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Comparative RFLP Analysis of Chromosome 2M of
Aegilops comosa Sibth et Sm. Relative to Wheat (7. aestivum L.)
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ABSTRACT

Based on the co-linearity in the Triticeae, comparative
RFLP analysis of 2M chromosome of Ae. comosa Sibth et Sm.
was performed with 2MS and 2M additional lines of
Triticum aestivum 1. cv. Chinese Spring. Among the wheat
RFLP probes conserved in the short arms of wheat chro-
mosome 2, those above psr912 were located on the long
arms of 2M in Aegilops comosa . The rest probes on the short
arm and all the probe sequences on the long arm of group 2
chromosome in wheat were conserved on the equivalent
chromosomal position in Aegilops comosa. So, it is apparent
that some chromosomal segment from the short arm had
been transferred to long arm while reconstructing 2M
chromosome relative to wheat chromosomes. The break-
point was located between psr912 and psr131 of the short
arm. This rearrangement of chromosome 2M might be a
molecular evidence of the M genome speciation from an an-
cestral type.

Key word : Aegilops comosa, chromosomal rearrangement,
RFLPs.

Genomes in the Triticeae including those of cultivated
wheat are considered to evolved from an ancestral
genome. This identity has been applied in the compara-
tive genome analysis and alien chromosome identification
in wheat, barley, rye, and even in their recombinants
from inter or intra generic crosses (Miller & Reader.,
1987; Sharp et al., 1989).

By the homoeology analysis of each chromosome of
wild relatives, 4/5 translocation of Ade. umbellulata, Triti-
cum urartu, and 4/7 translocation of Secale montanum
(Koller & Zeller, 1976; King et al., 1994), 2/7 translo-
cation in Secale cereale (Liu et al., 1992; Devos & Gale,
1993; Devos et al., 1993) and 4/7 translocation of Ae.
longissima (Friebe et al., 1993; Naranjo, 1995) have been
described in the Triticeae.

Cytogenetic stocks including alien chromosome ad-
ditional lines in wheat have been used for understanding
genomic organizations (Jiang & Gill, 1994; Badaeva,
1995) and improving cultivated wheat in both qualities
and disease resistances (Sear, 1966; Feldman & Sear,
1981; Dhaliwal et al, 1993). It is an unsolved problem
that undesirable characters were involved in wheat
translocations developed (Koebner & Shepherd, 1986;

Gustafson, 1988). These come from the depression of the
recombinations, caused by the partial or serious structur-
al differences of chromosomes between segment or whole
chromosome. The integration of the genome information
of wild relatives might increase their usefulness in wheat
breeding.

This research aimed to analyze chromosome 2M of Ae.
comosa relative to wheat. Also, the mechanism of ch-
romosomal rearrangement would be discussed with RFLP
results.

" MATERIALS AND METHODS
Plant materials

T. aestivum L. cv Chinese Spring (CS) and Ae. comosa
Sibth. et Sm were provided by Cambridge Laboratory in
the United Kingdom. As for the genetic stocks (Miller et
al., 1988), two wheat/de. comosa additional lines (CS
+2MS and CS+2M from Chines Spring) were used for
comparative RFLP analysis. Also, the ditelosomic lines
with 2AS (DT2AS), 2BL (DT2BL) and 2DS (DT2DS)
chromosomes were used as reference materials.

RFLP analysis

RFLP analysis procedures including DNA extraction,
digestion with restriction enzymes, southern blot and hy-
bridization were described by Devos et al. (1992). The
genomic DNAs were digested with three different restric-
tion enzymes (Hindll EcoR 1, and EcoRV). Twenty-
one wheat RFLP probes on the homoeologous group 2
were selected on the basis of polymorphisms of Ae. co-
mosa (Table 1).

RESULTS AND DISCUSSION

Southern hybridization of wheat RFLP probes in the
linkage group 2 to 2M additional line (CS+2M) and
2MS additional line (CS+2MS) which were cytologically
evaluated by Miller et al. (1988) provided that all the
probes were well conserved in the genome of Ae. comosa
(Park et al., unpublished). The origin of probe sequences
could be analyzed by their polymorphisms. Also, the
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Table 1. RFLP probes of wheat genomic DNAs used for
the comparative analysis of chromosome 2M of

