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ABSTRACT

This study evaluates the potential of flow cytometry for chromosome sorting in durum wheat (Triticum
turgidum Desf. var. durum, 2n = 4x = 28). Histograms of fluorescence intensity (flow karyotypes) obtained
after the analysis of DAPI-stained chromosomes consisted of three peaks. Of these, one represented
chromosome 3B, a small peak corresponded to chromosomes 1A and 6A, and a large peak represented
the remaining 11 chromosomes. Chromosomes sorted onto microscope slides were identified after fluores-
cence in situ hybridization (FISH) with probes for GAA microsatellite, pSc119.2, and Afa repeats. Genomic
distribution of these sequences was determined for the first time in durum wheat and a molecular karyotype
has been developed for this crop. Flow karyotyping in double-ditelosomic lines of durum wheat revealed
that the lines facilitated sorting of any arm of the wheat A- and B-genome chromosomes. Compared to
hexaploid wheat, flow karyotype of durum wheat is less complex. This property results in better discrimina-
tion of telosomes and high purities in sorted fractions, ranging from 90 to 98%. We have demonstrated
that large insert libraries can be created from DNA purified using flow cytometry. This study considerably
expands the potential of flow cytogenetics for use in wheat genomics and opens the possibility of sequencing

the genome of this important crop one chromosome arm at a time.

URUM wheat (Triticum turgidum Desf. var. durum)

is an allotetraploid species with 2n = 4x = 28
(AABB genome) that originated through intergeneric
hybridization and polyploidization involving two diploid
grass species: T. urartu (2n = 2x = 14, AA genome) and
a B-genome diploid related to Aegilops speltoides (2n =
2x = 14, SS genome) (KiHARA 1944; McFADDEN and
SEARS 1946). Molecular genetic data indicate that 7.
aestivum (the cultivated bread wheat) arose from hybrid-
ization of T. turgidum (durum or pasta wheat) and Ae.
tauschii only 8000 years ago (HUANG et al. 2002). Thus
the A- and B-genome chromosomes in these two culti-
vated wheat species are >99% identical.

Durum wheat is an important cereal whose grain is
used predominantly for food products such as pasta,
couscous, and burghul. It is extensively cultivated not
only in the Mediterranean Basin, but also in Argentina,
Australia, Canada, India, the United States, and several
other countries. The annual worldwide grain production
of durum wheat is estimated at 27.5 million metric tons,
>10% of the worldwide wheat production. Losses due
to disease, pest, and environmental problems each year
influence durum production. It is expected that the use
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of molecular techniques will speed the development of
improved varieties and enable creation of novel germ-
plasm that cannot be obtained by classical approaches.
However, isolation of important genes in wheat is 2 major
challenge and a prerequisite for the exploitation of such
molecular techniques.

Recent analyses of the wheat genome organization
indicate that genes are clustered in gene-rich islands
where the gene density is similar to that found in small-
genome species (ERAYMAN et al. 2004). The presence
of small gene-rich islands should facilitate gene cloning
based on recombination mapping, originally consid-
ered difficult in polyploid species. Indeed, several labo-
ratories reported successful map-based cloning in wheat
(Faris et al. 2003; HUANG et al. 2003; YAN et al. 2003).
This success renewed interest in the construction of
physical maps, which are based on large insert DNA
libraries, through global fingerprinting and/or genetic
anchoring to high-resolution maps (LANDER et al. 2001;
Luo et al. 2003). A bacterial artificial chromosome (BAC)
library has already been prepared for durum wheat
(Cencr et al. 2003). Because of the large genome size
of durum wheat (1C 13,000 Mbp, BENNETT and LErTcH
1995), 516,096 clones were required to achieve a 5.1X
genome coverage. While the library is a unique genomic
resource, its size makes its maintenance and handling
technically demanding.

