(1) DATA PREPARATI ON COVIVANDS

LOAD MARKERS Conmmand

Sunmary: Load nmarker-1ocus data
Argunent : <file name>

This command reads in the marker-1ocus data (allele frequencies for
each genetic marker, frequency and penetrance infornmation for the
di sease). The format of this file nust be identical to the Linkage
paraneter file (output fromthe PREPLINK progranm). See the file
linkloci.dat as an exanple of this file format or consult Linkage
docunent ati on for further help.

After 3 header lines (only the nunber of loci on line 1 and the

mar ker order specified on line 3 are relevant and need to be changed),
this file nust begin with one (and only one) affectation |ocus

descri bing the disease allele frequencies and penetrances.

GENEHUNTER- MODSCORE i ncl udes the functionalites of GENEHUNTER-

I MPRINTING in particular, it allows for a paranetric (LOD or MOD
score) analysis with inprinting disease nodels. For individuals who
are heterozygous at the disease |ocus, two penetrance paraneters
(instead of only one paraneter) need to be specified; one for
paternal origin and one for maternal origin of the disease allele.
The penetrance line should have four paraneters and | ook as follows
(with 'm and '+ specifying the nutant and wild-type allele,
respectively, and the paternally inherited allele listed first):

f+/+ fm+ f+/m fmm

In this case, 'inprinting on’ needs to be entered before using the
"l oad markers’ command. (If a standard noni nprinting di sease nodel
with three penetrance paraneters is to be used, the "inprinting
option should be left turned "off’ which is the default setting when
GENEHUNTER- MODSCORE i s initiated).

See the exanple file linkloci.inp, as well as the help text for the
"inprinting’ command. (Note that this version only allows for an
anal ysis of autosomal loci. |In case you want to perform an anal ysis
for the X chronbsonme with inprinting, please use the xghi executable
of CGENEHUNTER- | MPRI NTI NG version 1.3.)

Fol I owi ng the di sease | ocus paraneters, the information for each marker
shoul d be provided, as in the foll owi ng exanpl e:

3 6 # D1S1234
.20 .15 .15 .40 .05 .05

The 3 on the first line is obligatory, followed by the nunber of

alleles for the marker. |If desired a '# followed by the nane of the
mar ker may be entered and this nane will then appear on the Postscript
output of the 'total’ command and can be used to enter marker orders
using the 'use’ command. The second line for each marker sinply
contains the allele frequencies for alleles 1 through 6 in this case.

In case that nmarker allele frequencies do not sumto 1.0 per marker, one
shoul d use the "nornalize allfreq option. See 'help normalize allfreq
for informati on on how to nornalize nmarker allele frequencies, so that
they sumto 1.0 for each marker | ocus.

In the third to last Iine you indicate whether you would like to use
sex-specific or sex-averaged reconbination frequencies. |If the first
entry is '2', sex-specific reconbination frequencies are used. In case
that the first entry is "0, sex-averaged reconbi nation frequencies are
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enpl oyed. Map distances (interlocus distances in the nmarker order
specified on line 3) may be entered on the second to last line in this
file format. |f sex-specific reconbination frequencies should be used,
two lines have to be entered, the first line with *rmale* and the second
line with *femal e* map di stances. (By using this order, consistency

with Linkage format is maintained. On all other occasions, including

the 'use’ and ’'read map’ comrands, GENEHUNTER- MODSCORE expects and prints
fermal e map di stances and coordi nates before the correspondi ng val ues for
mal es.) Distances nmay be specified as either reconbination fractions or
centi Morgans, with the necessary assunption that if EVERY distance is
less than 0.5, they are all assunmed to be reconbination fractions,
otherwise (if ANY distance is greater than 0.5) they are interpreted as
centi Morgan di stances. Please note that, on line 3, marker loci are
nunbered 2 to n+tl since "1 is reserved for the disease |locus which is
ignored in the map order. |If "1 (the disease locus) is specified as the
first locus on line 3, it is required to start the interlocus-di stance
line(s) with a dummy reconbi nati on val ue, corresponding to the genetic

di stance between the disease locus ('1') and the first nmarker (e.g. '2'),
which will always be ignored, followed by the reconbination frequency

bet ween the 1st and 2nd marker, then 2nd and 3rd marker, and so on

However, if you have specified that reconbination frequencies should be
read froma separate map file by the "read map’ command, the two |ines
wi th reconbi nati on frequencies can be onmtted - and, if given, will be
i gnored. 'Read map’ mnust be called before executing '| oad nmarkers’
More details regarding this feature can be found in the help text for
the "read map’ conmmand

See 'hel p variance conponents’ for information on how quantitative
phenotype and covariate data should be specified in this file.

Pl ease note that an anal ysis with sex-specific reconbination fractions
can also be perforned in the context of the affected-sib-pair and QTL

anal ysis capabilities (conmands 'estimate’, 'exclude’, 'haseman el ston’
"m variance’, 'no domvar’, 'nonparanetric’, 'dunp ibd and ’'variance
conponents’). Here, the output only includes the sex-averaged genetic
positions, i.e., the nmean of the nmale and fenal e coordi nates. The

correspondi ng mal e and fenmal e genetic positions can be obtained from
the out put of the 'scan pedigrees’ conmand.

READ MAP Conmmand

Sunmary: Load map file with genetic positions
Ar gument : <file name>

Wth this command you can specify that you want to read in narker

di stances froma publicly avail able map i nstead of supplying them
yourself at the end of the |inkage marker file which is read in by
the 'l oad markers’ command. The syntax is as follows:

read map <nap-file>

This version of GENEHUNTER- MODSCORE i ncl udes four different map files:
"duffy.txt’, "marshfield.txt’, '"nievergelt.txt’, and 'rutgers.txt’

The deCODE map can be used as well. Please see the file INSTALL. ghm
for instructions regarding how to create the corresponding map file.
You can specify a different map file, but the format has to be the sane
as in the provided files. The '"read map’ command will first try to open
the map file with the specified nanme in the current directory. If this
fails, the directory specified by the GHM DI R environnent variable wll
be accessed to open a file with the name. GHM DI R should point to the
directory where the GENEHUNTER- MODSCORE i nstal |l ation, including help
and nap files, are located. By this neans, it is not necessary to copy
these files to your working directory. An instruction regarding howto
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set the GHM DI R environnment variable with your operating systemis given
in the INSTALL.ghmfile. 1In the case of an analysis with sex-averaged
reconbi nation fractions, the colum w th sex-averaged genetic positions
will be used. Wen enploying sex-specific reconbination fractions, the
programw |l only use the male and female positions. In this context,
sex-averaged coordinates will be calculated internally as the arithnetic
mean of the male and fenal e positions. These averaged coordinates are
used as the basis for reporting and plotting results, and they wll

al so be witten to the files "user_nmarkers_in_nmap’ and 'used_nap

(pl ease see below) in addition to the male and femal e coordi nates when

a sex-specific map is used. Reconbination frequencies which are given
in the linkage marker file will be ignored when using a pre-defined map
file. The 'read map’ conmand must be executed before '| oad narkers’

If the usage of sex-specific genetic distances has been turned on, the
coordi nates of additional ungenotyped narkers given in the nap file

but not in the linkage marker file will be automatically used to
determ ne the sex-specific genetic coordi nates at which the |inkage
statistics should be calculated. |In particular, using the coordinates

of additional untyped markers allows for appropriately varying the
fermal e/ nal e di stance rati o even between two genotyped narkers.

There will be four addtional output files inform ng of the used marker
positions and the used nap:

"user_markers_in_map’: This file contains the markers, and their

posi tions, which have been found in the linkage nmarker file as well as
inthe map file that you have specified. (The file will also be
created when the 'read map’ conmand i s not used, containing the nmarkers
specified in the |inkage narker file.)

"used_map’: This file contains the markers of the specified map file
and their positions as they are used by the program Here, in
contrast to the "user_markers_in_nap’ file, markers which have not
been specified in the linkage marker file are included as well.

"<map> omitted narkers’: This file contains a |ist of narkers of the
speci fied map whi ch have been omitted because of inconplete information
regarding the genetic positions. (For technical reasons, the |ist

i ncl udes X-chronosonal narkers of the map, since they do not have a
valid nmal e genetic position.)

' <map>_i nconsi stent _positions': Listed are consecutive markers if
their positions are inconsistent, i.e., if the fermale or male genetic
coordi nate of a marker, in the sex-specific case, or otherw se the
sex-averaged coordinate, is smaller than the correspondi ng coordinate
of the previous marker. These markers are not omtted but their
positions are corrected by setting the male and/or fenale position, or
the averaged position, to the coordinate of the previous narker plus
0.0001 cM If the male or fermal e coordinate of a marker is identica
to the coordinate of the preceding nmarker, it will be corrected as well
for technical reasons. However, since such markers do not represent

i nconsistencies in the narrow sense, they will not be listed in this
file. You can inspect the corrected positions of all aforenentioned
markers in the 'used_map’ file.

If markers specified in the linkage marker file are not found in the
map file, a list of these nissing markers will be displayed in the
standard GENEHUNTER- MODSCORE out put. The missing markers will have to
be inserted in the map file before continuing.

If the marker order, determined by line 3 of the linkage marker file,
differs fromthe order in the map file, the programw || report the
first occurrence of such a nmismatch and will subsequently quit.

Pl ease change the nmarker order, as defined in line 3, to be the same as
in the genetic nmap file. (Note that line 3 of the |linkage marker file
appropriately affects the order of genotype colums in the pedigree
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file as well, such that no changes are necessary in the pedigree file.)

If a marker name occurs nore than once in the linkage marker file, the
programw ||l report this and quit. Please nake sure that every marker
nane occurs only once in the |inkage marker file.

It is inmportant to note that, in the Iinkage marker file, the marker
nane nust be preceded by a '# in order to be recognized

USE Conmmand

Sunmary: Sel ect the current map for anal ysis
Ar gunent : <genetic nmap>

Def aul t: di spl ays the current map sel ected

The "use’ command is used to select the current nap that the ’'scan
command will operate on. It is called in the foll owi ng manner when using
sex-averaged reconbi nati on frequenci es:

use <mar ker> <di stance> <mar ker > <di st ance> <mar ker> ..

When using sex-specific reconbination frequencies, the follow ng
syntax i s used:

use <marker> <fenal e di stance> <nmal e di stance> <marker >
<femal e di stance> <mal e di stance> <mar ker> ..

Mar kers nay be specified nunmerically (1 being the first listed

in the marker locus file - the affectation | ocus does not count in
this nunbering schene as it does in the Linkage paraneter file)

or by the nanes specified in the conent area for each marker.

I f reconbi nation frequencies are specified in the Linkage paraneter
file, they will be entered automatically during the "load narkers" step
Enter "use" wi thout argunents to see what current |inkage nap has been
entered. |If there is no Iinkage map in the |inkage paraneter file, it
is required to either read a map file with the "read map" conmand
(prior to calling "load markers") or to enter a map using the "use"
command before any anal ysis can take pl ace.

Wth the "use" command, distances may be specified as either

reconbi nation-fractions or centi Mrgans, with the necessary assunption
that if EVERY distance is less than 0.5, they are all assuned to be
reconbi nation-fractions, otherwise (if ANY distance is greater than 0.5)
they are interpreted as centi Morgan di stances.

If a mp file has already been read with the "read map" command, it is
not possible to change the reconbinati on frequenci es between markers
with the "use" command; in this case, "use" can be called only w thout
argunents to display the current nap.
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(2) GENEHUNTER- MODSCORE MAPPI NG COMVANDS

SCAN PEDI GREES Conmmand

Sunmary: Anal yze pedigree data
Argunent : <file name>

The main anal ysis command i n GENEHUNTER- MODSCORE is the "scan" comand
(with the "nodscore" conmand executed later for a MOD score anal ysis).
For each pedigree found in the file indicated, the "scan" conmand

wi |l conpute LOD scores and NPL sharing statistics at nmany positions
in the genetic map (entered in the |ocus paranmeter file or via the
"use" command). In addition, if the "count recs" option is turned on
observed reconbi nations will be displayed for each nap interva

at the end of the scan for each pedigree. This can be useful in
highlighting Iikely positions of errors in the data.

The pedi gree should be in the Linkage pedigree input format (before
runni ng MAKEPED or doi ng any preprocessing!). Each line of this file
nmust have the follow ng structure:

3 12 8 9 1 2 1 12 83 00 46 13... 4.100.374
(a) (b) (c) (d) (e) (f) (9) e ) (i ------- )
(a) pedigree name
(b) individual 1D #
(c) father’'s ID #
(d) mother’'s ID #
(e) sex (1=MALE, 2=FEMALE)
(f) affectation status (1=UNAFFECTED, 2=AFFECTED)
(g) liability class (OPTIONAL) - classes specified in marker data file
(h) marker genotypes
(i) phenotype/covariate data (OPTI ONAL)
A 0 in any of the disease phenotype or marker genotype positions
(as in the the genotypes for the third nmarker above) indicates
m ssing data. See the file linkped. pre as an exanple.
A - in the phenotype/covariate data indicates nmissing data - NB
0O is a real value that a phenotype may take on and DOES NOT represent
m ssi ng phenotype data
Inthis file format, you may enter as many pedigrees as you wish in a
single file. If a pedigree is too large to be conputed using a
reasonabl e anobunt of tine and nenory, sone individuals that provide
Il ess information will be discarded and warnings will be printed

Unaffected individuals with no descendents in the pedigree nmay be

di scarded with nminimal l[oss of information and these will be the first
elimnated should the pedigree be too large. See the "discard" option
if you wish to utilize this speed-up in general

The scan output of each pedigree consists of up to 7 col ums of
information as follows (depending on the setting of ’'analysis type

and on the fact whether sex-specific or sex-averaged genetic distances
are used):

sex-averaged cM position in the scan

femal e cM position (if a sex-specific map i s used)

mal e cM position (if a sex-specific nap I's used)

LOD score (conputed using the disease nodel given in the paraneter file)
NPL statistic

exact conputed significance (p-value) of the NPL statistic

i nformati on content of the genotype data
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The "total stat" conmand may be run after a successful "scan" to
see the total scores for the entire data set. It is also possible to
performa MOD score analysis with the "nodscore" conmand.

* % % IWWAW * % %

Keep in mind when creating files that there nust be a one-to-one
correspondence (I N ORDER AND NUMBER) between the markers described in
the body of the marker data file (i.e., order of the nane and allele
frequency definitions, without taking into account line 3 of the file)
and the markers that have genotypes listed for themin the pedigree
file. (Changing line 3 of the marker data file affects both the

order of markers in the marker data file and the order of genotype
colums in the pedigree file.)

TOTAL STAT Command

Sunmary: Show total scores froma scan of nultiple pedigrees
Argunent s: < het’ > <fixed-al pha>

The "total" conmand can only be used after a successful "scan"

command of multiple pedigrees. It will display the same 7 col ums

of output as the "scan" command produced for each pedigree, only now
the colums will display the conbi ned val ues of each statistic

(sum of LODscores, conbined NPL score, average infornmation content, and
p-val ues of the raw NPL score total). In addition to the screen display
of this information (if the "postscript output” option is turned on)
postscript graphs of the total NPL statistic (stored in npl_plot.ps),
total LOD score (lod plot.ps), and total information content
(info_content.ps) will be created. Please note that, if a sex-specific
genetic map i s used, the sex-averaged coordi nate cal cul ated as the nmean
of the corresponding female and mal e genetic position will be used as
x-axi s coordinate in the postscript plots.

In addition two optional argunents may be entered. If the first argunent
is the word "het" then LODscores under heterogeneity will also be
cal cul ated al ongside the regular LODscore sum |If a second nuneric
argunent is provided after the word het, the LODscores under

het erogeneity will be cal culated assuning a fixed al pha (fraction of
pedi grees linked - a nunber between 0.0 and 1.0). |If this second
argunent is not provided, alpha will be allowed to vary until the

HLOD i s nmaxi m zed.

In the context of a MOD-score analysis, the "total stat" command can be
executed before and/or after the "nodscore" comand. |If "total stat”
is called before "nodscore" (but after "scan pedigrees"), it wll

print the LOD scores obtained under the trait nodel provided in the
locus datafile, as usual. |If called after "nbdscore", "total stat"
yields either the LOD-score for all considered genetic positions,
obt ai ned under the overall best-fitting nodel (with the option "nodcal c
global "), or the MID score that has been cal cul ated separately for each
genetic position ("nodcal c single").

