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Summary. An unusual  genomic D N A  clone, PSR454, 
was isolated f rom a part ial  genomic l ibrary of  wheat. 
This sequence is modera te ly  repeated and detects a t  least 
30 related sequences, all located in a tight linkage block 
on the long arm of  chromosome 3B. When used as a 
R F L P  probe,  PSR454 detects a high level of  po lymor-  
phism between wheat  varieties that  carry the sequence. 
There is no detectable hybr idisa t ion to sequences in one- 
third of  the varieties tested, providing an " o n - o f f "  poly-  
morphism that  can be detected on dot  blots, rather  than 
the more resource-consuming convent ional  Southern 
analysis. 

Key words: Hexaplo id  wheat  - Chromosome-specif ic  
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Introduction 

R F L P  mapping  in bread wheat  (Triticum aestivum, 
2 n = 6 x = 4 2 )  has been hampered  by the low levels of  
intervarietal  po lymorph ism detected with many  clones, 
par t icular ly  cDNAs ,  and by the complexities arising 
from polyplo idy  and the relatively large genome size 
(Gale et al. 1990). The discovery, during the analysis and 
evaluat ion of  different genomic libraries, of  a chromo-  
some-specific D N A  sequence that  reveals a high level of  
R F L P ,  and for which many  varieties display a "nul l"  
phenotype,  is described below. 

Materials and methods 

Library construction and screening 

Five micrograms of wheat leaf DNA, purified by CsC1 gradient 
centrifugation, was digested to completion with 20 units of 

EcoRI (Gibco-BRL) for 20 h and then ligated with pUC18 at 
room temperature for 4 h (King and Blakesley 1986). The bacte- 
rial strain Bozo 2.7 was transformed with the ligation mixture 
using the method of Hanahan (1983) and plated out on Xgal/ 
IPTG/ampicillin/LB plates (Maniatis et al. 1982). Clones were 
picked and grown individually, and plasmid mini-preparations 
were made. The inserts were found to be in the size range of 0.25 
to 2.5 kb. 

The DNA from these clones was hybridised to EcoRI-re- 
stricted total wheat genomic DNA using a dot blot apparatus 
(BioRad) to identify those containing highly repeated se- 
quences. Among the clones that hybridised strongly, many were 
identified as plastid sequences when subsequently probed with 
wheat chloroplast DNA. The remaining clones were then used 
as probes to hybridise to Southern blots of HindIII-restricted 
DNA of the nullisomic-tetrasomic lines of Chinese Spring. The 
majority of these were found to be moderately to highly re- 
peated, as concluded from the complex patterns of hybridising 
fragments produced. Only four provided a hybridisation pattern 
that could be analysed so as to locate hybridising fragments to 
particular chromosomes. One of these was PSR454, which de- 
tected fragments on only a single Chinese Spring chromosome. 

Genetic material 

The Chinese Spring nullisomic-tetrasomic (NT) and ditelosomic 
(DT) stocks produced by Prof. E. R. Sears, University of Mis- 
souri, Columbia (Sears 1954, 1966) were provided by T. E. 
Miller and S. M. Reader, Cambridge Laboratory. Other wheat 
genotypes and segregating populations referred to in the text 
were provided by A. J. Worland, Cambridge Laboratory. The 
barley genotypes were provided by J. W. Snape, Cambridge Lab- 
oratory, and the two rye genotypes by P. Masoj6, Academy of 
Agriculture, Szczecin, Poland. 

RFLP procedures 

All methods of DNA extraction, restriction enzyme digestion, 
agarose gel electrophoresis, alkaline Southern blotting to the 
nylon membranes Gene Screen Plus (Du Pont, NEN) or Hy- 
bond N § (Amersham), probe preparation and labelling were as 
described by Sharp et al. (1988). Prehybridisation was per- 
formed in 0.6 M NaC1, 20 mM PIPES (pH 6.8), 4 mM EDTA, 
0.2% gelatin, 0.2% Ficoll 400, 0.2% PVP-360, 1% SDS, 0.5% 
sodium pyrophosphate and 0.5 mg/ml autoclaved salmon testes 
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DNA for at least 2 h at 65~ After removal of this solution, 
hybridisation was performed with 32p-labelled probe in the 
same buffer at 65 ~ for 16 h. The membranes were washed twice 
at 65 ~ in 2 x SSC, t % SDS and twice in 0.2 x SSC, 1% SDS for 
15 rain each and exposed to Kodak XAR-5 film at -70~ be- 
tween two intensifying screens. 

DNA dot blot method 

Two hundred and fifty nanograms of total genomic DNA was 
digested with I unit of HindIII for 1 h and transferred onto 
Hybond N § membrane using a dot-blot apparatus (BioRad). 
The membrane was processed as above. 