Ae. comosa.
Arms of group 2
chromosome in  Probes selected by polymorphisms
wheat
Short arm psrl00, psrl07, psrl37, psrl26,
psrl43, psr912, psrl3l, psr900,
psrl08, psrl09, psr928, psr566,
psr908, psr649
Long arm psr388, psrl5l, psr102, psr33l,
psr540, psr934, psr609
Total 21

ditelosomic lines (DT2AS, DT2BL and DT2DS) were
used for allocation of each wheat chromosome (Devey &
Hart, 1993). The probe sequences, psr928 on the short
arms of the group 2 chromosomes in wheat was detected
on the long arm of chromosome 2M (Fig. 1). The com-
parative RFLP analysis was conducted using the 21
RFLP probes which showed the specific polymor-
phisms to chromosome 2M of Ae. comosa. Based on the
wheat chromosomal arm map, 8 probe sequences located
on above psr912 were not detected in 2MS additional
wheat line (CS+2MS). Whereas, the probes on the near
centromeric region of short arms and whole long arm
were detected only on 2M additional line (CS+2M).
Therefore, the RFLP loci above psr912 locus which was
mapped on the interstitial region of the short arms, were
transferred to the long arm of same chromosome 2M
during the speciation of Ae. comosa. The rest of RFLP
loci on the short arm and all loci on the long arm were
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Fig. 1. Examples of RFLP analysis of Ae. comosa, the ad-
ditional lines (CS+2M and CS+2MS) and wheat
(Chinese Spring, CS) with wheat RFLP probes
on linkage group 2. Solid triangles indicate 2M
specific polymorphisms of corresponding probes.

retained as expected by the co-linearity in the Triticeae.
So, this is a clear evidence for the transfer of some
chromosomal segment from the short arm to the long
arm, and the breakpoint on the short arm during this
process was located between psr131 and psr912. ’

The RFLP map of the homoeologous group 2 was
constructed with the large number of molecular probes
(Devos et al., 1993; Nelson et al., 1995). As for the
wheat/de. comosa translocations, Park et al. (unpub-
lished) figured these translocations as 2MS-2ML.2AS or
2MS-2ML.2DS using genomic in situ hybridization and
RFLPs. It is noticeable that the only one copy of probe
sequences whether it is from wheat or Ae. comosa, was
detected in all the translocations and the probe sequences
could be deduced with the translocations. Therefore, it is
concluded that the probe sequences which were trans-
ferred to the long arm from the short arm during the dif-
ferentiation of chromosome 2M, was turned to be reverse
in the order, compared with those of wheat.

The comparative organization of chromosome 2M
based on the wheat RFLP map is shown as Fig. 2. The
RFLP data of this study were combined with the physical
map of the group 2 chromosomes of wheat (Delaney et
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Fig. 2. Comparative RFLP mapping of chromosome 2M
to the homoeologous group 2 of wheat. Some seg-
ment of short arm was transferred to long arm
through structural rearrangement of chromo-
somes. Physical map is referred from the report
of Delaney et al, (1995).
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al., 1995) ‘and Ae. comosa (Park et al., 1997). Homoeoloci
of RFLPs on chromosome 2A, 2B and 2D are well
conserved and there is 2BS/6BS translocation in wheat
(Sharp et al., 1989; Devos et al., 1993). Some irregular re-
combination around a locus, psrl131 was found in the
segregating progenies of the cross between ‘Timgalen’
and ‘RL4137 (Devos et al., 1993). So, it is likely that the
chromosomal region around psr131 on the short arm of
homoeologous group 2 had been changed during the
genomic differentiation in the Triticeae. It is known that
4A of wheat is reverse relative to its homoeologous
chromosomes, 4B and 4D through a pericentric inversion
(Naranjo et al., 1987). A similar process of chromosomal
rearrangement in chromosome 2M is well explained by a
pericentric inversion, and this is one evidence contribu-
ting the M genome differentiation of Ae. comosa. The
short arms of homoeologous group 2 involved in the
speciation of several genome such as 2B of wheat, 2R of
rye (Devos et al., 1993), and M of Ae. comosa. This in-
version in chromosome 2M of Ae. comosa may reduce the
frequency of homoeologous pairing due to the partial
homology. This will be a logical reason for the difficulty
in getting desirable recombinants while introdu-
cing rust resistant gene from chromosome 2M to wheat
(Miller et al., 1988). The information of each genome will
be useful in a trial to utilize genes in the wild relatives of
crops; the possibility of recombinants with only target
characters by homoeologus pairing and the marker based
selection in wheat breeding.

REFERENCES

Badaeva, E. D., J. Jiang, and B. S. Gill. 1995. Detection
of intergenomic (ranslocations with centromeric and
noncentromeric breakpoints in Triticum araraticum
mechanism of origin and adaptive significance. Gen-
ome 38:976-981.

Delaney, D. E., S Nasuda, T. R. Endo, B. S. Gill, and S.
H. Hulbert. 1995. Cytologically based physical maps of
the group 2 chromosomes of wheat.© Theor. Appl.
Genet. 91:568-573.

