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Summary: To investigate the use of RFLP analysis in the 
Triticeae, a set of low copy number probes has been 
isolated from a wheat cDNA library. The probes identify 
each of the 14 homoeologous chromosome arms of 
wheat as determined by analysis of DNA fragments hy- 
bridizing to the probes in aneuploid lines of Chinese 
Spring. These probes can be used in RFLP analyses both 
for the assignment of homoeology of alien chromosomes 
or arms added to wheat, and for the determination of 
chromosome dosage in wheat aneuploids. Different 
chromosomes from various Triticeae species can there- 
fore be followed in a wheat genetic background using a 
single technique. The potential uses of the set in facilitat- 
ing the transfer of alien segments into wheat are outlined. 
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Introduction 

The introduction of genetic material from relatives of 
wheat into wheat itself has long been practised (see Gale 
and Miller 1987, for review), and many intentionally 
constructed, or fortuitously isolated wheat-alien chro- 
mosome addition, substitution and translocation lines 
exist (Shepherd and Islam 1988). Some of these lines have 
been important parents in the development of varieties 
which retain segments of alien chromosomes conferring 
desirable characteristics, mainly disease resistances 
(Johnson and Lupton 1987). The isolation and the subse- 
quent manipulation and characterization of such lines is 
greatly aided by the use of marker genes, such as 
isozymes and morphological markers. These also enable 

an assessment of chromosome homoeology to be made 
(Gale and Miller 1987; Miller and Reader 1987). How- 
ever, the use of many of the morphological markers re- 
quires considerable experience, since these are subject to 
variable expression in different genetic backgrounds, 
while the various isozymes and proteins which are avail- 
able each require separate, and different, electrophoretic 
and staining techniques. In addition, extensive inter- 
crossing between the addition lines, followed by exami- 
nation of meiosis in the hybrids, is necessary to identify 
and classify the different additions produced. The assign- 
ment of homoeologies within a single addition series re- 
quires, therefore, the use of a large number of techniques. 
For example, Forster et al. (1987) used both chromo- 
some and plant morphology, as well as analysis of ten 
isozyme and protein markers in extracts of two tissues, 
separated in four different types of gel, stained by seven 
different methods, in their study of the homoeology of six 
Agropyron intermedium addition lines. The advantages of 
being able to use a single technique to achieve this type 
of resolution are obvious. DNA hybridization technol- 
ogy offers this prospect through the detection of restric- 
tion fragment length polymorphisms (RFLPs) between 
the wheat and alien chromosomal segments. 

Materials and methods 

cDNA library construction 

A cDNA library was constructed using mRNA extracted from 
mature leaves of the cultivar Chinese Spring (CS), using an 
"Amersham" cDNA synthesis kit as recommended by the man- 
ufacturer. Colony hybridization (Maniatis et al. 1982) was used 
to identify clones containing cDNAs for the small subunit of 
ribulose-l,5-bisphosphate carboxylase (SSU), and the major 
chlorophyll a/b binding protein (CAB), using probes for these 
genes (Broglie et al. 1983; Lamppa et al. 1985). 



Table 1. Homoeologous relationships of the three series of alien 
addition lines analysed 

Additions 

Wheat Hordeum Secale Aegilops 
homoeologous vulgare" cerealeb umbellulata r 
group cv Betzes cv Imperial 

1 - IR  B 
2 E 2R D 
3 F 3R 
4 A 4R F 
5 B 5R C 
6 C 6R A 
7 D 7R G 

" Islam et al. 1981; Gale and Miller 1987 
b Driscoll and Sears 1971; Miller 1984 
c Kimber 1967; Chapman et al. 1975 

Genetic material 

DNA was isolated from CS nullisomic-tetrasomic (NT) and 
ditelosomic (DT) lines from three sets of alien addition lines to 
CS: Hordeum vulgare cv Betzes (Islam et al. 1981), Secale cereale 
cv Imperial (Driscoll and Sears 1971) and Aegilops umbellulata 
(Kimber 1967), and from Betzes and the CS/Imperial and CS/ 
Ae. umbetlulata amphiploids. The assumed homoeologous rela- 
tionships of the alien chromosomes present in these addition 
lines are shown in Table 1. The chromosome nomenclature used 
here is that agreed upon at the 7th International Wheat Genetics 
Symposium, Cambridge, in July 1988. The chromosomes previ- 
ously designated 4A and 4B are now designated 4B and 4A, 
respectively. 

