(1) DATA PREPARATI ON COVIVANDS

LOAD MARKERS Comrand

Summary: Load narker-1ocus data
Argunent : <file name>

This command reads in the marker-1ocus data (allele frequencies for
each genetic nmarker, frequency and penetrance infornmation for the
di sease). The format of this file nmust be identical to the Linkage
paraneter file (output fromthe PREPLINK program. See the file

I inkloci.dat as an exanple of this file format or consult Linkage
document ation 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 nmust begin with one (and only one) affectation |ocus
describing the disease allele frequencies and penetrances. Foll ow ng
this should be entered the infornmation for each marker 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 nunmber 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’ comand and can be used to enter marker orders
using the 'use’ conmand. The second line for each marker sinply
contains the allele frequencies for alleles 1 through 6 in this case.
Map di stances (interlocus distances in the marker order specified on
line 3) may be entered on the second to last line in this file format.

The ' | oad markers’ conmand shoul d occur at the begi nning of every
session as the information | oaded here is required by every subsequent
step in the anal ysis process.

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

USE Command

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 nanner:

use <mar ker> <di stance> <nmar ker > <di st ance> <nar 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 coment area for each narker

If a map is specified in the Linkage paraneter file, it will be
entered automatically during the "load markers" step. Enter "use"

wi t hout argunents to see what current |inkage map has been entered.
IF THERE | S NO LI NKAGE MAP I N THE LI NKAGE PARAVMETER FI LE, ONE MJST

BE ENTERED USI NG THE " USE" COMVAND BEFORE ANY ANALYSI S CAN TAKE PLACE

Di stances may be specified as either reconbination-fractions or
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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.
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(2) GENEHUNTER NMAPPI NG COVVANDS

SCAN PEDI GREES Conmmand

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

The main analysis command in GENEHUNTER is the "scan" conmand.
For each pedigree found in the file indicated, the "scan" conmand

will conmpute LOD scores and NPL sharing statistics at many positions
in the genetic map (entered in the |locus paraneter file or via the
"use" command). |In addition, if the "count recs" option is turned on
observed reconbi nations will be displayed for each nmap interva

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

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

3 12 8 9 1 2 1 12 83 00 46 13... 4.100.374
(@) (b) () (d) (&) (f) (9)  (h oo N )
(a) pedigree name
(b) individual 1D #

(c) father’'s ID#

(d) nother’'s ID #

(e) sex (1=MALE, 2=FENALE)

(f) affectation status (1=UNAFFECTED, 2=AFFECTED)

(g) liability class (OPTIONAL) - classes specified in narker data file
(h) marker genotypes

(i) phenotypel/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
nm ssing data. See the file linkped.pre as an exanple.

A - in the phenotype/covariate data indicates nmissing data - NB
0

ms

s a real value that a phenotype may take on and DOES NOT represent
si 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 5 col ums of
i nformati on (depending on the setting of "analysis type') as follows:

cM position in the scan

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

exact conputed significance (p-val ue)

i nformati on content of the genotype data

The "total stat" conmand may be run after a successful "scan" to
see the total scores for the entire data set.
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**x | MPORTANT ***

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 marker data file and the markers that have genoptypes listed for
themin the pedigree file.

TOTAL STAT Command

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

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

command of multiple pedigrees. It will display the same 5 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.

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 numeric
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.

SI NGLE PO NT Conmand

Sunmary: activate/deactive single-point analysis
Argunent : < 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 cul ate and di splay single-point LOD
and NPL scores for each marker in the data set individually rather
than the usual nulti-point analysis. This conmand will ignore
the Iinkage map set with the 'use’ command and will not produce
hapl ot ype output or reconbination counts for obvious reasons.
"Single point’ is 'off’ when GENEHUNTER is initiated.

COUNT RECS Command

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

Turning this option on activates the reconbi nati on-counti ng nechani sm

in the "scan" command. After each pedigree is scanned, the observed
reconbi nati ons (and resulting distances) are shown for each map interva

al ongsi de the actual distance of the interval. Wen there are significantly
nore 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
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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 ti ple pedigrees or of an error in the entered genetic map (either in
order or distance).

"Count recs’ is ON when GENEHUNTER i s started.

HAPLOTYPE Conmand

Summary: determ ne |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’ comuand wil |
report the nost likely inferences nmade 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 haplo.dunp. 1In 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 di spl aying.

The hapl ot ypes di spl ayed represent the maxi nunmtli kel i hood 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 |ikely positions of reconbinants.
Anong near by markers that show no reconbination, these hapl otypes 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 markers.