Since the early 1990s, we have pioneered the use of
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flow cytogenetics for targeted analysis of plant genomes.
The strategy relies on purification of specific chromo-
somes using flow cytometry and is especially attractive
for species with large genomes (DOLEZEL et al. 1994,
2004). Flow-sorted chromosomes have been used for
physical mapping using fluorescence in situ hybridiza-
tion (FISH) and PCR with specific primers (LYSAK et
al. 1999; KEJNOVSKY et al. 2001; VALARIK el al. 2004),
integration of genetic and physical maps (NEUMANN e/
al. 2002; VLACILOVA et al. 2002), and targeted isolation
of molecular markers (POZARKOVA et al. 2002; ROMAN
et al. 2004). Recently, chromosomes sorted from hexa-
ploid wheat were used for preparation of the first sub-
genomic BAC library specific for chromosomes 1D, 4D,
and 6D (JANDA et al. 2004), a BAC library specific for
chromosome 3B (SAFAR et al. 2004), and a BAC library
for the short arm of chromosome 1B (J. JANDA, J. SAFAR,
M. KUBALAKOVA, ]J. BARTOS, P. KOVAROVA, P. SUCHAN-
KOVA, S. PATEYRON, J. CiHALiKovA, P. SourpILLE, H. Sim-
KOVA, M. BERNARD, A. LUKASZEWSKI, B. CHALHOUB AND ]J.
DovreZEL, unpublished results). These genomic resources
should greatly facilitate physical mapping and gene clon-
ing in hexaploid wheat.

Flow cytometric purification of single chromosomes and
chromosome arms in barley, rye, and hexaploid wheat
relies on the use of cytogenetic stocks, such as telosomic
and chromosome addition lines (KUBALAKOVA et al.
2002, 2003; P. SucHANKOVA, M. KUBALAKOVA, P.
KoVAROVA, J. BARTOS, J. CinaLikovA, T. ENpo and J.
DoLEZEL, unpublished results). These were first created
by SEaRrs (1966), who demonstrated that in hexaploid
wheat (2n = 6x = 42, AABBDD genome), a specific
chromosome in each of the genomes (A, B, or D) could
compensate for the loss of a homeologous chromosome
in the other genomes. Sears’ work also indicated the
possibility of substituting a D-genome chromosome for
its homeologue from the A- or B-genome of tetraploid
durum wheat. Crosses of these aneuploid stocks with
tetraploid durum wheat followed by repeated backcross-
ing and selection of appropriate progeny lead to the
development of a complete set of D-genome disomic
substitution lines (Jorra and WILLIAMS 1988; Jorra 1993).
Joppa (1993) also generated a set of durum wheat lines
carrying separate arms of each chromosome (double-ditel-
osomic lines; 2n = 26 + 2tL. + 2tS) from crosses to
hexaploid wheat aneuploids. An additional set of durum
double-ditelosomic lines have also been produced inde-
pendently (K. NisHikawa, unpublished data). In addition
to the nullisomic-tetrasomic, D-genome chromosome sub-
stitution lines, and double-ditelosomic lines, a plethora of
other aneuploids in durum and hexaploid wheat exists
(see http://www.ksu.edu/wgrc/; SEARS 1969; Joppa 1993).

In this study individual chromosomes were isolated
from various cultivars of durum wheat, from a strain of
T. turgidum Desf. var. melanopus with 2n = 30 and from
a series of double-ditelosomic lines to explore the feasi-

bility of sorting individual chromosomes and chromo-
some arms. A set of repetitive DNA probes identified
in this study was used to develop the first molecular
karyotype of durum wheat. These and the protocols
developed provide an important step toward the devel-
opment of BAC libraries for individual wheat chromo-
some arms.