All seed came from IPSR stocks maintained by T. E. Miller 
and S. M. Reader and, where appropriate, plants were examined 
cytologically by these workers for correct chromosome constitu- 
tion before DNA isolation. 

RFLP procedures 

All methods of DNA extraction, restriction enzyme digestion, 
agarose gel electrophoresis, alkaline "Southern" blotting to ny- 
lon membranes, probe preparation, hybridization and fragment 
size determination were as described by Sharp et al. (1988), with 
the modification that Gene Screen Plus (NEN) membranes were 
used. 

R e s u l t s  and  d i s c u s s i o n  

Initial screening o f  the cDNA library 

Approx imate ly  600 c D N A  clones were picked and grown 
individually.  Plasmid mini-preparat ions  were made of  
clones not  hybridizing to the cloned SSU and CAB genes, 
and the inserts were excised by a double  digestion with 
EcoRI  and HindI I I .  Fol lowing agarose gel electrophore-  
sis and ethidium bromide  staining, 140 clones were se- 
lected for further study, as these had inserts larger than 
approximate ly  300 bp. 

Each of  these probes were hybridized individually to 
Southern blots of  HindIII -diges ted  D N A  from the H. 
vulgare cv Betzes, S. cereale cv Imperial  and Ae. umbellu- 
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Table 2. The location to homoeologous group of fragments 
identified by 73 unique cDNA clones 

No. of Homoeologous group Total 
homoeologous 
group 1 2 3 4 5 6 7 

One only 5 20 8 10 7 9 8 67 
Two groups 1 3 1 1 2 - 4 12 

lata addi t ion line series (Table 1). Unique D N A  frag- 
ments, contr ibuted by the alien parents  and not  present  
in CS but  present  in at least one o f  the addi t ion lines, 
enabled the D N A  fragments hybridizing to the probes  to 
be located to homoeologous  chromosome groups. In  
most  cases, assignment to homoeologous,  group was un- 
equivocal,  as the addi t ion lines carrying the same homoe-  
ologous group chromosome had the alien D N A  frag- 
ments. In  those cases where the assignments based on 
each of  the addi t ion line series did not  agree, the assign- 
ment  based on the H. vulgate cv Betzes series was taken 
as the basis for further analysis. The pat terns  of  D N A  
fragments revealed by each clone also enabled duplicates 
of  previously analysed clones to be identified. Of  the 140 
clones analysed, 73 were unique. The dis t r ibut ion of  
these to homoeologous  groups is shown in Table 2, with 
67 clones detecting fragments  f rom one homoeologous  
group only, whilst six clones hybridize to fragments lo- 
cated on two groups. 

The clones are dis t r ibuted over all seven homoe-  
ologous groups, The total  assigned to group 1 is lowest, 
while group 2 has the largest number.  This is the reverse 
o f  the si tuation with respect to isozyme and prote in  
markers  (mostly from grain samples), where group 1 has 
the most,  and group 2 has the fewest assigned markers  
(McIntosh  1988). Fur ther  work  will be needed to assess 
whether this result is a feature of  using mature  leaf 
c D N A  clones. 

Isolation o f  a set o f  probes to identify 
each homoeologous chromosome arm 

In order  to isolate a set of  probes which identify a set o f  
loci on each of  the 14 wheat  homoeologous  chromosome 
arms, probes for each homoeologous  chromosome group 
were hybridized individually to filters containing 
HindI I I -  and BamHI-diges ted  D N A  of  both  the CS NT 
and DT lines, and the appropr ia te  homoeologous  group 
alien addi t ion lines. This enabled the probes to be classi- 
fied on the basis of  detecting D N A  fragments located to 
individual  wheat  chromosome arms, and reconfirmed the 
previous locations in the alien addi t ion  sets. 

