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Abstract A standard karyotype and a generalized idio- 
gram of Triticum umbellulatum (syn. Aegilops umbel- 
lulata, 2n = 2x = 14) was established based on C-band- 
ing analysis of ten accessions of different geographic 
origin and individual T. umbellulatum chromosomes in 
T. aestivum-T, umbellulatum chromosome addition 
lines. Monosomic (MA) and disomic (DA) T. aestivum - 
T. umbellulatum chromosome addition lines (DA1U = B, 
D A 2 U = D ,  M A 4 U = F ,  D A 5 U = C ,  D A 6 U = A ,  
DA7U = E = G) and telosomic addition lines (DA1US,~ 
DA1UL, DA2US, DA2UL, DA4UL, MA5US, ( +  iso 
5US), DA5UL, DA7US, DA7UL) were analyzed. Line 
H was established as a disomic addition line for the 
translocated w h e a t - T ,  umbellulatum chromosome 
T2DS' 4US. Radiation-induced whea t -  T. umbellulatum 
translocation lines resistant to leaf rust (Lr9) were 
identified as T40 = T6BL. 6BS-6UL, T41 = T4BL' 4BS- 
6UL, T44=T2DS.2DL-6UL,  T 4 7 =  'Transfer '= 
T6BS'6BL-6UL and T52=T7BL'7BS-6UL.  Break- 
points and sizes of the transferred T. umbellulatum seg- 
ments in these translocations were determined by in situ 
hybridization analysis using total genomic T. umbel- 
lulatum DNA as a probe 
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Introduction 

TrMcum umbellulatum (Section polyeides; syn. Aegilops 
umbellulata) is a diploid (2n = 2x = 14, genome compo- 
sition UU) wild relative of cultivated bread wheat, T. 
aestivum (2n = 6x = 42, AABBDD). It is an inbreeder 
and native to the Mediteranean region including 
Greece, Turkey, Syria, Iran, Iraq and Russia (Kimber 
and Feldman 1987). T. umbellulatum is involved in the 
parentage of the polyploid species T. kotschyi (syn. Ae. 
kotschyi) (2n = 4x = 28, UUSS), T. peregrinum (syn. Ae. 
peregrina, Ae. variabilis) ( 2 n = 4 x = 2 8 ,  UUSS), T. 
ovatum (syn. Ae. ovata) (2n = 4x = 28, UUMM),  T. ne- 
91ecta (syn. Ae. triaristata) (2n = 4x = 28, UUMM),  T. 
macrochaetum (syn. Ae. biuncialis, Ae. lorentii) 
(2n = 4x = 28, UUMM),  T. columnare (syn. Ae. colum- 
naris) (2n = 4x = 28, UUMM),  T. triunicaIe (syn. Ae. 
triuncialis) (2n = 4x = 28, UUCC), T. juvenale (syn. Ae. 
juvenalis) (2n = 6x = 42, DDMMUU) and T. recta (syn. 
Ae. triaristata 6x) (2n = 6x = 42, U U M M N N )  (Kimber 
and Feldman 1987; Kimber and Abu Baker 1981; Kim- 
ber and Sears 1987; Kimber and Yen 1989; Yen and 
Kimber 1992). 

T. umbellutaum is the source of the leaf rust resistance 
gene Lr9 that has been transferred to wheat using 
radiation treatment (Sears 1956). In addition, it is a 
source of resistance to powdery mildew, Hessian fly and 
greenbug (Gill et al. 1985). Kimber (1967) produced a set 
of T. aestivum- T. umbellulatum chromosome addition 
lines, and nine derived telosomic addition lines have 
been produced by one of us (NT). 

C-banding and genomic in situ hybridization (GISH) 
analyses are very powerful tools to detect alien 
chromatin in wheat (for review see Friebe et al. 1993a,b; 
Jiang et al. 1994). In the present article we present 
a generalized idiogram of T. umbellulatum based on 
C-banding analysis of ten different accessions. Further- 
more, C-banding and GISH analysis were used to 
identify whea t -  T. umbellulatum chromosome addition, 
telosome addition and translocation lines. 



