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TRIMHAP is a fortran software package that implements the trimmed-haplotype mapping
techniques discussed in MacLean et al. [2000]. An earlier version of the program, under the name
HAL, was written by Rory Martin at Virginia Commonwealth University.

The latest verson of the package can be obtaned from web ste
http://ww. vi pbg. vcu. edu/ tri mhap. For installation, please refer to the text file
INSTALL distributed with the TRIMHAP package.

TRIMHAP can only be understood by reference to MacL ean et al. [2000].

INPUT

TRIMHAP requires haplotype datafrom general pedigrees. It isbased on four user-supplied input
files:

haplotypefile

locus control file

sex file

TRIMHAP control file, parameters.dat

The file parameters.dat contains input values for parameters controlling the TRIMHAP analysis.
Since many parameters can be input using default values, we suggest that a copy of the example
parameters.dat file be used as atemplate when preparing new analyses, with users changing values
only as necessary. The order of parameters as well as the line number on which they appear is
significant, and should not be altered.

# Debug output level (-1=none, O=m nimal, 1l=medium 2=full)
0

Controls the amount of intermediate output generated by TRIMHAP written to file debug.out.
Values higher than O will cause a significant increase in run-time and may also create large
debug.out files, but thisoutput isvaluablefor tracing errorsin TRIMHAP and ininput files. A value
of -1 suppresses results from all haplotype specific analyses from being written to results.out.
[Suggested value for ordinary running: 0].

Marker map parameters

# Total nunber of marker | oci
10
#
# Ma in cM for marker |oci
1 2 1.5 3 2

p ( r
0.2 0.2 40.250.260.270.280.290.210



Defines the map of marker loci used in the analysis. The format is
<marker index> <distance> <marker index> <distance> ... <marker index>

asin GENEHUNTER. Inter-marker distancesarein cM and must be greater than zero. The number
of marker loci must be consistent with the locus control file.

# Region of map to be analyzed (In cM
-20.0 20.0

Specifies the part of the map in which TRIMHAP scans for evidence of adisease locus. The user
may specify a subset of the map for analysis. For example, 0.0 0.2 would limit the search for the
disease locus to the interval between the first two markers in the example above. A large range
outside thelimits of the marker map, such as-20.0 20.0, simply specifiestesting of the entireregion.
Thisparameter range affects only test locationsfor the diseaselocus, and not the marker loci tested.

# Nunber of test-points per narker-narker subinterval
1

Only statistic 3, employing trimming probabilities, isaffected by this parameter, because the precise
position of the disease locus is used in the trimming probability calculation (see # Wi ch
statistic, belowandasorefer to MacLean et al. [2000] ). For statistics 1 and 2, any position
between two markers produces the same result, so this parameter should be set to the minimum, 1.
Even with statistic 3, the information about position is probably not useful until the final stages of
analysis. Suggested value: 1

# Of-end paraneter (in cM

0.0
Asin GENEHUNTER the parameter controlshow far testing continues past the | eft-hand and right-
hand limitsof themap. A value 0.0 confinespositionsfor the putative disease susceptibility locusto
marker-marker intervals within the putative ancestral haplotype. Thisis usually best, but tests of
single markers require an off-end parameter greater than zero.

Ancestral marker parameters

# Nunber of feasible nmarker |oci
10

#

# List of feasible marker | oci
12345678910

A marker locusistermed ‘feasible’ if it can be included in the putative ancestral founder haplotype
during analysis. All markers may be defined as feasible, but the user may wish to concentrate on a
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particular subset of marker loci; e.g., specifying2 4 5 limitscandidatesfor ancestral loci to these
markers.

This parameter can be used in conjunction with the Regi on anal yzed parameter to
determine exactly the tests to be performed.