Table 3 lists the probes chosen with their insert 
lengths, while Tables 4 and 5 give their chromosomal  
locat ion and the sizes of  the fragments detected. Figure 
1 shows the hybridizat ion of  the two group 5 probes 
chosen, 118 and 128, to HindI I I -  and  BamHI-diges ted  
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Fig. 1. Hybridization of the selected ho- 
moeologous group 5 probes to HindlII- 
and BamHI-digested DNA of the CS 
group 5 nullisomic-tetrasomic and ditelo- 
somic lines, and of three group 5 alien ad- 
dition lines. The probes and plant lines 
used are indicated 

Table 3. The 14 clones chosen and the approximate length of the 
largest EcoRI-I-HindIII cDNA insert fragment used as a probe 

Clone Insert (kb) 

101 0.6 
118 0.7 
123 0.5 
128 0.5 
129 1.2 
135 1.0 
144 1.3 
152 0.8 
154 0.4 
156 0.9 
161 0.7 
162 2.0 
163 0.5 
167 0.7 

D N A  from the goup 5 NT and DT lines, Betzes, the 
group 5 barley addition, the CS/Imperial rye and CS/Ae. 
umbellulata amphiploids, and the group 5 additions 
derived from each of them. Probe 118 clearly detects a sel 
of loci on the short arms of the wheat group 5 chromo- 
somes, as it detects D N A  fragments absent from 
DT5AL, DT5BL and DT5DL, while 128 detects loci on 
the long arms of these chromosomes, as the hybridizin~ 
D N A  fragments, absent from N5A-T5B, N5B-T5D and 
N5D-T5A, are present in the long arm DT lines (Fig. 1). 

Each of the probes usually detects one or two frag- 
ments on the appropriate arm following digestion with 
each of the two restriction enzymes used, but in three 
cases, the fragments from two or three wheat homoe- 
ologues are of similar size and hence co-migrate upon 
electrophoresis. For  example, probe 163, which reveals 
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Table 4. Sizes (kb) of HindlII fragments detected by the 14 probes in the genomes analysed. The chromosomal location in the alien 
species is given by the position in the table, except where indicated in the footnotes 

Probe Arm Genome 
location a 

A B D H R U 

161 1S 4.2 2.8 6.0 13.5 * ? 4.7 
162 1L 3.5 2.8 3.3 11.0 * 6.0 4.0 

135 2S 11.8 13.5 9.4 7.4 ? 8.8 
101 2L 13.0 9.0 7.0 6.5 5.4 8.0 + 2.4 

123 3S 2.1 5.2 1.6 3.5 5.0 4.5 * 
156 3L 4.1 7.4 3.9 10.2 + 7.6 4.4 4.5 * 

144 4S § 4.4 6.0 10.0 5.0 ? 8.0 
163 4L § 5.0 1.7 3.0 4.6 2.7 b 3.5 c 

118 5S 9.0 5.6 6.2 4.0 + 3.6 ? 3.5 
128 5L 5.4 11.0 9.0 7.0 10.5 5.9 

167 6S (5.8+2.6)" 13.0 2.4 d 12.0+7.5 f 
154 6L 2.3 5.6 + 3.0 6.6 + 2.5 4.7 7.2 + 1.6 ? 

