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Abstract For linkage analysis using pedigree data, it is im-
portant to eliminate contradictions concerning Mendelian
inheritance from genotypic data. Such contradictions may
derive from either genotyping errors or pedigree errors. We
implemented an error-checking algorithm in a World Wide
Web-based program that can be used through the Internet
even by computer nonspecialists. This program, named
Checkfam, uses two error-checking algorithms to detect
and report contradictions concerning Mendelian inherit-
ance. With this program, users can guess the causes of geno-
type errors (technical problems in genotyping, pedigree
misrecording, or errors in input data concerning familial
relationships). The present program will be useful to re-
searchers for checking genotypic data and for preparing
correct input files for linkage analysis.
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Introduction

For linkage analysis, contradictions concerning Mendelian
inheritance should be eliminated from input pedigree files
because linkage analysis programs do not accept input files
with such errors. Contradictions concerning Mendelian in-
heritance can derive from two different causes: pedigree
errors and genotyping errors. A pedigree error generally
occurs when the relationship of pedigree members is
misrecorded. Genotyping errors include all other typing
errors such as misinterpretation of genotypes and data entry
errors (Ehm et al. 1996). Identification of genotype errors
can be achieved by checking whether data are in accord
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with Mendelian inheritance, but this is tedious work be-
cause the amount of data to be checked is usually quite
large. Several computer programs that find Mendelian
inconsistencies either in genotype data (Stringham and
Boehnke 1996; O’Connell and Weeks 1998) or pedigree
relationships (Boehnke and Cox 1997) have been devel-
oped to simplify this work. However, none of these pro-
grams can be used as World Wide Web (WWW)-based
software. We have developed software named Checkfam
that can be used through the Internet. This software checks
Mendelian inheritance in genotype data entered in HTML
form, and returns the inconsistencies, if any, in the data to
end users.

Algorithms and implementation

In Checkfam, two algorithms, a “nuclear-family algorithm”
and a modified “genotype-elimination algorithm,” are
implemented that identify errors in genotypic data. The
nuclear-family algorithm has been described previously
(O’Connell and Weeks 1998). In this algorithm, each family
is decomposed to nuclear families, each consisting of two
parents and their children. Each nuclear family is then in-
vestigated for Mendelian inconsistencies. In the nuclear-
family algorithm of Checkfam, the process of finding
Mendelian inconsistencies in genotype data is as follows: (1)
Different alleles (a,, i = 1,2, .. .) are listed from the parents
and the children, and a check is done to ensure that the
number of alleles is not more than four. (2) If parental
genotypes are (a;, a;) and (a,, a,), then the genotypes of their
children must be (a, a,), (a;, a,), (a; a), (a, a,), (a;, a,), (a,
a;), (a, a,), or (a, a;). An error is reported if the data are not
in accord with this rule.

The modified genotype-elimination algorithm is based
on the extended version of the Lange-Goradia algorithm
(Lange and Goradia 1987; Lange and Weeks 1989). In this
algorithm, all possible genotypes of each member of the
family are listed, and the data are recursively checked for
Mendelian consistency. Genotypes that are incompatible
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are eliminated from the genotype list until no more can be
eliminated. The original Lange-Goradia algorithm was only
for pedigrees without loops (Lange and Goradia 1987), but
was then modified to include all types of pedigrees in the
PEDCHECK program, although the method used was
not described (O’Connell and Weeks 1998). The modified
genotype-elimination algorithm in Checkfam is also able to
check data from all pedigree structures, including loops.
Before performing the modified genotype-elimination algo-
rithm of Checkfam, each nuclear family in a pedigree is
given an integral number termed the “ancestor number.”
The ancestor number of a nuclear family is defined as the
number of ancestors described in the pedigree of a child
in the nuclear family. Note that the number of ancestors is
always the same for all the children of a nuclear family.
Checking of the Mendelian inheritance is performed from
one nuclear family to another in such a fashion that the
nuclear family with a smaller ancestor number is examined
later than one with a larger ancestor number. If the exami-
nation is performed in this order, all the children in a
nuclear family should have already been examined for Men-
delian inheritance if necessary when that nuclear family is
checked.

In Brief, the algorithm is as follows: (1) The ancestor
number is counted for each nuclear family. (2) Mendelian
inheritance is checked from one nuclear family to another
so that the order of ancestor number is from largest to
smallest. (3) When the Mendelian inheritance in a nuclear
family is checked, all possible genotypes of the parents are
listed and saved for examination of the other nuclear fami-
lies that include them. (4) If there is at least one set of
genotypes of all the family members that is in accord with
Mendelian inheritance, the program reports “no errors de-
tected”; otherwise, it reports the errors.

The format of the input data of Checkfam accords with
the pedigree file format of the Linkage package (Linkage
format, “prefile”) (Terwilliger and Ott 1994). This format
is essentially the same as that for Mapmaker/sibs and
Genehunter. The report of Checkfam is displayed in
“prefile” format. The data for each subject are displayed in a
line and the data for a nuclear family are displayed in a block.
When Mendelian inconsistencies are detected in a nuclear
family at a marker locus, the data included in the inconsisten-
cies are displayed in a colored block. If Mendelian inconsis-
tencies are detected by the modified genoytpe-elimination
algorithm at a marker locus, then all the data concerning the
marker locus are displayed in a colored block.

The program was written in both C language and Perl.
The source codes for C language were compiled by gcc.
The software was implemented in a home page (http://
www.genstat.net/checkfam/) so that it can be freely ac-
cessed through the Internet.