MATERIALS AND METHODS

Plant material: Seeds of 7. turgidum Desf. var. durum (2n =
4x = 28) cv. Creso and cv. Langdon, double-ditelosomic (dDt)
lines of cv. LD222 (dDt 1A, dDt 1B, dDt 2A, dDt 2B, dDt 3A,
dDt 3B, dDt 7B) (K. NisHIKAWA, unpublished data) and cv.
Langdon (dDtlA and dDt1B) (Joppa 1993), and seeds of a
strain of 7. turgidum Desf. var. melanopus (Al.) Korn with 2n =
30 (TsuNnEwakr 1963) were used in this study. The strain is
believed to have originated spontaneously in Tibet and its
karyotype consists of 13 metacentric and submetacentric chro-
mosomes and 2 telocentric chromosomes whose origin was
not clear (TSUNEwWAKI 1963).

Cell cycle synchronization and accumulation of metaphases:
The protocol of VRANA et al. (2000) was used, with modifica-
tions. All incubations were performed in the dark at 25° =
0.5° and all solutions were aerated. Seeds were germinated
on moistened filter paper in glass petri dishes for 2-3 days
to achieve optimal root length of 2-3 cm. Seedlings were
transferred to an open mesh basket positioned on a tray filled
with Hoagland’s nutrient solution (GAMBORG and WETTER
1975) containing 1.25 mm hydroxyurea (HU) and incubated
for 18 hr. Then the roots were washed in distilled water and
cultured in HU-free Hoagland’s solution. To accumulate cells
at metaphase, the roots were treated with Hoagland’s solution
containing amiprophos-methyl (APM; 2.5 um) 5 hr after recov-
ery from HU and incubated overnight in ice water (1°-2°).

Preparation of chromosome suspensions: Suspensions of
intact chromosomes were prepared according to VRANA et al.
(2000). Briefly, 30 roots were cut 1 cm from the root tip,
rinsed in deionized water, and fixed in 2% (v/v) formaldehyde
in Tris buffer at 5° for 20 min. After three washes in Tris
buffer for 5 min at 5°, the meristem tips (~1 mm) were excised
and transferred to a 3.5-ml polystyrene tube containing 1 ml
of LBO1 buffer (DOLEZEL et al. 1989) at pH 9. Metaphase
chromosomes were released after homogenization with a Poly-
tron PT1300 homogenizer (Kinematica AG, Littau, Switzer-
land) at 20,000 rpm for 13 sec. The suspension was passed
through a 50-um pore size nylon mesh to remove large cellular
debris and stored on ice until analyzed on the same day.

Chromosome analysis and sorting: The samples were ana-
lyzed using a FACSVantage SE flow cytometer (Becton Dickin-
son, San Jose, CA) equipped with an argon ion laser set to
multiline UV and 300 mW output power. A solution of 50 mm
NaCl was used as sheath fluid. Chromosome suspensions were
stained with DAPI at a final concentration of 2 pg/ml and
analyzed at rates of 200—400 particles/sec. DAPI fluorescence
was acquired through a 424/44 band-pass filter. Approxi-
mately 30,000 chromosomes were analyzed from each sample
and data were collected using Cell Quest software (Becton
Dickinson). The results were displayed as histograms of rela-
tive fluorescence intensity (flow karyotypes). To verify chromo-
some content of individual peaks on the flow karyotype, 1000
chromosomes were sorted from each peak at rates of ~5-10/
sec onto a microscope slide into a 15-wl drop of PRINS buffer
supplemented with 5% sucrose (KUBALAKOVA et al. 1997), air
dried, and used for FISH with probes for DNA repeats that
give chromosome-specific fluorescent-labeling patterns.
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FiGure 1.—Flow Kkaryotypes (histo-
grams of relative fluorescence inten-
sities) obtained after the analysis of
DAPIstained chromosome suspensions
prepared from durum wheat “Lang-
don” with a standard karyotype and
from three dDt lines (B-D). (A) The
karyotype of Langdon consists of two
composite peaks (I and III) represent-
ing specific groups of chromosomes

and a peak representing chromosome
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3B. Flow karyotypes of dDt lines show
extra peaks representing short and long
chromosome arms. (B) Langdon dDtIA
(2n = 26 + 2t1AL + 2t1AS). Note that
peak II represents only chromosome
6A in this line. (C) LD222 dDt3A (2n =
26 + 2t3AL + 2t3AS). (D) LD222
dDt3B (2n = 26 + 2t3BL + 2t3BS).
x-axis, relative DAPI fluorescence in-
tensity; y-axis, number of events.

