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Abstract Segregation distortion genes are widespread in
plants and animals and function by their eVect on competi-
tion among gametes for preferential fertilization. In this
study, we evaluated the segregation distortion of molecular
markers in multiple reciprocal backcross populations
derived from unique cytogenetic stocks involving the
durum cultivar Langdon (LDN) and wild emmer accessions
that allowed us to study the eVects of chromosome 5B in
isolation. No segregation distortion of female gametes was
observed, but three populations developed to analyze segre-
gation of male gametes had genomic regions containing
markers with skewed segregation ratios. One region of
distortion was due to preferential transmission of LDN
alleles over wild emmer alleles through male gametes.
Another region required the presence of LDN 5B chromo-
somes in the female for preferential fertilization by male
gametes harboring LDN alleles indicating that the
corresponding genes in the female gametes can govern
genes aVecting segregation distortion of male gametes.
A third region of distortion was the result of preferential

transmission of wild emmer alleles over LDN allele
through male gametes. These results indicate the existe
of diVerent distorter/meiotic drive elements among diVerent
genotypes and show that distortion factors along wh
chromosome 5B diVer in chromosomal location as well a
underlying mechanisms.
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Introduction

Segregation distortion is the deviation of observed gene
ratios from the expected Mendelian ratios of a given ge
typic class within a segregating population. Distorted seg
gation ratios may result from gametophytic competitio
resulting in preferential fertilization, or abortion of the ma
or female gametes or zygotes (Lyttle 1991). Genetic
elements that cause segregation distortion may be po
evolutionary forces (Sandler and Novitski 1957). Theory
suggests that these ‘meiotic drive’ elements are hig
important for the evolution of recombination, heteromo
phic sex chromosomes, sex ratios, and reproductive is
tion (for reviews, see Hurst et al. 1996; Werren and
Beukeboom 1998; Hurst and Werren 2001; Jaenike 2001).
There is a variety of mechanisms that can cause segregatio
distortion and in most systems act in the male game
(Taylor and Ingvarsson 2003). Another generalization of
segregation distortion studies is that the underlying mec
nisms do not distort meiosis per se but rather alter the pr
ucts of meiosis by causing chromosome breakage an
aborting gametes that do not carry the driving allele.

Segregation distortion has been observed in populati
of a wide variety of organisms including fungi, plant
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insects, and mammals (see Lyttle 1991 for review). The
most well studied and characterized example is Segregation
Distorter (SD) in Drosophila melanogaster. The SD chro-
mosome from heterozygous SD/SD+ males is preferentially
transmitted due to induced dysfunction of SD+ spermatids
(Sandler et al. 1959). The SD gene encodes a mutant Ran-
GAP protein, which is required for nuclear transport and
other nuclear functions (Merrill et al. 1999). The defect in
nuclear transport may be the main cause of sperm dysfunc-
tion (see Kusano et al. 2003 for review).

Mechanisms of segregation distortion have been less
studied in plants, but genomic regions harboring markers
with segregation ratios that do not conform to the expected
Mendelian ratios are encountered often and have been
reported in many crop species including barley (Hordeum
vulgare) (Graner et al. 1991; Heun et al. 1991; Zivy et al.
1992; Kleinhofs et al. 1993; Devaux et al. 1995), pearl millet
(Pennisetum glaucum) (Busso et al. 1995; Liu et al. 1996),
rice (Oryza sativa) (Causse et al. 1994; Harushima et al.
1996; Yamagishi et al. 1996; Xu et al. 1997), maize (Zea
mays) (Wendel et al. 1987; Dufour et al. 2001; Lu et al.
2002), and wheat (Triticum aestivum) (Zhang and Dvorak
1990; Faris et al. 1998; Messmer et al. 1999; Peng et al.
2000). In maize, gametes possessing the gametophyte fac-
tor Ga1 linked to the Su allele for starchy endosperm had
faster pollen tube growth compared to gametes with the ga1
allele when fertilizing Ga1/ga1 or Ga1/Ga1 pistils (Man-
gelsdorf and Jones 1926). Thus, a mixture of Ga1 and ga1
pollen resulted in an excess of genotypes with the linked Su
allele. Recently, the maize aberrant pollen transmission 1
(apt1) gene was isolated and found to be required for pollen
tube growth and likely involved in membrane traYcking
(Xu and Dooner 2006). In the wheat pollen killer systems,
male gametes are produced that carry the non-driving
allele, but they are rendered inviable later in development
(Loegering and Sears 1963).

