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Abstract Human linkage analysis is based on the assumption that unlinked genomic loci, particularly loci located
on non-homologous chromosomes, segregate independently during meiosis. An exception to this rule is the
phenomenon of quasi-linkage (QL) that describes the nonrandom segregation of non-homologous chromosomes,
which can undermine the basic concept of linkage. Molecular mechanisms of QL are not clear; however, observations in mice and plants suggest a possible affinity between non-homologous chromosomal regions containing
repetitive or like sequences. QL has not been investigated
in humans. As QL may generate false linkages in genome
scans of complex diseases, we sought to determine whether
genomic loci detected in such genome scans exhibit QL.
A number of individual markers showing linkage to schizophrenia, asthma, multiple sclerosis, inflammatory bowel
disease and type-1 diabetes were tested for QL in a pairwise linkage analysis against all other markers exhibiting
evidence for linkage in each specific study. The Marshfield genotype dataset of eight CEPH families was used
for this purpose. The best QL lod scores generated from
the analysis were within the range of the “lukewarm” lod
scores reported in the majority of linkage studies for complex disorders. In addition, we performed a genome-wide
QL analysis on the Marshfield family database which detected eight QL lod scores >6. The replication of the best
Marshfield QL scores was performed using the deCODE
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families and although none of the eight pairs demonstrated independent evidence for QL, three pairs generated maximal lod scores of 0.11, 0.3, and 1.51. In conclusion, although complex disease relevant markers did not
produce high QL lod scores, the general phenomenon of
QL in humans cannot be excluded and potentially can be
a confounding factor in genetic studies of complex traits.

Introduction
Genetic linkage is based on the analysis of co-segregation
of a genetic marker with another marker or a putative locus that determines a genetic trait. If two such markers (or
marker and a trait) tend to be inherited together (θ<0.5),
the most likely explanation is that they reside in close
physical proximity on a chromosome. Conversely, random segregation of two markers (θ=0.5) indicates that the
markers are located far apart on the same chromosome or
on non-homologous chromosomes. Hence the generally
accepted rule, known as Mendel’s second law, is that during gamete formation segregation of the alleles of one allelic pair is independent of the segregation of the alleles of
another allelic pair given that two pairs are not syntenic.
Nevertheless, exceptions to this rule have been observed on numerous occasions over the last three quarters
of a century. To our knowledge, the first observation of
departure from random segregation of markers on non-homologous chromosomes was made by Gates in 1926 in
backcrosses between two strains of mice. Subsequently,
this original observation was confirmed in two independent
studies of crosses between different strains of house mice
(Michie 1953). Subsequently a series of similar studies
demonstrated this phenomenon in other species, primarily
plants such as lettuce, peas, tobacco, beans and wheat (reviewed in Korol et al. 1994). The departure from independent assortment of non-syntenic genetic loci was termed
quasi-linkage (QL). A detailed analysis of several thousand
meioses in tomatoes revealed half a dozen of Q-linked
loci that were statistically significant (Korol et al. 1994).
In the era of molecular genetic markers, evidence for QL
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was observed for non-homologous chromosomes of the
wild emmer wheat (Peng et al. 2000). QL has not been directly demonstrated in humans. However, non-homologous associations that potentially may result in evidence
for QL have been observed between the human acrocentric chromosomes (13, 14, 15, 21, 22, and Y) and between
the acrocentric chromosomes and the nucleolus during
mitosis and meiosis (Ferguson-Smith 1964). Similar associations were observed using C-banding patterns during
prophase of meiosis between paired heterochromatic bodies in mouse (Hsu et al. 1971). ‘Heterochromatic attraction’ was observed between the paracentric regions of human chromosomes 1, 9, and 16 and the acrocentrics during mitotic metaphase (Schmid et al. 1975). Non-homologous chromosomal pairings and connections between
C-heterochromatic regions of a number of bivalents were
demonstrated during male meiotic prophase (Driscoll et
al. 1979). It is thought that these associations are mediated
by the highly repetitive loci of the 18S and 28S ribosomal
RNA genes (located on chromosomes 13, 14, 15, 21, and
22) or by the satellite DNAs, which are the main constituent of C-heterochromatic regions. The similarity in
the DNA sequence could mediate the association between
the heterochromatic regions. In addition, chromosomes 15
and 22 were found to be involved in rearrangements with
chromosome 9 more frequently in comparison to rearrangements with other chromosomes. Interestingly these three
chromosomes are “packed” with more satellite DNA than
any of the other autosomes (Driscoll et al. 1979). It has
also been proposed that homologous but non-repetitive
sequences could generate heterologous associations. These
in turn give rise to non-homologous chromosomal/allelic
segregation data that is falsely suggestive of linkage
(Mike 1977). Although direct evidence of QL in humans
is not available, evidence for this phenomenon in many
other organisms suggests that QL may also be present in
humans.
Putative QL raises questions about the consequences
of Q-linked loci in linkage analysis of complex human
diseases, an approach that, as a rule, detects linkage of numerous loci to the disease. QL may give rise to false linkage relationships, and so could act as a significant confounding factor when performing genome-wide linkage
analysis and eventually applying positional cloning techniques. A large number of genome scans for complex diseases have been performed to date; a recent review estimates 101 genome scans for 31 complex human diseases
(Altmuller et al. 2001). A majority of the initial linkage
findings failed to be replicated and identification of concrete disease genes has been a major challenge to human
biologists, with not many successful findings in complex
non-Mendelian diseases. In this context the potential confounding factor of QL is relevant. What if some of the putatively disease linked loci are not disease-associated but
result from QL to the truly linked ones? We were interested in determining if QL represented a significant confounding factor; that is, if Q-linked loci exhibited co-segregation with disease in genome scans for complex diseases and produced false linkage results.