FISH: Probes for 5S rDNA labeled by biotin were prepared
using PCR with a pair of specific primers (RICRGACI,
RICRGAC2), which amplify 303 bp in rice (Fukur et al. 1994)
using rice genomic DNA as a template. A DNA clone Radkal,
carrying part of the 45S rDNA of Musa (VALARIK et al. 2002),
was labeled by biotin using PCR with a pair of T3 and T7
primers. Digoxigenin-labeled probe for GAA microsatellites
was prepared using PCR with (GAA); and (CCT); primers and
rye genomic DNA as a template; a probe for telomeric repeats
labeled by digoxigenin was prepared using PCR with (AGG
GTTT); and (CCCTAAA); primers. A 260-bp fragment of the
Afa family repeat was prepared using PCR with primers AS-A
and AS-B on wheat genomic DNA (NAGAKT e/ al. 1995). The
product was separated by agarose gel electrophoresis and the
260-bp band was cut from the gel and the DNA was labeled
by digoxigenin or biotin using PCR and the same primers.
The DNA clone pSc119.2, which was originally isolated from
rye and contains highly repeated sequences from a 120-bp
repeat family (BEDBROOK et al. 1980), was labeled by digoxi-
genin using PCR with M13 primers and DNA clone pSc119.2
as a template.

FISH on flow-sorted chromosomes was performed according
to KUBALAKOVA et al. (2003). The sites of digoxigenin-labeled
probe hybridization were detected using anti-digoxigenin-
FITC raised in sheep (Roche Molecular Biochemicas, Mann-
heim, Germany) and the signal was amplified using anti-sheep-
FITC (Vector Laboratories, Burlingame, CA). Biotin-labeled
probes were detected using Cy3-labeled streptavidin and am-
plified using biotinylated streptavidin and another layer of Cy3
streptavidin. Chromosome preparations were counterstained
with 0.2 wg/ml DAPI and mounted in Vectashield antifade
solution (Vector Laboratories). The preparations were evalu-
ated using an Olympus BX60 microscope equipped with optical
filter sets appropriate for DAPI, fluorescein, and Cy3 fluores-
cence. The images of DAPI, fluorescein, and Cy3 fluorescence
were acquired separately with a b/w CCD camera, which was
interfaced to a PC running the ISIS software (Metasystems,
Altussheim, Germany). The images were superimposed after
contrast and background optimization.

RESULTS

Preliminary experiments indicated that the protocol for
cell cycle synchronization in hexaploid wheat (VRANA et
al. 2000) was not suitable for durum wheat. The root-
tip cells arrested with 2 mm HU recovered much later
than expected. Subsequently, we found that at 1.25 mm
HU, the recovery pattern approached that observed in
hexaploid wheat. Maximum mitotic activity (53% cells
in mitosis) was observed b hr after the release from the
HU block. The timing of the APM block to accumulate
synchronized cells in metaphase was established after
analyzing chromosome suspensions obtained from root
tips treated with APM at various intervals during the
recovery. Flow karyotypes with the least amount of de-
bris background and highest resolution of chromosome
peaks were obtained 5 hr after the recovery from HU
and 2 hr APM treatment.