The "total stat’ conmand nust be called before running the 'calculate p

val ue’ conmmand. For nore details please see the 'calculate p value' help
text.
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MODCALC Conmand (abbreviation 'nt’)

Sunmary: activate/deactivate MOD-score anal ysis
Ar gunent : <'global’, 'single, or 'off’>
Def aul t: di splays the current setting

GENEHUNTER- MODSCORE al | ows for a MOD-score analysis, in which paranetric
LOD scores are maxim zed over the paraneters of the trait nodel, i.e.

t he penetrances and di sease allele frequency. By this neans, the
trait-nodel paraneter space is explored in an efficient way, and so
researchers do not have to rely on a single trait nodel when performng
a paranetric linkage analysis. This can be of great help in the context
of genetically conplex traits, for which the disease nodel paraneters
are usually unknown prior to the analysis. Please note that, because of
the additional naxim zation, MOD scores are inflated when conpared to
LOD scores that were cal cul ated under a single trait nodel. Therefore,
in the context of a MOD-score analysis, significance criteria for LOD
scores cannot be applied without correction. GENEHUNTER- MODSCORE al | ows
the user to performNMnte-Carlo sinulations in order to calculate p

val ues of MOD scores. This way, significance |evels corresponding to
certain LOD-score criteria can also be applied to MOD scores. Please
see the help text for the 'calculate p value’ command for further
details, as well as the references nentioned in the | NSTALL.ghmfile.

When a MOD-score cal cul ati on shoul d be perforned, the user needs to
activate the storage of inheritance-vector probabilities with the
"nmodcal ¢’ command, for which there are two options, 'global’ and ’'single
(besides 'off’). This command nust be executed before 'scan pedi grees’
and shoul d be conpl enented by the 'nodscore’ command which perfornms the
actual nmaxim zation over trait nodels, after 'scan pedigrees’

Wth 'nodcal c gl obal’, the maxi mum of the LOD score over all assuned
di sease-1ocus positions along the marker map i s determ ned for each
trait nodel, and this maxi rumis nmaxi m zed over different nodels.
When using the 'global’ option, the inheritance-vector distribution
given the marker data (naned P_conplete in the original GENEHUNTER
reference, Kruglyak et al., AmJ Hum Genet 58:1347-1363, 1996),
obt ai ned during 'scan pedigrees’, needs to be stored in nenory for al
assuned di sease-|locus positions. During the 'nodscore’ comand, all
of these distributions will be reused for every tested trait nodel.
Therefore, the nmenory requirenents can be substantial for datasets
with larger pedigrees. |If the amount of main menory is not
sufficient, the range of considered genetic positions can be
restricted with the ’positions’ command. Wen relying on swap nmenory
with "nodcal ¢ global’, conputational efficiency will drastically
decrease, due to a large degree of paging.

Wth the 'nodcal c single option, a separate naxim zation over trait
nodel s will be done by the 'nbdscore’ command for each assuned

di sease-locus position. This yields a MOD score, in conjunction with

t he penetrances and di sease allele frequency of the best-fitting trait
nodel , for every genetic position. The paraneters can be regarded as
an estimate of the genetic effect at a particular locus. |In the case
of two di sease genes at separate loci on the sane chronosone with
markedly different trait-nodel paraneters, only the locus with the
stronger signal will be identified when using the 'global’ option, but
probably both of themw Il be found with 'nodcalc single’ . Wen using
the 'single option, the inheritance-vector probabilities need to be
stored only for a single genetic position. On the other hand,
conputation-tine demands will be higher than with 'nodcal ¢ gl obal’,
since a separate round of nmaxim zation needs to be done for each
genetic position. Here, if sufficient nmenory is available, time can be
saved by storing the scoring-function vectors (i.e., the disease-Ilocus
l'ikelihood) in nenory for a certain nunmber of trait nodels. The nunber
of nmodels to be stored is defined with the ’'saved nodels’ command

In addition, it is possible to restrict the range of genetic positions
using the 'positions’ command in order to reduce the conputation tine.
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Details on reducing the conputation-tinme demands through usage of a
custom zed set of trait nodels for the maxim zation is given in the
"maxi m zation’ comand section of this help.

It should be noted that restricting the genetic positions to be

anal yzed with the 'positions’ command is preferable to restricting the
number of markers taken into account with the 'use’ command. Wen
appl ying the 'positions’ command to define a smaller range of genetic
positions assunmed for the disease | ocus, GENEHUNTER- MODSCORE wi | |

still extract the conplete nultipoint information by using al

avail abl e markers. Therefore, this option should be used if enough
menory is available to include the full narker set.

Pl ease also see the help texts for the 'nodscore’, 'maxim zation’
"positions’, 'saved nodels’, and 'calculate p value’ conmands.

"nmodcalc’ is 'off’ when GENEHUNTER- MODSCORE is initiated.

ALGEBRAI C CALCULATI ON Conmand (abbreviation 'alg’)

Sunmary: activate/deacti vate al gebraic cal cul ati on node
Argunent : <on or 'off’ >
Def aul t: di splays the current setting

The use of the algebraic algorithmsignificantly speeds up a paranetric
MOD- score anal ysis conpared to the classic cal culation node inplenented in
former versions of GENEHUNTER- MODSCORE (e.g. version 3.0). The speed-up
is especially pronounced when many sets of trait-nodel paraneters are

eval uated during the maxinization. The al gebraic algorithmreduces the

ef fective nunber of inheritance vectors by collapsing theminto cl asses
with identical disease-locus-likelihood contribution. To this end, the

di sease-1 ocus-1likelihood contribution of each inheritance vector is stored
inits algebraic formas a sumof products of penetrances and

di sease-all el e frequencies. |Inheritance vectors with the sane

di sease-1ocus-1likelihood contribution are joined together in an

i nheritance-vector class. This concept is even extended across pedi grees,
such that the disease-locus-1ikelihood contributions of all inheritance
vector classes can be nunerically calculated in a single step for the
entire dataset rather than having to reconpute themmany tines. Finally,
the result for a certain inheritance vector class is used for al

pedi grees with inheritance vectors that are nenbers of that particul ar
class. Unlike the previous algorithm the new al gebraic al gorithm neither
requires peeling of nuclear famlies nor | oop-breaking.

Pl ease see the followi ng publication for details:

Brugger M and Strauch K. : Fast Linkage Analysis with MOD Scores Using

Al gebrai c Cal cul ation, Hum Hered 2014; 78: 179- 194.

Use of the algebraic algorithmis only reasonable in conjunction with the
"nmodscore’ comrand, especially with the 'nodcal c single’ option, for which
a separate maximn zation over trait nodels is done for each assuned

di sease-1ocus position. Furthernore, usage of a dense grid of initially
eval uated trait nodels (' naxim zation dense’) is recomended, which |eads
to a nore thorough naxim zation over trait-nodel paraneters

The new al gebraic cal cul ati on node can be readily conbined with the
"calculate p value’ option to determine enpirical p values by perfornng
simul ati ons under the null hypothesis of no |linkage. Hence, the

eval uation of many sets of tested trait-nodel paraneters during a

MOD- score analysis in conjunction with enmpirical p-value calculation is
now feasible wthin a reasonabl e anmobunt of tinme.

The ' saved nodels’ option will not be used with ’al gebraic calculation

turned 'on’ because the saving of scoring-function vectors does not |ead
to a further speed-up in the context of the al gebraic algorithm
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For compatibility reasons, the user can switch to the classic cal cul ation
node as inplenmented in fornmer versions of GENEHUNTER- MODSCORE by
speci fying 'al gebraic calculation off’.

"al gebraic calculation” is 'on” when GENEHUNTER- MODSCORE is initiated

If the user wants to use the original algorithminstead,
"al gebraic calculation nust be turned 'off’ before ’'scan pedigrees’

MAXI M ZATI ON Conmand

Sunmary: custoni zes MOD score routine
Ar gunent : <'standard’, 'dense’, 'grid’, 'small’, or 'user’'>
Def aul t: di splays the current setting

Wth paranetric |inkage analysis, maxim zing the likelihood for a given
dat aset involves a systematic variation of one or nore paraneters of the
nodel. In a sinple LOD-score analysis only the genetic position of the
trait locus is varied, while the trait nodel paraneters (penetrances and
di sease allele frequency) are fixed. Wth a MOD score analysis, the
penetrances and di sease allele frequency are included in the maxim zation

as well. This can be of great help in the context of genetically conplex
traits, for which the di sease nodel paraneters are usually unknown pri or
to the analysis. |In nost cases the resulting optim zation probl em cannot

be solved by analytical neans. Here the l|ikelihood has to be cal cul ated
under different trait nmodels in order to find the MOD score nunerically.
GENEHUNTER- MODSCORE perforns this task in an efficient and custonizabl e
way.

The MOD-score calculation is started with the 'nodscore’ command which
has to be executed after 'scan pedigrees’ (with possibly "total stat’ or
ot her commands between them). |In addition, if MOD scores should be
calculated, it is necessary to specify 'nodcalc global’ or ’'nodcalc
single’ prior to the 'scan pedigrees’ conmmand, in order to activate the
storage of inheritance-vector probabilities. Please see the help text
for the 'nodcal ¢’ and ’'nodscore’ conmands for details.

The ' maxi m zation’ command deternines the way in which the di sease-node
paraneters are varied when calculating the MOD score. Wth 'maxim zation
standard’ (i.e., the default setting), the MODscore analysis is done in
two steps. First, in addition to the trait nodel specified in the |ocus
datafile, GENEHUNTER- MODSCORE tests a set of predefined trait nodels. In
particul ar, the disease allele frequency is set to the values 0.01, 0.05,
and 0.10; the phenocopy rate f+/+ is set to the values 0.001, 0.01, and
0.05; the other penetrances are set to the value of f+/+ as well as to
0.10, 0.50, and 0.95. Taking all possible conbinations of these val ues
forns the set of initially tested nodels. Wth the option ’penetrance
restriction on” (which is the default), the heterozygote penetrances

(two of themin case of inprinting) are constrained to be not snaller
than f+/+ and not greater than the honbzygous mutant penetrance fmm
This restriction can be turned off, e.g. in order to allow for

overdomi nance or protective loci. Wth the choice of paraneters given
above, there are 81 initially tested trait nodels with "inprinting off’
and ' penetrance restriction on’, 135 nodels with "inprinting off’ and

" penetrance restriction off’, 261 nodels with "inmprinting on" and
"penetrance restriction on’, and 567 nodels with "inprinting on" and
"penetrance restriction off’. Additional user-defined trait nodels can
be added to this first round with the 'nodel’ command. |In case of nore
than one liability class, or if the LOD score is below zero for al

initial nodels, a further nodel with all penetrances equal for the
currently optimzed liability class is tested as well. Then, the
LOD-score maxi mum over the initially tested nodels is used as the starting
point for a fine maxim zation. Here, in order to reach the fina

MOD- score maxi mum paranmeters are varied by steps of 0.01; if they fal
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bel ow 0. 05, the step size is reduced to 0.005 or even to a smaller val ue.
Wth the ’dinmensions’ command, the user can determnine the nunber of
paraneters that are jointly varied during fine maxim zation. The default
is 2; specifying a higher value | eads to a nore thorough maxi m zation at
the price of a larger nunber of disease-locus |ikelihood eval uations and,
hence, nore conputing tinme. The penetrance restriction, if activated,
applies to the fine naxim zation as well. The same holds for the
restriction of the disease allele frequency (which by default cannot
exceed 0.5), as defined by the "allfreq restriction’ comand.

Wth 'nmaxim zation dense’, a |larger set of predefined trait nodels is
tested before the fine nmaxinization than with ’nmaxinm zation standard’
Here the disease allele frequency is set to the values 0.01, 0.05, 0.10,
and 0.50; the phenocopy rate f+/+ is set to the values 0.001, 0.01, 0.05,
0.50, 0.95, 0.99, and 0.999; the other penetrances are set to the val ue of
f+/+ as well as to 0.05, 0.10, 0.50, 0.90, and 0.95. As before, taking
al |l possible conmbinations of these values forns the set of initially
tested nodels. The set obtained with 'maxi m zation dense’ is a superset
of the nodels initially tested with 'maxim zation standard’. Due to the
choi ce of grid points nentioned above, the set of nodels with
"maxi nm zation dense’ is symmetric with respect to affection status, such
that for every vector of penetrances (f+/ +; fnmi+, f+/m fmnmnm the

conpl enentary penetrance vector (1-f+/+; 1-fm+; 1-f+/m 1-fmm is
included in the set of nodels as well. Thus, the set of initially tested
nodel s does not change if the "affected phenotype is replaced by
"unaffected’ and vice versa. There are 236 trait nodels with 'inprinting
of f° and 'penetrance restriction on’, 848 nodels with "inprinting off’
and ’'penetrance restriction off’, 988 nodels with "inprinting on" and
"penetrance restriction on’, and 4928 nodels with "inprinting on’ and
"penetrance restriction off’. During fine maxim zation, the step size of
0.01 is reduced to 0.005 or even to a smaller value not only if a
paraneter falls below 0.05 (as is the case with 'nmaxim zation standard’),
but also if a paraneter exceeds 0.95, for symetry reasons. Additiona
commands related to paraneter optimization work in the sanme way as

descri bed above for the 'maxim zation standard’ option.

For the MOD-score analysis, the inheritance-vector distribution given the
mar ker data (naned P_conplete in the original GENEHUNTER ref erence
Kruglyak et al., AmJ Hum Genet 58:1347-1363, 1996), obtained during 'scan
pedi grees’, depends on the genetic position, but not on the assuned trait

nmodel . Hence, it needs to be calculated just once. Only the scoring-
function vectors, which contain the contribution of the disease |ocus to
the likelihood, nust be newy calculated for each trait nodel. Therefore,

eval uati on of the disease-locus |ikelihood becones the predom nant step in
terns of conputation tine in the context of a MOD score analysis. The
core of GENEHUNTER- MODSCORE is a highly optimzed engine for the

cal cul ation of the disease-locus |ikelihood, which is alnost 6 tinmes as
fast as the original version. Wth 'nodcalc global’, the outer program
loop is over trait nodels, and the inner loop is over the different
positions assunmed for the disease | ocus. The inheritance-vector

di stribution given the marker data is stored in nenory for all pedigrees
and assuned di sease-locus positions, since the LOD score is eval uated at
every position for each trait nodel

Wth the 'nodcal c single’ option, the outer and i nner |oop are exchanged
(now outer loop - positions, inner loop - trait nodels). Here, P _conplete
must be saved only for the current position. On the other hand, since the
trait nodels need to be checked for every position, the scoring-function
vectors will have to be evaluated nore often than with 'nodcal ¢ gl obal’
and so the conputation tinme roughly increases by a factor of the nunber of
genetic positions. However, a scoring-function vector for given trait-
nodel paraneters does not depend on the genetic position. Thus, the
scoring-function vectors can be saved in nmenory when cal cul ated for the
first tine and recalled for a later position, which avoids tine-consuning
reconputation. |In order to achieve this, GENEHUNTER- MODSCORE applies a
smart nodel -savi ng schenme. Please see the help text for the 'saved
nodel s’ command for details.
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The nodel -saving option allows for MOD score cal cul ations even with

| arger pedigrees. |In case that testing a | arge nunber of nodels is

i nfeasi bl e due to conputation-tine demands, GENEHUNTER- MODSCORE pr ovi des
the opportunity to performa MOD score analysis only with predefined sets
of trait nodels ('maxim zation grid’, "small’, or 'user’), i.e., wthout

a subsequent fine nmaxim zation. 1In this case, the set of trait nodels is
identical for every genetic position, and so all of the scoring-function
vectors can be calculated only once and stored in nenmory. This allows for
a conputationally efficient approximation of the MOD score for each | ocus.
While ' maxinmization grid wuses the set of trait nodels nmentioned above for

the 'dense’ option, 'small’ perforns a maxim zation with the sane trait
nodel s as for the 'standard’ option. Wth 'naximzation user’, only the
user-defined trait nodels are enployed, i.e., those nodels defined by the

"nmodel’” conmand (pl ease see the corresponding help text). This allows
the user to custom ze the type of maxim zation

Al though the gain in terns of conputation time is especially relevant for
"nmodcal ¢ single’, all maxim zation options are available for both 'nodcalc
global’ and 'single’. Wth a genetically conplex trait, it is conceivable
that two (or even nore) disease loci are |located on the sane chronosone.
In this case, using 'nobdcalc single gives the opportunity to detect both
of them Therefore, unless the analysis is linited to a small genetic
regi on, researchers are encouraged to performtheir MOD score anal ysis

wi th 'nodcal ¢ single’

For further information please have a | ook at the help texts of the

conmmands ' nodcal ¢’, 'nodscore’, 'nodel’, 'inprinting , ’'positions’
"liability class’, "join liability classes’, 'penetrance restriction’
"allfreq restriction’, 'dinmensions’, 'saved nodels’, and 'l ong nod
out put’ .

When GENEHUNTER- MODSCORE is initiated, 'standard is the default option
for the maxim zati on conmand.

MODSCORE Conmand

Summary: performa MOD score anal ysis
No Argunents

GENEHUNTER- MODSCORE al | ows for a MOD-score analysis, in which paranetric
LOD scores are maxim zed over the paraneters of the trait nodel, i.e.
the penetrances and di sease allele frequency. By this neans, the
trait-nodel paraneter space is explored in an efficient way, and so
researchers do not have to rely on a single trait nodel when performng
a paranetric linkage analysis. This can be of great help in the context
of genetically conplex traits, for which the disease nodel parameters
are usually unknown prior to the analysis. Please note that, because of
the additional naxim zation, MOD scores are inflated when conpared to
LOD scores that were calculated under a single trait nodel. Therefore,
in the context of a MOD-score analysis, significance criteria for LOD
scores cannot be applied without correction. GENEHUNTER- MODSCORE al | ows
the user to performNMnte-Carlo sinulations in order to calculate p

val ues of MOD scores. This way, significance |evels corresponding to
certain LOD-score criteria can also be applied to MOD scores. Please
see the help text for the 'calculate p value’ command for further
details, as well as the references nentioned in the | NSTALL.ghmfile.