Materials and methods
Disease relevant QL analysis
Eleven reports of genome scans in Caucasian populations for the
complex diseases, type-1 diabetes (IDDM), inflammatory bowel
disease (IBD), asthma, multiple sclerosis, and schizophrenia, were
investigated for QL. Four to five of the best ‘disease-linked’ markers or regions exhibiting lod scores greater than 1 (or P<0.01) reported in the publications were considered, and markers chosen
from the Marshfield dataset were used for the QL analyses. In order to increase the number of informative meioses, two markers
with heterozygosity ≥0.75 flanking each ‘disease-linked’ marker
were selected from the Marshfield genetic map (http://research.
marshfieldclinic.org/genetics/; Broman et al. 1998). The map was
generated using >8,000 short tandem repeat polymorphisms in
eight large three generation families from Centre d’Etude du Polymorphisme Humain (CEPH) collection containing 188 meiosis.
The distance between most of the markers specified in the reports
and the Marshfield selected flanking markers ranged between 0
and 3 cM (sex average). The distance between markers was greater
(up to 20 cM) if a broader region, spanning several cM, was specified in the reports as exhibiting linkage. The sets of markers representing linked loci were tested for QL in a pairwise linkage
analysis against all other sets of markers exhibiting evidence for
linkage in each specific disease. Maximum two point linkage analysis was performed using the computer program CRIMAP (Green et
al. 1990) with sex-specific recombination fractions and the Marshfield genotype data for the eight CEPH families, 1331, 1332, 1347,
1362, 1413, 1416, 884 and 102 (http://research.marshfieldclinic.
org/genetics/indexmark.htm). In total, 193 markers representing
49 genomic loci were analyzed for QL. Only pairs of non-syntenic
markers identified in the same genome scan were compared; thus,
we performed a test for linkage for 1,545 marker pairs.
Genome-wide QL analysis
In addition to the disease relevant marker QL analysis, we performed pairwise linkage analyses on all pairs of non-syntenic
Marshfield markers in the eight CEPH families. The data consist
of 8,010 markers and over 30-million pairs of non-syntenic markers. For each lod score male and female recombination fractions
were estimated.
In the attempt to replicate the best genome wide QL results in
the CEPH families, the deCODE dataset was used. The top seven
of the eight Marshfield marker pairs (pair AFM210xh8 and
GATA171A04 was omitted as an appropriate pair was not available in the deCODE genetic map) were re-analysed in 146 Icelandic families using the deCODE genetic markers. The deCODE
dataset consists of 5,136 short tandem repeat polymorphisms in
146 Icelandic families containing 151 sibships (Kong et al. 2002).
Two-point linkage analyses were performed as described above
with sex-specific recombination fractions.