Hapl ot ypes can be inval uable tools both analytically (in searching for
shared genomic 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 [oci
hapl ot ypes will be displayed for themas usual but it nust be noted

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

N.B. - at this tinme 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 al ways be drawn properly. Refer to the results
in the haplo.dunp file if it appears the pedigree has not been drawn

properly.
"Hapl otype’ is ON when GENEHUNTER i s started.
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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
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 ndividual s 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 approxi mation of the results
or 1 f your pedigrees are extrenely |arge and cannot be fully anal yzed
by GENEHUNTER

MAX BI TS Command (abbreviation 'nb’)

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

Because of the tinme and nenory requirenments of the mapping algorithns
i n GENEHUNTER, 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 time required are directly proportional to 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 Nis the nunber of non-founders. For exanple,

a pedi gree consisting of two parents and their 4 children would have
a size = 2NF = 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 15 or 16 will be a
reasonable limt. |f pedigrees exceed the size that may be conputed
under the current 'max bits’ setting, individuals may be dropped or
t he pedi gree may be ski pped (depending on the setting of 'skip |arge
- see below). The default setting of 'nmax bits is 16.

SKI P_LARGE Conmmand

Summary: determi ne how | arge pedigrees are dealt with
Ar gument : < on' or 'off’>
Def aul t: di splays the current setting

Because of the nmenory 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 "skip large’ is ON - the pedigree will be skipped over
entirely and the conputation will continue with the next
pedi gree in the data set

if "skip large’ is OFF - pedigree individuals will be trinmed

off until the pedigree is small enough to be analyzed within
the current setting of "max bits’. This triming is done
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such that the nmaxi num anount of |inkage information is

retained - the first individuals to be elimnated 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 nunmber of individuals are not being anal yzed) you consi der
dividing the pedigree into two or nore reasonably sized pedigrees

that can be analyzed in full

ANALYSI S Command

Summary: sel ect what type of |inkage analysis to perform
Argunent : <"NPL', 'LOD, or 'BOIH >
Def aul t: di splays the current setting

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

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

LOD: the 'scan’ and "total’ conmmands 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 is started.

SCORE Conmand

Sunmary: sel ect NPL scoring function
Ar gument : < pairs’ or 'all’'>
Def aul t: di splays the current setting

The 'score’ conmand allows 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 nbodel proposed for the disease

as the paranetric LOD score is. The statistic reported will represent
the deviation from Mendel i an expectation 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 exani nes all individuals simultaneously and assigns
a higher score when nore of them share the sane 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.
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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.

LETTERS Conmand

Sunmary: 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’ command produces postscript pedigree drawings with the

nost |ikely haplotypes of original individuals displayed. |If

"letters’ is on, these haplotypes will be drawn as letters representing
t he founder chronosome 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 Conmand (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’ comand. 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 The latter option may be
used if you are interested in having the sane scal e used anong
different runs of GENEHUNTER for |ater conparison of output.
There are roughly 650 dots available for drawi ng so a good choice
for scale would be roughly 650/ (length of |argest chronosone).

By default, the Postscript drawings will fill the page

OFF END Conmand

Summary: Sel ect how far to conpute scores beyond ends of nap
Ar gunent : <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 to report the current val ue.

GENEHUNTER 1.0 Mappi ng Commrands Page 8



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 assunmed to be in centi Mrgans.

| 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:

-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 maps will be computed 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 to report the current val ue.

Note that the first (’'distance’) nethod is not guaranteed to hit every

mar ker position and should be considered inferior to the second
("step’) method, which will conpute a map at every marker position

MAP_FUNCTI ON Conmand

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

This command control s which mapping function is used to convert
centi Morgans to reconbination-fracti ons and back again both in the
i nput and output of the programand in the internal calcul ations.
Currently only Hal dane and Kosanmbi map functions are avail abl e.
The default "map function’ is Kosanbi.

UNI TS Command

Sunmary: Choose whether scan output is in cMor rec-frac
Argument : < 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’ command appears in reconbination-fractions (rf) or centi Morgan
di stance (cM. The conversion function for centi Morgans to reconbi nation
fractions can be set using the "map function’ conmand. Wen GENEHUNTER
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is started up, Kosanbi centi Mbrgans are selected as output units.