The MOD-score calculation is started with the 'nodscore’ comrand which
must be executed after ’'scan pedigrees’ (with possibly "total stat’ or
ot her commands between thenm). |In addition, if MOD scores should be
calculated, it is necessary to specify 'nodcalc global’ or 'nodcal c
single’ prior to the 'scan pedigrees’ command, in order to activate
the storage of inheritance-vector probabilities. Please see the help
text for the 'nobdcal ¢’ conmand for details.
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If "inprinting’ is turned 'on’, GENEHUNTER- MODSCORE performs a

MOD- score anal ysis under the assunption of trait nodels with four
penetrances. By this neans, like with the previous version
GENEHUNTER- | MPRI NTI NG, i ndi vi dual s who are heterozygous at the trait
| ocus can be distinguished by the parent who transmtted the disease
allele. This allows the user to adequately take inprinting into
account, which is also called parent-of-origin effect. Wth
"inprinting off’ (which is the default), standard trait nodels with
t hree penetrances are used for the anal ysis.

The MOD score is calculated as follows. First, in addition to the
trait nodel specified in the |locus datafile and additional nodels
defined by the user with the 'nodel’ command, GENEHUNTER- MODSCORE tests
a set of predefined trait nodels. Then, a fine maxinization is
performed (if 'nmaxim zation' is set to 'standard’ or ’'dense’), using
the LOD score maxi mumover the initially tested nodels as the starting
point. Please see the help text for the 'maxim zation’ conmand for
details on the maxinization procedure.

In conjunction with the MOD score, the analysis yields the penetrances
and di sease allele frequency of the best-fitting trait nodel. In
order to obtain a nore instructive representation of the trait nodel

t he penetrances can be transformed into the doninance index D and (if

“inmprinting’ is 'on') the inprinting index I, defined as foll ows:
fm+ + f+/m- f+/+ - fmm fm+ - f+/'m
D = - e e e e e e e e oo oo | = === n
fmm- f+ + fmm- f+ +
Here, 'm denotes the disease allele and "+ the wild-type allele, and
in the heterozygous situation, the paternally inherited allele is
listed first. These definitions ensure that D becones 1 (fully
dom nant) if both heterozygote penetrances equal fmm -1 (ful

ly
recessive) if both heterozygote penetrances equal f+/+, and O
(semidom nant or additive) if the average of the two heterozygote
penetrances is hal f-way between the two honbzygote penetrances,
irrespective of the values of f+/+ and fmim Likew se, it is ensured
that | becones 1 (conplete naternal inprinting) or -1 (conplete
paternal inprinting) if one heterozygote penetrance equals f+/+ and
the other equals fmm and that 1=0 if both heterozygote penetrances

are equal. D and | are constrained to take val ues between -1 and 1
only in case that the 'penetrance restriction is 'on'; otherw se,
their values can be <-1 or >1 as well. If f+/+ and fm mare equal

D and | are undefined; in such cases, both will be arbitrarily set to
zero. Wen using the 'nodcal ¢ global’ option, the analysis yields
the overall MOD score, together with the best-fitting nodel and the

corresponding values of Dand I. Wth 'nodcalc single’, the MDD score
as well as penetrances and disease allele frequency of the best-fitting
trait nodel, and the corresponding values of D and I, are obtained for

every genetic position. These paraneters can be regarded as an
estinmate of the genetic effect at a particular locus. O course, the
values of D and | are only of practical inportance in genetic regions
with high MOD scores. Wien the 'postscript’ optionis 'on', a

Post Scri pt plot of the MOD score, together with Dand |, as a function
of the assumed di sease-locus position, is created with 'nodcal c
single’. This allows the user to immediately see which type of nodel

(domi nant, recessive, senidoninant/additive, paternal or naterna
inmprinting) fits the data best for a certain genetic position

If there is nore than one liability class, the class for which the

penetrances should be optimnm zed can be selected with the 'liability
class’ command; the default is 1. Please note that the disease allele
frequency applies to all liability classes. The penetrances reported

by the 'nmodscore’ command as well as the associated D and | (see above)
apply only to the currently optimzed liability class. This holds for
the text output as well as for the PostScript plot. The "join
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liability classes’ command can be used if the penetrances of two or
more liability classes should be jointly varied; here, each penetrance
is assuned to be the sane for all joined liability classes. It is

al so possible to perform separate nmaxi nizations over penetrances of
several liability classes, e.g. for males and fenunl es, individuals of
different age, or different levels of risk due to environnental
factors. This can be done by repeatedly executing the 'liability
class’ and ’'nodscore’ commands for different liability classes within
a single programrun. Here, after the end of each ’'nobdscore’ round,
the penetrances of the optinized liability class and the disease
allele frequency are updated with the best-fitting values. By this
means, they are reused for a subsequent MOD-score anal ysis in which
the penetrances of a different liability class will be varied. Wth
"nmodcal c global’, there is only one trait nodel that applies to all
genetic positions. Wen using the 'nodcalc single’ option, the trait
nmodel paraneters will be updated separately for each position, such
that the best-fitting values for that particular position are reused
for a following MOD-score calculation. 1t is even possible to perform
several of these naxinmization rounds until the overall optinized MOD
score converges. Such a highly explorative procedure clearly goes far
beyond cl assical LOD-score anal ysis, and by scope and intent is a

dat a- m ni ng procedure.

Wth 'nodcal c global’, the 'nodscore’ conmand will always print the
paraneters of all tested nodels and the results during the course of
the analysis. Wen using the 'nodcal ¢ single’ node, where a separate
maxi m zation is done for each genetic position, only the MO score and
paraneters of the best-fitting nodel are printed for each position, as

default ('long nod output off’). |In order to obtain the output of al
tested trait nodels for each genetic position, please turn 'long nod
output on’. This will lead to files with length of several megabytes.

If the set of genetic positions assumed for the disease | ocus has been
restricted with the 'positions’ conmmand, a MOD score of 0 will be
reported at the omtted genetic positions for technical reasons, in
the text output as well as in the PostScript plots.

When ' display scores’ is 'on' (default), the 'nodscore’ command with

"nmodcal ¢ global’ option will print the LOD scores for all pedigrees
and genetic positions, obtained under the overall best-fitting nodel,
at the end of the analysis. |In case of 'nodcalc single, the

MOD- score contribution of each pedigree will be printed for every

genetic position. This allows for the creation of a Giupl ot graph of
the MOD score, displayed by the single famly contributions, by

appl ying the Perl script GH nodview to the GENEHUNTER- MODSCORE out put .
If no output of the scores by pedigree is desired, 'display scores
shoul d be turned ’'off’.

The 'total stat’ command, executed after 'nbdscore’ with 'nbdcal ¢
global ', prints the LOD scores for all genetic positions under the
overall best-fitting nodel, sunmed over all pedigrees. The output is
together with the marker information content and possibly NPL score
obt ai ned during 'scan pedigrees’. In case of 'nodcalc single’, the
MOD score, sunmed over all pedigrees, will be printed for each genetic
position, together with nmarker information content and possibly NPL
score. (In order to print the total LOD score obtained under the trait
nmodel specified in the locus datafile, the "total stat’ command shoul d
be executed between the 'scan pedi grees’ and 'nobdscore’ conmmands.)

Pl ease note that with 'nodcalc global’, strictly speaking, only the

hi ghest score over all genetic positions can be called ' MOD score’
since the best-fitting nodel as the maxim zation result only applies
to this position. Wen |ooking at a position that differs fromthe
one that yields the overall highest score, a separate naxim zation

may |lead to a higher MOD score at that locus, under a different trait
nmodel . In the case of two disease genes at separate |loci on the sane
chronosonme with markedly different trait-nodel paraneters, only the

|l ocus with the stronger signal will be identified when using the

"gl obal’ option, but probably both of themw Il be found with ’nbdcal c
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singl e’

Pl ease see also the help texts of the related commands ' nodcal ¢’

"maxinzation', 'model’, 'inprinting’, 'positions’, 'liability class’
"join liability classes’, ’'penetrance restriction’, 'allfreq
restriction’, 'dinensions’, ’'saved nodels’, 'long nod output’, and

"cal culate p val ue’

CALCULATE P VALUE Conmand (abbreviation 'cpv’)

Summary: cal cul ates p-values for MOD or LOD scores
Argunent : <file name>

GENEHUNTER- MODSCORE al | ows for sinul ati ons under the null hypothesis
of no linkage in order to deternine enpirical p-values for MO scores or
sinpl e LOD scores cal cul ated under a single nodel.

The p-value calculation is started with the "calculate p value’ conmand
whi ch nust be executed after 'scan pedigrees’ (and 'nodscore’ if a MOD
score anal ysis should be performed) with possibly "total stat’ or other
conmands between them Furthernore, if p-val ues should be cal cul ated,
it is necessary to specify the desired 'nunber of replicates’ prior to
the ' scan pedi grees’ command, in order to store sone infornmation
regarding the real data set. Please see the help text for the 'nunber
of replicates’ command for details.

The Modus operandi for the sinulation contains different steps, which are
i npl enented to take place during one programrun. First, the real data
will be analyzed with the customary program options. Afterwards, for each
replicate, the flow of alleles fromone generation to the next is
simulated with respect to the given marker allele frequencies and, in
case of multipoint analysis, the reconbination values for the inter-nmarker
di stances, using the pedigree structure of the real data sanple. Then

the replicate is analyzed with the sane program options as specified for
the real data set. The last two steps will be repeated until the
predefi ned nunber of n replicates have been sinulated and anal yzed (cf.
the help text for ’'sequential simulation’ concerning an exception for the
| ast step of this procedure). Finally, the enpirical p value is reported.

Wth respect to the different analysis options (LOD vs. MOD, 'nodcal ¢
single’ vs. 'nodcalc global’), enpirical p-values are reported in a
different way. Wth a ’single-nodel’ LOD-score analysis or a MODscore
anal ysis using 'nodcalc single, enpirical p-values are given

poi ntwi se for each considered position. These poi ntwi se p-val ues may be

j udged according to the guidelines given by Lander and Krugl yak

(Nature Genetics 11:241-247, 1995).

In addition to the pointwi se results, a p-value for the best LOD or MDD
score of the real data set is determ ned by counting the nunber of
replicates with a score at |least as high as the maxinumreal data result,
irrespective of the |locus at which the maxi mum occurs. Hence this p-val ue
for the overall best score is 'region-wide (or ’'chronosone-w de’) and not
poi ntwi se, and therefore it still needs to be corrected for the ’'genone’
(i.e., for all 23 chronmosones), not only in the context of whol e genone
scans. In case a MOD-score analysis is conducted using the 'nodcal ¢ gl obal
option, only the region-wi de p-value is reported.

As described with the 'nmaxinization’ option, a scoring-function vector
for given trait-nodel paraneters does not depend on the genetic position
Thus, the scoring-function vectors can be saved in nmenory when cal cul at ed
for the first tine and recalled for a later position. Since nmany trait
nodel s (at least all of the user-defined and predefined nodel s) do not
change fromone replicate to another with the sinulation routine, the
stored scoring-functions are even reused for different replicates, which
| eads to an additional, substantial saving of conputation time. It is
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obvious that this speedup becones nore inportant with nore tine needed
to cal cul ate one single scoring function, that is, with increasing famly
si ze.

Along with the 'calculate p value’ command a fil ename nust be specified.
In this file the overall nmaxi numscore for each replicate is stored,
together with the pedigrees that had to be skipped during the analysis
of each replicate due to uninformative markers. In addition to the
results of the p-value calculation, the starting value for the random
seed is reported as well.

There are sone limtations regarding the usage of the 'calculate p val ue
conmand:

The p-value calculation only works with the "analysis LOD or 'analysis
BOTH option. In the latter case the NPL analysis will be deactivated
during the cal cul ation of p-val ues.

It is only possible to calculate p-values for MO scores if, after
calling 'nodscore’, no further changes have been done by the comuands
"liability class’, '"inprinting’, 'dinensions’, 'naxinization', 'nodel’,
"penetrance restriction’, 'allfreq restriction’, 'highest allfreq , and
"positions’. Calculation of p-values is also disabled if ’'nodscore’ has
been executed nore than once, e.g. in case of separate nmaxim zations
over penetrances for different liability classes. If nore than one
liability class has been defined, it is possible to jointly vary the
penetrances of two or nore liability classes in a MOD score anal ysis by
using the "join liability classes’ command (which has to be executed
between | oad markers’ and 'scan pedigrees’).

It is not possible to use any further anal ysis commands after
conpl etion of the p-value cal cul ation

Pl ease see also the help texts of the related commands ' nunber of

replicates’, ’'sequential simulation’, ’'store replicates’, ’'untyped
founders’, 'full information’, 'sinmulate untyped’, ’'best position’
"set random seed’, 'show distribution’, 'liability class’, and 'join

liability classes’

MODEL Conmmand

Sunmary: add a user-defined trait nodel to MOD-score anal ysis
Argument s: <di sease allele frequency> <3 or 4 penetrances>

For the naxim zation during a MOD-score analysis, a set of predefined
trait nodels will be tested initially, before the fine maxim zation

Pl ease see the help text for the 'nodscore’ command for details. Wth
the 'nodel’ conmand, a user-defined trait nodel can be added to the
list of initially tested nodels. 1In case of "inprinting on’, the
command and paraneters should be entered in the followi ng format:

nodel <p> <f+/+> <fnl +> <f+/ > <fninp
When "inprinting’ is 'off’, the format should be as foll ows:

nmodel <p> <f+/+> <fHet> <fml np
Here, 'p’ denotes the disease allele frequency, and in the context of
the penetrances (naned 'f’), '+ stands for the wild-type allele and
"m for the disease allele. 1In the heterozygous situation, wth
"inmprinting on’, the paternally inherited allele is listed first; if
“inprinting’ is 'off’, the heterozygous genotype is naned ’'Het’.

Pl ease see also the help text of the related command ' maxi ni zation’
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| MPRI NTI NG Conmmmand

Sunmary: activate/deactivate inprinting anal ysis
Argunent : <on or 'off’ >
Def aul t: di splays the current setting

Turning the "inprinting’ option on before a 'load markers’ conmand
causes GENEHUNTER- MODSCORE to use a di sease nodel for paranmetric (LOD
or MOD score) analysis that takes into account a parent-of-origin
effect. For individuals who are heterozygous at the di sease | ocus,
two penetrance paraneters (instead of only one paraneter) need to be
specified in the locus datafile; one for paternal origin and one

for maternal origin of the disease allele. The penetrance |line
shoul d have four paraneters and look as follows (with 'm and '+
specifying the mutant and wild-type allele, respectively, and the
paternally inherited allele listed first):

f++ fm+ f+/m fnmm

See the exanple file linkloci.inmp. (Note that this version only allows
for an analysis of autosomal loci. |n case you want to perform an
analysis for the X chronmobsome with inprinting, please use the xghi
execut abl e of GENEHUNTER- | MPRI NTI NG version 1.3.)

If a standard noni nprinting di sease nodel with three penetrance paraneters
is to be used, the "inprinting’ option should be left turned 'off’ which
is the default setting when GENEHUNTER- MODSCORE is initiated

Once the 'l oad markers’ command has been executed, the 'inprinting option
can only be changed from’'off’ to 'on’ (but not vice versa). Therefore,
after having done a ’'nodscore’ analysis with "inprinting off’, it is
possible to turn "inprinting on” within the sane programrun, and to
performan additional 'nobdscore’ round that takes inprinting into account.