Devey, M. E. and G. E. Hart. 1993. Chromosomal
localization of intergenomic RFLP loci in hexaploid
wheat. Genome 36:913-918.

Devos, K. M., M. D. Atkinson, C. N. Chinoy, C. Liu,
and M. D. Gale. 1992. RFLP-based genetic map of the
homoeologous group 3 chromosomes of wheat and rye.
Theor. Appl. Genet. 83:931-939.

and M. D. Gale. 1993. Extended genetic maps of

the homoeologous group 3 chromosomes of wheat, rye,

and barley. Theor. Appl. Genet. 85:649-652.

, T. Millan, and M. D. Gale. 1993. Comparative
RFLP maps of the homoeologous group-2 chromo-
somes of wheat, rye, and barley. Theor. Appl. Genet.
85:784-792.

Dhaliwal, H. S., H. Singh, K. S. Gill, and H. S.
Randhawa. 1993. Evaluation and cataloguing of wheat

germplasm for disease resistance and quality. In:
Damania A. B. (ed) Biodiversity and wheat improve-
ment. John Wiley and Sons (Chichester). pp. 123-140.

Feldman, M. and E. R Sear. 1981. The wild gene
resources of wheat. Scientific America 244:98-109.

Friebe, B., N. Tuleen, J. Jiang, and B. S Gill. 1993. Stan-
dard karyotype of Triticum longissimum and its cyto-
genetic relationship with T. aestivum. Genome 36:731-
742.

Gustafson, J. P. 1988. Evaluation of a 1R/1D substi-
tution in wheat. Proc. 7th Internet. Wheat Genet.
Symp. (Cambridge). pp. 193-196.

Jiang, J. and B. S. Gill. 1994, New 18S. 26S ribosomal
RNA gene loci: chromosomal landmarks for the evol-
ution of polyploid wheats. Chromosoma 103:179-185.

King, I. P, K. A. Purdie, C. J. Liu, S. M. Reader, T. S.
Pittaway, S. E. Orford, and T. E. Miller. 1994. Detec-
tion of interchromosomal translocations within the Tri-
ticeae by RFLP analysis. Genome 37:882-887.

Koebner, R. M. D. and K. W. Shepherd. 1986. Con-
trolled introgression to wheat of genes from rye chro-
mosome arm 1RS by induction allosynthesis. 1. Iso-
lation of recombinants. Theor. Appl. Genet. 73:197-
208.

Koller, O. L. and F. J. Zeller. 1976. The homoeologous
relationship of rye chromosomes 4R and 7R with
wheat chromosomes. Genet. Res. 28:177-188.

Liy, C. I, M. D. Atkinson, C. N. Chinoy, K. M. Devos,
and M. D. Gale. 1992. Nonhomoeologous transloca-
tions between group 4, 5, and 7 chromosomes within
wheat and rye. Theor. Appl. Genet. 83:305-312.

Miller, T. E. and S. M. Reader. 1987. A guide to the
homoeoloy of chromosomes within the Triticeae.
Theor. Appl. Genet. 74:214-217.

. 5. M Reader, and D Singh. 1988. Spontaneous
non-Robertsonian translocations between wheat chro-
mosomes and an alien chromosome. Proc. 7th Internet.
Wheat Genet. Symp. (Cambridge). pp. 387-390.

Naranjo, T. 1995. Chromosome structure of Triticum
longissimum relative to wheat. Theor. Appl. Genet.
91:105-109.

. A. Roca, P. G. Goicoecha, and R. Giraldz.
1987. Arm homoeology of wheat and rye chromo-
somes. Genome 29:873-882.

Nelson, J. C., A. E. Van Deynze, E. Autrique, M. E.
Scorells, Y. H. Lu, M. Merlino, M. Atkin, and P.
Leroy. 1995. Molecular mapping of wheat. Homoeol-
gous group 2. Genome 38:516-524.

Park, Y. J,, T. E. Miller, and S. M. Reader. 1997. Physi-
cal mapping NOR sites in the M-genome of Ae. co-
mosa Sibth. et Sm. Springer Electronic Journal (EBO).

Sear, E. R. 1966. Nullisomic-tetrasomic combinants in
hexaploid wheat. In: Riley R. and Lewis K. R. (eds)
Chromosome manipulation in Plant Genetics (Edin-
burgh and London). pp. 28-45.

Sharp, P. J., S. Chao, S. Desai, and M. D. Gale. 1989.
The isolation, characterization, and application in the

-122 -



Triticeae of a set of wheat RFLP probes identifying Genet. 78:342-348.
each homoeologous chromosome arm. Theor. Appl.

—123 -