Faris et al. (1998) analyzed the degree and direction of
segregation distortion in an Aegilops tauschii F2 population
using molecular markers and found regions with signiW-
cantly skewed ratios on chromosomes 1D, 3D, 4D, 5D, and
7D. The most severely distorted regions were on chromo-
some 5D, which were subsequently analyzed in reciprocal
backcross populations. Severe distortion of markers along
chromosome 5D was observed in the male population
whereas no distortion was observed in the female.

In addition to the work by Faris et al. (1998) others have
shown that the homoeologous group 5 chromosomes of
wheat and its relatives possess factors associated with
segregation distortion (Jiang and Gill 1998; Faris et al.
2000; Peng et al. 2000). Wild emmer wheat [T. turgidum
ssp. dicoccoides (Körn. ex Asch. & Graebner) Aarons
(2n = 4x = 28, AABB genomes)] is the wild progenitor
of cultivated durum (macaroni) wheat (T. turgidum ssp.

durum L., 2n = 4x = 28, AABB genomes) (Zohary 1970).
Wild emmer readily hybridizes with durum, and its chro-
mosomes pair and recombine with those of durum in a nor-
mal fashion. T. turgidum ssp. dicoccoides has provided
useful genes for durum wheat improvement for traits such
as disease resistance (Gerechter-Amitai and Stubbs 1970;
Nevo et al. 1985, 1986, 1991; Fahima et al. 1998; Stack
et al. 2002; Kumar et al. 2007) and quality (Joppa and
Cantrell 1990). Dr. L. R. Joppa (USDA-ARS retired) devel-
oped a large number of cytogenetic stocks in tetraploid
wheat, many of which involved disomic chromosome sub-
stitution lines in which pairs of chromosomes from T. turgi-
dum ssp. dicoccoides were substituted for pairs of
homologous chromosomes in the T. turgidum ssp. durum
cultivar ‘Langdon’ (LDN) background (Joppa 1993). These
cytogenetic stocks have proven to be valuable tools for
genetic analyses because they essentially allow the eVects
of single chromosomes to be studied in isolation. Here, we
exploited these cytogenetic stocks for the development of
populations that contain recombinant 5B chromosomes
involving diVerent T. turgidum ssp. dicoccoides accessions
in a homozygous LDN background, and which allowed us
to study and compare the transmission of gametes through
the male and female without the possibility of nucleo-cyto-
plasmic eVects.

Materials and methods

Plant materials

The T. turgidum ssp. durum cultivar LDN and the LDN-
T. turgidum ssp. dicoccoides accession Israel A chromo-
some 5B disomic substitution line [LDN-DIC 5B(IsA)]
were used as parents for four of the six populations
described in this research. The two other populations
employed LDN and a LDN-T. turgidum ssp. dicoccoides
chromosome 5B disomic substitution line derived from
PI478742 [LDN-DIC 5B(742)]. All the LDN-DIC substitu-
tion lines were developed by Dr. Leonard Joppa (USDA-
ARS retired). The LDN-DIC 5B(IsA) lines were described
in Joppa and Cantrell (1990).

To analyze the transmission of gametes through the
female, two populations were produced by backcrossing the
F1 derived from LDN x LDN-DIC 5B(IsA) as the female
with LDN-DIC 5B(IsA) and LDN each as the male (Fig. 1).
The pedigrees of these populations are LDN/LDN-DIC
5B(IsA)//LDN-DIC 5B(IsA) and LDN/LDN-DIC 5B(IsA)//
LDN, and they are designated IsAf and LDNf, respectively.
A third female population, designated 742f, was developed
by backcrossing the F1 derived from LDN x LDN-DIC
5B(742) as the female with LDN-DIC 5B(742) as the male
[pedigree: LDN/LDN-DIC 5B(742)//LDN-DIC 5B(742)].
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