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Abstract Chromosome painting using multicolor fluores-
cence in situ hybridization showed that, in addition to the
TIAL-1RS translocation derived from rye, a segment from
chromosome 3Ae#1 of Agropyron elongatum (2n=10x
=70), is present in Amigo wheat. The Agropyron chromo-
some segment is located on the satellite of chromosome
1B and the translocation chromosome is designated as
T1BL-1BS-3Ac#1L. T1BL-1BS-3Ae#1l. was inherited
from Teewon wheat and carries resistance genes to stem
rust (Sr24) and leaf rust (Lr24). The Agropyron chromo-
some segments in different Sr24/Lr24 carrier wheat lines,
including Agent, TAP 48, TAP 67, Teewon, and Amigo,
showed a diagnostic C-band, and were derived from the
same chromosome, 3Ae#1.
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Introduction

‘Amigo’, a cultivar of hexaploid wheat (Triticum aestivum
L. em. Thell, 2n=6x=42), is well known for its greenbug,
Schizaphis graminum (Rondani), resistance derived from
‘Insave F.A.” rye (Secale cereale 1.) (Sebesta and Wood
1978). Cytogenetic analysis showed that Amigo has a
wheat-rye TIAL-1RS translocation chromosome (Zeller
and Fuchs 1983; Lapitan et al. 1986; Heun et al. 1990). The
greenbug resistance gene (Gb2) is located on the rye arm
IRS (Hollenhorst and Joppa 1981). Amigo also carries a
powdery mildew resistance gene, Pml7, on 1RS (Lowry
et al. 1984; Heun et al. 1990).

Recently, The etal. (1992) reported that Amigo also car-
ries the stem rust resistance gene Sr24 and the leaf rust re-
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sistance gene Lr24. Both S#24 and Lr24 were previously
located on the long arm of chromosome 3Ae#1 from Agrop-
yron elongatum [syn. Lophopyrum ponticum (Podp.) Love,
2n=10x=70] (MclIntosh 1988). Agropyron chromatin was
detected in Amigo, and in backcrossed derivatives carry-
ing Sr24/Lr24, using a repetitive DNA sequence probe
pAcc2p (The et al. 1992). However, the origin and loca-
tion of Sr24/Lr24 in Amigo were not investigated. In this
paper, we describe the molecular cytogenetic characteriza-
tion of an Agropyron chromosome segment on the short
arm of chromosome 1B in Amigo.

Materials and methods

Amigo seeds were provided by R. A. McIntosh, Plant Breeding In-
stitute, University of Sydney, Australia. Seeds of TAP 48 and
‘Teewon’ were from D. R. Porter, USDA-ARS, Stillwater, Oklaho-
mo, USA. Seeds of TAP 67 were provided by K. Ross, USDA-ARS,
Columbia, Missouri, USA. TAP 67 is a wheat-Ag. elongatum 3Ae#1
(3D) substitution line and chromosome 3Ae#1 carries Sr24 and Lr24
(see Sears 1972; Mclntosh 1988).

C-banding was performed using the technique described by Gill
et al. (1991). The multicolor FISH (fluorescence in situ hybridiza-
tion) technique was used for painting the rye and Agropyron chro-
mosomes. Genomic DNA from Ag. elongatum and rye was labelled
with biotin-11-dUTP and digoxigenin-11-dUTP, respectively.
Sheared wheat DNA was included in the hybridization mixture to
block the cross hybridization of the probes to wheat chromosomes
(see Le et al. 1989). For painting TAP 48 and Teewon, avidin-FITC
(Boehringer Mannheim) sotution (1:500) was applied after post-hy-
bridization washing, and the slides were counterstained with propid-
ium iodide. For painting Amigo, both avidin-FITC and anti-digox-
igenin-rhodamine (Boehringer Mannheim) (1:10) solutions were ap-
plied, and the slides were counterstained with DAPI. Photographs
were taken using a Kodak EKTAR film ASA 1000.

Results and discussion

One of the parents of Amigo, Teewon, was derived from a
cross, TAP 48/Wichita (F, pollen X-rayed)//Wichita/3/Tri-
umph 64 (Sebesta et al. 1994 a, b). TAP 48 is a 44-chro-
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mosome line carrying a pair of Ag. elongatum chromo-
somes and is derived from a wheat Ag. elongatum hybrid
made by W.J. Sando (USDA-ARS) (Sebesta et al. 1994 a).
The Agropyron chromosome in TAP 48 has Sr24/Lr24 and
is closely related to the Agropyron chromosome in TAP 67
that also has Sr24/Lr24 (The et al. 1992). The et al. (1992)
also reported that several sib lines of Teewon have a stem
rust and leaf rust resistance reaction similar to Agent, a
T3DS-3DL-3Ae#1L translocation line (Jiang et al. 1994)
known for carrying Sr24/Lr24. Therefore, it is most likely
that the Sr24/Lr24 in Amigo was inherited from Teewon
and the Sr24/Lr24 in Teewon was from TAP 48.