Material and methods 

Plant material 

Ten accessions of T. u m b e l l u l a t u m  were analyzed and their origins are 
given in Table 1. In addition, the amphiploid T. a e s t i v u m  cv 'Chinese 
Spring' (CS)-  T.  u m b e l l u l a t u m  accession no. U2010001 (2n = 56, 
AABBDDUU), 6 derived disomic chomosome addition lines, DA, (A, 
B, C, D, E and G), 1 monosomic chromosome addition line, MA, (F) 
and 1 disomic addition line for a CS - T .  umbe l l u la tum  translocation 
chromosome (H = C SU-31) were analyzed. The amphiploid and the 
set of chromosome addition lines were produced and kindly provided 
by G. Kimber, University of Missouri, and seed smaples of these lines 
were also obtained from S. M. Reader, Cambridge laboratory. The 
homoeologous relationships of six of the seven T. umbe l l u la tum  
chromosomes were established by analyzing their meiotic chromo- 
some pairing behavior and their compensation ability in chromo- 
some substitution lines (Chapman and Riley 1970; Athwal and Kim- 

Table 1 Origins of the T. u m b e l l u I a t u m  accessions 

Accession no. Origin 

TA1825 a Turkey 
TAl1829" Iran 
TA1831 a Iran 
TA1833" Iran 
TA1835" Afghanisan 
TU24 u Turkey 
TU31 b Turkey 
KU 8 - 1 c Turkey 
K U 8 - 5  c Syria 
U201001 d Unknown 

" Wheat Genetics Resource Center, Kansas State University, Man- 
hattan, Kan., USA 
b Obtained from G. Kimber, University of Missouri, Columbia, Mo., 
USA 
c Obtained from S. Ohta, Plant Germ plasm Institute, Kyoto Univer- 
sity, Kyoto, Japan 
d Obtained from S. M. Reader, Cambridge Laboratory, Norwich, UK 
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ber 1972; Riley et al. 1973; Chapman et al. 1974; Koebner and 
Shepherd 1987; Reader and Miller 1987) as well as by storage protein 
(Shephered 1973; Brown et al. 1979; Lawrence and Shephered 1981; 
Stinissen et al. 1983) and isozyme analyses (Benito et al. 1987). One 
monotelosomic and 8 ditelosomic CS - T.  umbe l l u la tum  chromosome 
addition lines that had been produced by one of us (NT) were 
included in the present analysis. 

Furthermore, a wheat - T.  umbe l lu Ia tum chromosome addition 
line having a gene for resistance to leaf rust (Lr9)  as well as 5 radia- 
tion-inducecd and leaf rust-resistant wheat - T.  umbe l lu Ia tum trans- 
location lines (T40, T41, T44, T47 = 'Transfer' and T52) produced by 
Sears (1956) and obtained from K. Ross, University of Missouri were 
analyzed. 

Cytogenetic analysis 

Root tips were pretreated with 0.05% colchicine for 3 h and fixed in 
99 % ethanol-glacial acetic acid (3:1). Chromosome identification was 
according to the C-banding technique described by Gill et al. (1991). 
For GISH analysis the protocol of Jiang et al. (1993) modified from Le 
et al. (1989) was used. Chromosome measurements were made on 20 
C-banded T. umbe l l u la tum  chromosomes present in the amphiploid 
CS - T .  u m b e l l u l a t u m  using wheat chromosome 3B as a standard. 
Breakpoints were determined in ten CS-T. umbe l lu la tum  transloca- 
tion chromosomes after C-banding and GISH analysis, and the 
positions of the break points were calculated as fraction lengths from 
the centromere (FLs). Microphotographs were taken with a Zeiss 
photomicroscope III using Kodak Imagelifik HQ microfilm 1461. 