Results and discussions

The performance of Checkfam was checked on a Linux OS
in an Intel Pentium III personal computer. Two types of test

data were used: (a) 200 nuclear families with two children
(800 individuals) and 100 markers (80,000 genotypes) and
(b) 6 middle-sized families with 13 members (Kruglyak
et al. 1996) and 400 markers (31,200 genotypes). Each
data set, for either (a) or (b) type, was generated by the
pedigree simulator, IVSIM (A Saito et al. 2001), which
generates marker genotypes at multiple linked and
unlinked loci for given pedigree structures. For the data
of type (a), compatible with affected sib-pair analysis, the
check was completed by the nuclear family algorithm within
1min. Note that the genotype-elimination algorithm is
not necessary for this type of data. For the data of type (b),
compatible with parametric linkage analysis, Checkfam
completed the checks both by the nuclear-family algorithm
and by the modified genotype-elimination algorithm
within 20s. Most processing time was spent for the transmis-
sion of the data. The actual calculation time in the host
machine was only a few seconds. This estimation was
made with input data without missing genotypes. It is likely
to take a little more time when there are genotype-
uncertain data. The presence of missing data, however, had
almost no influence on the calculation time when the
nuclear-family algorithm was used. Giving genotypes to the
founders had little influence on the calculation time when
the modified genotype-elimination algorithm was used, be-
cause a genotype can be given without restriction to the
parent who does not have genotyped ancestors. When the
genotype of the member who had typed ancestors was un-
known, giving a genotype to that subject had a significant
effect on calculation time with the genotype-elimination
algorithm.

Figure 1A shows an example of the input data for
Checkfam. Figure 1B shows the Checkfam report when this
example was applied to the program. There are at least four
different causes that may generate errors in the input file. If
there are technical problems in genotyping in a marker,
then users will find multiple errors for that marker. In that
case, two continuous columns corresponding to that marker
will have colored blocks for many subjects (Fig. 1B,a). If
there are misrecordings in the family relationships in a
nuclear family, then marker genotype data for that nuclear
family will have many colored blocks (Fig. 1B,b). On the
other hand, when there are incompatibilities in such data as
sex and familial relationships, the second to fifth columns
corresponding to the nuclear family will be colored (Fig.
1B,c). If errors are limited to a nuclear family and a marker,
there is likely to be a simple error. The error-checking
program will be very useful if one can guess the cause of
errors from the output data. Using this program, we found
that we can often guess the cause of errors from the output
data, as in Fig. 1B. Thus, given the output data in Fig. 1B,
we can guess that there is a major technical problem in
genotyping of the fifth marker. In addition, it is likely that
there is a misrecording in the family relationships in the
nuclear family involving subjects 5 to 7 in family 2. This
figure also shows that there is a mistake in either the sex
or the parent columns in the nuclear family involving 4 to
7 subjects in family 1. In addition, there are some other
simple errors.



Fig. 1. A The form of data for
input compatible with the Link-

A

age format (“prefile”). For )

details, refer to Terwilliger and Input file

Ott (1994). B The output data

reported by Checkfam when

the data in A were applied to

the program. Explanations for

blocks a—c are in the text 117001112121122131
12002111122211321
13122111111221323
1412211312121 2421
15001111213121121
164562111212322231
1745111111111 1241
210011121251 22141
22002113122211321
23122111121321423
2412211312421 2441
25001111213121121
26542111212322221
27542133132213333

When the parents of a nuclear family are untyped, the
nuclear-family algorithm rarely detects Mendelian inconsis-
tencies. Similarly, Checkfam rarely detects inconsistencies
in families such as those for affected sib-pair analysis when
the parents are untyped. In such a case, a more sophisti-
cated approach is necessary (Boehnke and Cox 1997,
Goring and Ott 1997; Broman and Weber 1998). Although
Checkfam detects all Mendelian inconsistencies, it is usually
difficult to decide which subject has the error from the
program output data. When the nuclear-family algorithm
detects a genotype error, the user may easily find the loca-
tion of the error by searching the data for the nuclear
family. When the modified genotype-elimination algo-
rithm reports an error, however, it is difficult to determine
which family member has an error. In such a case, the
“critical-genotype algorithm” and “odds-ratio algorithm”
in PEDCHECK may be helpful (O’Connell and Weeks,
1998).

For practical use, however, checking the marker data by
the nuclear family algorithm is sufficient when the data at
several marker loci are added. Researchers often wish to
check inconsistencies in genotyping data before data collec-
tion is complete. In such a case, they can use Checkfam to
check the data currently available. If the output suggests
technical problems at a marker, they can perform additional
genotyping at the marker for all the subjects. When error is
suggested only for a nuclear family at a marker, then re-
searchers can retype only for the nuclear family at that
marker. When a nuclear family has inconsistencies at many
marker loci, researchers may check relationships in that
nuclear family.

Our program runs through a WWW browser, and can
be used by researchers who are not familiar with computer
software. The users can either type in the input data or can
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Result of Checkfam

I

1100171921211 221313
tT200271 3001222119211
1312211111 122132 31
141221131212 1248211
14 T221 131212128211
10011 112131211213
G 164621 11 27123222313
174811 111111112413
210017121261 221413
2200211312221 132 11
231221111 208 °21MEE13 1
241221131 242124411
260017712131 211213
24122171312 42172 4411
2 664211121 23222213 b
276542178313 221833 283

cut and paste the data to be examined. The software will
report the results to users. Checkfam has been implemented
on a home page (http://www.genstat.net/checkfam/) and
can be used by computer nonspecialists. It is likely to be
useful for researchers who perform genotyping for families.
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