To verify this hypothesis, we analyzed TAP 48, Teewon,
and Amigo by GISH (genomic in sifu hybridization). TAP
48 (2n=44) has a pair of Ag. elongatum chromosomes (Fig.
1 a), confirming that it is a disomic wheat-Ag. elongatum
chromosome addition line (Sebesta et al. 1994 a). GISH
analysis on Teewon showed that a pair of satellited chro-
mosomes were involved in a wheat-Agropyron transloca-
tion (Fig. 1 b). Based on the measurements from ten chro-
mosomes after GISH, about 50% of the satellite was de-
rived from Ag. elongatum (Fig. 2 c). This translocation
chromosome can be identified as 1B based on its arm ra-
tio. An identical GISH pattern for chromosome 1B was
found in Amigo, indicating that chromosome 1B in Amigo
was inherited from Teewon. This translocation chromo-
some is designated as TIBL-1BS-3Ae#1L.

Fig. 1a—c¢ Chromosome painting of: a TAP 48, arrows point to chro-
mosome 3Ae#l from Ag. elongatum; b Teewon, arrows point to
the breakpoint of wheat-Agropyron translocation chromosome
T1BL-1BS-3Ae#1L; ¢ Amigo, arrows points to the breakpoint of
wheat-Agropyron translocation chromosomes T1BL-1BS-3Ae#1L;
arrowheads point to the breakpoint of wheat-rye translocations chro-
mosomes TIAL-IRS

Multicolor FISH was applied to confirm the presence
of both Agropyron and rye chromatin in Amigo. Biotin-la-
belled rye DNA and digoxigenin-labelled Ag. elongatum
DNA were included in the hybridization mixture. Figure 1
¢ shows the simultaneous detection of the Agropyron seg-
ment on 1BS (with a turquoise color) and the rye arm 1RS
on the translocation chromosome T1AL-1RS (with a red
color).

The Agropyron chromosome in TAP 48 has a major tel-
omeric and a faint subtelomeric C-band on the short arm,
and a minor subtelomeric C-band on the long arm (Fig. 2
b). Chromosome 3Ae#1 in TAP 67 has an identical C-band-
ing pattern to the Agropyron chromosome in TAP 48. Thus,
these two chromosomes may be derived from the same
wheat Ag. elongatum cross. The Agropyron chromosome
segment on chromosome T3DS-3DL-3Ae#1L in Agent
also has a minor subtelomeric C-band (Jiang et al. 1994),
indicating that this Agropyron segment was derived from
the same 3Ae#1 chromosome as that in TAP 67 and TAP
48. Therefore, the rust resistance genes Sr24/Lr24 in dif-
ferent wheat lines were originally derived from the same
Ag. elongatum chromosome. So far, we have found that the
3Ae#1L segments in all wheat lines carrying Sr24/Lr24,
including the 3D/3Ae#1 recombinant lines derived from
TAP 67 (Sears 1972), have the diagnostic subtelomeric C-
band (our unpublished data). Thus, both S724 and Lr24 are
probably located proximal, or very close, to this C-band.

The identification of TIBL-1BS-3Ae#1L was also con-
firmed by C-banding analysis. The distal end of the satel-
lite on 1B in Teewon and Amigo has no C-bands (Fig. 2
d). The minor subtelomeric band on the satellite (Fig. 2 d)
is most likely the diagnostic subtelomeric C-band for the
long arm of 3Ae#1. All the wheat bands on the satellite of
1BS are present on the satellite of TIBL-1BS-3Ae#1L.
Thus, the breakpoint on 1B is very close to the distal tip
of the satellite, and only very little wheat chromatin
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Fig. 2a—f a Genomic in sizu hybridization (GISH) pattern of 3Ae#1
in TAP 48 and TAP 67; the centromeric region is less stained, indi-
cating that the Agropyron-specific repetitive DNA sequences are
mainly distributed at the distal half of the chromosome (see also Fig.
1 a); b C-banding pattern of 3Ae#1 in TAP 48 and TAP 67, the ar-
row points to the diagnostic subtelomeric C-band for the long arm;
¢ GISH pattern of translocation chromosome T1BL-1BS-3Ae#1L in
Teewon and Amigo, the arrowhead points to the breakpoint. The
Agropyron segment is detected by a peroxidase-DAB method (Ray-
burn and Gill 1985); d C-banding pattern of T1BL-1BS-3Ae#1L in
Teewon and Amigo, the arrow points to the diagnostic subtelomer-
ic C-band derived from 3Ae#1L; e Idiogram of normal chromosome
1B (from Gill et al. 1991); f Idiogram of TIBL-1BS-3Ae#1L, the ar-
row points to the diagnostic subtelomeric C-band derived from
3Ae#1L, the chromosome segment (from band 3.5 to 3.7) derived
from 3Ae#1L is shaded

was lost in the translocation event. This is also confirmed
by the presence of the gliadin locus, Gli-BI, on T1BL.
1BS-3Ae#1L (R. B. Gupta and R. A. Mclntosh, personal
communication). Gli-B1 is physically located at the very
tip of the short arm of 1B (Mukai and Endo 1992).
T1BL-1BS-3Ae#1L was most likely induced by X-rays
during the production of Teewon, and it is a genetically
non-compensating translocation. This translocation in-
volves a small deficiency of the distal tip of 1BS, and a du-
plication (addition) of the distal tip of a homoeologous
group-3 chromosome (3Ae#1L). The effect of this defi-
ciency/duplication on yield is not known. The source of
Sr24/Lr24 in the compensating 3D/3Ae#1 translocations,
such as Agent or various 3D/3Ae#! recombinant lines pro-
duced by Sears (1972), may be more suitable than from
T1BL-1BS-3Ae#1L for breeding applications.
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