DI SPLAY SCORES Command

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

"Display scores’ is ON when GENEHUNTER is started.
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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 will first ask you if you want to anal yze your data
under the assunption of no dom nance variance, or under the assunption
of dom nance variance where Holman's 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 wi Il then query you for the filenanes to store the text and
postscript output respectively. You will be alerted if either of the
chosen fil enanes 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 does this by conparing the |ikelihood of the observed sharing
proportion of 0, 1 and 2 alleles between affected sibs (z0,z1,z2), to
the Iikelihood under the Mendelian expectation of a0=1/4, al=1/2, and
a2=1/4. \Wen usi ng GENEHUNTER under the asssunption of no dom 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

GENEHUNTER 1.0 Sibs Qualitative Trait Commands

Page 12



(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:
<posi tion> <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> <LOD> <si gsq0> <si gsql> <si gsq2>

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> <LOD> <si gsq0> <si gsql> <si gsq2>

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:

<posi tion> <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.
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(5) OTHER SI BS COMVANDS
of position vs. Z-score.

PAIL RS USED Command

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

I f 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 nmissing). 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.

Sinmply type ’'pairs used and indicate which pair setting you would
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 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

*"independent" pairs of sibs are created by taking the first sib
paired with sibs 2...n (for a three-sib sibship this will nean 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 with 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.

DUVP | BD Conmmand

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

This command all ows you to output the calculated 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> <indivl-indiv2> <priorz0> <priorzl> <priorz2> <z0> <z1> <z2>

Thi s command has been expanded from the origi nal MAPMAKER/ SI BS conmand
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to include all non-founder relative pairs (regardless of relationship
or affected status).
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(6) VAR ANCE COVPONENTS
or affected status).

VARl ANCE COVPONENTS Conmand

Summary: run variance conponents anal ysis
No Argunents

This command | ooks for evidence of quantitative trait |oci (QILS).

At each scan position, the program deternines whether a significant anount of the
variance in a quantitative trait can be attributed to a QIL at that position
Specifically, it calculates maxi mum|likelihood values for the nean trait val ue
(separately for each sex, if desired), additive and dom nance variance
conponents for the QIL, additive and doni nance variance conponents for

other, unlinked loci, and an environnmental 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 mrum Ilikelihood nodel

with another 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 map file by a single
line reading "0 2" followed by five enpty lines (These are needed to
mai ntain consistency with the LINKACE file format. The data expected by
LI NKAGE in these lines are not used by Genehunter and can be excl uded).
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 t he progrant

When the "variance conponents” conmand is entered, the user is pronpted

for names for the output files and is then asked whether to include doni 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 num likelihood values is sonetines sensitive to the
starting guesses. Trying out different starting values and seeing

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

of the results. This should probably be done with all anal yses, 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 nales and

fermales if this option has been chosen). These figures can be hel pful

in choosing starting val ues.

*Qut put *

The output file shows a LOD score for each scan position, along with
esti mates of the means, variance conponents, and covariate regression
coefficients for that position. The corresponding estimates for the
nul | nodel are also reported. Because the programcan sonetines fail to
converge on an estimate for sone positions, the output indicates for
each position whether convergence occurred. Wen it does not occur, the
out put shows the estinmates for the | ast position which did converge. If
the programfrequently fails to converge, it nay be necessary to raise
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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 LOD
score versus position, and the other a plot of the proportion of tota
phenot ypi ¢ variance accounted for by each conponent of the nmaxinmum

i kelihood nodel, versus position

SET STARTI NG VALUES Conmand

Sunmary: choose nethod for initial estimtes of parameters
No Argunents

This command determ nes how the variance conponents command nakes 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 estinate from adjacent 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 num likelihood values for the last position. The
second nethod is generally faster, because adjacent postions usually have
simlar maxi num likelihood estinmates, hence the algorithmrequires fewer
iterations to converge when it starts near its destination. However, the
nmet hod can sonetinmes prevent convergence on the true nmaxi numli kel i hood
estimate, instead settling on a local naxi mum near the maxi numlikelihood
val ues of the adjacent position. The first method, slower but nore reliable,
is the default.

MEANS BY SEX Conmand

Sunmary: choose whether to estinate neans by sex
No Argunents

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

npl : 1> neans by sex
Genehunter currently estinates nale and fenal e neans separately.
1. Estimate a single nean
2. Estimate nal e and fenmal 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 now contai ns a standard i nplenentation of the transm ssion
di sequilibriumtest (TDT) along with several extensions for using
m ssing data and estimating significance via sinulation.

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
t he proband have the sane heterozygous genotype are counted (as a
transm ssi on and non-transm ssion of each allele) but are not stored
for use in the multi-locus test.