Results 

C-banding polymorphism of T. umbellulatum 

T. umbeIlulatum has seven pairs of similarly sized meta- 
centric to submetacentric chromosomes. Chromosomes 
1U and 5U are SAT chromosomes and can be identified 
in phase contrast by the presence of secondary constric- 
tions (Fig. la). The secondary constriction is usually 
more prominent in 1U than in 5U. All T. umbellulatum 

Fig. la,b Mitotic metaphase 
chromosomes of T. u m b e l l u l a t u m  
accession no. U201001. a Phase 
contrast, b C-banding (arrows  
point to the secondary constric- 
tions) 
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Fig. 3 Generalized idiogram of T. umbellulatum (Marker C-bands 
that  are present in all accessions are shown in black and C-bands that  
are present only in some accessions are shown in hatching; chromo- 
some arm length data are given in gin and are based on measurements 
of 20 chromosomes of each T. umbellulatum chromsome present in the 
amphiploid CS-T. umbellulatum; standard deviations of the measure- 
ments are indicated by small bars) 

Fig. 2 a - h  C-banded karyotypes of T. umbellulatum, a U2010001, 
b TA1825, c TA1831, d TA1835, e TU24, f Tu31, g KU8-1,  h KUS-5 

chromosomes have C-bands at the centromeres and, in 
addition, interstitial and telomeric C-bands, permitting 
their identification (Fig. lb). Polymorphism for C-band 
size and C-band position was only found between the 
different accessions analyzed (Fig. 2). Monomorphic C- 
bands, called marker C-bands, were diagnostic for chro- 
mosome identification and are indicated by solid bands 
in the generalized idiogram of T. umbellulatum (Fig. 3). 
Polymorphic C-bands present in some accessions only 
are shown in hatching. No large structural chromo- 
somal rearrangments were detected in any of the T. 
umbeIlutatum accessions analyzed. 

1) Chromosome 1U (arm ratio L/S: 1.3, L +  S: 
6.68+ 1.46 gm, 63% of total 3B length): The SAT 
chromosome has a secondary constriction in the distal 
region of the short arm. Marker C-bands are present at 
both sides of the NOR, in the proximal region of the 
short arm and at the telomere of the long arm. 

2) Chromosome 2U (L/S: 3.3, L + S: 7.50 __ 0.72 gm, 
71% of total 3B length): Proximal marker C-bands are 

present on both sides of the centromere, 1 in the short 
and 2 in the long arm. In addition, marker C-bands are 
present at both telomeres and at an interstitial position 
in the long arm. 

3) Chromosome 3U (L/S: 2.3, L +  S: 7.47_+0.70 
gm, 71% of total 3B length): Marker C-bands are pres- 
ent on both sides of the centromere and at both 
telomeres. 

4) Chromosome 4U (L/S: 1.2, L + S: 7.81 _. 0.48 gm, 
74% of total 3B length): Marker C-bands are present on 
both sides of the centromere. Chromosome 4U shows 
the largest amount of C-band ploymorphism. 

5) Chromosome 5U (L/S: 1.7, L + S: 7.64 _+ 0.60 gm, 
72% of total 3B length): The SAT chromosome has a 
secondary constriction in the distal region of the short 
arm. Marker C-bands are present at the N O R  and at 
both telomeres. 

6) Chromosome 6U (L/S: 5.0, L + S: 6.86 _+ 0.50 gm, 
65% of total 3B length): Marker C-bands are present 
close to the centromere and at the telomere of the long 
arm. 

7) Chromosome 7U (L/S: 2.8, L + S: 7.82 _ 0.75 gm, 
74% of total 3B length): Marker C-bands are present at 
the telomere of the short arm and close to the cen- 
tromere in the long arm. 

Identification of T. aes t i vum-  T. umbellulatum 
chromosome addition and translocation lines 

The C-banding patterns of the T. umbellulatum chromo- 
somes in the amphiploid CS - T. umbellulatum and in 
the set of related wheat - T. umbellulatum chromosome 
addition lines are identical to those of the corresponding 
chromosomes present in the T. umbellulatum parent 
accession no. U2010001. Thus, these chromosomes are 



not structurally rearranged. Lines A, B, C, D and E = G 
were identified as DA6U, DA1U, DA5U, DA2U, and 
DA7U, respectively (Fig. 4). Of the 20 plants of line F 
analyzed, 5 were identified as being monosomic for 
chromosome 4U (MA4U), whereas i plant was disomic 
for this chromosome (DA4U). Line H was identified as a 
disomic addition line for the w h e a t -  T. umbel lu la tum 
translocation chromosome T2DS'4US with the break- 
point within the centromeric region. Because all other 
T. umbel lu la tum chromosomes were already assigned to 
their homoeologous groups, except for the group 3 
chromosome, the T. umbel lu la tum chromosome missing 
in the set of addition lines was designated as 3U. C- 
banding identified the T. umbel lu la tum telosomes as 
1US, 1UL, 2US, 2UL, 4UL, 5US, 5UL, 7US and 7UL. 
Except for 5US, a monosomic addition line also having 