Results 

Chromosomal location 

Two of  the four low-copy clones hybridised to sequences 
on each chromosome in homoeologous group 5 or ho- 
moeologous group 1, and one clone hybridised to se- 
quences in both groups 3 and 5. The remaining clone, 
PSR454 (600 bp), hybridised to fragments of  only a sin- 
gle chromosome, namely 3B. The lack of  detectable hy- 
bridising sequences in N3BT3A and DT3BS indicates 
that this probe is specific for sequences on the long arm 
of  chromosome 3B (Fig. I). This result was so unex- 
pected that the experiment was repeated, this time wash- 
ing at a lower stringency of  2 x SSC, without a second 
0.2 x SSC wash, and extending the exposure time from 
3 days to 1 month  (results not shown). Even after this 
length of  time, the N3BT3A and DT3BS lanes were still 
completely blank with no significant differences in the 
other lanes, demonstrating that PSR454 contained a se- 
quence specific to 3B alone. 

Copy number estimation 

The multiplicity of  restriction fragments hybridising to 
PSR454 shows that the copy number of  related sequences 
in Chinese Spring is greater than one. Depending on the 
restriction enzyme used to digest the genomic DNA,  
8 - 1 2  bands were observed, with some showing a much 
stronger hybridisation signal than others. To estimate the 
relative copy number of  this sequence per haploid ge- 
home, PSR454 insert D N A  was loaded on an agarose gel 
in amounts equivalent to a single sequence (0.4 pg), a 
sequence present in 10, 20, 30, 40, 50 and 100 copies, and 
10 ~tg of  EcoRI-restricted Chinese Spring DNA.  After 
Southern transfer, the membrane was probed with 
PSR454 and the intensities of  hybridisation were com- 
pared. The results (not shown) indicated that the se- 
quence represented by PSR454 is present in Chinese 
Spring in at least 30 copies per haploid genome. 

RFLP analysis 

PSR454 was hybridised to genomic DNAs  of  13 wheat 
varieties, 13 barley varieties and two rye varieties di- 

Fig. 1. Autoradiograph after hybridisation of EcoRI-digested 
genomic DNAs of the Chinese Spring (CS) homoeologous 
group 3 nullisomic-tetrasomic and ditelosomic lines with 
PSR454. M = HindIII-digested lambda DNA size marker 

Fig. 2a and b. Autoradiograph after hybridization of HindIII- 
digested genomic DNAs of 13 wheat varieties with PSR454. 
a Overnight electrophoretic separation of 10 b~g of digested 
DNA followed by Southern blotting. Blank lanes show the null 
phenotype. M=HindIII-digested lambda DNA size marker. 
b Direct transfer of 250 ng of HindIII-digested DNA using a dot 
blot apparatus 

gested with HindIII ,  EcoRI,  EcoRV or DraI. Of the 13 
wheat varieties tested, 9 carried hybridising fragments, 
while four (Timgalen, RL4137, Condor  and Synthetic) 
showed no detectable hybridisation at all, i.e. had a null 
phenotype for the PSR454 sequence (Fig. 2a). Among 
the 13 varieties analysed, three patterns were observed 



with EcoRI and four with DraI, EcoRV and HindIII,  
including the null phenotype. Overall, the level of RFLP, 
as measured by the proportion of differences in pattern 
detected in all possible pairwise comparisons between 
varieties, was 73% (69% for EcoRI, 72% for DraI and 
76% for EcoRV and HindIII). None of the barley vari- 
eties and only one of the ryes showed any detectable 
hybridisation to PSR454 (results not shown). 

Detection of RFLPs using dot blots 

Dot blot analysis demonstrated that the null phenotype 
varieties could be detected without electrophoretic sepa- 
ration followed by Southern blotting (Fig. 2 b). Reexpo- 
sure for a further month still detected no hybridisation 
on the null dots (results not shown). 

Genetic analysis 

The NT and DT analyses show that the sequence is re- 
stricted to the long arm of 3B. In order to determine 
whether the several copies are all closely linked or spa- 
tially dispersed on chromosome 3BL, two further exper- 
iments were carried out. Firstly, pulse-field gel elec- 
trophoresis (PFGE) separations of genomic DNA re- 
stricted with rare-cutting enzymes were performed to de- 
termine whether the several copies can be shown to be 
carried on only one large DNA fragment. Secondly, an 
analysis of a F z segregating population of a Chinese 
Spring • Synthetic cross was used to determine whether 
the copies recombine. 