152 7S 4.5 6.4 11.5 9.0 + 2.8 6.0 d 9.2 
129 7L 4.0 7.2 10.5 4.8 12.5 11.5 

a In the hexaploid wheat genomes 
b Located on 7R 

Present in the CS x Ae. umbellulata amphiploid, but not in the presumed group 4 addition, nor in the five other available addition 
lines 
d Located on 4R 
e Neither band is absent in stocks lacking 6A, 6B or 6D, so each represents at least two co-migrating fragments 
f The 12.0-kb fragment is located on 7U and the 7.5-kb fragment on 2U 

No extra fragments can be identified in the amphiploids, or in any of the addition lines analysed 
* These fragments are present in either the species or the amphiploid, but not in any of the six available addition lines, so they are 
presumed to be located on the chromosome not represented in each addition series (group 1 in barley, group 3 in Ae. umbellulata), 
in agreement with the location in the other two series of additions 
+ 4S signifies arms 4AL, 4BS and 4DS; 4L signifies arms 4AS, 4BL and 4DL (evidence for homoeologous relationships listed in 
Mclntosh 1988) 

Table 5. Sizes (kb) of BamHI fragments detected by the 14 probes in the genomes analysed. The chromosomal location in the alien 
species is given by the position in the table, except where indicated in the footnotes 

Probe Arm Genome 
location a 

A B D H R U 

161 1S 13.5 + 4.0 7.8 + 2.3 4.0 4.2 * 6.2 ? 
162 1L 4.8 5.2 5.4 5.8 * 5.7 ? 

135 2S 2.6 5.2 + 2.0 10.4 + 4.4 4.5 + 2.3 3.4 14.0 
101 2L 21.0 19.0+ 13.0 3.4 8.0 2.0 9.5 

123 3S 8.8 11.4 8.5 + 7.2 14.0 ? 8.0 * 
156 3L 18.0+ 10.4 7.0 9.0 14.0+ 10.0 21.0 20.0* 

144 4S + 9.5 3.6 14.0 11.0 17.0 b 13.0 
163 4L + 13.5 d 13.5 d 16.5 11.0 15.0 b 13.3 c 

118 5S 13.0 15.0 7.8 18.0+ 14.0 11.0 6.8+4.8 
128 5L 3.4 3.8 + 2.5 19.0+ 18.0 2.0 8.8 + 7.4 11.0 

167 6S 9.0 5.6 7.6 9.8 ? 10.5 + 6.4 �9 
154 6L 9.8 14.0 10.6 7.2 + 5.4 ? 5.8 

152 7S 6.4 4.3 6.6 2.6 ? ? 
129 7L 13.0 e 15.5 13.0 f 5.5 8.0 + 6.0 ? 

a. b. c. 7. *. + as in Table 4 
d Neither band is absent in stocks lacking 4A or 4B, so each represents at least two comigrating fragments 
�9 The 10.5-kb fragment is on 2U, and the 6.4-kb fragment is on 7U 
f The 13.0-kb band is present in stocks lacking 7A or 7D, so represents two co-migrating fragments 
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loci on 4AS, 4BL and 4DL in HindIII  digests (Table 4), 
detects a band of  hybridization 13.5 kb in BamHI di- 
gests, which does not disappear when either 4AS or 4BL 
are absent, al though there is a single BamHI  fragment on 
4DL (Table 5). The use of  two separate digests with 
HindII I  and BamHI,  however, enables the probes to de- 
tect loci on each of  the chromosome arms in each homoe- 
ologous group (Tables 4 and 5). In addition, the locations 
of  D N A  fragments hybridizing to the probes on the arms 
within each group are in agreement with previously de- 
termined homoeologies (Gale and Miller 1987; Sharp 
and Soltes-Rak 1988; McIntosh 1988), and the detected 
loci are not involved in any of  the translocations now 
known to have occurred between wheat chromosomes 
during the evolution of  hexaploid wheat (Naranjo et al. 
1987). 

Figure 1 also shows that probe 128 identifies and 
HindII I  fragment in Betzes present in the addition, and 
the Imperial and Ae. umbellulata amphiploids each have 
an additional fragment which is present in the respective 
group 5 additions, in addition to the three in CS. The 
same is evident with probe 118 with the Betzes and Ae. 

umbellulata addition lines, but in this case no discrete 
Imperial HindII I  fragment is visible in either the am- 
phiploid or the group 5 addition. However, the BamHI 
digests reveal that there are unique fragments on chro- 
mosome 5R, and it is likely that in HindII I  digests this 
probe detects an Imperial fragment o f  similar size to that 
from the CS 5B chromosome. The 5B band is of  equal or 
greater intensity to the 5D fragment in both the am- 
phiploid and 5R addition, whereas the ratios of  intensi- 
ties o f  these bands is reversed in the other tracks (Fig. 1). 