# Nunber of loci in ancestral hapl otype
2

TRIMHAP tests for linkage disequilibrium using ancestral founder haplotypes of a fixed size.
Computational effort is proportional to the number of possible haplotypes, which in turn is
proportional to the product of the number of admissible alleles at each marker of the combination.
This product rises rapidly with the number of ancestral loci.

# Maxi mum spread of ancestral loci (in cM
1.0

Only marker combinations that have a total span less than or equal to the specified maximum are
analyzed. For the marker map above, marker pair 2-3 would give an ancestral haplotype spanning
1.5 cM, which would be rejected. However, other pairs, such as 1-2, or 3-4, would be accepted.
Sinceit isimpossible to detect linkage disequilibrium using combinations of markersthat span too
wide aregion, suppression simply avoids spurious, random associations, and it also spares useless
computational time. If the parameter Maxi mum spr ead isset greater than the maximum marker-
marker subinterval in the map, all combinations of consecutive feasible marker loci are considered
for analysis.

# Is this a screen? (True/fal se)
True

A screen is the normal first step of the search for a disease susceptibility locus. Normally, users
would begin with a single-locus screen and work their way through analyses involving two loci,
three loci, and so on. Since computation time increases radically with haplotype size, screens of
more than five markers are probably not practical.

In a screen, al feasible marker loci are employed serially. With three-marker ancestral
haplotypes, TRIMHAP would test all haplotypes of markers 1-2-3, 2-3-4, 3-4-5,...8-9-10. For one-
or two-marker haplotypes, the screen smply tests all admissible locations in the chromosomal
region, producing amap analogousto amultipoint linkage map. However, for hapl otypes of three or
more markers, conflicts arise, such as 1-2-D-3 and 2-D-3-4, so that the user must make choices.

# Ancestral loci (put value=0 to | eave |locus free to vary)
00

Ancestral loci must correspond to the number of loci specified above. If the input values are zero,
all consecutivelociinthel i st of feasible marker | oci aboveareconsidered serialy.
To test specific hypotheses, the value of one or more components may be fixed. Fixing loci save
computer time, but it disturbs empirical p-values.



# Ancestral haplotype (put value=0 to |leave allele free to vary)
00

Specifiesthe aleles comprising the ancestral founder haplotype, and must correspond to the number
of loci specified above. Normally, theinput valuesare zero, inwhich caseall allelesare considered.
Values may be fixed to test specific hypotheses; it probably makes sense to do this only if the
ancestral loci have also been fixed.

If screen is set to true, both parameters ancestral | oci and ancestr al
hapl ot ype areirrelevant, but they must appear anyway. Just set themto all zeros.

Haplotype history parameters

# Nunber of generations since ancestral nutation event
200

Defines the number of generations since the ancestral founder mutation was introduced to the
population [MacLean et al. 2000]. Thisvalueisonly used for calculation of statistic 3, employing
trimming probabilities, and has no effect upon statistics 1 or 2.

# Mutation rate per generation
1.0e-5

Therateisassumed the samefor al markersin the study. The mutation rateisaccumulated over the
number of generations since ancestral founder.

# Genotyping error rate per narker
.05

The error rate is assumed the same for all markers in the study, and can be estimated from the
haplotype input data [MacLean et al. 2000]. Genotype errors are usually recorded zero or blank.
TRIMHAP adds the accumulated mutation rate and the error rate for the appropriate number of
markersfor each trimmed-haplotype category. Thisvalueisused only for calculation of statistic 3,
employing trimming probabilities, and has no effect upon statistics 1 or 2.

Study size parameters

# No analysis, just list & count feasible configurations
fal se

May be set to true if the user wishes to quickly estimate the computational complexity of a given
analysis. In this case, TRIMHAP will output a list of ancestral haplotypes to be tested, but no
analysis will take place.



# Total number of pedigrees to be analyzed
100

The number of pedigrees may be set to asmaller number (say, 2 or 3) for debugging purposes. Any
value equal to or larger than the actual number of pedigrees in the haplotype file will cause all
pedigrees to be analyzed.