Chinese Spring genomic DNA digested with NotI  
and NruI was separated using a contour-clamped homo- 
geneous electric field (CHEF) apparatus, with a pulse 
phase designed to provide a resolution of up to 3.3 Mbp 
and transferred to nylon membranes as described in 
Cheung and Gale (1990). Probing with PSR454 detected 
three NotI  fragments with approximately equal hybridis- 
ation signals totalling 6.4 Mbp and a major NruI band of 
2.8 Mbp, with less intense hybridisation elsewhere (re- 
sults not shown). This indicates that the minimum length 
of DNA containing sequences related to PSR454 is at 
least 2.8 Mbp, but it does not define the maximum size. 
When this minimum size is compared to the sum of the 
sizes of the seven fragments observed on the autoradio- 
graph in Fig. 1, approximately 224 kb (56 kb multiplied 
by 30/7 to account for copy number), it is clear that these 
related sequences cannot be arranged in tandem. 

Segregation analysis was performed on the EcoRI-re- 
stricted DNA of 96 F2 progeny of a cross between the 
wheat varieties Chinese Spring and Synthetic. Segrega- 
tion was consistent with single-locus inheritance (1 : 2 : 1), 
where presumptive heterozygotes were identified by a 
reduced hybridisation signal representing a halving of the 
number of copies (Fig. 3). However, as dominant ho- 
mozygotes were difficult to distinguish from het- 
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Fig. 3. Autoradiograph from the hybridisation of EcoRI-di- 
gested genomic DNAs of 16 of the 96 F 2 progeny of a Chinese 
Spring (CS) x Synthetic (Syn) cross with PSR454. Blank lanes 
show the Synthetic phenotype. Progenies 86, 88, 89, 90, 93 are 
probably heterozygotes 

erozygotes and some misclassification could have oc- 
curred, the segregation was also treated as a 3:1 ratio, 
with which it was also consistent. Thus, all sequences 
represented by PSR454 are inherited as a single linkage 
block. From the PFGE data this "locus" is at least 
2.8 Mbp in size. 

Discussion 

In this paper we have described the isolation of a member 
of a family of related chromosome-specific, moderately 
repeated DNA sequences in wheat. Of 73 random wheat 
cDNA clones described by Sharp et al. (1989), none were 
found to be chromosome specific. Random genomic li- 
braries are expected to be a source of noncoding, and 
thus perhaps chromosome-specific, sequences. In addi- 
tion, as non-coding regions may be less conserved than 
coding regions (Helentjaris and Gesteland 1983), ge- 
nomic libraries may contain sequences that are more 
likely to demonstrate RFLP than cDNA libraries. The 
isolation of PSR454 from one such library would seem to 
support this. Indeed, the level of RFLP (73%) observed 
using PSR454 is the highest recorded in our laboratory 
with a RFLP probe. For comparison, Chao et al. (1989) 
recorded a mean of 8.7% for RFLP at 54 loci identified 
with 18 cDNA clones. 

Null alleles resulting from the lack of detection of 
sequences hybridising to single-copy clones have been 
reported in lettuce (Landry et al. 1987), tomato (Zamir 
and Tanksley 1988) and rice (McCouch et al. 1988). Since 
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in wheat,  most  low-copy clones detect sequences in all 
three consti tuent  genomes (Chao et al. 1989) then, even 
if null alleles in one genome are found, convent ional  
Southern analysis is required to detect them in the pres- 
ence of  related sequences in the other two genomes. 
However,  since PSR454 is chromosome specific, related 
sequences are absent in the other genomes, allowing anal- 
ysis by the dot  blot  method,  avoiding the necessity of  
agarose gel electrophoresis and Southern blott ing. We 
estimate that  this method  is at  least as twice as fast as, 
and less than half  the cost of, s tandard  R F L P  analysis. 

I t  is interesting to speculate about  the origins of  
the PSR454 sequence. Considering its chromosome 
specificity and variabili ty,  its discovery in a genomic 
rather  than in a c D N A  l ibrary is expected. The observa- 
t ion that  PSR454 is present  in some wheat  varieties but  
not  in others suggests that  it has little adapt ive  signifi- 
cance. Its locat ion on a single chromosome and in a 
single l inkage block implies a recent origin, as one might  
have expected an "o lder"  repeat  sequence to be present 
on more than one chromosome due to t ransposi t ion and 
other  events. This suggests that  the source could be a 
single ancestral  variety. However,  an exhaustive pedigree 
study did not  reveal such a result. Indeed, analysis of  one 
accession of  each of  31 alien relatives of  wheat, including 
Triticum, Hordeum, Aegilops, Agropyron and Dasypyrum 
species, showed this sequence to be present  or  absent  in 
a way which yielded no clue to its origin; for example, it 
is present in one accession of  each of  Hordeum bulbosum, 
Aegilops uniaristata and Aegilops sharonensis, but  not  in 
13 different Hordeum vulgare cultivars, nor  in an acces- 
sion of  Aegilops triaristata or Aegilops longissima. We are 
screening a wider dis t r ibut ion of  species to include other 
cereals such as maize and rice, in order  to determine 
whether these species also have sequences related to 
PSR454. 
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