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In situ localization of yeast artificial chromosome sequences on tomato 
and potato metaphase chromosomes 
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In situ localization of short low- or single-copy se- 
quences is still difficult in plants. One solution to this 
problem could be the use of large yeast artificial chro- 
mosomes (YACs) for fluorescence in situ hybridiza- 
tion. Two YACs specific for a single copy marker 
on the long arm of the NOR-chromosome 2 of tomato 
(l.ycopersicon esculentum) were selected. Both 
probes hybridized exclusively to this chromosome, 
although one produced a slightly dispersed hybridiza- 
tion signal. Hybridization of these YACs onto potato 
chromosomes showed a clear single locus on the 
homoeologous potato chromosome in both cases. 
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I n t r o d u c t i o n  

During the last decade, fluorescence in situ hybridiza- 
tion (FISH) has been used successfully for cytological 
mapping of repetitive sequences and multigene families 
in plant genome analysis. However,  the localization of 
short low- or single-copy sequences is still difficult. At 
present, reliable in situ detection on plant metaphase 
chromosomes requires a target sequence of at least 10 
kb per locus (Ambros et al. 1986, Lehfer et al. 1993, Leitch 
& Heslop-Harrison 1993, Fuchs et al. 1994a, Jiang & Gill 
1994, Fuchs & Schubert 1995). Alternatively, large insert 
clones such as those available from libraries construc- 
ted in yeast (YAC, Burke et al. 1987) or bacterial (BAC, 
Shizuya et al. 1992) artificial chromosomes may be used. 
Such clones contain up to several hundred kb of DNA 
of which a large proportion is specific for the respective 
locus in the genome. Thus, they should provide a strong 
hybridization signal at this locus relative to a weak 
background signal. However,  with increasing genome 
size such clones contain disproportionally more repe- 
ated DNA sequences that hybridize to almost all re- 
gions in a genome and hence obscure the locus 
containing the unique sequences. In genomes that are 
not too complex (e.g. mammals),  the hybridization 

signals caused by the interspersed sequences can be 
suppressed by prehybridization with unlabelled geno- 
mic DNA or the respective Cot 1 fraction. However,  in 
organisms with very large genomes such as many 
plants, the high amount  of short dispersed repetitive 
sequences makes successful in situ localization of com- 
plex probes impossible even with blocking (Fuchs et al. 
1994b, 1996). 

Recently, BACs were successfully used for in situ 
localization in plants (rice, Sorghum, cotton) with a 
relatively small genome size (1C~1  pg; Woo et al. 
1994, Jiang et al. 1995, Hanson et al. 1995). Correspond- 
ing data for YACs have not yet been reported. 

In this study, we present data on the feasibility of in 
situ hybridizat ion of YACs onto tomato metaphase 
chromosomes. Tomato provides an ideal subject for 
testing this because of the availability of a saturated 
genetic map based on restriction fragment length poly- 
morphism (RFLP) markers for the isolation of probes 
(Tanksley et al. 1992). Furthermore, this genetic map 
contains several cytogenetic landmarks such as the 
nucleolus organizer region (NOR), 5S rRNA genes, 
macrosatellites and subtelomeric repeats suitable for 
chromosome identification. Finally, a large wealth of 
data is available on the structure, dispersion pattern, 
evolutionary conservation and copy number  of the 
major interspersed repeated DNA sequences that can 
be used to explain hybridization data obtained in such 
experiments (Ganal et al. 1988, Zamir & Tanksley 1988). 