Overall using two restriction enzymes, the 14 probes 
were found to hybridize to D N A  fragments from the 3 
alien species, and the majority identify the same frag- 
ments in particular addition lines (Tables 4 and 5). Fig- 
ures 1 and 2 and Tables 4 and 5 also indicate a difference 
between HindII I  and BamHI,  in that HindII I  tends more 
often to give rise to one fragment per genome (and thus 
a simpler pattern), and that these fragments are more 
often within the more easily analysed size range (2 -10  
kb) than BamHI  fragments. HindIII ,  therefore, seems to 
be the enzyme of  first choice for these analyses. 

Homoeology  o f  chromosomes in the addition lines studied 

In the Betzes addition series, all of  the detected fragments 
are located to the addition lines expected by the homoe- 
ologies outlined in Table 1. Tables 4 and 5 also show that 
in the complete Imperial series, probes for groups 1, 2, 3 
and 5 identify fragments in the single appropriate addi- 
tion line, while the group 4, 6 and 7 probes reveal translo- 
cations in S. eereale relative to the wheat chromosomes. 
Probes 163 (wheat 4AS, 4BL, 4DL) and 152 (wheat 
group 7, S arm), which detect loci on chromosomes 7R 

Fig. 2. Hybridization of probe 128 to HindlII restricted DNA 
from a range of Triticeae species. Track i - Aegilops sharonensis 
(2x), 2 - Ae. vavilovii (6x), 3 Ae. biuncialis (4x), 4 Ae. crassa 
(4x), 5 - Ae. cylindrica (4x), 6 - Ae. juvenalis (6x), 7 Ae. ovata 
(4x), 8 Ae. uniaristata (2x), 9 - Ae. triaristata (6x), 10 - Ae. 
squarrosa (2x), 11 Ae. variabilis (4x), 12 - Agropyronjunceum 
(2x), 13 - Haynaldia villosa (2x), 14 - Ae. caudata (2x), 15 - Ae. 
speltoides (2x), 16 - Ae. mutica (2x), 17 Ae. longissima (2x), 
18 Hordeum bulbosum (2x), 19 - CS/5H ~h (group 5 H. chilense 
addition into CS), 20 CS/Ag. elongatum amphiploid (8x), 21 
Triticum durum (4x), 22 T. speha (6x), 23 - Ae. ventricosa (4), and 
24 - T. aestivum cv CS (6x) 

and 4R respectively, therefore corroborate the known 
group 4/group 7 translocation present in Seeale (Koller 
and Zeller 1976; Miller 1987). In addition, probe 144 
(4AL, 4BS, 4DS) also detects a locus on 4R, indicating 
the non-centric breakpoint of  the 4/7 Secale transloca- 
tion, as suggested by Koller and Zeller (1976). A further 
complication is that probe 167 (group 6, S arm) detects 
a locus on 4R, indicating that this chromosome also 
contains some group 6 genetic material (Tables 1 and 2). 
Although Koller and Zeller (1976) suggested the involve- 
ment of  6R in a translocation with 7R, they did not find 
that 4R has any homoeology with 6R. However, Rao 
and Rao (1980) have found loci controlling an identical 
6-PGD isozyme on 4R and 6R by analysis of  the Imperial 
addition lines, which may suggest some relationship be- 
tween these chromosomes. 

In the Ae. umbellulata series, the group 1, 2, 5 and 7 
probes identify fragments in the appropriate addition 
line only, but the other probes give a complicated pattern 
(Tables 4 and 5). The group 3 probes hybridize to alien 
fragments in the amphiploid which are not present in the 
six available additions and, therefore, the missing addi- 
tion is certainly of  homoeologous group 3. 