Results and discussion
In the disease relevant search for QL, 43 pairs of markers
(2.8% of all pairs) from non-homologous chromosomes of
the Marshfield dataset exhibited lod scores ≥1 (Table 1).
The highest lod score of 2.23 (θF=0.31 and θM=0.35) was
obtained for two markers on chromosomes 11p15.2 and
19p13.3, the markers exhibiting weak evidence for linkage to asthma (The Collaborative Study on the Genetics
of Asthma 1997). Although the detected lods did not
reach the level of statistically significant linkage and correction for multiple testing would further reduce the evi-

Sample

831 ASP

679 ASP

356 ASP

174 F

186 ASP

79 F

129 F

Disease
(reference)

Type-1 diabetes
(Cox et al. 2001)

Type-1 diabetes
(Concannon et al. 1998)

Type-1 diabetes
(Mein et al. 1998)

Inflammatory bowel disease
(Cho et al. 1998)

Inflammatory bowel disease
(Satsangi et al. 1996)

Asthma
(The CSGA 1997)

Asthma
(Xu et al. 2001)

D6S1281/6p21
D8S1130/8p23
D19S198/19q13
D20S473/20p13

11p15
19p13.3
19q13
6p21.3-23
12q14-24.2
13q21.3-qter
14q11.2-13

D2S142/2q24.1
D3S1573/3p21.31
D7S484-D7S527/7p14.1-q22.2
D12S368-D12S95/12q13.13-21.33

D1S552/1p36.13
D3S3053-D3S2427/3q13.32-26.33
D4S1647/4q22.2
D5S1462/5q14.3

D6S281-DK6Q27/6q27-qter
D10S191-D10S220/10p13-q11
D14S70-D14S276/14q12-q21
D16S515-D16S520/16q22-q24
D19S247-D19S226/19p13
D19S225/19q13

D1S1644-D1S1656/1q32.1-q32.3
D6S409-D6S264/6q24-26.1-q26
D6S283/6q21

D16S3098/16q22-24
D10S565/10p11.21
D2S1391/2q32.2
IDDM15/6q21
1q42

1.91
1.06
1.02
1.07

1.22
1.8
1.97
1.08
1.5
1.9
1.39

P=0.0021
P=0.00021
P=0.000082
P=0.00000027

2.65
2.29
1.71
1.19

1.9
4.7
2.0
3.4
1.7
1.6

1.78–2.84
1.14–1.7
3.51

3.93
2.80
2.62
2.36
2.2

8p23.1

11p15.2
11p15.2
11p15.2

2q23.1-24.1
3p21.31-21.33
3p21.31

D3S3053-3q13.32
D3S2427-3q26.33
3q26.33
3q27.2

10p13-10q11.21
10q11.21
14q13.1-23.3
16q22.2-24.1

2q31.3-32.3
2q32.2-32.3

Locus 1

Markers/region

Lod score
or P value

Results of QL analysis

20p13

19p13.3
19q13.13
13q33.3

12q13.3-15
12q15-21.33
7p11.2

D4S1647–4q22.2
5q14.3
4q22.2
D5S1462

19p13
19q13.12
16q22.2-24.1
19p13.13-13.2

16q23.1-23.3
10p11.22

Locus 2

1.51

1.71–2.23
1.14
1.02

1.41–1.6
1.01–1.5
1

1.1
1.0
1.24
1.07

1.02–1.31
1.32
1.1–1.88
1.14–2.08

1–1.7
1.38–1.91

Q-lod

total, 43 marker pairs generated lod scores greater than or equal to 1. Markers and regions
indicated in bold lie in pericentromeric or subtelomeric regions of the respective chromosome MF multiplex families, F families, ASP affected sib-pairs

Results from genome scans

Table 1 Results of QL analysis in human complex diseases. The well-established linkage
of type-1 diabetes to the HLA region at chromosome 6p21.3 (IDDM1) and insulin at chromosome 11p15 (IDDM2) was not taken into account in our analysis. There is some overlap in the investigated families for separate studies of type 1 diabetes as well as asthma. In
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4.18
3.64
2.57
2.50
2.42
54 MF
Schizophrenia
(Blouin et al. 1998)

D13S174/13q32
D8S1771/8p21-22
D14S306/14q13
D7S2212/7q11
D22S1265/22q12.3

2.85
2.9
129 F
Multiple sclerosis
(Sawcer et al. 1996)

17q22-17q24.2
6p21.33-6p21.32

1.24
1.01
4.24
1.38
1.85
100 ASP
Multiple sclerosis
(Ebers et al. 1996)