Fig. 4 C-banding patterns of the T. umbellulatum chromosomes, 
telosomes and a wheat - T. umbellulatum translocation chromosome 
present in the C S -  T. umbellulatum chromosome addition and 
telosomic addition lines 

Fig. 5 C-banding (/eft) and genomic in situ hybridization patterns 
(right) of the critical wheat, T. umbellulatum and wheat - T. umbel- 
luIatum translocation chromosomes involved in the radiation-in- 
duced leaf rust (Lr9)-resistant transfers (arrows point to the break- 
points) 
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an isochromosome 5US, all of the other lines were 
disomic for the T. umbel lu la tum telosomes. 

Radiation-induced wheat - T. umbel tu ta tum translo- 
cation lines resistant to leaf rust (Lr9), T40, T41, T44, 
T47 and T52, were identified as T6BL'6BS-6UL, 
T4BL'4BS-6UL, T2DS-2DL-6UL, T6BS'6BL-6UL, 
and T7BL'7BS-6UL translocation lines, respectively 
(Figs. 5, 6). The breakpoints and sizes of the transferred 
T. umbeIIulatum segment were determined by GISH 
analysis (Table 2). 

i Spike morphologies of the T. aes t ivum - 
T. umbel lulatum chromosome addition and telosome 
addition lines 

Spikes of the CS - T. umbel lu la tum chromosome addi- 
tion and telosomic addition lines are shown in Fig. 7. 
Spikes of DA1U and the ditelosomic additions for the 
short and long arms are seen to be similar in appearance 
to those of CS. Spikes of DA2U have awns and ten- 
acious glumes. The ditelosomic addition for 2UL is 
similar in appearance to the whole chromosome addi- 
tion, whereas spikes of the ditelosomic addition for the 
short arm are similar to those of CS. Spikes of he 
monosomic addition 4U and the ditelosomic addition 
4UL are similar to those of CS, and spikesof the disomic 
addition for the translocation chromosome T2DS-4UL 
are shorter than those of CS. The spikes of both the 
disomic addition 5U and the ditelosomic addition 5UL 
are lax at the base and compact at the top. Spikes of the 
monoisosomic addition 5US, that should be equivalent 
to DA5US, are similar to CS. Spikes of both the disomic 

Fig. 6 Idiograms of the radiation-induced wheat - T. umbellulatum 
translocation chromosomes. T. umbellulatum segments are shown in 
light (unbanded regions) or dark (C-banded regions) hatching 
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Table2 Chromosome arm lengths standard deviations (s), arm 
ratios, translocation breakpoints given as fraction lengths from the 
centromere, sizes of the transferred T. umbeIlulatum segments and 

sizes of the missing wheat segments in radiation-induced leaf rust 
resitant wheat - T. urnbellulatum translocation lines 

Line a Chromosome Chromosome arm length b Arm ratio 
(s) in gm L/S 

S arm L arm 

Fraction length Size of the T. 
of translocation umbellulatum 
breakpoints segment in ~tm c 

Size of the missing 
wheat segment in gmd 

CS 3B 4.06(0.32) 5.82(0.36) 1.4 
DA6U 6U 1.18(0.19) 5.88(0.53) 5.0 
CS 6B 4.68(0.49) 5.18(0.70) 1.1 
T47 T6BS.6BL-6UL 4.48(0.20) 5.08(0.44) 1.1 
T40 T6BL.6BS-6UL 4.90(0.42) 6.04(0.70) 1.2 
CS 4B 4.42(0.36) 4.78(0.38) 1.1 
T41 T4BL.4BS-6UL 4.44(0.41) 6.60(0.50) 1.5 
CS 7B 3.76(0.26) 5.76(0.29) 1.5 
T52 T7BL.7BS-6UL 5.31(0.74) 5.47(0.55) 1.0 
CS 2D 3.27(0.29) 4.27(0.33) 1.3 
T44 T2DS.2DL-6UL 3.20(0.28) 5.74(0.51) 1.8 