MOBI T SI MJLATI ON Command (abbrevi ati on ' nob’)

Summary: obtain enpiric pernmutation p value for the MBIT
Ar gument : < on' or 'off’>
Def aul t: di splays the current setting

Wth GENEHUNTER- MODSCORE, a test for inprinting can be perforned by | ooking
at the difference between the MDD score accounting for Inprinting
("inprinting’ option 'on’) and the standard noninprinting MOD score
("imprinting’ option 'off’), which can be calculated in a single program
run. This test is called "MOBIT (MOD score Based Inprinting Test) and is
t horoughly described in: Brugger M, Knapp M, and Strauch K : Properties
and Eval uation of the MOBIT - a novel Linkage-based Test Statistic and
Quantification Method for Inprinting, SAGW 2019;18(4). In the case of

I i nkage, the null hypothesis of the MOBIT woul d be |inkage, but no
imprinting. The corresponding null distribution of the MOBIT should then
follow a chi-squared distribution with 1 degree of freedom However, the
quality of the asynptotic null distribution is quite poor under boundary
conditions, which are expected to be common when anal yzi ng real datasets.
In addition, the aforenentioned asynptotic properties of the MOBIT do not
hold in the absence of |inkage. Therefore, calculation of enpiric p val ues
are highly recommrended, which can be achieved by either performng ’ab
initio sinulations of genotype data using the best-fitting noninprinting
nodel obtained fromthe MO score analysis or by randonization of the
origin of the parental alleles in offspring of every nuclear famly within
a given pedigree. The latter nethod (called "perm in the reference
publication) can be used by enploying the 'nobit sinulation” command. The
nul I hypothesis of the 'perm nethod corresponds to an inprinting effect

wi th expectation value 0, conditional on the |inkage information of the
real dataset. This neans that genotypes remai n unchanged using this
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procedure. A nore detailed explanation of the 'permi nethod can be found
in the Appendi x of the abovenentioned reference publication. Since the
"perm nethod is nost efficiently calculated using nultiple CPUs, the
GENEHUNTER- MODSCORE package contains a bash script
("run_nobit_pernutations.sh’) that can readily be used and adapted to run
MBI T sinulations in parallel. It is of note that 'nobit sinulation nust
be set before |oading pedigrees (’scan pedi grees’ conmand) and cannot be
used together with the 'calculate p value’ command that cal culates enpiric
p values for the linkage test. Moreover, the ’al gebraic calculation node
must be enabl ed (default), and the analysis type nust be set to 'LOD or

" BOTH .

| NCLUDE UNTYPED Conmand (abbreviation 'iu')

Sunmary: i ncl ude/ excl ude untyped persons with no kids
Argunent : <on or 'off’ >
Def aul t: di splays the current setting

Wth earlier GENEHUNTER versions, non-genotyped individuals with

no children are always di scarded. However, for a LOD or MOD- score
anal ysis, individuals wi thout narker genotypes but with avail able
trait phenotype help to reconstruct their parents’ trait-|ocus
genotypes. Therefore, they do contribute to the LOD or MO score -
in sone cases even to a substantial degree. For this reason, wth
GENEHUNTER- MODSCORE, such persons by default are included (’include

untyped on’). If these individuals should neverthel ess be excl uded
fromthe analysis, e.g. in order to save conputation time or for
conmpatibility with older versions, 'include untyped’ needs to be

turned 'off’.

PGS| TI ONS Conmand

Sunmary: define genetic positions for the MOD-score anal ysis
Argunent s: <l owest position> <hi ghest position>

As the default, all genetic positions assuned for the disease |ocus
(as defined by the "increnent’ and 'off end commands) will be taken
into account for a MOD-score analysis. The 'positions’ command can be
used to restrict the range of genetic positions. The first and second
argunent denote the | owest and hi ghest disease-locus position for the
MOD-score cal culation. 1In case that a sex-specific map is used, these
bounds apply to the sex-averaged coordinate, i.e., the nean of fenale
and mal e genetic positions. Please note that, for technical reasons,
a MOD score of O will be reported at the omitted genetic positions,

in the text output as well as in the PostScript plots. A restriction
of the range of genetic positions can be useful in order to save
menory, with 'nodcalc global’, or in order to reduce the conputation
tinme, when using the 'nodcalc single’ option. Please also see the
help text for the 'nodcal ¢’ command.

LIABILITY CLASS Conmand (abbreviation 'Ic’)

Summary: define liability class to be optinized (MO score)
Ar gunent : <liability class>
Def aul t: di splays the current setting

If there is nore than one liability class, the class for which the
penetrances shoul d be optinized in a MOD-score anal ysis can be sel ected
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with the "liability class’ conmand. Please note that the disease
allele frequency applies to all liability classes. The penetrances
reported by the 'nodscore’ command as well as the associated D and
(see above) apply only to the currently optinized liability class.
This holds for the text output as well as for the PostScript plot.

If the "join liability classes’ conmand is used to jointly vary the
penetrances of two or nore liability classes, the recoded cl ass number
shoul d be specified as argunent of the '"liability class’ conmand.

By default, the penetrances of liability class 1 will be optim zed.

JONLIABILITY CLASSES Command (abbreviation 'jl1')
Summary: join liability classes for a MOD score anal ysis
Argunent s: <nunbers of liability classes to be joined>

If there is nore than one liability class, the "join liability

cl asses’ comand can be used in order to jointly vary the penetrances
of two or nore liability classes in a MODscore analysis. The

cl asses, which are given as arguments of 'join liability classes’

will be assigned a conmon recoded nunber. |n case that the
penetrances specified in the locus datafile differ between the
liability classes to be joined, the penetrances of the liability class
that is given as the first argument will be used for the joined
liability class in the context of the initially tested nodel. To join
a further set of liability classes, the recoded class nunbers shoul d
be specified as argunents. The recoded nunber al so needs to be used
with the '"liability class’ command to select the class for which the
penetrances should be varied in the MOD-score analysis. In this
context, during maxinzation, each penetrance is assuned to be the
same for all joined liability classes. Please note that the liability
classes in the pedigree file still need to reflect the initia
definition in the locus datafile. The only purpose of this conmand is
to allow for a MOD-score analysis in which the penetrances of severa
liability classes should be jointly varied, w thout need to recode the
input files. The 'join liability classes’ command nust be executed
between 'l oad markers’ and 'scan pedi grees’

PENETRANCE RESTRI CTI ON Conmand (abbreviation 'pr’)

Summary: activate/ deacti vate penetrance restriction (MOD)
Argunent : <on’ or 'off’'>

Def aul t: di splays the current setting

The 'penetrance restriction’ affects the MOD-score calculation. |f

the option is 'on', the heterozygote penetrances (two of themin case
of inprinting) are constrained to be not smaller than the honozygous
wi | d-type penetrance f+/+ and not greater than the honbzygous nutant
penetrance fmim This restriction can be turned "off’, e.g. in order
to allow for overdom nance or protective |oci

When GENEHUNTER- MODSCORE is started, 'penetrance restriction’ is 'on’
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ALLFREQ RESTRI CTI ON Conmand (abbreviation 'ar’)

Sunmary: activate/deactivate dis.allfreq. restriction (M)
Argunent : <on or 'off’ >

Def aul t: di splays the current setting

The "allfreq restriction’ affects the MOD-score calculation. |f

the option is 'on', the disease allele frequency is constrained to

be not greater than the val ue specified by the ’"highest allfreq
command (which defaults to 0.5). This restriction can be turned ’off’
in order to | eave the disease allele frequency unconstrai ned.

When GENEHUNTER- MODSCORE is started, 'allfreq restriction’ is 'on’

H GHEST ALLFREQ Conmand (abbreviation 'ha’)

Summary: sel ect upper disease allfreq. bound for MOD anal ysis
Argunent : <hi ghest di sease allele frequency>

Def aul t: di spl ays the current val ue

The 'highest allfreq affects the MOD-score calculation. |If the option

"allfreq restriction” is "on” (which is the default), the disease allele
frequency is constrained to be not greater than the value specified by
the ' highest allfreq conmand.

When GENEHUNTER- MODSCORE is started, 'highest allfreq is set to 0.5.

DI MENSI ONS Command

Sunmary: define nunber of paraneters jointly varied (MOD)
Argument : <nunber of parameters>
Def aul t: di splays the current setting

Wth the '"dimensions’ comand, the user can determ ne the nunber of
paraneters that are jointly varied during the fine maxim zation of a
MOD- score anal ysis. The argunent should be a nunber between 1, which
neans that only one paraneter is varied at a tine, and 5, such that up
to five paranmeters are varied together, i.e., the disease allele
freqgency and all four penetrances in case of 'inprinting on'. The
default is 2; specifying a higher value |leads to a nore thorough
maxi m zation at the price of a larger nunber of disease-I|ocus

Ii keli hood eval uati ons and, hence, nore conputing tinme. However, the
demands should still be noderate if the dataset does not contain too
| ar ge pedi grees.

SAVED MODELS Conmand

Sunmary: define nunber of saved trait nodels (nodcal c single)
Ar gument : <nunber of trait nodel s>
Def aul t: di splays the current setting

The ' saved nodels’ option is only used in the context of the classic

cal cul ation node (' algebraic calculation off’). No nodel saving will be
done with "algebraic calculation’ turned 'on’ (which is the default)
because the saving of scoring-function vectors, as described bel ow,

does not lead to a further speed-up in the context of the al gebraic

al gorithm
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When using the 'nodcalc single option for an analysis with the
"nmodscore’ conmmand, a separate round of maxinization is done for each
genetic position. Thus, the scoring-function vectors have to be

eval uated nore often than with 'nodcal c gl obal’, and the conputation
time roughly increases by a factor of the number of genetic positions.
However, a scoring-function vector for given trait-nodel paranmeters
does not depend on the genetic position. Thus, if sufficient nmenory
is avail able, the scoring-function vectors can be saved when
calculated for the first tine and recalled for a |later position, which
avoi ds tine-consunm ng reconputation. In order to achieve this,
GENEHUNTER- MODSCORE applies a smart nodel - saving schene. As the
default, the scoring-function vectors of all initial nodels, i.e.
predefi ned nodel s and user-defined nodels, if there are any, will be
stored in menory.

For the ’'maxim zation standard’ and 'snall’ option the nunbers of
initially tested nodels are as foll ows:

81 trait nodels with
135 trait nodels with
261 trait nodels with
567 trait nodels with

"inmprinting off’ and ’'penetrance restriction on’
"inprinting off’ and ’penetrance restriction off’,
"inprinting on’ and 'penetrance restriction on’
“inmprinting on’ and ’'penetrance restriction off’.

For the ’'nmaxim zation dense’ and 'grid option the nunbers of initially
tested nodels are as foll ows:

236 trait nodels with "inprinting off’ and 'penetrance restriction on’
848 trait nmodels with "inprinting off’ and 'penetrance restriction off’,
988 trait nmodels with "inprinting on” and ’'penetrance restriction on’
4928 trait nodels with "inprinting on’ and ’'penetrance restriction off’

- in any case, plus the nunber of user-defined trait nodels added with
the 'nodel’ command (and, in case of nore than one liability class or if
t he maxi mum LOD over the initial nodels is below zero, a further nodel
with all penetrances equal for the currently optimzed liability class).

It is possible to change the nunber of nodels for which the scoring-

function vectors will be stored in nenory with the ’'saved nodel s’
command. The argunent should be a nunber between 0 (i.e., no nodel
saving at all) and 32767. ’'saved nodels -1' returns to the default of
saving all initial nodels. The anmount of menory needed per node

crucially depends on the nunber and size of pedigrees in the dataset.
If "saved nodels’ is called after 'scan pedigrees’, the conmand wll
print the anmount of nenory needed, for the current dataset, to save
the sel ected nunber of trait nodels. This allows for an adjustnent of
t he nunber of saved nodels according to the total nenory avail able on
the system before executing the 'nodscore’ command.

The initially tested nodels are stored with highest priority, since
they are needed for every position, and thus the benefit will be

maxi mal. | f the nunber of ’'saved nodels’ is higher than the nunber of
initially tested nodels, it is possible to save nodels tested during
fine maxim zation as well (if 'maxim zation’ is set to ’standard

or 'dense’, since with the other options a fine naximzation is not
conducted). These nodels will generally not be the sane for different
positions. Still, it can be expected that the best-fitting trait-node
paraneters will be simlar for consecutive positions, and hence

some of the fine-naxinzation nodels may have al ready been cal cul at ed
before. It is nore likely that a nodel checked during fine
maxi m zation has al ready been tested at one of the preceding
positions, rather than several nore positions ago. Therefore, when
the nunber of nodels that can be stored is exceeded at sone point,

the programw Il drop the ol dest fine-nmaxim zation nodel, which

has been cal culated for a position further back, and save the

current nodel at its place (first-in-first-out strategy). This
procedure increases the probability that a nodel checked during fine
maxi m zation is still available in menory froma previous cal cul ation
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Pl ease note that the initially tested nodels will never be
overwritten, since they are always used for every position

(However, in case of several liability classes and when the ’'nodscore
command has al ready been executed before, the penetrances of the
previously optimzed liability class(es) will nost likely not be the
sanme for different genetic positions. Therefore, in that case, even
the initial nmodels will differ between genetic positions, and
accordingly they are not stored in nenory with higher priority than
the nodels tested during fine maxim zation.)

For datasets with several |arge pedigrees, a substantial anmount of
menory can be required for the saving of the scoring-function

vectors. However, independent of the used 'maxim zation’ option, it
is always worthwhile trying to save the scoring function at |east

for the initially tested nodels when using the 'nodcalc single option
because this cuts down the conmputation tine by 30 to 50 percent or
substantially nore, depending on the chosen ’'maxinization’ option

This is even the case if swap nmenory has to be used to a certain
degree, since the paging activity is kept at a mini num

When using the 'nodscore’ conmmand in conjunction with the 'calculate p
val ue’ conmmand, many trait nodels (at least all of the user-defined

and predefined nodels) will not change fromone replicate to another
with the sinulation routine. The stored scoring-functions can therefore
even be reused for different replicates. In contrast to a MOD score
anal ysi s wi thout conputing p-values, this holds also for the ’nopdcalc
gl obal* option. Hence, when p-values are calculated (and only in this
case), scoring-functions will also be stored for 'nodcal ¢ gl obal

LONG MOD QUTPUT Conmand (abbreviation "I mni)

Summary: activate/ deactivate | ong output (nodcal c single)
Argunent : <on’ or 'off’'>
Def aul t: di splays the current setting

When using the 'nodcal c single’ nbde, a separate naxim zation is done
for each genetic position when executing the 'nmodscore’ command. As
default, only the MOD score and paraneters of the best-fitting node

are printed for each position ('long nod output off’). In order to
obtain the output of all tested trait nodels for each genetic
position, please turn 'long nod output on’. This will lead to files

with | ength of several negabytes.
Wth 'nodcal c global’, the 'nodscore’ conmand al ways prints the

paraneters of all tested nodels and the results during the course of
the analysis, irrespective of the 'long nod output’ option

NORVALI ZE ALLFREQ Command (abbrevi ation 'naf’)

Summary: activate/ deactivate marker allfreq normalization
Ar gunent : <on, 'off’ or 'old >
Def aul t: di splays the current setting

Turning the "normalize allfreq option 'on' induces GENEHUNTER- MODSCORE
to nornalize the marker allele frequencies so that they sumto 1.0 at
each marker. This option should be used if nmarker allele frequencies
specified in the |locus datafile do not sumto 1.0 for all markers,
since in sonme cases (e.g. when there are untyped founders) unnornalized
mar ker allele frequencies can |lead to wong results.

Wth the default setting 'nornalize allfreq off’, a normalization is not
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performed. In this case, the analysis will be stopped if the allele
frequencies at a marker sumto a value <= 0.9 or >= 1.1. Please check
the values given in the |ocus datafile, and consider turning 'nornalize
allfreq on', if this happens.

If "normalize allfreq is set to 'old, the analysis will be perforned
even when marker allele frequenices sumto a value <= 0.9 or >= 1.1,

wi thout a normalization. This is in accordance wi th previous program
ver si ons.

The 'normalize allfreq option has to be specified before calling the

"l oad nmarkers’ command. Once the markers have been | oaded, changes wl|l
be i gnored.

NUMBER OF REPLI CATES Command (abbreviation 'nor’)

Summary: defines nunber of replicates used for cpv
Argunent : <on’ or 'off’'>
Def aul t: di splays the current setting

Cal cul ation of enpirical p-values involves sinulating and anal yzi ng

a nunmber of replicates n. This number is crucial for the accuracy of
enpirical p-values. If p-values are small, using an insufficient nunber
of replicates leads to a decrease in accuracy. On the other hand, with
| arger p-values, using nmany replicates may unnecessarily increase the
conmputation tine.

Unfortunately, prior to the analysis one does not know the p-value -
and thus, how many replicates will be necessary to obtain sufficient
accuracy. However, given a certain significance level it is possible to
determine the required nunber of replicates. For instance, if p-val ues
around 10"-3 should be determ ned enpirically, at |east 10,000-50, 000
replicates are needed (such that about 10 out of 10,000 replicates

have a score at least as high as the real data set) - or |arger nunbers
if smaller p-values should be accurately determ ned. Wth |arge
pedigrees in the sanple, it nmay sonetines be infeasable to conpute a
suf ficient number of replicates. Even in that case one should try to
compute at least a smaller nunber of replicates in order to obtain a
rough guess of the p-val ue.

The nunber of replicates used to derive the enpirical p-values
defined by this option nust be an integer greater than zero.

Pl ease keep in mind that the ’'nunber of replicates’ needs to be
defined before executing the 'scan pedi grees’ conmand.

For further details on efficient conputation of p-values please
see the help text for the 'sequential simulation’ and ’best
position’ options. Mre general information on enpirical p-value
calculation is given in the help text of the 'calculate p val ue
command.