Unlike the cell cycle synchronization, no modification
of the chromosome isolation protocol (VRANA et al.
2000) was needed. Suspensions of intact chromosomes
were obtained after fixation in 2% formaldehyde (5°,
20 min). On average, 5 X 10° chromosomes could be
isolated from 30 root tips. The analysis of DAPI-stained
chromosome suspensions prepared from durum wheat
cv. Langdon resulted in flow karyotypes with two com-
posite peaks labeled II and III, and a peak correspond-
ing to chromosome 3B (Figure 1A). Similar flow karyo-
types were also obtained for cv. Creso and others cultivars
(not shown). To label the peaks on durum wheat flow
karyotype, we followed the procedure for labeling of
hexaploid wheat as proposed by VRANA et al. (2000). The
composite peak I of the hexaploid wheat flow karyotype
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FiGURE 2.—Genomic distribu-
tion of repetitive DNA sequences ob-
tained after FISH on flow-sorted
chromosomes. Labeled DNA probes
were detected with either fluores-
cein (yellow-green) or Cy3 (red).
Chromosomes were counterstained
with either propidium iodide (red)
or DAPI (blue). For each chromo-
some, two representative exam-
ples are given. (A) Distribution of
three repetitive DNA sequences,
pSc119.2 (119), GAA microsatel-
lite (GAA), and Afa family repeat
(AFA), on A- and B-genome chro-
mosomes of the durum wheat Lang-
don. (B-E) Chromosome arms
sorted from ditelosomic lines of du-
rum wheat after FISH with probes
for GAA microsatellite (yellow-
green) and telomeric repeat (red).

represented three chromosomes of the D genome and
hence is absent in durum wheat.

With the aim of identifying the chromosome content
of the three peaks in the flow karyotype of durum wheat,
chromosomes were sorted onto microscope slides and
subjected to FISH with probes for the Afa family repeat,
GAA microsatellites, 5S rDNA, and pSc119.2 (Figure
2A). The analysis showed that peak II represented chro-
mosomes 1A and 6A, while peak III represented chro-
mosomes 2A, 3A, 4A, 5A, 7A, and all B-genome chromo-
somes with the exception of chromosome 3B. Our
observations imply that only chromosome 3B, which was
discriminated as a separated peak, could be sorted with
a high purity (>90%) in durum wheat.

We took advantage of performing FISH on large num-
bers of sorted chromosomes by analyzing the genomic
distribution of a set of repetitive DNA sequences. Repre-
sentative examples of fluorescent-labeling patterns that
were obtained are given in Figure 2A. In general, the
fluorescent-labeling patterns obtained with the probes
were similar to the pattern observed for group A and

B chromosomes of hexaploid wheat for the GAA satellite
and Afa family repeat (PEDERSEN and LANGRIDGE 1997)
and for the pScl19.2 and Afa family repeats (MUKATI et
al. 1993). However, some minor additional bands were
observed in durum wheat for the three DNA repeats.
For example, small bands of Afa repeats were localized
on the durum chromosomes 2A-7A, 2B, 4B, and 5B
(Figure 2A). These bands are missing in the hexaploid
wheat chromosomes (PEDERSEN and LANGRIDGE 1997).
The idiogram representing the genomic distribution of
the four repeat sequences in durum wheat is shown in
Figure 3. The differences in fluorescentlabeling pat-
terns facilitated identification of each of the 28 chromo-
some arms of durum wheat.

The successful preparation of suspensions of intact
chromosomes suitable for flow cytometry stimulated ex-
periments focused on sorting single chromosome arms
from dDt lines. The analysis of a representative set of
seven dDt lines, which included chromosome 1AS with
the lowest relative DAPI fluorescence and chromosome
3BL with the second-highest DAPI fluorescence (after
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F1GUre 3.—Idiogram of the durum wheat Langdon showing
genomic distribution of four repetitive DNA sequences: GAA
microsatellite (GAA), Afafamily repeat (AFA), pSc119.2 (119),
and 5SrDNA (rDNA). Differences in labeling pattern facilitate
identification of each of the 28 chromosome arms.

5BL), indicated that every chromosome arm of the
wheat A- and B-genome chromosomes could be discrim-
inated and sorted (Figure 1, B-D). Microscopic analysis
of sorted chromosome fractions subjected to FISH with
probes for GAA microsatellite and telomeric repeats
(Figure 2, B-D) showed that the chromosome arms
could be sorted at very high purities ranging from 90
to 98%. Replacement of a wild-type chromosome with
a pair of telosomes resulted not only in the appearance
of two additional peaks on the flow karyotype represent-
ing the two telosomes, but also in the change of the
chromosome content of the composite and/or the pres-
ence of the original chromosome peaks. As a conse-
quence, peak ITin dDtlA represented only the wild-type
chromosome 6A (Figure 1B), and the peak representing
chromosome 3B was absent in dDt line 3B (Figure 1D).