D2S119/2p21
D3S1309/3q22.2
D5S406/5p15.32
D11S2000/11q22.2
DXS1068/Xp21.2

97 F
Asthma
(Wjst et al. 1999)

D2S2298/2pter
D6S291/6p21.3
D9S1784/9q13
D12S351/12q13

P=0.007
P=0.008
P=0.007
P=0.01

13q32.3
D14S306/14q13.2

D14S306/14q13.2
22q12.2

1.361.11
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dence for QL, some of the lod scores may still be within the
range of the majority of “lukewarm” reports of linkage in
complex non-Mendelian diseases. For example, markers
mapping to the IDDM regions 2q31.3-32.2 and 16q23.1,
respectively, exhibited pairwise lod scores ranging between 1 and 1.7.
Since it has been shown that non-homologous chromosomes may form connections between C-heterochromatic
regions and be a possible factor generating QL, we checked
the band locations of the putatively Q-linked genomic regions that are listed in Table 1. None of the bands mapped
to C-heterochromatic regions. Sequence similarities in nonhomologous chromosomes are certainly not limited to
C-heterochromatic regions and may originate through transchromosomal duplications that spread among non-homologous chromosomes with a particular bias towards the
pericentromeric (e.g., 2p11, 10p11, 15q11, 16p11, and 22q11)
and subtelomeric regions (Horvath et al. 2000; Ji et al.
2000). In our study, at least one marker from 34 marker
pairs that generated QL lod scores ≥1 fall within the pericentromeric and subtelomeric regions and these are indicated in bold in Table 1. Of these, the following regions,
20p13, 7p11.2 and 10p11, are known to be sites of duplication (Horvath et al. 2000; Ji et al. 2000).
In the genome-wide QL investigation, approximately 3%
of the pairs of markers exhibited lod scores above 3.0, and
eight pairs demonstrated lod scores above 6.0 (Table 2).
The largest lod score was 6.75, for the marker pair
D9S1116 and D20S842. Results for all marker pairs giving lod scores >3.00 the genome wide QL study are available at http://www.biostat.jhsph.edu/~kbroman/data/. None
of the markers with lod scores greater than 6 lie in the
C-heterochromatic region; however, a number of them do
fall within subtelomeric regions. The marker pairs mapping to chromosome 9 and chromosome 20 with the
largest lod score of 6.75, 6.55 and 6.39 map to chromosome 20p13, a region known to have duplications, and
chromosome 9, which has been observed in heterochromatic attraction (Schmid et al. 1975) and involved in
chromosomal rearrangements (Driscoll et al. 1979). Due
to the very large number of marker-marker tests, the QL
results should be interpreted with caution. In an attempt to
replicate our initial QL findings, we investigated seven of
the eight Marshfield marker pairs in 146 Icelandic pedigrees using deCODE genetic markers (Table 2). Three sets
of markers led to negative lod scores (lod=0, θF;M=0.5),
and therefore did not replicate the Marshfield QL data.
The QL scores for the other three sets of markers, however, were more positive and varied from 0.3 (θM=0.0;
θF=0.5) to 1.51 (θM=0.0; θF=0.5) for the markers D1S462
and D14S1432, D5S459 and DXS6793, respectively.
Although the replication lod scores were not very high,
QL cannot be excluded in the three out of six tested pairs
of markers (Table 2).
In conclusion, in our study the disease relevant loci did
not provide strong evidence for QL, however, the genome
wide QL analysis suggests that QL may be operating between some chromosomal regions in humans. Identification of more than one region of linkage to a specific trait
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Table 2 Results of genome-wide QL analysis
Marker pairs with lod scores greater than 6 –
CEPH families and the Marshfield dataset

Icelandic families and the deCODE dataset

Marker 1/region

Marker 2/region

QL lod score
(q-female; male)

Equivalent of
marker 1

GATA65D11/9q33.3
AFM286yc5/9q33.2
AFM210xh8/8q21.12
AFM286yc5/9q33.2
GATA113H03/1p21.1
AFM063ya5/5q14.3
AFM331vb1/1p22.1-p21.3
AFM126xa1/1p31.2

AFMa175vb1/20p13
AFMa131wf1/20p13
GATA171A04/9q21.33
AFMa175vb1/20p13
GATA151F02/8p23.1
ATA14A02/Xq13.2
GATA151F02/8p23.1
GATA192E08/14q21.1-q21.2