In case one does not wish to cal cul ate p-values, 'nunber of replicates

should be "0’ (which is the default setting) when 'scan pedigrees’ is
cal | ed.
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SEQUENTI AL SI MULATI ON Command (abbrevi ation 'seq’)

Sunmary: activate/deacti vate sequential sinulation node
Ar gunent : <0’ or integer greater than zero>
Def aul t: di splays the current setting

Typically enpirical p-values are conputed by using a fixed nunber n

of replicates (for further information see ’'nunber of replicates
option) and counting the replicates r that surpass the test statistic
of the real data set. Besag and difford (Bionetrika 78:301-304, 1991)
proposed a nethod that nakes use of fixing a target nunber, h, of
replicates that have to exceed the observed test statistic. By this
approach, replicates of the data are sinulated sequentially until this
target nunber has been reached. The estinated p-value is h/n, where now
nis randomand h is fixed. Wen the enpirical p-value is large (i.e.
when the study results are nonsignificant), nis small, and the process
finishes quickly. When the p-value is small, nis larger, and nore tinme
is invested.

Upon activation of the ’sequential simulation” option, with the target
nunber h of replicates given as argunent, the procedure proposed by
Besag and Clifford will be followed. The number n determ ned by the
"nunber of replicates’ option fixes the maxi nrum nunber of replicates
used for deriving the enpirical p-values. This is necessary to nake
sure that the conputation ends within a reasonabl e amount of tine,
even for very small p-val ues.

When using the 'nodcalc single option, the calculation at a particular
genetic locus will be stopped after the fixed nunber h of replicates,
that exceed the test statistic of the real data set at that |ocus, is
reached. Furthernore, with 'nodcal ¢ single’ the p-value for the overal
maxi mum MOD score (over all loci) of the real data will not be provided
with 'sequential sinulation” activated. For details on the ’'region-w de
p-val ue for the overall maxi mum MOD score pl ease see the hel p text of
the ’'calculate p value’ command

In case that 'sequential simulation’ is used together with 'nodcal c
global’, replicates will be sinulated until the overall naxi mum MOD
score (over all loci) in the real data set is exceeded by the overal
maxi mum score of the specified nunber h of replicates. Please keep in
mnd that this p-value is still 'region-wi de', and further corrections
have to be done for the assessnent of genone-w de significance in the
cont ext of a whol e-genone scan

Is a 'single-nbdel’ LOD-score analysis perfornmed with the 'sequenti al
simulation’ option activated, the simulation process will proceed

as long as the overall real data maxi mum score is exceeded by h
replicates and the real data score is exceeded by h replicates at
each of the positions.

"Sequential simulation can be deactived with the argunent 'O’
Any integer lower than zero will lead to a fixed h of ’'50
any integer greater than zero will be used as fixed h.

"Sequential simulation’ is off (='0") when GENEHUNTER- MODSCORE
is started.

Pl ease see also the help texts of the related commands ' nunber of
replicates’, ’'calculate p value', 'nodcalc’, and ’'best position’
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STORE REPLI| CATES Command (abbreviation ’str’)

Sunmary: activate/deactivate storage of replicate infornation
Ar gunent : < pre', 'both" or 'off’'>
Def aul t: di splays the current setting

The replicates generated to determ ne enpirical p-values for MDD and
LOD scores can be saved to files in Linkage (pre-Mkeped) format by
activating the '"store replicates pre’ option, so that they can be reused
at a later tinme. In order to gain sone information on the results for
each replicate as well, please use the 'store replicates both’ option
In this case, in addition to the pedigree file (wWth extension *.pre)
a second file (with extension *.out) containing the results for the
respective replicates will be created. The files are naned
repli<nunber> plus the file extension with <nunber> denoting the index
of a replicate, ranging from1 to n (see 'nunber of replicates’ help
text regarding the specification of n).

Pl ease keep in mind that generating the aforenentioned files for a
| arge number of replicates requires sufficient amount of free disk
space in your working directory.

"Store replicates’ is 'off’ when GENEHUNTER- MODSCORE is started.

UNTYPED FOUNDERS Command (abbreviation 'ufo’)

Sunmary: activate/deacti vate usage of untyped founders (cpv)
Argunent : <on or 'off’ >
Def aul t: di splays the current setting

The sinulation routine of GENEHUNTER- MODSCORE generates replicates with
respect to the 'genotype patterns’ of the real data set. This neans that
a genotype that is mssing in the real data set ("0 0') for a certain

i ndi vidual and marker will remain a m ssing genotype in the replicates,
and equivalent for the 'non-zero’ genotypes. In sone cases one nmay want
to use replicates with founders that are conpletely untyped for al
markers. Wth 'untyped founders on’ the sinulated alleles for the
founders are set to zero after the non-founders’ genotypes have been
deri ved.

Pl ease see also the help texts of the related commands ' ful
information, 'calculate p value', and ’sinul ate untyped’

"Untyped founders’ is 'off’ when GENEHUNTER- MODSCORE is started.

FULL | NFORMATI ON Command (abbreviation 'fin')

Sunmary: activate/deactivate fully informative markers (cpv)
Argunent : < on or 'off’ >
Def aul t: di splays the current setting

The sinulation of founder genotypes is usually conditional on the
nunber of marker alleles and the allele frequencies. These paraneters
determne the information content at a specific marker. For instance,

if one or nore founders are honobzygous, information content at that
particul ar marker is reduced. This will be automatically taken into
account when calculating enpirical p-values for real data sets with
GENEHUNTER- MODSCORE, provided that realistic marker allele frequencies
have been specified in the locus datafile. However if one w shes to
generate replicates with fully informative nmarkers, 'full information
has to be activated. In this case, the alleles for the founders in each
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famly are assigned from1l to n. If the 'untyped founders’ option is
deactivated and the 'simulate untyped’ option is activated, this
assures fully informative nmarkers for every sinulated replicate.

Pl ease see also the help texts of the related commands ’unyt ped
founders’, ’'calculate p value’', and ’'sinulate untyped’

"Full information’ is 'off’ when GENEHUNTER- MODSCORE is started.

SI MULATE UNTYPED Command (abbrevi ation ’sun’)

Sunmary: activate/deactivate sinulation of nissing genotypes
Argunent : <on or 'off’ >
Def aul t: di splays the current setting

The sinulation routine of GENEHUNTER- MODSCORE generates replicates with
respect to the 'genotype patterns’ of the real data set. This neans that
a genotype that is mssing in the real data set (0 0') for a certain

i ndi vidual and marker will remain a m ssing genotype in the replicates,
and equivalent for the 'non-zero’ genotypes. In order to generate
replicates with no missing genotypes, the 'sinulate untyped option
shoul d be turned "on’. Wth this setting, genotypes will be given for
every marker, including those individuals that are fully or partly
ungenotyped in the real data set.

Pl ease see also the help texts of the related commands ' ful
information, 'calculate p value', and ’'untyped founders’

"Simulate untyped’ is 'off’ when GENEHUNTER- MODSCORE is started.

BEST PGSI TI ON Conmmand (abbrevi ation ' bep’)

Sunmary: perform p-value calc. for the best position only
Argunent : < on or 'off’ >
Def aul t: di splays the current setting

Especially in the context of a ’'nobdcal c single MOD score analysis,
conmputation tine is a limting factor for the cal culation of enpirica
p-values with a sufficient nunber of replicates. There are two options
i mpl ement ed i n GENEHUNTER- MODSCORE to restrict the conputation tine
needed for calculating p-values. The first one is the 'sequentia
simulation” option (for nore infornmation please see the correspondi ng
hel p text). The second one is the 'best position option. Wen
activated, a pointwi se p-value will only be calculated for the position
with the overall nmaxi nrum MOD score in the real data set, ignoring all
other positions. If there are two or nore postions with the (sane)

hi ghest score in the real data analysis, only the first position will
be considered. In case the 'best position’ option is activated, no
"region-wide’ p-value will be calculated for the overall maximum score
of the real data set.

It is only possible to use 'best position’ with 'nodcal ¢ single’
"Best position’ is 'off’ when GENEHUNTER- MODSCORE is started.
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SET RANDOM SEED Conmand (abbreviation ’'srs’)

Sunmary: sets the random seed for the Mersenne Tw ster
Argument : <'-1 or integer that is greater or equal to 0>
Def aul t: di splays the current setting

This command nust be executed before any conmands that use random
nunbers, for exanple ’'calculate p value’. O herw se, random nunbers
generated before the 'set random seed’ command will be seeded using
the systemtine.

The cal cul ati on of enpirical p-values requires the usage of a
pseudo-random nunber generator (in case of GENEHUNTER- MODSCORE, the
Mersenne Twister is enployed). In this context, the randomseed is a
nunber used to initialize the pseudo-random nunber generator. Wth the
sane random seed, two different runs lead to the sane series of
pseudo-random nunbers and therefore to identical results. Normally this
behavi our is avoi ded by using the systemtinme as a nore or |ess ’'randoni
random seed; this procedure assures different pseudo-random nunbers for
two consecutive runs. If one wi shes, for exanple, to conpare the results
of an analysis with and without "inprinting’ , the 'set random seed
option can be used to performboth runs using the sanme set of sinulated
replicates, i.e., with genotypes being identical for both sinulations.

Wth 'set random seed -1' (which is the default), the random seed is
derived fromthe systemtinme. Any other integer |lower than zero will be
i gnored, any integer greater than or equal to zero will be used as the
random seed

SHOW DI STRI BUTI ON Conmrand (abbrevi ation ’sdi’)

Summary: activate/ deactivate displaying distribution info
Argunent : <on’ or 'off’'>
Def aul t: di splays the current setting

Sonetines it is not only of interest how nmany replicates exceeded
the score of the real data set, but also the overall distribution of
the results for the replicates. Activating the ’show distribution
option provides a brief summary of the score distribution for each
genetic position, using intervals of width 0.1, starting with

[0.00; 0.120[. The first columm of the summary gives the nunber of
replicates with a score in the particular interval, the next columm
gi ves the nunber of replicates exceeding the | ower boundary of the
interval. Finally the p-value for the |l ower boundary is provided.

If the "best position’ option is used in order to limt conputation
time (please see corresponding help text), and the ’'show distribution’
option is activated, researchers nay use the score distribution at
the position with the highest |inkage peak to obtain an idea about
p-val ues of scores at other |ocations, wthout having to perform an
anal ysis of all replicates for every genetic position. This is only
possible with 'nodcalc single’ or a standard LOD score anal ysis (see
al so below). Pl ease note, however, that p-values derived in this way
will only be a rough estinmate, since the distribution of |inkage
scores at a | ocus depends on genetic distances to flanking narkers as
wel | as on marker information content.

Si mul ated p-values for all positions (i.e., if the 'best position
option is deactivated) will be provided only with 'nodcal c single or
a standard LOD-score analysis. In case 'show distribution” is used
together with ’'nodcal c global’, the distribution is only given for the
overall best MOD score in the real data set (i.e., the maxi num over al
positions). Hence, p values corresponding to the boundaries of
MOD-score intervals can only be used to judge other region-w de MOD
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scores (e.g. maxinma on different chronosones), but not scores at
specific positions in the real data set.

It is not possible to use the 'show distribution” option together wth

the 'sequential simulation’ option. 'Show distribution” is '"off’ when
GENEHUNTER- MODSCORE i s started.

SINGLE PO NT_ Conmand

Sunmary: activate/ deactivate single-point analysis
Ar gument : < on' or 'off’>
Def aul t: di splays the current setting

Turning the "single point’ option on instructs subsequent 'scan

and 'total’ commands to cal culate and di splay single-point LOD

and NPL scores for each marker in the data set individually rather
than the usual multi-point analysis. The position of the disease

Il ocus is assuned to be identical to the nmarker position (i.e., the
reconbi nation fraction is fixed to zero), using single narker
information only. This command will ignore the |linkage map set with
the "use’ conmmand and will not produce hapl ot ype output or

reconbi nati on counts for obvious reasons.

"Single point’ is "off’ when GENEHUNTER- MODSCORE is initiated, and

it must remain ’off’ for a MOD-score analysis and a p-val ue
cal cul ati on.

COUNT RECS Command

Sunmary: turn reconbi nati on counting on
Argunent : < on or 'off’ >
Def aul t: di splays the current setting

Turning this option on activates the reconbination-counting mechani sm

in the "scan" command. After each pedigree is scanned, the observed

reconbi nations (and resulting distances) are shown for each map interva

al ongsi de the actual distance of the interval. Wen there are significantly
nmore reconbi nants than expected in an interval or set of intervals, this can
often indicate an error or errors in the genotype data.

At the end of the scan of multiple pedigrees, the overall count of
reconbi nants in each interval is displayed along with the expected val ue
for the entire data set. Reconbination counts significantly higher than
expected here can be an indication of a marker that is error-prone over
nmul tiple pedigrees or of an error in the entered genetic nmap (either in
order or distance).

When an anal ysis with sex-specific genetic distances is perforned, the
sex-specific values will be appropriately used for cal culation of the
nunbers of expected and observed reconbi nations. These nunbers will be
reported, for each inter-marker interval, conbined for nmale and fenal e
nel oses.

"Count recs’ is OFF when GENEHUNTER- MODSCORE is started
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HAPLOTYPE Conmand

Sunmary: determne |likely haplotypes for individuals
Argunent : <on or 'off’ >
Def aul t: di splays the current setting

When the ' hapl otype’ option is turned on, the 'scan’ comand wil |
report the nost likely inferences made regardi ng the hapl ot ypes of

the individuals in each pedigree. The haplotypes for founders will be
di spl ayed on the screen and the haplotypes for all individuals

anal yzed will be stored in a file called hapl o.dunp. In addition,

if the 'postscript output’ optionis 'on', the entire pedigree (with
hapl ot ypes and reconbi nations indicated) will be drawn in a postscript
file suitable for printing and displ ayi ng.

The hapl otypes di spl ayed represent the maxi nrumlikelihood set of

i nheritance vectors that explain the data. After all markers have
been scanned in a pedigree the nost likely path through all of the
markers is recreated - thus yielding the nost likely pattern of

i nheritance at each marker and likely positions of reconbinants.
Anong near by markers that show no reconbination, these haplotypes are
usual I y unanbi guous, but in cases where reconbi nants are present
(especially in small sibships of 2 or 3 individuals), the haplotypes
may be inperfect and sinply represent the nost |ikely choice out of
several valid choices. For exanple, the nost |ikely position of
reconbi nants is shown in the PostScript output but other placenents
may be possible but sinply less likely due to considerations of map
interval size and allele frequency at certain narkers.

Hapl ot ypes can be invaluable tools both analytically (in searching for
shared genom c regions of distantly related affected individuals and

i ndi cating |inkage disequilibriumbetween markers) and practically

(in searching for errors in genotyping which usually mani fest thensel ves
as excessive obligate reconbination in an individual or pedigree).

In cases where two original parents are both untyped for all 1oci
hapl ot ypes will be displayed for themas usual but it nust be noted

that the assignnments could be reversed (i.e., the two hapl otypes assigned
to the original father could actually belong to the original nother and
Vi ce-versa).

N.B. - at this time the drawing code is not yet conplete and while
nearly conplete, certain pedigree structures (such as those

contai ning marriage | oops, inbreeding |oops, or individuals with

many spouses) may not always be drawn properly. Refer to the results
in the haplo.dunp file if it appears the pedi gree has not been drawn

properly.
The MaxProb hapl ot ypi ng approach (please see the ’'hapl otype nethod
command for details) appropriately takes sex-specific genetic distances

i nto account when specified for an anal ysis, whereas the Viterb
algorithmw Il always rely on the sex-averaged coordi nates.

" Hapl otype’ is OFF when GENEHUNTER- MODSCORE is started.

DI SCARD Conmand

Sunmary: elimnate | ess informative individuals
Argunent : < on or 'off’ >
Def aul t: di splays the current setting

As noted in the "scan" conmmand, sone |arger pedigrees can be quite
time consuming to analyze. To speed this up, sone | ess informative
i ndi vidual s can be di scarded without significant |oss of infornation
Wien the "discard" option is turned on, unaffected individuals that

GENEHUNTER- MODSCORE 3. 1.1 Mappi ng Commrands Page 28



have no descendents in the pedigree and have informative parents (i.e,
genotyped) are discarded fromanalysis. This will alter results
somewhat (LOD scores nore than NPL statistics since the unaffected

i ndividuals are not considered in NPL statistics which neasure the
degree of sharing anong affected individuals) and should only be used
if you are interested in obtaining a fast approximation of the results
or i f your pedigrees are extrenely |arge and cannot be fully anal yzed
by GENEHUNTER- MODSCORE.

MAX BI TS Command (abbreviation 'nb’)

Sunmary: determ ne how | arge a pedigree may be anal yzed
Argument : <nunber of bits>
Def aul t: di splays the current setting

Because of the tinme and nenory requirements of the mapping al gorithms
i n GENEHUNTER- MODSCORE, a maxi mum pedi gree size nust be set to keep the
conputations within the ability of the conputer it is running on

The menory and tine required increase exponentially with the

nunber of bits in the inheritance vector (nunber of neioses being
exam ned). This nunber is 2N - F where F is the nunber of founders
in the pedigree and N is the nunber of non-founders. For exanple,

a pedi gree consisting of two parents and their 4 children woul d have
a size = 2NNF = 6. Entirely uninformative individuals such as
individuals in the last generation of a pedigree that are ungenotyped
are not included in this figure as they will not be anal yzed.