Probes 163 and 167 indicate that the chromosomes in 
the Ae. umbellulata addition series have a number of  
translocations relative to wheat. Probe 163 (wheat group 
4) does not detect D N A  fragments in the addition shown 
by probe 144 to be of  group 4, while the group 6 short 
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Fig. 3. Simplified scheme for the development of alien addition 
lines incorporating RFLP analysis to reduce the amount of test 
crossing and chromosome analysis needed. The stars indicate 
where RFLP analysis may be beneficial (see text). The meiotic 
chromosome pairing expected in the genotypes is indicated: 
21"W - 21 pairs of hexaploid wheat chromosomes, 7'A - 7 un- 
paired alien chromosomes 

arm probe, 167, detects two DNA fragments, one on 
each of the additions shown by the group 2 and 7 probes 
to be of  groups 2 and 7 (Tables 4 and 5). It is not possible 
to deduce from these locations if the translocations are 
present in the Ae. umbellulata parent or if they arose 
during the development of the addition lines. 

Tables 4 and 5 also indicate a closer relationship be- 
tween the R and U genomes of S. cereale and Ae. umbel- 
lulata, respectively, and the three wheat genomes, than 
between the H genome of H. vulgare and the hexaploid 
wheat genomes, since all of the H genome fragments 
differ from the A, B and D genome fragments, whereas 
eight R genome and five U genome fragments are of the 
same size as wheat fragments. This is in agreement with 
current ideas of  the evolutionary relationships within the 
Triticeae (Baum 1978). 

Evolutionary conservation of  eDNA sequences 
in Triticeae species 

The widespread use of these probes in facilitating alien 
gene transfers to wheat will require that they hybridize to 
fragments in all the relatives of  wheat which have or may 
be used in such work, i.e. species of  the tribe Triticeae. 
Tables 4 and 5 show that they hybridize to fragments in 
H. vulgare, S. cereale and Ae. umbellulata. Figure 2 
shows the hybridization of one of the probes (128) to 
HindlII-digested DNA of a number of other Triticum, 

347 

Hordeum, Aegilops, Agropyron and Haynaldia species. In 
all of the species examined, the probe hybridizes to 
specific fragments, which are usually of different lengths 
from those present in CS. It is probable that all of the 14 
selected probes will behave in this way, since they were all 
selected by their hybridization to fragments in H. vulgare, 
S. cereale Ae. umbellulata DNA (Tables 4 and 5), and 
many of the probes have been found to hybridize to the 
species shown in Fig. 2 (P. J. Sharp, S. Chao and S. Desai, 
unpublished results). This wide hybridization pre- 
sumably reflects the origin of these probes as eDNA 
clones, i.e. copies of active genes. The amount of evolu- 
tionary DNA sequence divergence in coding regions be- 
tween species of the Triticeae may not have been exten- 
sive enough to result in a lack of significant hybridization 
of wheat eDNA probes to DNA from the various species 
studied under the hybridization conditions used here. 

It is also clear from Fig. 2 that the number of frag- 
ments detected by the probe in the alien species is related 
to the ploidy level of the species; hexaploid Triticum spe- 
cies have three bands, the tetraploid Triticum species has 
two bands and some of the diploid Aegilops species have 
a single hybridizing fragment. However, others, notably 
the outbreeding species, may have more fragments than 
genomes, suggesting either heterozygosity for RFLP dif- 
ferences, or that the restriction enzyme used cuts within 
the region of DNA detected by the probe (Fig. 2). 

Use of  probes in the manipulation and analysis of  wheat 
and alien chromosomes within wheat 

Figure 3 shows a very simplified programme of hy- 
bridization and cytological screening necessary to pro- 
duce a collection of wheat-alien addition lines, each con- 
taining a single alien chromosome in disomic dose. The 
lines produced by the scheme would be uncharacterized 
with respect to homoeologous group. 