6.75 (0.29; 0.19)
6.55 (0.31; 0.14)
6.46 (0.19; 0.26)
6.39 (0.29; 0.14)
6.38 (0.15; 0.36)
6.36 (0.22; 0.11)
6.30 (0.17; 0.37)
6.01 (0.09; 0.3)

D9S1116
D20S842
0 (0.50:0.50)
D9S275
D20S199
0 (0.37:0.50)
No appropriate markers in the deCODE
D9S275
D20S842
0 (not informative)
GATA133A081 GATA151F02 0 (0.49:0.50)
D5S459
DXS6793
1.51 (0.50:0.001)
GATA151F02 0.11 (0.25:0.49)
D1S2819 2
D1S462
D14S1432
0.3 (0.50:0.001)

1
2

Equivalent of
marker 2

QL lod score
(q-female; male)

deCODE marker GATA133A08 used instead of Marshfield marker GATA113H03
deCODE marker D1S2819 (AFMc026yf1) used instead of Marshfield marker AFM331vb1

may be an indication to test for QL between the markers
that are putatively linked to a trait. Dedicated reference
maps of quasi-linked loci of human and other genomes
would be of significant help to the scientific community.
Acknowledgements We thank Dr Andrew Paterson for his comments and suggestions. This work was supported by grants from
the Ontario Mental Health Foundation, the National Alliance for
Research in Schizoprhenia and Depression to A.P.. M.L. is supported by a Genome Canada grant.

References
Altmuller J, Palmer L, Fischer G, Scherb H, Wjst M (2001)
Genomewide scans of complex human diseases: true linkage is
hard to find. Am J Hum Genet 69:936–950
Blouin JL, Dombroski BA, Nath SK, Lasseter VK, Wolyniec PS,
Nestadt G, Thornquist M, Ullrich G, McGrath J, Kasch L,
Lamacz M, Thomas MG, Gehrig C, Radhakrishna U, Snyder
SE, Balk KG, Neufeld K, Swartz KL, DeMarchi N, Papadimitriou GN, Dikeos DG, Stefanis CN, Chakravarti A, Childs B,
Pulver AE, et al (1998) Schizophrenia susceptibility loci on
chromosomes 13q32 and 8p21. Nat Genet 20:70–73
Broman KW, Murray JC, Sheffield VC, White RL, Weber JL
(1998) Comprehensive human genetic maps: Individual and
sex-specific variation in recombination. Am J Hum Genet 63:
861–869
Cho JH, Nicolae DL, Gold LH, Fields CT, LaBuda MC, Rohal
PM, Pickles MR, Qin L, Fu Y, Mann JS, Kirschner BS, Jabs
EW, Weber J, Hanauer SB, Bayless TM, Brant SR (1998)
Identification of novel susceptibility loci for inflammatory
bowel disease on chromosomes 1p, 3q, and 4q: evidence for
epistasis between 1p and IBD1. Proc Natl Acad Sci USA
95:7502–7507
Concannon P, Gogolin-Ewens KJ, Hinds DA, Wapelhorst B, Morrison VA, Stirling B, Mitra M, Farmer J, Williams SR, Cox NJ,
Bell GI, Risch N, Spielman RS (1998) A second-generation
screen of the human genome for susceptibility to insulin-dependent diabetes mellitus. Nat Genet 19:292–296
Cox NJ, Wapelhorst B, Morrison VA, Johnson L, Pinchuk L,
Spielman RS, Todd JA, Concannon P (2001) Seven regions of
the genome show evidence of linkage to type 1 diabetes in a
consensus analysis of 767 multiplex families. Am J Hum Genet
69:820–830