On nost workstations, setting the value to 19 or 20 will be a
reasonable limt. |f pedigrees exceed the size that may be conputed
under the current 'nmax bits' setting, individuals nmay be dropped or
t he pedi gree may be ski pped (depending on the setting of 'skip large
- see below). The default setting of 'max bits’ is 20.

SKI P LARGE Command

Sunmary: determ ne how | arge pedigrees are dealt with
Argunent : < on or 'off’ >
Def aul t: di splays the current setting

Because of the nenory and tinme limtations described in the 'max bits’
section, certain pedigrees may not be able to be conputed. |In this

i nstance a warning nessage is displayed and one of two things will
happen:

if "skiplarge’ is ON - the pedigree will be skipped over
entirely and the conputation will continue with the next
pedigree in the data set

if "skip large’ is OFF - pedigree individuals will be trimed
off until the pedigree is small enough to be analyzed within

the current setting of "nmax bits’. This triming is done
such that the nmaxi num anount of |inkage information is
retained - the first individuals to be elinmnated will be

unaffected individuals at the bottom of the pedigree as these

i ndividuals add very little to the NPL statistic (which neasures
sharing anong affected individuals) and will affect the LOD
score sonewhat dependi ng on the proposed penetrance of the

di sease allele.

In either case, it is recomended that for very | arge pedi grees (where
a | arge nunber of individuals are not being anal yzed) you consi der
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dividing the pedigree into two or nore reasonably sized pedigrees
that can be analyzed in full.

ANALYSI S Conmand

Sunmary: sel ect what type of linkage analysis to perform
Ar gunent : <"NPL', 'LOD, or 'BOIH >
Def aul t: di splays the current setting

The 'anal ysis’ conmmand all ows the user to select the nethod of
I i nkage anal ysis enpl oyed by the scan command. One may sel ect
one of three options:

NPL: the 'scan’ and "total’ commands will produce only
the non-paranetric sharing statistics

LOD: the 'scan’ and "total’ commands will produce only
paranetric LOD scores based on the nodel specified
in the locus information file
BOTH: both NPL and LOD scores will be produced
The ’anal ysis’ option is set to BOTH when GENEHUNTER- MODSCORE i s started.

When a MOD-score anal ysis should be perforned, 'analysis’ nust either be
set to LOD or BOTH

SCORE Conmand

Summary: sel ect NPL scoring function
Argunent : < pairs’, "all’, or 'hom >
Def aul t: di splays the current setting

The 'score’ command all ows the user to select the NPL scoring function
to be used during analysis with the 'scan’ conmand. These functions

of fer a nmeasurenent of the degree of sharing anong affected individuals
and are not dependent on the specific nodel proposed for the disease

as the paranetric LOD score is. The statistic reported will represent
the deviation from Mendel i an expectati on observed and will roughly
follow the normal distribution

The ’pairs’ function conputes a score based on the degree of sharing
anong all pairs of affected individuals in a pedigree. This statistic
is simlar to those used in non-paranetric sib-pair or APM anal yses.

The "all’ function exanm nes all individuals sinultaneously and assigns
a higher score when nore of themshare the same allele by descent.
It is our experience in extensive sinulations and analysis of rea

pedi gree data that the "all’ statistic provides a nore powerful test.
NEW The 'homi function is simlar to "all’, i.e., all affected individuals
are exam ned sinultaneously. Wereas the "all’ function chooses one out of

two alleles for each of k affected individuals and cal cul ates the average
score over all possible choices, the "hom function | ooks at both alleles at
the same tinme. The score is then calculated as the "all’ score for these 2k
alleles, with no need for taking the average over many choices. |n other
words, each of the distinct founder alleles contributes a factor, i.e., the
factorial of its frequency within the set of the affected individuals’
alleles, to the overall score. Conpared to "all’, the "hom function allows
much faster NPL score cal culation, which is especially conveni ent when

anal yzi ng | arger pedi grees.
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POSTSCRI PT OUTPUT Conmand (abbreviation 'ps’)

Sunmary: activate Postscript graphing capability
Argunent : <on or 'off’ >
Def aul t: di splays the current setting

When the "postscript output” option is turned on, the "total stat" conmand
will pronpt the user for filenanes in which to store postscript graphs
for total LOD score, total NPL statistic, and total information content.
These files are ready for printing on any Postscript printer and can be
di spl ayed by many screen browsers such as Chostscript. In addition, if
the ' haplotype’ option is "on’, the scan conmand w || produce pedigree
drawi ngs with nost |ikely haplotypes of original individuals and nost
likely placenents of reconbinations. Furthernore, when a MOD- score

anal ysis is perforned under the "nodcal ¢ single" option, a postscript
graph is created that shows the MOD score in conjunction with the

dom nance index D and inprinting index | for the best-fitting nodel at
every genetic position. Please see the "nobdscore"” comuand for details.

If a sex-specific genetic map i s used, the sex-averaged coordi nate

cal cul ated as the nean of the corresponding fenale and nmal e genetic
position will be used as x-axis coordinate in the Postscript plots.

LETTERS Comand

Summary: controls allele display in Postscript output
Argunent : <on’ or 'off’'>
Def aul t: di splays the current setting

When the ' hapl otype’ and 'postscript’ options are both turned on

the 'scan’ comand produces postscript pedigree drawings with the

nmost |ikely haplotypes of original individuals displayed. |If

"letters’ is on, these haplotypes will be drawn as letters representing
t he founder chronosone inherited rather than the nuneric genotypes

t hensel ves. Upon startup of Genehunter, 'letters’ is off and these
drawi ngs will display the actual alleles inherited

DRAW NG SCALE Command (abbreviation 'ds’)

Summary: set scale of Postscript 'total’ draw ngs

The 'drawi ng scale’ conmand all ows the user to select the type of
scaling used to draw the total NPL, LOD, and information content
pictures during the 'total’ command, as well as the MOD score plots
when using the 'nodcalc single’ option. The two options are to have
the genetic map (along the x-axis) fill the page, or to set a
constant numeric scale in dots per cM (always reflecting the sex-
averaged coordinate). The latter option may be used if you are
interested in having the sane scal e used anong different runs of
GENEHUNTER- MODSCORE for | ater conpari son of out put.

There are roughly 650 dots available for drawing so a good choice
for scale would be roughly 650/ (length of |argest chronosone).

By default, the Postscript drawings will fill the page
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TI TLE Command

Sunmary: set title of PostScript plots
No Argunents

By default, the pedigree filenane is used as the title when scores are
plotted as a function of the genetic position in a PostScript graph
The "title’ conmand can be used to specify a different title. In
order to allow for strings that include whitespace, the title is not
given as a comand argunent; rather, the user will be pronpted to
enter the title on a separate line after calling the "title comand.
If only <Return> is entered here, the pedigree filename will be used
as the title of the graph

OFF END Conmmand

Summary: Sel ect how far to conpute scores beyond ends of nmap
Argunent : <di st ance>
Def aul t: di spl ays the current val ue

This command controls how far before the first marker and after the
last marker in a map scores will be calculated. For exanple, if
off-end is set to 10.0, then subsequent scan commands wi ||l begin
calculating scores 10 cM before the first nmarker and conti nue

stepping through until 10 cMafter the last marker. The default val ue
of "off end’” is 0.0 cM Calling 'off end” with no argunments causes
GENEHUNTER- MODSCCORE to report the current val ue

Di stances may be specified as either reconbination-fractions or

centi Morgans, with the necessary assunption that any distance bel ow
0.5 is assuned to be a reconbination-fraction and any greater than or
equal to 0.5 is assuned to be in centi Mrgans.

Wth sex-specific genetic coordinates, the 'off end distance paraneter
is interpreted as a sex-averaged coordi nate (i.e., the nean of the
fermal e and nal e positions); however, sex-specific genetic distances are
still used. If a map file has been specified by the 'read nap’ comand,
the female/nale ratio of genetic distances in the off-end range (i.e.
before the first and after the last typed marker) is cal culated from
addi ti onal untyped markers, located in these regions, that can be found
inthe map file. If the off-end range reaches beyond the genetic region
wi th marker coverage (as found in the map file), the overall female/nale
di stance ratio for the entire chronosone (as determined by the first and
| ast marker for that chronosome given in the map file) will be used for
these outer portions of the off-end range.

In case that no nap file has been specified, the overall ferale/nale

di stance ratio, as determined by the first and last marker given in the
| ocus datafile, will be enployed for the entire off-end range at both
ends of the marker group

| NCREMENT Conmand

Summary: Choose the scan step size
Argunent s: < di stance’ or 'step’ > <nunber>

If "increment distance 2.0 is entered, the 'scan’ command will

cal cul ate LODscores and NPL statistics every 2.0 cMthroughout the
genetic map sel ected (regardl ess of the position of markers in that
map) as follows (in this exanple the off end distance is set to 6.0

cM:
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-6.0 (6 cMbefore the first marker), -4.0, -2.0, 0.0 (the position
of the first marker), 2.0, 4.0, ...etc...until 6.0 cMafter the last |ocus.

If "increment step 5 is selected, the scan command will cal cul ate
scores at 5 equally spaced positions between each marker. For exanple,
with a three-locus map with 10 and 15 cMintervals and 'off-end’ set to
5.0 cM rmaps will be conmputed at the follow ng positions:

-5.0, -4.0, -3.0, -2.0, -1.0 (equally spaced in the 5cM before the first marker)
0.0, 2.0, 4.0, 6.0, 8.0 (equally spaced in the 10 cMinterval)

10.0, 13.0, 16.0, 19.0, 22.0 (equally spaced in the 15 cMinterval)

25.0, 26.0, 27.0, 28.0, 29.0, 30.0 (equally spaced in the 5cM after the nap)

The default value of ’increnent’ is 'step 5. Calling "increnent’ with no
argunents causes GENEHUNTER- MODSCORE to report the current val ue

Note that the first ('distance’) nmethod is not guaranteed to hit every
mar ker position and should be considered inferior to the second
("step’) nmethod, which will conpute a map at every nmarker position

Wth sex-specific genetic coordinates, if the 'increnent distance

met hod i s used, the distance paraneter is interpreted as a sex-averaged
coordinate (i.e., the nean of the female and mal e positions); however,
sex-specific genetic distances are still enployed. Wth both the 'step
and ' di stance’ nethod, the coordinates of additional ungenotyped markers
given in a map file (specified by the 'read map’ conmand) will be
automatically used to determ ne the sex-specific genetic coordinates at
whi ch the linkage statistics should be calculated. |In particular, using
t he coordi nates of additional untyped markers allows for appropriately
varying the fenal e/ nal e di stance rati o even between two genotyped

mar ker s

MAP_FUNCTI ON Comrand

Summary: Choose a cM <-> rec-frac conversion function
Argunent : <" hal dane’ or ’'kosanbi’>
Def aul t: di spl ays the current val ue

This command controls which nmapping function is used to convert
centi Morgans to reconbination-fractions and back again both in the
i nput and output of the programand in the internal calcul ations.
Currently only Hal dane and Kosanbi map functions are avail abl e.
The default 'map function' is Hal dane.

UNI TS Command

Summary: Choose whet her scan output is in cMor rec-frac
Argunent : <cM or 'rec-frac’ >
Def aul t: di splays the current setting

The "units’ conmand enabl es the user to sel ect whether the output from
the 'scan’ conmand appears in reconbination-fractions (rf) or centi Mrgan
di stance (cM. The conversion function for centi Morgans to reconbination
fractions can be set using the "map function’ conmand. Wen GENEHUNTER-
MODSCORE is started up, Hal dane centi Morgans are sel ected as output units.

GENEHUNTER- MODSCORE 3. 1.1 Mappi ng Commrands Page 33



DI SPLAY SCORES Conmand

Sunmary: activate screen display of scores and hapl ot ypes
Argunent : <on or 'off’ >
Def aul t: di splays the current setting

If *display scores’ is 'on', GENEHUNTER- MODSCORE wi || display the scores
and hapl otypes for each pedigree (’scan pedigrees’ and ’'nodscore’).
"Display scores’ is ON when GENEHUNTER- MODSCORE i s start ed.

COVPUTE SHARI NG Command (abbreviation 'cs’)

Summary: turn I BD matri x storage on/off
Argunent : <on’ or 'off’'>
Def aul t: di splays the current setting

Whil e scanning a pedigree, if 'conpute sharing is turned 'on’, the
program accunul ates the 1BD inheritance probabilities (IBD matrix) for
all pairs of relatives in the pedigree. The IBD matrix is used for the
conputation of TDT scores, sib pair statistics and variance conponents
analysis. |If such anal yses are not required, the user should turn off
storage of the IBD matrix using the conmand conpute sharing off. In

| arge collections of highly informative pedi grees, storage of the I1BD
matrix i s the dom nant nenory requirenent.

Pl ease note: 'conpute sharing off’ is the default setting for
GENEHUNTER- MODSCORE; it is appropriate if only LOD, NPL, and MOD
scores shoul d be conputed, and saves both conputation tine and nmenory.

DUMP_REQUI REMENTS Conmand

Summary: estimate nenory usage instead of scanning pedigree
Argunent : <on’ or 'off’'>
Def aul t: di splays the current setting

This command sets a flag that nodifies the behavior of the program
Wien the flag is set, scanning a pedigree sinply reports the nenory
requi renents. The researcher can add/subtract pedi gree nmenbers or
nodi fy the marker map and get immedi ate feedback before proceedi ng
with the full analysis. Time requirenents are not reported, but in
the absence of inbreeding loops, it is safe to assune that tine
and nenory requirenents scale proportionally. W report only
nmenory al l ocation that scal es exponentially with pedigree size

and we do not report requirenments for storage of the IBD matrix.

Pl ease note: this feature does not reflect the conputationa

requi renents of a MOD-score analysis or p-value calculation with
GENEHUNTER- MODSCORE. The anount of additional nmenory required for
nodel -vector saving in a MOD-score anal ysis can be determ ned by
executing the 'saved nodels’ conmand after ’'scan pedi grees’. Here,
the 'dunp requirements’ option should be left "off’. In case of
p-val ue cal culation the 'dunp requirenents’ option will be ignored.
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HAPLOTYPE METHOD Conmmand

Sunmary: choose al gorithm used for hapl otyping
Argument : < Viterbi’ or 'MaxProb’>
Def aul t: di splays the current setting

There are two standard solutions to hapl otype reconstruction
One is based on selecting the nost |ikely inheritance vector
at each locus and the other (Viterbi algorithm selects the
nmost |likely set of vectors considering all loci sinultaneously.
Whil e the second solution has theoretical appeal because it
finds a global maxinum in practice both nethods yield
simlar results; especially when used for the anal ysis of
pedi grees with high information content. Currently only the
first approach (MaxProb) takes advantage of space reduction
Wth this approach, haplotype reconstruction adds

a few percent to the overall conputational tine and does not
add to the nmenory requirenents.

The MaxProb hapl ot ypi ng approach appropriately takes sex-specific
genetic distances into account when specified for an anal ysis,
whereas the Viterbi algorithmw |l always rely on the sex-averaged
coor di nat es.
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(3) SIBS QUALI TATI VE TRAI T MAPPI NG COMVANDS

Commands to nap loci using affectation status.

ESTI MATE Conmand

Sunmary: maxi mum | i kel i hood estinmate of |BD sharing
No Argunents

Usage -- To run the command just type 'estimate’; no argunents are
needed. GENEHUNTER(- MODSCORE) will first ask you if you want to analyze
your data under the assunption of no domi nance variance, or under the
assunption of dom nance variance where Hol mans’ triangle is applied:

anal yze under the assunption of no domi nance variance? y/n [n]

The default is to performthe analysis with the assunption of
dom nance vari ance

GENEHUNTER(- MODSCORE) wi I | then query you for the filenanes to store the
text and postscript output respectively. You will be alerted if either
of the chosen filenanes al ready exist.

Qutput -- The text file consists of the col ums:
<posi tion> <z0> <z1> <z2> <loglike>

where the z-values are the cal cul ated maxi num |i kel i hood proportions.
At the end of the text output is a tine-stanped sunmary of the session
settings when the analysis was run. The first postscript output file
is a graph of position vs. loglike and the second is a plot of how the
maxi mum | i kel i hood sharing proportions change across the region. The
mar ker names are given along the x-axis and the distance exam ned in
the analysis is given at end of the x-axis (this nmay be larger than
the map distance if you have specified an off-end distance).

Background -- ’'estimate’ scans the selected nmap region and identifies
regi ons of significant excess allele sharing.

Note that the LOD score is never negative, because the naxinmm

i kel i hood solution for z0, z1, and z2 can never be worse than the
Mendel i an segregati on expectation.

EXCLUDE Conmand

Sunmary: excl usi on mappi ng
Argunent s: <relative risk ratio hypot heses>
Usage -->

command |i ne:

npl : 6> excl ude
You are then given the option of inputting a set of z's or relative
risk values (the input queries will be different dependi ng on whet her
you want to anal yze your data under the assunption of no doni nance
vari ance or not).
Qutput --> The text file consists of tabbed colums in the fornat:

position z2-1 z2-2 z2-3 ... etc.
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(You should be able to use this file as input to a plotting programif
you don't have access to a postscript printer.) At the end of the
text file is a tinme-stanped sunmmary of the session settings. The
postscript file consists of nultiple y-axis LOD score plots for each
relative risk value/set of z's and gives the distance exanined in the
anal ysis at end of the x-axis (this may be larger than the map

di stance if you have specified an off-end distance). A horizonta
dashed line is drawn at the traditional exclusion criterion of Z < -2.

