random chromosome (or genome) that is unlinked to
any of your traits of interest. These simulated data are suitable for examining false positive
rates in a genome scan and should allow for quirks of marker informativeness, trait
distribution and selection scheme.

The data can be saved to afile with the --save command line option or it can be analysed
with any of the regular Merlin options. Changing the random seed (with the -i command line
option) generates a different set of founder chromosomes and segregation pattern.

If you are interested in finding out more about gene-dropping simulations, two useful
references are:

1. Sawcer S, Jones HB, Judge D, Visser F, Compston A, Goodfellow PN, Clayton D
(1997) Empirical genomewide significance levels established by whole genome
simulations. Genet Epidemiol 14:223-9.

2. Kruglyak L, Daly MJ (1998) Linkage thresholds for two-stage genome scans. Am J
Hum Genet 62:994-7.
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