0.92 0.41(7%) 0.51(10%) 
0.23 4.65(79%) 3.29(70%) 

0.23 5.08(86%) 2.90(66%) 

0.48 2.84(48%) 1.13(30%) 

0.71 1.66(28 %) 0.19(4 %) 

a DA = disomic addition; CS = T. aestivum cv 'Chinese Spring' 
b Total chromosome length of chromosome 6U corresponds to 71% 
of the total chromosome length of 3B of CS 
c Percentage of the corresponding T. umbellulatum chromosome arm 

is given in parentheses 
d Percentage of the corresponding wheat chromosome are given in 
parentheses 

Fig. 7 Spike morphologies of 
the CS - 7". umbelIulatum 
chromosome addition and 
telosomic addition lines. From 
left to right, upper row: T. 
umbellulatuum, CS, CS - T. 
umbeIIulatum amphiploid, 
DAIU, DA1US, DA1UL, 
DA2U, DA2US, DA2UL, 
MA4U, DAT2DS'4US, 
DA4UL; lower row: DA5U, 
MA5US +iso 5US, DA5UL, 
DA6U, DA7U, DATUS, 
DA7UL 

addit ion 7U and the di telosomic addi t ion 7 U L  are more  
lax at the base than  those of CS, and spikes of D A 7 U S  
are similar to those of CS. 

Discussion 

T.  u m b e l l u l a t u m  has two pairs of nucleolus organizer  
regions (NORs)  that  were identified earlier by the pres- 
ence of secondary constrict ions (Chennaveeraiah 1966), 
by in  s i t u  hybr idizat ion using a r ibosomal  D N A  probe  
(Teoh et al. 1983) and by A g - N O R - b a n d i n g  (Cermeno et 

al. 1984). T.  u m b e l l u l a t u m  SAT chromosomes  have been 
previously identified as being 1U and 5U, and it has 
been shown that  these ch romosomes  part ial ly inactivate 
the N O R s  on wheat  ch romosomes  1B, 6B and 5D 
(Martini  et al. 1982; Lacadena  and Cermeno  1985). 

The C-banding  pat terns  of the T. u m b e l l u l a t u m  chro- 
mosomes  presented here are similar to the C- and  N-  
banding  pat terns  of this species repor ted  earlier (Gill 
1981; Jewell and  Driscoll 1983; Teoh  and Hutch inson  
1983; Cermeno  et al. 1984). However ,  in earlier studies 
only one T. u m b e l l u l a t u m  accession was analyzed, and 
no informat ion  was available with respect to C-band  
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polymorphisms. The present study describes the vari- 
ation in C-banding patterns observed in ten different T. 
umbellulatum accessions and establishes a generalized 
idiogram of this species. 

Whereas no variation in C-banding patterns was 
observed within the T. umbellulatum accessions ana- 
lyzed, polymorphism for C-band size and C-band posi- 
tion was observed between the different accessions; 
however, this did not prevent chromosome identifica- 
tion. No large structural rearrangements detectable by 
C-banding analysis were found in any of the T. umbel- 
lulatum accessions analyzed. This situation is similar to 
the one found in T. dichasians (syn. Ae. caudata, Ae. 
markgrafii) and T. longissimum (syn. Ae. longissima), 
where C-banding analysis did not detect large rearran- 
gements in 19 and 17 of the accessions analyzed, respect- 
ively (Friebe et al. 1992a,b). However, in T. tauschii (syn. 
Ae. squarrosa) 2 out of 16 accessions and in T. searsii(Ae. 
searsii) 1 out of 14 accessions analyzed were found to be 
homozygous for reciprocal tanslocations involving 
complete chromosome arms (Friebe et al. 1992b and 
unpublished). Translocations have also been found in 
other Triticum species (Kawahara 1986, 1987, 1988, 
1990; Badaeva et al. 1993). 