Background --> Exclusion mapping is used to identify and exclude
regions unlikely to have a major effect on the trait you are mapping.
GENEHUNTER( - MODSCORE) does this by conparing the Iikelihood of the

observed sharing proportion of 0, 1 and 2 alleles between affected sibs

(z0,2z1,2z2), to the likelihood under the Mendelian expectation of

a0=1/4, al=1/2, and a2=1/4. \Wen usi ng GENEHUNTER(- MODSCORE) under the

asssunpti on of no domi nance the sharing proportions are given by:

z0 = a0/Ls
z1l = al
z2 = a2((2Ls-1)/Ls)
where Ls = | anbda-sub-S, the relative risk ratio for a sib, defined

as:
preval ence of the trait in siblings of affected individuals

preval ence of the trait in the population at |arge

Note that Ls = 1 when there is no observed difference in preval ence of
si bs vs the popul ation (z0=a0, zl=al, z2=a2 and LOD = 0). |If Ls <1
it would inply that there was sone protective advantage in having an
affected sib. Since neither of these cases are interesting and/or
reasonable, only Ls values > 1 are allowed. (The no dom nance

vari ance assunption allows us to sinplify the sharing proportions
above to the one variable Ls. Wth doni nance variance Ls = Lo where
Lo = relative risk ratio for an offspring, and Lm 1=2(Ls-1) where Lm
is the relative risk ratio for a nonozygotic twin.)

The |ikelihood under Bayes theoremis:

L(pos) = (z0*p0+z1*pl+z2*p2) / (a0*pO+al*pl+a2*p2)
and the LOD score is calculated by summ ng | oglO(L(pos)) across
pedi grees for each position.

The relations for z0, z1, and z2 above hold if nultiple loci are
involved in the trait, provided that the loci interact
nmultiplicatively and the | anbda val ues are defined as the conponent of
the relative risk attributable to the |ocus.

More details on the analytical nethod are present in the publication
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(4) SIBS QUANTI TATIVE TRAIT LOCI (QTL) MAPPI NG COMVANDS

Conmmands to map | oci using numerical phenotype scorings.

HASEMAN ELSTON Conmand

Sunmary: traditional & EM Hasenman- El ston anal ysi s
No Argunents

Usage -- After typing the conmand you will be queried as to which
phenotype you want to analyze (if you have | oaded nore than one), and
then queried for files to store the text output for the traditiona
haseman- el ston and EM haseman- el ston anal yses, as well as the fil ename
for the postscript output.

Qut put -- The traditional and EM haseman-el ston output files have the col ums:
<position> <bet a> <LOD> <t>

At the bottom of each of these text output file is a tine-stanped
summary of the session variables when the command was run. This
summary will also list which phenotype was sel ected and in the case of
the EM al gorithm the convergence linmt that was used. The postscript
output file has a plot of both the traditional and EMresults.

Not el: The EM al gorithm has been found to have very rare instabilities
in large intervals between nmarkers; if there is a sudden peak in the
EM pl ot nake sure a sinmilarly shaped peak al so appears in the

tradi tional haseman-el ston results. (The nonparanetric nethod does
not have these instabilities either and can also be used to verify
your results.)

Note2: In order to run this command you nmust have sel ected nore than

two pedigrees/pairs -- which shouldn’t be a problemsince it won't be
very significant using any |ess!

M. VARI ANCE Command

Sunmary: maxi mum | i kel i hood QTL variance estination
No Argunents

Usage -- After typing the conmand you will be queried as to which
phenotype you want to analyze (if you have | oaded nore than one), and
then queried for a files to store the text and postscript output.

Qut put -- The text output file has the format:
<posi tion> <LCOD> <si gsq0> <si gsql> <si gsg2>

At the bottom of each of these text output file is a tine-stanped
summary of the session variables when the command was run. This
summary will also |ist which phenotype was sel ected and the
convergence limt that was used. The postscript output file is a plot
of position vs. LOD

Note: This EM based al gorithm has been found to have very rare
instabilities in large intervals between markers; if there is a sudden
peak in the plot you can verify it by checking it against the results
of the nonparanetric nethod, which is not subject to the sane
instabilities.
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NO DOM VAR Command

Sunmary: max| i ke QIL vari ance est. under no-dom nance assnp.
No Argunents

Usage -- After typing the comand you will be queried as to which
phenotype you want to analyze (if you have | oaded nore than one), and
then queried for a files to store the text and postscript output.

Qut put -- The text output file has the fornmat:
<posi tion> <LCOD> <si gsq0> <si gsql> <si gsqg2>

At the bottom of each of these text output file is a tine-stanped
summary of the session variables when the command was run. This
summary will also |ist which phenotype was sel ected and the
convergence limt that was used. The postscript output file is a plot
of position vs. LOD

Note: This EM based al gorithm has been found to have very rare
instabilities in large intervals between markers; if there is a sudden
peak in the plot you can verify it by checking it against the results
of the nonparanetric method, which is not subject to the sane
instabilities.

NONPARAMETRI C Conmmand

Summary: non- parametric QIL anal ysis
No Argunents

Usage -- After typing the comand you will be queried as to which
phenotype you want to analyze (if you have | oaded nore than one), and
then queried for a files to store the text and postscript output.

Qut put -- The text output file has the fornat:

<position> <Z-score>
At the bottom of each of these text output file is a tine-stanped
sunmary of the session variables when the command was run. This
summary will also |ist which phenotype was sel ected and the

convergence limt that was used. The postscript output file is a plot
of position vs. Z-score.

GENEHUNTER- MODSCORE 3.1. 1 Si bs QTL conmands Page 39



(5) OTHER SI BS COVMANDS

PAI RS USED Conmmand

Sunmary: sel ect what pair conbinations will be used
No Argunents

If you have | oaded nore than two sibs in any of your sibships this
command all ows you to include the extra sibs in the anal ysis comuands
(all sibs are automatically included for phase information if parents
are missing). Wen using 'all pairs’, each pair is considered as an

i ndependent pedigree but a weight (2/numaffecteds) is factored in to
counteract inflation of significance due to the statistical dependence
anong these pairs.

Sinply type 'pairs used’ and indicate which pair setting you woul d
like to use:

si bpair: 1> pairs used
the current pair setting is: *first affected/ phenotyped sibpair only*
Possi bl e pair options:
1. First pair of affected/phenotyped sibs
2. Al'l independent pairs of affected/ phenotyped sibs*
3. Al pairs of affected/ phenotyped sibs*
4. Al pairs pf affected/ phenotyped sibs- UNVEI GHTED
Enter the index of the analysis you want to use [1]: 2

*"j ndependent" pairs of sibs are created by taking the first sib

paired with sibs 2...n (for a three-sib sibship this will mean the
sharing for pairs 1-2 & 1-3 will be conputed). Therefore, the results
can be different if you rearrange the order of the sibship. "all"

pairs are created by taking the first sib paired with sibs 2...n, the
second sib paired wth 3...n, etc. For a four-sib sibship this neans
the sharing for pairs 1-2, 1-3, 1-4, 2-3, 2-4 and 3-4 will be
computed. The sibs are considered as part of a whole fam |y when

i nheritance vectors are determ ned and then each pair is treated as a
essentially a separate pedigree for the purposes of anal ysis.

You DO NOT need to re-scan for a change in the pair setting to take effect.

The default is to use the first pair of affected/ phenotyped sibs.

DUMP_| BD Command

Summary: dunp the ibd distribution to a text file
No Argunents

This command all ows you to output the calcul ated likelihood of
sharing O, 1 or 2 alleles for each relative pair within each pedigree,
possi bly for use in another program (You will be queried for the
filenane to store it in.)

The output format is:

<pos> <pedi gree> <indi vl-indiv2> <priorz0> <priorzl> <priorz2> <z0> <z1> <z2>
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Thi s command has been expanded from the origi nal MAPMAKER/ SI BS conmand
to include all non-founder relative pairs (regardless of relationship
or affected status).

When usi ng sex-specific reconbination fractions, these will be
appropriately taken into account for calculation of the ibd distribution
- as with all sib-pair and QTL analysis capabilities. Here, the output
only includes the sex-averaged genetic positions, i.e., the nmean of the
mal e and fenal e coordi nates. The corresponding male and fenal e genetic
positions can be obtained fromthe output of the 'scan pedigrees
command.

GENEHUNTER- MODSCORE 3. 1.1 O her pair anal ysis commands

Page 41



(6) VAR ANCE COVPONENTS

VARl ANCE COVPONENTS Conmand

Sunmary: run variance conponents anal ysis
No Argunents

This command | ooks for evidence of quantitative trait loci (QILs).

At each scan position, the program deterni nes whether a significant anount of the
variance in a quantitative trait can be attributed to a QIL at that position
Specifically, it calculates nmaxi mumlikelihood values for the nean trait val ue
(separately for each sex, if desired), additive and dom nance variance
components for the QIL, additive and domi nance vari ance conponents for

other, unlinked loci, and an environnental variance conponent. One or both

of the dom nance conponents can be optionally excluded. In addition

the program can incorporate covariate effects by estimating the

regression of the trait value on a given covariate value. The significance

of the QIL effects is tested by conparing the naxi mum |ikelihood nodel

wi th anot her one in which the QIL variance conponents are constrai ned

to equal zero. The likelihood ratio of the two nodels is used to

calculate a LOD score which can be conpared to a chi-squared

distribtion as in classical nmethods of QIL anal ysis.

*Dat a preparation*

Phenot ype val ues should be included in the pedigree file, after the
genotype val ues for each individual. Covariates should be listed

i medi ately after the phenotypes. Miltiple values may be entered, up to
t he nunbers given by the constants MAX PHENOTYPES and MAX COVARI ATES in
npl . h. Each phenotype should be indicated in the nap file by a single
line reading "0 2" followed by five enpty lines (These are needed to
mai ntai n consistency with the LINKACGE file format. The data expected by
LINKAGE in these lines are not used by Genehunter and can be excluded).
Each covariate should be indicated with a single line reading "4 0". In
addition, the total nunber of loci (the first nunber on the first line
of the map file) should include the nunber of phenotypes and
covariates, as well as the nunber of markers and qualitative traits.

*Runni ng the progrant

When the "variance conponents" command is entered, the user is pronpted

for nanes for the output files and is then asked whether to include dom nance
vari ance conponents for the unlinked loci and for the QIL. The user is then
given the option of entering starting estimates for the nodel’s

paraneters, rather than letting the programconme up with it’s own
estimates. This option is provided because the programis ability to
converge on the maxi mum |ikelihood values is sometimes sensitive to the
starting guesses. Trying out different starting values and seeing

whet her the sane result is obtained provides a check on the correctness

of the results. This should probably be done with all analyses, but is
especially needed if the programis yielding odd results, such as

negative or unrealistically high LOD scores. If manual input is chosen

the programfirst displays the total variance of the trait val ue being
exam ned, as well as the nean trait value (separately for nmales and

ferales if this option has been chosen). These figures can be hel pfu

in choosing starting val ues.

*Qut put *

The out put file shows a LOD score for each scan position, along with
estimates of the neans, variance conponents, and covari ate regression
coefficients for that position. The corresponding estinates for the
null nodel are also reported. Because the programcan sonetines fail to
converge on an estimte for sone positions, the output indicates for
each position whet her convergence occurred. Wen it does not occur, the
out put shows the estinmates for the |ast position which did converge. |If
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the programfrequently fails to converge, it nay be necessary to raise
t he maxi mum nunber of iterations allowed in the estimating al gorithm
(MAXITS in the file varcomc). If postscript output is switched on, the
program al so produces two graphics files. One contains a plot of LCOD
score versus position, and the other a plot of the proportion of tota
phenot ypi ¢ variance accounted for by each conponent of the nmaxi num

i kelihood nodel, versus position

SET STARTI NG VALUES Command

Summary: choose nethod for initial estinates of paraneters
No Argunents

Thi s command determ nes how the variance conponents command nmakes its
initial paraneter estimates. To use, enter "set starting values" and choose
the desired option:

npl: 1> set starting val ues
Genehunter currently uses a constant fraction of total phenotypic variance.

Possi bl e starting val ues:
1. ML estimate from adj acent position
2. Constant fraction of total phenotypic variance
Enter the index of the start values you want to use [2]:

The first nmethod sinply divides the total trait variance evenly anong the
vari ance conponents of the nodel. Thus it uses the sane initial values for
each position. The second nethod does this for the first position, but
thereafter uses the maxi numlikelihood values for the last position. The
second nethod is generally faster, because adjacent postions usually have
sim lar maxi nrum likelihood estimates, hence the al gorithmrequires fewer
iterations to converge when it starts near its destination. However, the
met hod can sonetinmes prevent convergence on the true maxi numli kel i hood
estimate, instead settling on a |local naxi mum near the maxi num likelihood
val ues of the adjacent position. The first nmethod, slower but nore reliable,
is the default.

MEANS BY SEX Conmand

Sunmary: choose whether to estinmate neans by sex
No Argunents

This command det ermi nes whet her the variance conponents command esti mates
means separately by sex. To use, sinply enter "nmeans by sex" and indicate
the desired setting:

npl : 1> neans by sex
Genehunter currently estimates male and fenal e neans separately.
1. Estimate a single nean
2. Estimate nmale and fenal e neans separately
Enter the index of the option you want to use [2]:
The default setting of [2] should inprove the nethod s power
to detect |inkage when sex actually has an effect on the trait’s val ue.

Setting [1] can slightly speed things up when no such effects are thought
to exist, or when insufficient data exist for one sex.
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(7) TDT COVIVANDS

GENEHUNTER( - MODSCORE) now contai ns a standard i npl enentation of the
transm ssion disequilibriumtest (TDT) along with several extensions for using
m ssing data, rmultiple loci, and estimating significance via simulation.

TDT Conmand
Summary: standard single | ocus TDT
Argunent : <file name>

The 'tdt’ command perforns the traditional Transmi ssion Disequilibrium

Test (Spielman, MG nnis, and Ewens, AmJ Hum Genet. 1993 Mar; 52(3):506-16.)
on the Linkage-style pedigree file specified as the argunent.

Transm ssi ons from honozygous parents are not counted (the obligately
provide a transmitted and untransmtted copy of the sane allele) and

cases where one parent is nmissing are used only when the genotyped

parent and the proband are both distinct heterozygotes (Curtis and

Sham Am J Hum Genet. 1995 Mar;56(3):811-2.) In addition, the
transm ssi ons and non-transni ssions are stored for use by nulti-I|ocus

TDT conmands (tdt2, tdt3, tdt4).

The case where the both parents and the proband have the same

het erozygous genotype are counted (as a transmni ssion and

non-transm ssion of each allele) but are not stored for use in the
multi-locus test. As noted by Dudbridge, et al. (AmJ Hum Genet. 2000

Jun; 66(6):2009-2012), the elinmnation of such cases nay lead to a

slight upward bias in type | error in nultiple locus TDTs and results

in transmtted/untransmtted ratios that clearly overestinate the

strength of the underlying gene effect. An option exists ("dhskip on"
which elinmnates all cases in which the two parents are identically

het erozygous (whether or not the offspring can reconstruct phase) and

use of this option results in a conservative test but a robust estimte

of gene effect as estimated by transmi ssion ratio. The correction
recomended by Dudbridge, et al., can be trivially reconstructed from

the results of multiple-locus TDT with this option on or off - their
recomendation is to count each case in which unreconstructed heterozygotes
are recovered by a honozygous offspring as one transni ssion rather than two.
Wth dhskip off these cases are counted twice and with it on they are not
counted, therefore adding half the difference to the result wth dhskip

on produces the reconmended test.

TDT2 Command

Summary: two | ocus TDT
Argunent : <of fset between markers to exam ne>
Def aul t: anal yze adj acent markers (offset=1)

The 'tdt2’ command conputes the two-1ocus version of the TDI. The identica
rules for counting transni ssions and non-transm ssions are enpl oyed and

as in the standard single marker TDT. |If an offset is provided as an argunent,
the analysis will be done on pairs of markers as follows (1 and 1l+offset,

2 and 2+offset, 3 and 3+offset, etc.). By default, offset is set to 1 so
with no argunment specified, "tdt2" wll produce a two-1ocus TDT test for

mar ker pairs in map order (1 and 2, 2 and 3, 3 and 4, etc.) By nature,

this nodel assumes there is no reconbi nati on between adj acent narkers

(or at least not a significant anmount) which would interfere with the
detection of potential founder haplotypes. Therefore it is probably nost
useful on closely spaced markers and/or in nore recently founded popul ati ons.
See note regardi ng phase reconstruction in 'help tdt’.

This command is only available after the "tdt’ analysis of a pedigree file.
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TDT3 Command

Sunmary: three locus TDT
Computes a three-locus TDT (see 'tdt2’ for a nore details about

multi-locus TDTs). This command is only available after the "tdt’
anal ysis of a pedigree file.