The ability to analyze chromosomes of T. turgidumvar.
durum prompted us to analyze chromosome suspensions
prepared from a strain of 7. turgidum var. melanopus
with 15 chromosome pairs. Resulting flow karyotypes
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F1Gure 4.—Flow karyotype (histogram of relative fluores-
cence intensity) obtained after the analysis of DAPI-stained
chromosome suspension from a strain of 7. turgidum var. mela-
nopus with 2n = 30. The karyotype consists of two composite
peaks (II and III) representing specific groups of chromo-
somes and a peak representing chromosome 3B. In addition,
two peaks that represent chromosomes 5BS and 5BL are well
discriminated. x-axis, relative DAPI fluorescence intensity;
y-axis, number of events.

resembled those of double-ditelosomic lines of 7. tur-
gidum var. durum. In addition to peaks II, III, and 3B,
two peaks appeared to the left of peak II (Figure 4).
Chromosomes from these peaks were sorted onto micro-
scope slides and subjected to FISH with probes for GAA
satellite and telomeric repeat. The analysis of fluores-
cence-labeling patterns identified these chromosomes
as 5BS and 5BL (Figure 2E).

DISCUSSION

The availability of chromosome-specific and chromo-
some-arm-specific BAC libraries prepared from DNA of
flow-sorted chromosomes would greatly facilitate the
assembly of a global physical map and the preparation
for sequencing of the gene-containing regions in wheat
(GILL et al. 2004). In line with this, the primary focus
of this study was to assess the feasibility of chromosome
sorting in durum wheat. To identify flow-sorted chromo-
somes and to determine the purity in sorted fractions,
we used FISH with probes for repetitive DNA sequences
that facilitated identification of sorted chromosomes in
our previous study (KUBALAKOVA el al. 2003). Until this
study, chromosome identification in durum wheat had
been done after C-banding (VENORA et al. 2002) rather
than using FISH. Thus, as the first step in this work, we
determined genomic distribution of the GAA microsat-
ellite, pSc119.2, Afa family, and 5S rDNA repeat se-
quences. Fluorescent patterns thus obtained facilitated
the unambiguous identification of every chromosome
arm of durum wheat. To our knowledge, the molecular
karyotype presented here is the first of its kind in this
species.
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FISH analysis of repeated DNA sequences revealed
minor differences in their genomic distribution be-
tween the hexaploid wheat (MUKATI et al. 1993; PEDERSEN
and LANGRIDGE 1997) and the durum wheat (this study).
Recent molecular data indicate differences in molecular
chromosome organization among the genomes of dip-
loid, tetraploid, and hexaploid wheat (WICKER et al.
2003; Gu et al. 2004). It is thus tempting to speculate
on the species specificity of the distributions. On the
other hand, a number of observations indicate varia-
tions in C-banding and the GAA-banding among hexa-
ploid wheat lines (FRIEBE and GILL 1994; KUBALAKOVA
et al. 2002). Thus, the final conclusion regarding the
species specificity of genomic distribution of the DNA
repeats observed in this study can be made only after
extensive analysis of a range of hexaploid and tetraploid
wheat cultivars.

The utility of flow karyotyping and chromosome sort-
ing in durum wheat was demonstrated by analyzing the
chromosome suspensions prepared from a strain of 7.
turgidum var. melanopus with 2n = 30. We have demon-
strated that the two telocentric chromosomes in this
strain correspond to the short and the long arms of
chromosome 5B. This observation confirms previous
assignment of these two telosomes to the arms of chro-
mosome 5B on the basis of chromosome-pairing studies
(N1sHIKAWA et al. 1986).