Driscoll DJ, Palmer CG, Melman A (1979) Nonhomologous associations of C-heterochromatin at human male meiotic prophase.
Cytogenet Cell Genet 23:23–32
Ebers GC, Kukay K, Bulman DE, Sadovnick AD, Rice G, Anderson C, Armstrong H, Cousin K, Bell RB, Hader W, Paty DW,
Hashimoto S, Oger J, Duquette P, Warren S, Gray T, O’Connor
P, Nath A, Auty A, Metz L, Francis G, Paulseth JE, Murray TJ,
Pryse-Phillips W, Risch N (1996) A full genome search in multiple sclerosis. Nat Genet 13:472–476
Ferguson-Smith MA (1964) The sites of nucleolus formation in
human pachytene chromosomes. Cytogenetics 3:124–134
Green P, Falls K, Crooks S (1990) Documentation for CRI-MAP,
version 2.4
Horvath JE, Schwartz S, Eichler EE (2000) The mosaic structure
of human pericentromeric DNA: a strategy for characterizing
complex regions of the human genome. Genome Res 10:839–
852
Hsu TC, Cooper JE, Mace ML, Jr., Brinkley BR (1971) Arrangement of centromeres in mouse cells. Chromosoma 34:73–87
Ji Y, Eichler EE, Schwartz S, Nicholls RD (2000) Structure of
chromosomal duplicons and their role in mediating human genomic disorders. Genome Res 10:597–610
Kong A, Gudbjartsson DF, Sainz J, Jonsdottir GM, Gudjonsson
SA, Richardsson B, Sigurdardottir S, Barnard J, Hallbeck B,
Masson G, Shlien A, Palsson ST, Frigge ML, Thorgeirsson TE,
Gulcher JR, Stefansson K (2002) A high-resolution recombination map of the human genome. Nat Genet 31:241–247
Korol AB, Preygel IA, Preygel SI (1994) Recombination Variability and Evolution: Algorithms of estimation and population-genetic models. Chapman and Hall, pp 55–70
Mein CA, Esposito L, Dunn MG, Johnson GC, Timms AE, Goy
JV, Smith AN, Sebag-Montefiore L, Merriman ME, Wilson
AJ, Pritchard LE, Cucca F, Barnett AH, Bain SC, Todd JA
(1998) A search for type 1 diabetes susceptibility genes in families from the United Kingdom. Nat Genet 19:297–300
Michie D (1953) Affinity: a new genetic phenomenon in the house
mouse. Nature 171:26–27
Mike V (1977) Theories of quasi-linkage and ‘affinity’: Some implications for population structure. Proc Natl Acad Sci USA
74:3513–3517
Peng J, Korol AB, Fahima T, Roder MS, Ronin Y, Li YC, Nevo E
(2000) Molecular genetic maps in wild emmer wheat, Triticum
dicoccoides: genome wide coverage, massive negative interference and putative quasi-linkage. Genome Res 10:1509–1531
Satsangi J, Parkes M, Louis E, Hashimoto L, Kato N, Welsh K,
Terwilliger JD, Lathrop GM, Bell JI, Jewell DP (1996) Two
stage genome-wide search in inflammatory bowel disease provides evidence for susceptibility loci on chromosomes 3, 7 and
12. Nat Genet 14:199–202

593
Sawcer S, Jones HB, Feakes R, Gray J, Smaldon N, Chataway J,
Robertson N, Clayton D, Goodfellow PN, Compston A (1996)
A genome screen in multiple sclerosis reveals susceptibility
loci on chromosome 6p21 and 17q22. Nat Genet 13:464–468
Schmid M, Vogel W, Krone W (1975) Attraction between centric
heterochromatin of human chromosomes. Cytogenet Cell
Genet 15:66–80
The Collaborative Study on the Genetics of Asthma (The CSGA)
(1997) A genome-wide search for asthma susceptibility loci in
ethnically diverse populations. Nat Genet 15:389–392

Wjst M, Fischer G, Immervoll T, Jung M, Saar K, Rueschendorf F,
Reis A, Ulbrecht M, Gomolka M, Weiss EH, Jaeger L, Nickel
R, Richter K, Kjellman NI, Griese M, von Berg A, Gappa M,
Riedel F, Boehle M, van Koningsbruggen S, Schoberth P,
Szczepanski R, Dorsch W, Silbermann M, Wichmann HE, et al
(1999) A genome-wide search for linkage to asthma. German
Asthma Genetics Group. Genomics 58:1–8
Xu J, Meyers DA, Ober C, Blumenthal MN, Mellen B, Barnes KC,
King RA, Lester LA, Howard TD, Solway J, Langefeld CD,
Beaty TH, Rich SS, Bleecker ER, Cox NJ (2001) Genomewide
screen and identification of gene-gene interactions for asthmasusceptibility loci in three U.S. populations: collaborative
study on the genetics of asthma. Am J Hum Genet 68:1437–
1446