# Number of replications for calculation of significance levels
1000

The number of replicate samples generated by permutation bootstrapping. If the value exceedsthe
array size parameter max_replicates declared in hal.f (currently 10,000), a warning will be
written to debug.out and the analysiswill terminate. In thiscase, re-compilation with alarger array
sizeis necessary. Computational effort is proportional to the number of replications. [Suggested
value: 1000].

# Minimum frequency for allele to be in ancestral haplotype
0.1

This limits the aleles considered for selection in the ancestral founder haplotype. Only alleles
having afreguency larger than the given value are considered for selection. In general, theanaysis
will be quicker if relatively infrequent alleles are excluded, but potentially interesting haplotypes
may be skipped with too coarse afilter.

# Minimum number of trans. to aff. indiv's for test sample
2

Controls the selection of the test subsample of haplotypes. In a given pedigree, only founder
haplotypes transmitted to at least this number of affected individuals are included in the test
subsample.

# Maximum trans. to aff. indivs for controls ( neg for all)
1

Controls the selection of the control subsample of haplotypes. In agiven pedigree, only founder
haplotypes transmitted to no more than this number of affected individuals are included in the
control subsample. If the value is negative, al pedigree-founder haplotypes are included in the
control subsample. Several assignment schemes are discussed in MacL ean et al. [2000].

# Use HBPPL (true) or multinomial class frequencies? (false)
true

Haplotype Based Posterior Probability of Linkage may be used to measure the within-pedigree
relationship between haplotypes and affection [MacLean et al. 2000]. The alternative is to score
every haplotype as 1.0. Numerical simulations indicate that significantly more power is achieved
when appropriate HBPPL values are used, but they depend on arealistic segregation model. See
Martin et al. [1999] for further details.



# Maximum number of D alleles among a pedigree's founders
4

When calculating prior and likelihood terms for HBPPL for a given pedigree, high-risk disease
allelesD areallocated to asubset of pedigreefounder haplotypesin every possible disease genotype
configuration. Sinceitishighly unlikely that there are alarge number of independent copies of the
disease mutation D segregating in a pedigree, computational effort can be reduced with little or no
significant loss of information if calculations are truncated at some point. Thevaluemay besettoa
large number (say, 20) to disable this option. [Suggested value: 4]

# Maximum null alleles allowable in founder haplotype
4

Eliminates degenerate pedigree-founder haplotypes from analysis. Pedigree-founder haplotypes
having alarge number of missing alleles should be excluded from analysis because they interfere
with the TRIMHAP permutation scheme for constructing significancelevels. [Suggested value: 4]

Heter ogeneity

# alpha: proportion of linked founder haps
1.0

Specifiesthelocus heterogeneity parameter in the sample being studied. Notethat thefrequency is
per haplotype, not per pedigree as in the linkage admixture model. Therefore, if linkage analysis
estimates that 20% of families segregate a particular disease susceptibility locus, and there are an
average of four independent hapl otypes per pedigree, then alpha=.05. On the other hand, we may
assumethat the linked haplotypeswill be concentrated in the test subsample. Thus, if only onethird
of sample haplotypes fall into the test subsample, alpha should be increased to .15.

Since computational effort increases significantly for apha< 1, dueto thefact that pedigree
likelihoods must be recalculated assuming alpha = .5, a value of alpha = 1 together with a
concomitantly reduced value of gamma s more efficient.

# gamma: proportion of alpha d escended from given ancestor
0.2

Allelic heterogeneity. The proportion of haplotypes descended from a given ancestral founder
haplotype is given by the product alpha x gamma. Note that this product affects only statistic 3,
employing trimming probabilities. If we artificially set alpha = 1 to decrease run-time, gamma
should be reduced accordingly so that the product is held at the appropriate value. For example, a
sampleinwhich 10% of haplotypes are ancestrally-derived could be described using apha= 0.5 and
gamma= 0.2 or apha = 1 and gamma = 0.1, but the latter would be much more efficient for
TRIMHAP.