TDT2 Conmmand

Sunmary: two | ocus TDT
Argument : <of fset between markers to exani ne>
Def aul t: anal yze adj acent nmarkers (of fset=1)

The 'tdt2’ command conputes the two-1ocus version of the TDT. The identica
rules for counting transmn 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 1+offset,

2 and 2+offset, 3 and 3+offset, etc.). By default, offset is set to 1 so
with no argunent specified, "tdt2" wll produce a two-locus TDT test for
marker pairs in map order (1 and 2, 2 and 3, 3 and 4, etc.) By nature,

this nodel assunes there is no reconbination between adjacent markers

(or at least not a significant anount) 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 ations.
This command is only available after the "tdt’ analysis of a pedigree file.

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.
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TDT4 Command

Sunmary: four |locus 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 Conmmand

Summary: permutati on test for determ ning TDT significance
Argunent : <nunber of sinul ations>

Since the standard application of the TDT usually involves the

anal ysis of nunerous alleles at nunerous markers, a significant
correction is required to interpret the significance of any one
result. Treating the nummarkers x numalleles tests as independent
is extrenmely 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 nmethod in the 'pernml’ command as foll ows:

* create a new data set by taking each pair of transmtted and
untransnmitted 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 nore (the nunber of sinulations is indicated in
the argunent to 'perml’), 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 pernmuted data sets had a hi gher maxi mum val ue
and

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

is displayed providing a better estinmate 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 simnul ations had a | arger naxi mum val ue than the real best (15.42)
48 of 1000 sinulations had as many tests (22) exceeding p=.01

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

PERMP _Conmmand

Summary: permutati on test for determ ning TDT significance
Argunent : <nunber of sinul ations>

This test perforns the same pernmutation test as in 'pernl’ but instead
exam nes all pernmutations of all two | ocus hapl otypes fornmed by

adj acent nmarkers and nmarkers separated by 1 in the current nap order.
The results can be interpreted as in the 'pernl’ command. This
command is only available after the 'tdt’ analysis of a pedigree file.
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(8) ADDI TI ONAL COVVANDS

There are several basic features which GENEHUNTER provi des to nake the
program nore 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 on-line help facility
Ar gument : <comand or topic>

"Hel p° displays on-line help information for GENEHUNTER commuands 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 (gh. ps) which acconpani es the distribution

PHOTO Command

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

The "photo" conmmand is used to save a copy of the current GENEHUNTER
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 term nates this process and closes the photo file. The default
extension for a transcript fileis ".out". The 'photo’ command wll append
program output to the specified file, so output from several sessions nay be
collected in the sane file if desired

RUN Command
Sunmary: i nstruct GENEHUNTER to take input froma file
Argunent : <file name>

The "run" conmand instructs GENEHUNTER to take a series of conmands
fromany text file. This file should contain lines of comands and
other input just as they would be typed i nto GENEHUNTER i nteractively.

For exanple, you might want to use a 'run

commands for |oading your data:

file to save setup

| oad narkers test.loc
increment step 5
postscript on

count recs on

GENEHUNTER 1.0 Hel pful Shell Commands Page 21



hapl ot ype of f
and could be run with the comrand
npl:1> run setup.in

where ’'setup.in’ is the nanme of the file containing the 5 Iines of conmands
above. This feature is especially useful for providing input to GENEHUNTER
during long runs on data files with many pedi grees which you may wish to
let run overnight or at |east without any user input.

SYSTEM Command

Summary: execute a conmand under the operating system
Argunent : <syst em conmand>

The ’systemi command is used to tenporarily interrupt GENEHUNTER and
start up a new conmand interpreter fromthe operating system Conmands
which are normally typed to the operating system may then be issued.
You can return to GENEHUNTER 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 conmand on your operating systemand then return
control imediately to GENEHUNTER

CHANGE DI RECTORY Conmmand (abbreviation 'cd’)

Summary: change the current directory
Argunent : <new di rectory>

The 'cd’ conmand wor ks essentially the same 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

Summary: di splay the current tine
No Argunents

Di splay the current time fromthe system cl ock

QU T Command (abbreviation 'q')

Sunmary: exit session
No Argunents

Assures that the programexits properly.
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GENEHUNTER 1. 0 COMMAND REFERENCE:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