Chromosomes 1U, 2U, 5U, 6U and 7U were verified 
as disomic addition lines, whereas 4U is maintained in 
the monosomic condition. Not addition line was found 
for chromosome 3U. The C-banding pattern of this 
chromosome was established and will permit the isola- 
tion of this chromosome from the wheat- T. umbeIlulatum 
amphiploid. Chromosmes 1U, 2U, 5U and 7U are also 
available as whea t -  T. umbelluIatum substitution lines 
(Shepherd and Islam 1988). Furthermore, C-banding 
analysis was used to identify 1 monotelosomic and 8 
ditelosomic addition lines (DA1US, DA1UL, DA2US, 
DA2UL, DA4UL, MA5US ( +  iso 5US), DA5UL, 
DA7US, DA7UL). 

Line H was identified as a disomic addition line for 
the wheat - T. umbellulatum translocation chromosome 
T2DS'4US. Plants of this line show poor vigor, whereas 
plants that are disomic for the long arm of chromosome 
4U only show slightly reduced seed set compared with 
those of CS. Plants disomic for the complete chromo- 
some 4U can be recovered in progenies of monosomic 
plants but die before reaching maturity. This suggests 
that the short arm of chromosome 4U has a gene(s) 
conditioning poor plant vigor when transferred into a 
wheat background. 

Sears (1956) was first in transferring a gene for resis- 
tance to leaf rust, Lr9, from a group 6 T. umbellulatum 
chromosome to wheat by using radiation treatment. At 
least 17 different wheat - T. umbellulatum translocations 
were recovered in his experiment, but only 5 of them 
have been maintained and were avilable for the present 
analyis.The C-banding patterns of the group 6 T. umbel- 
lulatum chromosome having Lr9 is identical to the 
corresponding chromosome in the set of 'Chinese 
Spr ing ' -T.  umbellulatum chromosome addition lines 
although it is of different origin. GISH analysis using 

total genomic T. umbellulatum DNA as probe revealed 
that the proximal half of 6UL shows stronger hybridi- 
zation than the distal half of this chromosome arm. This 
result suggests that the proximal half of 6UL has a 
higher amount of highly repetitive DNA that is related 
to the U genome than the distal half, making it difficult 
to detect small translocations in the latter region. 

Our C-banding and GISH analysis confirmed earlier 
reports (Sears 1956, 1961) and identified these lines 
as T40 = T6BL.6BS-6UL, T41 = T4BL'4BS-6UL, 
T44=T2DS'2DL-6UL, T47=T6BS'6BL-6UL and 
T52 = T7BL-7BS-6UL; further, it allowed us to deter- 
mine the breakpoints and sizes of the transferred T. 
umbellulatum segments in these translocations. All 
transfers were identified as terminal translocations. Ab- 
sence of the terminal C-band in the 6BL-6UL arm of the 
'Tranfer'-translocation (T47) is mostly likely caused by 
the loss of this region in the orignianl 6UL arm. Meiotic 
pairing analysis revealed that the T6BS'6BL-6UL 
translocation chromosome only pairs in 12% of the 
pollen mother cells with the complete chromosome 6U, 
whereas meiotic pairing of the other wheat - 71. umbel- 
lulatum translocation chromosomes was normal (Sears 
1956). A similar reduction in the amount of meiotic 
pairing has also been observed in deletion stocks of 
wheat (Curtis et al. 1991 and our own unpublished data), 
indicating that homology at the chromosome ends is 
essential for normal meiotic pairing and recombination. 

The T6BS-6BL-6UL translocation chromosome 
present in line T47 has the smallest T. umbellulatum 
segment and is the only radiation-induced translocation 
in which homoeologous chromosome arms are in- 
volved. Thus, the transferred T. umbellulatum segment 
can compensate for the missing 6BL segment, resulting 
in good gametophytic compensation (Sears 1966). How- 
ever, restriction fragment length polymorphism (RFLP) 
analysis recently revealed evidence that at least chromo- 
somes 4U and 6U are structurally rearranged compared 
to those of wheat (Chen et al. unpublished). Further 
work is under way to confirm the homoeology of all U 
genome chromosomes. 

The basic karyotype information on T. umbellulatum 
presented here will allow a more detailed analysis of the 
evolutionary relationships of polyploid U genome spe- 
cies and will be also useful for transferring further genes 
of interest from this species to wheat. 
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