Trimmed-haplotype statistic
# Which statistic: 1 = est, 2 = regress, 3 = trim prob
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More than one formulation of the trimmed-haplotype test is possible. The most familiar form for a
likelihood ratio test uses category frequencies estimated from the data themselves. We call this
genera purpose LR value statistic 1. Statistic 1 does not explicitly employ the model on which
trimmed-haplotype analysisisbased. To exploit themodel of the trimming process, we may employ
it to generate the expected value under the alternative hypothesisin avalue called statistic 3. Using
the trimming probability defined in MacLean et al. [2000], we calculate a category similarity score
that measures similarity between haplotypesin each category and their putative ancestor. In cases
where we do not have enough information to perform the trimming probability cal cul ations, we may
perform aregression analysis between the category position in the trimmed-hapl oty pe table and the
proportion of test versus control subsamples. See Martin et a. [1999] for full details.

Input files

# Fil enames: haplotypes / allele frequencies
hapl o. dunp
dom | oc

#

# Is there a sex file?
True

#

# sex filenanme, if any. |If not, just skip.

famlies.pre

Input files should belisted in the order indicated, one name per line. The haplotypefileisassumed
to beintheformat of aGenehunter haplo.dump output file[Kruglyak et al. 1996]. Thelocuscontrol
file contains marker alelefrequencies and penetrancesfor the diseaselocusmodel. It can becreated
by the Preplink utility (cf. [Terwilliger and Ott 1994]). The sex file is in Preemakeped format
[Terwilliger and Ott 1994] and is used by TRIMHAP to determine the sex of pedigree members
when sex-specific penetrances are used, since thisinformation is not contained in the Genehunter
haplotype file. If HBPPL isnot calculated, or if penetrances are equal for both sexes, families.pre
may be skipped.

# Seed for random nunber generator
2001

A starting value between 1 and 30,000 is required for the pseudo-random number generator. We
suggest users change this value for each separate analysis.

Array Sizes
The following array sizes are declared in TRIMHAP near the head of the main routine, hal .f

. max_i ndi v =40: number of individualsin asingle pedigree
. max_| oci =25: number of marker loci



max_al | el es =30: number of aleles at amarker locus

max_ped = 1000: number of pedigreesin the sample

max_ad_haps =4000: number of pedigree-founder haplotypes

max_repl i cat es =10000: number of permutation replicates

max_dept h = 4: number of generations in a pedigree

max_di s_pos =10* max_| oci : number of test-points for the disease locus

Alternative values may be defined by the user, as needed.
Running TRIMHAP
To run TRIMHAP, type in the program name without arguments, at the command prompt:

trimhap

OUTPUT
Four output files contain the results of a TRIMHAP analysis. They are:

results.out: output for each haplotype-specific analysis plus scan-wise summary
best.out: allele names and locations, sorted by significance level.

map.out: map-wise significance levels

debug.out: intermediate output with warning and error messages

Haplotype specific statistics: results.out file

Theresults.out file containsfull detail s of resultsfrom each specific ancestral haplotype analyzed by
TRIMHAP. There may be many thousands of such haplotype specific analyses, so in general the
volume of output contained in theresults.out filewill be overwhelming. For thisreason and because
of the obvious problem interpreting statistical significance given the multipletests being conducted,
we recommend using the map-wise statistics summarized in the map.out file. However, once a
region has been identified as being of unusual significance with respect to diseaselocation, the user
may wish to examine the output contained in results.out for detail s concerning specific ancestral loci
and alelesthat may be involved. The output for each haplotype specific analysisis as follows.

Di sease position Ancestral | oci Ancestral haps
Scan to date: 1/ 1 1/ 1 1/ 1
Current di sease position: 1/ 1 1/ 1
Current anc | oci: 1/ 1

The first four lines of each haplotype-specific analysis contain a summary of information about
disease location and ancestral loci and alleles, and the number of analyses performed. Thesevalues
are cumulative over an entire test run.