TDT4 Conmmand

Summary: four |l ocus TDT
Computes a four-locus TDT (see 'tdt2' for a nore details about

multi-locus TDTs). This command is only available after the "tdt’
anal ysis of a pedigree file.

PERML Command

Sunmary: pernutation test for determi ning TDT significance
Ar gument : <nunber of simul ations>

Since the standard application of the TDT usually involves the

anal ysis of nunerous alleles at numerous markers, a significant
correction is required to interpret the significance of any one
result. Treating the nummarkers x numalleles tests as independent
is extremely conservative since a) the tests of the alleles at each
mar ker are not independent and b) there will be very rare alleles
which will penalize an additional degree of freedom w thout any chance
of providing results of interest. A better test of significance is
provided by a pernutation nethod in the 'perml’ conmmand as fol |l ows:

* create a new data set by taking each pair of transmtted and
untransmtted alleles and arbitrarily (at p=0.50) reversing the
assi gnnent of which was transmitted

* tally and store the results of the TDT for this new data set

* repeat 1000 or nmore (the nunber of simulations is indicated in
the argunent to 'pernml’), conparing each sinulated data set to
the actual results observed in the real data set

After the simulations are conpleted, a report indicating

* how nany of the pernuted data sets had a hi gher nmaxi mum val ue
and

* how many of the pernuted data sets had nore results above certain
t hreshol ds (.01, .001)

is displayed providing a better estimte of the significance of the
observed data. This command is only available after the 'tdt’
anal ysis of a pedigree file.

PERMUTATI ON' SUMVARY:

12 of 1000 sinmulations had a |arger maxi num val ue than the real best (15.42)
48 of 1000 simulations had as many tests (22) exceeding p=.01

19 of 1000 sinul ations had as many tests (3) exceeding p=.001
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PERVR Conmmand

Sunmary: pernutation test for determ ning TDT significance
Argunent : <nunber of sinmulations>

This test perforns the sane pernmutation test as in 'pernl’ but instead
examnes all permutations of all two | ocus haplotypes formed by

adj acent nmarkers and markers separated by 1 in the current map order.
The results can be interpreted as in the 'pernl’ command. This
command is only available after the "tdt’ analysis of a pedigree file.

DHSKI P Conmand

Summary: treatment of identically heterozygous parents
Argunent : <on’ or 'off’'>
Def aul t: di splays the current setting

The elinmnation of cases in which hapl otypes cannot be reconstructed
results in nultiple-locus TDTs with subtle flaws. First, the

transmi ssion ratio (which is used to estinmate gene effect) is an
overestimate since cases in which one copy of a haplotype was
transmtted and one was untransmitted are not counted. Secondly, as
poi nted out by Dudbridge, et al. (AmJ Hum Genet. 2000 Jun
66(6):2009-2012), the elinnation of such cases may lead to a slight
upward bias in type | error in nultiple locus TDTs. Turning dhskip on
before the tdt command conputes TDTs excl udi ng cases in which both
parents are identically heterozygous (providing a conservative test and
robust estimation of gene effect). See "help tdt" for nore infornation
about use of this conmand.
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(8) ADDI TI ONAL COVVANDS

There are several basic features which GENEHUNTER- MODSCORE provi des to nake
the programnore friendly and useful. These include on-line help (' help),
the ability to record session output (’'photo’), and the ability to accept
input froma batch file ("run’).

HELP Command (abbreviation '?')

Sunmary: GENEHUNTER- MODSCORE on-line help facility
Ar gument : <comand or topic>

"Hel p’ displays on-line help information for GENEHUNTER- MODSCORE conmands
and features. Typing 'help’ alone produces a list of available topics and
commands. For a general description of a nunbered topic, type 'help
<nunber>', where <nunber> is the displayed nunber of the topic. For

hel p on a nore specific conmand or feature, type 'hel p <name>, for
exanpl e:

npl : 1> hel p hapl ot ype

The on-line help is an exact duplicate of the Postscript reference
manual (ghm ps) which acconpani es the distribution

PHOTO Command

Sunmary: record the output of a sessionin afile
Argunent : <file name>

The "photo" conmand is used to save a copy of the current
GENEHUNTER- MODSCORE session (input and output) in a text file.
If you type "photo <file name>", for exanple,

npl : 1> phot o sanpl e. out

all input and output fromthat point on will be copied into the specified
file (here, the file naned "sanple.out"). Typing "photo off" or quitting
GENEHUNTER- MODSCORE term nates this process and cl oses the photo file.

The default extension for a transcript fileis ".out". The 'photo’ command
will append programoutput to the specified file, so output from severa
sessions may be collected in the sane file if desired.

RUN Command
Sunmary: | et s GENEHUNTER- MODSCORE take input froma file
Argunent : <file name>

The "run" command instructs GENEHUNTER- MODSCORE to take a series of
commands fromany text file. This file should contain Iines of commands and
other input just as they would be typed i nt o GENEHUNTER- MODSCORE

i nteractively.

For exanple, you might want to use a 'run’ file to save setup comuands

for | oadi ng your data:
| oad markers test.|oc

increnent step 5
postscript on
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count recs on
hapl ot ype of f

and could be run with the comrand

npl:1> run setup.in
where ’"setup.in’ is the nane of the file containing the 5 Iines of comrands
above. This feature is especially useful for providing input to GENEHUNTER-

MODSCORE during long runs on data files with many pedi grees which you nmay
wi sh to I et run overnight or at |east w thout any user input.

SYSTEM Conmand

Sunmary: execute a conmand under the operating system
Ar gunent : <syst em comrand>

The 'systemi command is used to tenporarily interrupt GENEHUNTER- MODSCORE
and start up a new command interpreter fromthe operating system Conmands
which are nornally typed to the operating system may then be issued.

You can return to GENEHUNTER- MODSCORE by typing 'exit’ or control-D in nost
operating systens. |If an argunent is supplied to 'systeni, the

argunent is interpreted just as a normal conmand issued to the

operating system For exanple:

npl: 4> system | p results. out

woul d execute the printing command on your operating systemand then return
control inmediately to GENEHUNTER- MODSCORE

CHANGE DI RECTORY Conmand (abbreviation 'cd’)

Sunmary: change the current directory
Ar gument : <new directory>

The 'cd’ command works essentially the sane way it does under Unix. By

default, all files are read or witten fromthe current directory unless
speci fi ed ot herw se.

TI ME Command

Sunmary: di splay the current tine
No Argunents

Di splay the current tinme fromthe system cl ock

QU T Conmand (abbreviation 'qg’)

Summary: exit session
No Argunents

Assures that the programexits properly.
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CALCULATE P VALUE Command . ... ...t e e e e e i 14
MODEL Command . . ... ... ..ttt e e e e 15
I VPRI NTI NG CommBNGA . . ..o e e e e e e e e e 16
MOBI T SI MULATI ON Command . . ... e e e e 16
I NCLUDE UNTYPED Conmmand . .. ... ...ttt e e e e e 17
POSI TIONS ConmmBNG . . . ottt e e e e e e e e e e e e e e e e 17
LI ABI LI TY CLASS Conmmand . ... ...t e e e 17
JO N LIABI LI TY CLASSES CommBnd . ... ...... .ttt i 18
PENETRANCE RESTRICTION Command .. ... ..... .t i 18
ALLFREQ RESTRICTION Command .. ......... it i 19
HI GHEST ALLFREQ Command . ........... . 19
DI MENSI ONS COMTBNG . . ..ttt et e e e e e e e e e e e e e 19
SAVED MODELS Conmand . . ... ..t e e e 19
LONG MOD OQUTPUT Conmmand . .. ... ..ttt it e e e e e e e e e e 21
NORMALI ZE ALLFREQ Command . .. ... e e 21
NUVBER OF REPLI CATES Conmand . .. ...... .. e 22
SEQUENTI AL SI MULATION Command ... ........ ittt 23
STORE REPLI CATES Command . .. ... ... e e 24
UNTYPED FOUNDERS Command . ... ... ...ttt e e e 24
FULL | NFORMATI ON Command . . ... ..ttt e e e e e e e e 24
SI MULATE UNTYPED Command . ... ... ...t e e e 25
BEST PGSI TI ON CommBNd . . ..o o e e e e e e 25
SET RANDOM SEED CommBNd . ... ... oottt e e e e e 26
SHOW DI STRI BUTI ON Conmrand . . ... .o e e e e e e e 26
SINGLE PO NT Conmrand . .. ...ttt e e e e e e e e e 27
COUNT RECS Command . .. ...ttt e e 27
HAPLOTYPE ConmBNG . . . ..ttt et e e e e e e e e e e e e e e e 28
DI SCARD CoMMBNG . . .ottt e e e e e e 28
MAX BI TS COMMBNG . ...ttt e e e e e e e e e e e e 29
SKI P LARGE CommBaNnd . .. ...t e e 29
ANALYSI'S Conmrand . ... .. e 30
SCORE CommBNd . ... i 30
POSTSCRI PT OUTPUT CommBNG . ... ottt e e e e e e e e e 31
LETTERS CommBNA . . .. .ot e e e e e e e e 31
DRAW NG SCALE Command . . ... ... .. e e 31
TITLE Command . .. ...ttt e e e e e 32
OFF END Conmmand . .. ...ttt e e 32
I NCREMENT Conmmand . . . ...ttt e e e e e e e e e e e 32
MAP FUNCTI ON ConmmBNd . .. ..ottt e e e e e e e e e e e e 33
UNITS Command . . ...t e e e 33
DI SPLAY SCORES COoMMBNG . . ..ottt e e e e e e e e e e e 34
COVPUTE SHARI NG CommBand . ... ..o e e e e 34
DUVP REQUI REMENTS Command . .. ........ it e 34
HAPLOTYPE NMETHOD Command . . ... ...ttt e e e e e e e e 35
SIBS QUALI TATIVE TRAIT MAPPING COVWANDS ... ....... ... 36
ESTI MATE CommBNG . . .. .t e e e e e e e e 36
EXCLUDE COomMTBNGA . . ..ottt e e e e e e e e e e e 36
SI BS QUANTI TATI VE TRAIT LOCI (QTL) MAPPING COWANDS ............ 38
HASEMAN ELSTON ConmmBNG . ... ottt e e e e e e e e 38
M. VARI ANCE Command . . ... .o e e e e 38
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NO DOM VAR Commangd . . . ..ottt e e e e e e e 39

NONPARANVETRI C CommBNd . . ..o ottt e e e e e e e e e e e e e e e 39
(5) OTHER SIBS COMMANDS ...\ttt et e e e e e e 40
PAIRS USED CommBNd . . ...ttt it e e e e e e 40
DUMP | BD CommBNG . ...ttt e e e e e e e e e e e e 40
(6) VARI ANCE COMPONENT S ...ttt e e e e 42
VARI ANCE COVMPONENTS CommBnd . ... ...ttt e e e e 42
SET STARTI NG VALUES Command . . .... .. ..ttt e e e 43
MEANS BY SEX ConmmBNd . .. ...ttt e e e 43
(7) TDT COMVANDS . ..ottt et e e e e e e e e e 44
TDT Conmmand . . . .. e e 44
TDT2 CommBNG . ..ot e e e 44
TDT3 CommBNG . . ..ttt e e e e e e 45
TDT4 Command . . ... ...t e e e e e 45
PERML CoMMBING . . .. .t e e e e e e e 45
PERVR Command . . .. ...ttt e e e e 46
DHSKI P Command . .. ... ..ttt e e e e e 46
(8) ADDI TIONAL COMMANDS ..o vitt ettt e e e e e e e 47
HELP Conmmand . . ... ... . . e e e 47
PHOTO CommBNG . ... .. e e e e e e e e 47
RUN Conmmand . . ... e e e e 47
SYSTEM CommBaNd . . .. . 48
CHANGE DI RECTORY Command . .. ...ttt e e e 48
TIME Command . . ...t e e e e 48
QUIT CommmBaNnd .. ..... . e e e e e e 48
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GENEHUNTER- MODSCCRE 3. 1.1 QUI CK REFERENCE

(1) DATA PREPARATI ON COMVANDS

load markers.............. Load narker-1ocus data

read map.................. Load map file with genetic positions

USE. ottt e e Sel ect the current map for analysis

(2) GENEHUNTER- MODSCORE MAPPI NG COVIVANDS

scan pedigrees............ Anal yze pedi gree data

total stat................ Show total scores froma scan of nultiple pedigrees
nmodcalc................... activate/deacti vate MOD-score anal ysis

al gebraic calculation..... activate/ deactivate al gebraic cal cul ati on node
maximzation.............. custom zes MOD score routine
nodscore.................. performa MOD score anal ysis

calculate p value......... cal cul ates p-values for MOD or LOD scores

model . ... .. ... .. ... add a user-defined trait nodel to MOD-score anal ysis
imprinting................ activate/deactivate inprinting anal ysis

mobit simulation.......... obtain enpiric pernutation p value for the MOBIT

i nclude untyped........... i ncl ude/ excl ude untyped persons with no kids
positions................. define genetic positions for the MOD-score anal ysis
liability class........... define liability class to be optinized (MO score)
join liability classes....join liability classes for a MOD score anal ysis
penetrance restriction....activate/deactivate penetrance restriction (MD)
allfreq restriction....... activate/deactivate dis.allfreq. restriction (MD)
hi ghest allfreq........... sel ect upper disease allfreq. bound for MOD anal ysis
dimensions................ define nunber of paraneters jointly varied (MOD)
saved nodels.............. define nunber of saved trait nodels (nodcal ¢ single)
long nmod output........... activate/ deactivate | ong output (nodcal c single)
nornmalize allfreq......... activate/deactivate marker allfreq nornalization
nunber of replicates...... defines nunber of replicates used for cpv
sequential simulation..... activate/ deacti vate sequential sinulation node
store replicates.......... activate/deactivate storage of replicate infornation
untyped founders.......... activate/ deactivate usage of untyped founders (cpv)
full information.......... activate/deactivate fully informative markers (cpv)
simulate untyped.......... activate/deactivate sinulation of nissing genotypes
best position............. perform p-val ue calc. for the best position only
set randomseed........... sets the random seed for the Mersenne Tw ster

show di stribution......... activate/deactivate displaying distribution info
single point.............. activate/ deactivate single-point analysis

count recs................ turn reconbi nati on counting on
haplotype................. determne |likely haplotypes for individuals
discard................... elimnate | ess informative individuals

max bits.................. determ ne how | arge a pedigree may be anal yzed

skip large................ determ ne how | arge pedigrees are dealt with
analysis.................. sel ect what type of |inkage analysis to perform
SCOIME. .ot sel ect NPL scoring function

postscript output......... activate Postscript graphing capability
letters................... controls allele display in Postscript output
drawing scale............. set scale of Postscript 'total’ draw ngs

title.. ... ... ... ....... set title of PostScript plots

off end................... Sel ect how far to conpute scores beyond ends of nap
increment................. Choose the scan step size

map function.............. Choose a cM <-> rec-frac conversion function

units. . ... Choose whether scan output is in cMor rec-frac

di splay scores............ activate screen display of scores and hapl ot ypes
conpute sharing........... turn IBD matri x storage on/off

dunp requirements......... estimate menory usage instead of scanning pedigree
hapl ot ype nethod.......... choose al gorithm used for hapl otyping

(3) SIBS QUALI TATI VE TRAI T MAPPI NG COMVANDS

estimate.................. maxi mum | i kel i hood estinmate of |1BD sharing
exclude................... excl usi on mappi ng

(4) SIBS QUANTI TATIVE TRAIT LOCI (QTL) MAPPI NG COMVANDS

haseman elston............ tradi tional & EM Haseman- El ston anal ysi s

m variance............... maxi mum | i kel i hood QIL vari ance estination
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no domvar................ max| i ke QIL variance est. under no-dom nance assnp.

nonparanetric............. non- parametric QIL anal ysis

(5) OTHER SI BS COMVANDS

pairs used................ sel ect what pair conbinations will be used

dunmp ibd.................. dunp the ibd distribution to a text file

(6) VAR ANCE COVPONENTS

vari ance conponents....... run vari ance conponents anal ysis

set starting values....... choose nethod for initial estinmtes of parameters
means by sex.............. choose whether to estinate neans by sex

(7) TDT COMMANDS

tdt. ... standard single | ocus TDT

tdt2. ... . two | ocus TDT

tdt3. .. three | ocus TDT

tdt4. .. ... four locus TDT

perml..................... pernutation test for determ ning TDT significance
pernR........ . ... . .. pernutation test for determi ning TDT significance
dhskip........... .. ... ... treatment of identically heterozygous parents

(8) ADDI Tl ONAL COMMANDS

help. ... ... GENEHUNTER- MODSCORE on-1ine help facility
photo..................... record the output of a sessionin a file

FUN. . e e | et s GENEHUNTER- MODSCORE take input froma file
system .......... .. ... ... execute a conmand under the operating system
change directory.......... change the current directory

time.. ... di splay the current tine

quit. ... exit session

* = reference information only - not a command
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