RFLP screening using a set of probes such as those 
described here could be applied at various levels in the 
process in order to make it more directed and efficient. 
Firstly, the amphiploid produced by chromosome dou- 
bling of the F 1 hybrid could be screened with the 14 
probes to identify alien DNA fragments, which could be 
followed subsequently in the procedure. The screening 
would also identify variant wheat fragments from the 
wheat parent if it was not CS. Subsequently, the 2n = 43 
plants selected by root-tip chromosome counts could be 
screened to assign the alien chromosomes present in dif- 
ferent plants to homoeologous group and eliminate any 
wheat trisomics. I f  a particular homoeologous group was 
not present in any monosomic addition plants, then 
plants with 2n > 43 would be screened to identify those 
with the lowest chromosome number containing the alien 
chromosome of interest. These could then be taken 
through further rounds of self-fertilization. In addition, 
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screening 2n = 44 plants  at  this stage will identify the rare 
disomic addi t ions  directly. After  a further round  of  self- 
ing of  the monosomic  addi t ion plants,  root- t ip  chromo- 
some counts  would identify disomic addi t ion lines. The 
same process,  combined with R F L P  analysis, would 
identify monosomic  or disomic addi t ions from the 
2 n > 4 3  plants,  if  necessary. R F L P  analyses of  the 
disomic addi t ion lines produced would also indicate the 
absence of  any other alien chromosomes in the back- 
ground.  These disomic addi t ions  would not  need to be 
intercrossed and meiosis examined in the hybrids in order  
to identify duplicates,  as the R F L P  analyses would have 
identified such duplicates earlier in the process. However,  
if  the R F L P  analyses indicate chromosomal  transloca- 
tions between separate addit ions,  then these could be 
backcrossed to the amphiplo id  and meiosis in the hybrids 
examined,  to identify disomic addi t ions with the same 
alien chromosomal  type as the amphiplo id  and those 
which had become t ranslocated during isolation. 

The ease of  detection of  t ranslocat ions with each of  
the probes  will depend on their in t rachromosomal  loca- 
tion. More  terminally located probes will be able to de- 
tect more  of  the non-centric  t ranslocat ions which may 
occur. R F L P  analysis, therefore, has the potent ial  both  
to increase the l ikel ihood of  obtaining a complete addi-  
t ion series where biologically possible [some addi t ion 
lines are weak or sterile (Islam et al. 1981)], and to greatly 
reduce the test crossing and meiotic screening of  the ad- 
dit ions needed to assign the addi t ions to homoeologous  
group and to detect any translocat ions which may have 
arisen (Gale and Mil ler  1987). Similarly, R F L P  analysis 
is a par t icular ly  efficient tool  for the subsequent isolat ion 
o f  alien chromosome subst i tut ion lines, since the probes 
not  only allow the presence o f  the alien chromosome to 
be assayed, but  also enable the direct and positive identi- 
fication of  the absent  wheat  chromosome.  

The probes can also be used to analyse the chromoso-  
mal  const i tut ion o f  wheat  itself. Figures 1 and 2 show 
that  the tetrasomic chromosome in the NT lines can be 
identified by the increased dose of  the appropr ia te  frag- 
ment,  since this is revealed as a more  intense band on the 
au torad iogram.  In addit ion,  it is possible to identify the 
chromosome present  in a single dose in 2n = 41 plants by 
the reduced dose o f  D N A  restr ict ion fragments located 
on par t icular  chromosomes  (Gale et al. 1988). 

These probes therefore represent a new resource for 
use in the analysis of  alien transfers and wheat  chromo-  
some manipulat ion.  They provide an extra set of  markers  
which can be used to facilitate the directed construct ion 
o f  genetic stocks for breeding novel characteristics into 
the wheat  crop. 

Acknowledgements. We are grateful to T. E. Miller and S. M. 
Reader for supplies of seed and cytological screening, and for 
discussions of the homoeologies of the alien chromosome addi- 
tion lines. 