1 2 3
Ancestral :
Loci =1= =2= =
Hap =5= =4= =
Al lele freqgs 25 .20 .1

The current hypothesis being tested is represented pictorially as a map, with the location of the
disease genegiven as- - X- - . Thefirst ancestral locus refersto marker locus 2, while the second
refers to marker locus 3, and so on. The notation =1= means that the first locus was fixed by the

user, not free to vary over thetest. The same convention is used for haplotypes.

The next few lines of output summarize TRIMHAP control parameters.

Di sease mn Span
position freq observ

0. 1250 . 100 0. 500
duration al pha gamma
200 1. 00 0. 20

mut ati on rate per generation
total error+nutation rate =

Nunmber of replicates (feas/ total)

max

m n

t est

8.0000 2

= 1. 0O00E- 05
2. 001E-03

1000 /

max

cont r ol

1

1000

Thedisease position is0.125cM to theright of thefirst marker locus, the minimum admissibleallele
frequency set by the user is 0.100. The current ancestral loci span, 0.500 cM, is less that the
maximum admissible spread of ancestral loci set by the user. The minimum number of
transmissionsfor atest haplotype and the maximum number of transmissionsfor acontrol haplotype
set by the user arelisted. The number of generations since introduction of the mutation, the locus
heterogeneity parameter, alpha, and the allelic heterogeneity parameter, gamma, all set by the user
are listed, as well as mutation rate and genotyping error rate. Finally, the number of permutation
replicatesthat produced feasible hapl oty pesis shown together with the total replications specified by

the user.

The next block of output for the haplotype specific analysis summarizes the trimmed-hapl otype

table.
lh rh t c t
1 2 4 3 . 0192
1 1 12 9 . 0577
0O 2 6 13 . 0288
1 0 40 37 . 1923
0 1 25 28 . 1202
0O 0O 121 102 . 5817
400 208 192

c

. 0156
. 0469
. 0677
. 1927
. 1458
. 5313

trim contrib
. 1058
. 0828
. 0730
. 1821
. 1258
. 4306

NOOORH

non-t excess

COowoow

ONOR~ON

}_\ 1
COOoONO
CIW RN

Going from left to right, we have the number of allelesin common with the founder haplotype onthe
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left- and right-hand sides of the current disease locus test-location. Next are the number of
haplotypes in the test and control subsamples, and the corresponding frequencies. Theoretical
haplotype trimming probabilities provide the basis for the contribution to statistic 3, only. The
excess category frequency of test over control subsamples, adjusted to the total number of
haplotypesin thetest subsample, isused to demonstratethe familiar fit of test subsampledatato the
null hypothesis, although TRIMHA P does hot empl oy this method to cal cul ate the significancevalue
(see MacLean et al. [2000] for a full description of empirical significance levels) . Finally the
estimated category frequencies for the test sub-sample against the trimming probability, to
demonstrate thefit of statistic 3 to the alternative hypothesis. At the bottom of thetable, we seethat
400 pedigree-founder hapl otypes are admissible for the current combination of ancestral loci. This
may vary sightly from test to test, due to missing data and ambiguities in tracing within-pedigree
inheritance. These locally-admissible haplotypes are comprised of 208 test haplotypes and 192
controls. Notethat in this case the test and control subsamples are digoint, but this need not be so.

statistic used: 3

obser ved: raw, norned = -7.151, 0. 147
replicates: nean, std dev = - 7. 645, 3. 360
enpirical p-value = 0. 3880

Output includes estimated significance level, raw and normed values for the statistic used, and the
mean and standard deviation in the permutation replications. See MacL ean et al. [2000] for afull
description.