DATA PREPARATI ON COMMANDS . . .. . e e 1
LOAD MARKERS ConmmBaNd . .. ...ttt e e e e e e e e e e e e e 1
USE CoNMTBNG . . . ottt e e e e e e e e e e e 1
GENEHUNTER MAPPI NG COVMANDS . . . .o e e e e e e e 3
SCAN PEDI GREES Conmrand . . ... ittt e e e e 3
TOTAL STAT Command . . . ... .ot e e e 4
SINGLE PO NT CommBand . ... ...t e e 4
COUNT RECS CommaNd . .. ...ttt e e e e e 4
HAPLOTYPE Conmrand . . .. ..ottt e e e e e e e 5
DI SCARD COMTBNG . . ..ttt et e e e e e e e e e e 6
MAX BI TS CommBNG . ... e e e e e e e 6
SKI P LARGE ConmmBNd . . ...t e 6
ANALYSI'S Command . .. ... ... 7
SCORE CoNMBNGA . . . ot e e e 7
POSTSCRI PT OUTPUT CommBnd . . ... ..ottt e e e e 8
LETTERS COMTBNGA . . . ..ottt et e e e e e e e e e e e e 8
DRAW NG SCALE Command . . ... ... .. e e e 8
OFF END Conmmand . .. ...ttt e e 8
I NCREMENT Conmand . . . ...ttt e e e e e e e e e e e e e 9
MAP FUNCTI ON ConmmBNd . .. ...ttt e e e e e e e e e e e e e 9
UNITS Command . . ... .ot e e e 9
DI SPLAY SCORES COMMBING . . ..ottt e e e e e e e e e e e e e 10
SI BS QUALI TATIVE TRAIT MAPPING COWANDS ............. ... 11
ESTI MATE ConmmBNG . ... .ttt e e e e e e e e e e e e e 11
EXCLUDE COomMTBNGA . . ..ottt e e e e e e e e e e e 11
SI BS QUANTI TATIVE TRAIT LOCI (QTL) MAPPING COWANDS ............ 13
HASEMAN ELSTON ConmmBNG . ... ottt e e e e e e e 13
M. VARI ANCE Command . . ... .o e e e e e e 13
NO DOM VAR CommBaNnd . . ... ottt e e e e e e e 14
NONPARANVETRI C COMTBNG . . ..ottt e e e e e e e e e e e 14
OTHER SI BS COMMANDS . . .ot e e e e 15
PAIRS USED COMTBNGA . . ..t ittt e e e e e e e e e e e e e e 15
DUVP | BD CommBNG . .. .ot e e e e e e e e 15
VARI ANCE COMPONENT S . .. o e e e e e e e e 17
VARI ANCE COVPONENTS Conmrand . ... ..ttt e e e e e 17
SET STARTI NG VALUES Command ... ... ... ... 18
MEANS BY SEX ConmmmBNG . .. ..ottt e e e 18
TDT COMVANDS . . .ttt e e e e e e e 19
TDT CoMTBNGA . . ot e e e e 19
TDT2 CommaNd . . ..ttt e e e e 19
TDT3 Command . . .. ... e e e e e 19
TDT4 CommBNG . ..ot e e e 20
PERML Command . . .. ... ...t e e e 20
PERVR Command . ... .. .. ... e e e 20
ADDI TI ONAL COMMANDS . .. e e e e e e e e 21
HELP Conmmand . . ... ... . e e e e 21
PHOTO CommBNG . ... .. e e e e e e e e 21
RUN Conmmand . ... .. e e e 21
SYSTEM CommBaNd . . .. . 22
CHANGE DI RECTORY Command . .. ...ttt e e e e 22
TIME CommaNnd . . ...t e e e e 22
QUIT CommmBaNnd .. ..... i e e e e e e e e 22
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GENEHUNTER 1. 0 QUI CK REFERENCE

(1) DATA PREPARATI ON COMVANDS

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

USE. ittt et e et e Sel ect the current map for anal ysis

(2) GENEHUNTER MAPPI NG COMVANDS

scan pedigrees............ Anal yze pedigree data

total stat................ Show total scores froma scan of nultiple pedigrees
single point.............. activate/ deacti ve single-point analysis

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

max bits.................. determ ne how | arge a pedigree may be anal yzed
skip large................ determi ne how | arge pedigrees are dealt with
analysis.................. sel ect what type of |inkage analysis to perform
SCOIMB. . vttt et 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

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
(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 estinmation

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

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

(6) VARI ANCE COVPONENTS

vari ance conmponents....... run variance conponents anal ysis

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

(7) TDT COVIVANDS

tdt. ... .. standard single | ocus TDT

tdt2. ... . two | ocus TDT

tdt3. .. three | ocus TDT

tdt4. . ... four |ocus TDT

perml......... ... ... .. . ... pernutation test for determi ning TDT significance
perm2......... ... .. ... permut ati on test for determ ning TDT significance
(8) ADDI Tl ONAL COMMANDS

help. ... ... GENEHUNTER on-line help facility
photo..................... record the output of a sessionin afile

FUN. . e e i nstruct GENEHUNTER to 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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