KuBaLAKOVA et al. (2002) demonstrated that prob-
lems with the discrimination and sorting of single chro-
mosomes in hexaploid wheat could be avoided by em-
ploying telosomic lines. Of a total of 42 chromosome
arms, 40 could be discriminated and sorted. Peaks of
chromosome arms 3BL. and 5BL overlapped with peak
I and the arms could be sorted only as isochromosomes
(KUuBALAKOVA et al. 2002). Our results indicate that all
arms of the A- and B-genome chromosomes, including
chromosomes 3BL and 5BL, can be sorted from durum
wheat using telosomic lines. Similar to hexaploid wheat,
only one wild-type chromosome 3B can be sorted from
durum wheat. Interestingly, another wild-type wheat
chromosome 6A can also be sorted in durum wheat
from peak II in the double-ditelosomic line for 1A.

Although not tested in this work, our results indi-
cate the suitability of durum wheat stocks for sorting
D-genome chromosomes, which cannot be sorted indi-
vidually in hexaploid wheat. Chromosomes 1D, 4D, and
6D, whose peaks are expected to appear to the left of
peak II, should be sortable from the respective substitu-
tion lines in durum wheat. Predicted peak positions of
the remaining D chromosomes overlap with peak II.
Thus, their sorting would require the availability of D-
chromosome substitution lines in which chromosomes
1A and 6A were in the ditelosomic forms.

As shown by FISH analysis of sorted particles, the
chromosome arms could be sorted with a purity ap-
proaching 100%. The analysis was done rigorously using
a probe for the GAA microsatellite to identify individual
chromosomes and a probe for telomeric repeat to dis-

criminate between telosomes and arms that could result
from chromosome breakage during the preparation of
chromosome suspensions and sorting. Thus, it is now
possible to sort every wheat chromosome arm to a high
purity. Furthermore, we have demonstrated that the use
of double-ditelosomic lines allows sorting of short and
long arms simultaneously. This strategy could be useful
in shortening the total time for sample preparation and
sorting when large numbers (>10° of chromosome
arms are needed for use in constructing specific BAC
libraries (JANDA et al. 2004; SAFAR el al. 2004).

This study marks a further step in the development
of flow cytogenetics for wheat. Any chromosome arm
may be sorted in high purity and large quantity. Flow-
sorted plant chromosomes were shown to be useful in
anumber of studies and their use could be advantageous
over other approaches (DOLEZEL et al. 2004). For exam-
ple, large numbers of chromosomes sorted onto a small
area of a microscope slide make localization of DNA
sequences by FISH relatively simple. This facilitates dis-
covery of rare structural changes (KUBALAKOVA et al.
2003) among many other possible applications. Further-
more, sorted chromosomes can be linearly stretched
and used for FISH with unparalleled spatial resolution
(VALARIK et al. 2004). Perhaps the most attractive appli-
cation of sorted chromosome arms is the construction
of specific BAC libraries that represent only a few per-
cent of the complex wheat genome. Successful creation
of a subgenomic BAC library specific for chromosomes
1D, 4D, and 6D (JaNDA et al. 2004), a chromosome 3B-
specific BAC library (SAFAR et al. 2004), and BAC library
specific for the short arm of chromosome 1B (J. JANDA,
J- SAFAR, M. KUBALAKOVA, J. BarTOS, P. KOVAROVA,
P. SUCHANKOVA, S. PATEYRON, J. CiHALIKOVA, P. SOUR-
piLLE, H. SIMKOVA, M. BERNARD, A. LUKASZEWSKI, B.
CHALHOUB AND J. DoLEZEL, unpublished results) confirm
that such libraries can be produced. Finally, one can envis-
age using flow-sorted wheat chromosome arms for tar-
geted isolation of low-copy sequences after DNA renatu-
ration (Cot) analysis (PETERSON et al. 2002), as probes for
screening DNA microarrays (GRIBBLE ef al. 2004), and for
HAPPY mapping (THANGAVELU et al. 2003).
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