Scan-wise statistics: results.out file

At the very end of the results.out output file, significance levels are given for scan-wise results.
Summary over all scanned configurations:

Nunber of replicates = 1000
Maxi mum stat (trim prob) = 0. 147 enpirical p-val = 0.4740

The statistic represents compound hypothesistesting evidence for adisease locus|ocated anywhere
within the region analyzed. See MacLean et a. [2000] for further details.
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Summary of all calculations: best.out file

# Created on Tue Nov 30 13:51: 04 1999
# File: best.out
Statistic cal cul ated 3

total haps tested 1532
enpir di sease
rank config stat p_val | ocat ancestral founder

1 1025 2. 245 0. 0240 2 3 1 5
2 47 1. 896 0. 0380 1 2 3 1
3 115 1. 804 0. 0490 2 2 3 1
4 1027 1. 635 0. 0660 3 3 1 5
5 214 1. 433 0. 0810 1 4 2 1
6 13 1. 403 0. 0870 2 1 3 1
7 820 1.289 0. 1060 2 1 4 3
8 1.160 0. 1250 3 3 2 5

Every haplotype-specific test of aTRIMHAP runislisted in the best.out file, sorted by the value of
the user-chosen statistic. Note that the corresponding empirical p-values are haplotype-specific
values, not adjusted for multiple testing.

The haplotypeisidentified by its position in the map ( markers 2-3-4 for thefirst entry), its
allelenumbers( alleles 3-1-5 in thefirst entry), and the location of the putative disease susceptibility
locus within it. The entry under di sease | ocat refers to the interval following the marker
number given.

The entry conf i g indicates the position of the detailed analysis in the results.out file,
whereit correspondsto Scan to date: Ancestral haps.

Map.out file

A list of map-wise significance levels are listed in the map.out file, one for each test-point for the
disease locus:

# File: map. out
# Created on Tue Nov 30 13:16:55 1999
# Statistic used 3

poi nt cM st at
1 0. 125 0. 3880
2 0. 375 0. 5840

Theindex of thetest-point for the disease locus, thelocation in cM of the test-point from the start of
the map, and map-wise significance levels are listed. Each map-wise significance level is a
compound hypothesis of multiple haplotype specific analyses, with small values suggesting that the
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disease locus may be located nearby. Datain the map.out file may be plotted using the interactive
plotting program Gnuplot. This package is commonly installed on many unix (and non-unix)
systems, but if not, it is freely avalable via anonymous ftp at
ftp://ftp.gnupl ot.vt.edu/pub/gnupl ot/gnupl ot-3.7.tar.gz.

Intermediate output, warnings, and errors. debug.out file

The debug.out file containsintermediate output from TRIMHAP, together with any warning or error
messages which are generated. Thefirst section at the head of thefile is an echo of the parameters
as read from parameters.dat. There is no need to inspect debug.out unless TRIMHAP terminates
prematurely dueto afatal error. Inthiscase, ashort explanatory message should appear at the end
of debug.out. Note: in our experience, most errorsare caused by improperly-formatted input datain
the parameters.dat file. In case of problems, users should carefully check data in parameters.dat
versus the echo of this data printed at the start of debug.out.

Bugs

Although we have made every effort to test this package, bugsin the code may still exist. Userscan
reach the authors using the contact information given below, preferably by email. Inreporting bugs,
please include details concerning computer hardware and operating system version, together with
input and output filesif possible. It isour experience that most failures result from faulty inputs.
Before you report abug, we ask that you check to ensurethefailureisnot dueto wrongly-formatted
input data.

Contact address for scientific questions:

Charles MacLean

Virginia Institute for Psychiatric and Behavioral Genetics
Virginia Commonwealth University

Box 980126, Richmond, VA 23298

email: cmaclean@bara.psi.vcu.edu

Contact address for computer questions:

Huan Wang

Virginia Institute for Psychiatric and Behavioral Genetics
Virginia Commonwealth University

Box 980126, Richmond, VA 23298

email: huwang@hsc.vcu.edu
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