References 

Baum BR (1978) Taxonomy of the tribe Triticeae (Poaceae) 
using various numerical taxonomic techniques. III. Synoptic 
key to Genera and synopses. Can J Bot 56:374-385 

Broglie R, Coruzzi G, Lamppa G, Keith B, Chua N-H (1983) 
Structural analysis of nuclear genes coding for the small 
subunit of wheat ribulose-l,5-bisphosphate carboxylase. 
Biotechnology 1:55-61 

Chapman V, Riley R, Miller TE (1975) Alien chromosome addi- 
tion and substitution lines. Annual Report 1974, Plant 
Breeding Institute, Cambridge, pp 125-126 

Driscoll C J, Sears ER (1971) Individual addition of the chromo- 
somes of "Imperial" rye to wheat. Agron Abstr 1971:6 

Forster BP, Reader SM, Forsyth SA, Koebner RMD, Miller 
TE, Gale MD, Cauderon Y (1987) An assessment of the 
homoeology of six Agropyron intermedium chromosomes 
added to wheat. Genet Res 50:91-97 

Gale MD, Miller TE (1987) The introduction of alien genetic 
variation into wheat. In: Lupton FGH (ed) Wheat breeding, 
its scientific basis. Chapman and Hall, London, pp 173-210 

Gale MD, Sharp PJ, Chao S, Law CN (1988) Applications of 
genetic markers in cytogenetic manipulations of the wheat 
genomes. Genome 31:137-142 

Islam AKMR, Shepherd KW, Sparrow DHB (1981) Isolation 
and characterization of euplasmic wheat-barley chromo- 
some addition lines. Heredity 46:161-174 

Johnson R, Lupton FGH (1987) Breeding for disease resistance. 
In: Lupton FGH (ed) Wheat Breeding, its scientific basis. 
Chapman and Hall, London, pp 369-424 

Kimber G (1967) The addition of the chromosomes of Aegilops 
umbellulata into Triticum aestivum (var. Chinese Spring). 
Genet Res 9:111-114 

Koller OL, Zeller FJ (1976) The homoeologous relationship of 
rye chromosomes 4R and 7R with wheat chromosomes. Ge- 
net Res 28:177-188 

Lamppa G, Morelli A, Chua N-H (1985) Structural and devel- 
opmental regulation of a wheat gene encoding the major 
chlorophyll a/b binding polypeptide. Mol Cell Biol 
5:1370-1378 

Maniatis T, Fritsch EF, Sambrook J (1982) Molecular cloning: 
a laboratory manual. Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor/NY 

Mclntosh RA (1988) A catalogue of gene symbols for wheat. In: 
Miller TE, Koebuer RMD (eds) Proc 7th Int Wheat Genet 
Symp, IPSR, Cambridge pp 1225-1324 

Miller TE (1984) The homoeologous relationship between the 
chromosomes of rye and wheat. Current status. Can J Genet 
Cytol 26:578-589 

Miller TE, Reader SM (1987) A guide to the homoeology of chro- 
mosomes within the Triticeae. Theor Appl Genet 74:214-217 

Naranjo T, Roca A, Goicoechea PG, Giraldez R (1987) Arm 
homoeology of wheat and rye chromosomes. Genome 
29:873-882 

Rao IN, Rao MVP (1980) Evidence for duplicate loci coding for 
6-phosphogluconate dehydrogenase in rye. Genet Res 
35:327-334 

Sharp PJ, Soltes-Rak E (1988) Homoeologous relationships 
between wheat group 2 chromosome arms as determined 
by RFLP analysis. In Miller TE, Koebuer RMD (eds) Proc 
7th Int Wheat Genet Symp, IPSR, Cambridge pp 635-638 

Sharp PJ, Kreis M, Shewry PR, Gale MD (1988) Location of 
fl-amylase sequences in wheat and its relatives. Theor Appl 
Genet 75: 289- 290 

Shepherd KW, Islam AKMR (1988) Fourth compendium of 
wheat-alien chromosome lines. In: Miller TE, Koebuer 
RMD (eds) Proc 7th Int Wheat Symp, IPSR, Cambridge 
pp 1373-1398 