Materials and methods 

Isolation of chromosome-specific YACs 
The YAC library of tomato (Martin et al. 1992) was screened by 
polymerase chain reaction (PCR) with a primer pair derived 
from a chromosome-specific RFLP marker. For this purpose, 
the cloned marker CT277 (900 bp), localized on chromosome 2 
of the molecular linkage map of the tomato genome (Tanksley 
et al. 1992), was sequenced from both ends with an A.L.F. 
sequencer (Pharmacia) according to standard procedures. A 
primer pair for this marker was designed for PCR amplifica- 
tion (CAT CTC ACA GTG TTT TGC AG and GAT GCT GGC 
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ATT GTT GCT TC). Screening of the YAC library was done 
according to Green & Olson (1990) with some modifications: 
the YAC library consisting of more than 36000 clones was 
organized in 380 DNA pools containing 96 single yeast clones 
each. In the first step DNA pools were screened by PCR with 
the above-mentioned CT277-specific primer pair and ampli- 
fied fragments were analysed by separation on 1% agarose 
gels. The 96 yeast clones of those DNA pools that revealed 
marker-specific fragments were subjected directly to a second 
PCR step. For lysis of cells, 5 ~1 of a 1 mg/ml solution of 
zymolyase 100 T (ICN) was added to 5 til of the glycerol stock 
cultures and incubated for 30 min at 37~ Then, PCR was run 
in a total volume of 50 ~1. After this second PCR step, single 
positive clones were isolated on selective media and intact 
yeast chromosomes were extracted according to Carle & Olson 
(1985). The size of the respective YACs was determined by 
pulsed-field gel electrophoresis (PFGE), blotting and hybri- 
dization with the marker. YAC DNA was isolated from agarose 
(low-melting point) gels after PFGE by adsorption to glass 
milk (Vogelstein & Gillespie, 1979) with a Gene Clean Kit (Bio 
101). 

In situ hybridization 
Metaphase spreads of tomato (cv. Moneymaker) and a dihap- 
loid potato (BP89/22, kindly provided by Dr Schuchmann, 
Firma Bioplant, Ebstorf) were made on glass slides from root 
tips of seedlings grown on wet filter paper, treated on 0.05% 
colchicine for 2 h, fixed in 3:1 ethanol-acetic acid and digested 
in 1% pectinase and 1% cellulase (in 0.01 M citric acid-sodium 
citrate buffer, pH 4.5-4.8) for 30 rain at 37~ After squashing 
of meristems in 45% acetic acid, slides were used immediately 
for FISH or stored in glycerol at 4~ 

YAC DNA was labelled with Biotin-16-dUTP either by PCR 
(Fuchs et al. 1994b) after amplification with degenerated pri- 
mers according to Pich et al. (1994) or directly by nick transla- 
tion using a kit (Amersham) according to the instructions of 
the manufacturer. FISH was performed as described by Fuchs 
& Schubert (1995). Metaphases were evaluated using a Zeiss 
Axioskop with appropriate filter combinations. Fluorochrome 
images were captured separately with a cooled CCD camera 
(Photometrics), pseudocoloured and merged and in some 
cases processed on the computer (Adope Photoshop, Gene 
Join). Complete images were printed on a Phaser II SDX 
(Tektronix). 

Results and d iscussion 

YAC isolation and characterization 
For the purpose of testing the feasibility of in situ 
hybridizat ion with entire YACs on tomato chromo- 
somes, we have focused on chromosome 2. This chro- 
mosome contains the NOR with the ribosome RNA 
genes on the short arm. Therefore, chromosome 2 is 
easily identifiable, for instance, by propid ium iodide 
staining. For the isolation of YACs, we have chosen 
CT277 as a marker that is approximately in the centre of 
the genetic map of the long arm of chromosome 2. After 
partial sequencing of CT277, oligonucleotide primers 
were designed and used for the screening of a l ibrary of 
YACs as described in the Materials and Methods. Three 
YAC clones (YAC 117.A05 =200 kb, YAC 153.B12 = 370 

kb, YAC 610.H01 =180 kb) out of approximately five 
genome equivalents were identified with these primers. 
Unfortunately, the largest YAC clone co-migrated with 
a yeast chromosome on pulsed-field gels and thus could 
not be purified from yeast DNA. Because of this, the in 
situ hybridizat ions were performed with only two 
clones (YAC 117 and YAC 610). Preliminary data on 
these two YACs indicate that they most probably ex- 
tend into opposite directions from the CT277 site (data 
not shown). 

In situ hybridization on tomato chromosomes 
For in situ hybridizations,  the respective YAC clones 
were purified on preparative pulsed-field gels and 
excised from such gels. In situ hybridizations with 
biotin-labelled YAC DNA without  any blocking with 
genomic DNA revealed clear signals on 60% of 40 
inspected metaphase plates in both cases. Signals were 
always associated with the NOR-carrying chromosome 
of tomato. No other chromosome besides chromosome 
2 was reproducibly labelled with either of the two 
YACs. This indicates the absence of repetitive sequences 
dispersed along all chromosomes from both YACs. 
However, the signals obtained with the two YACs were 
slightly different. While YAC 117 resulted in two dis- 
tinct signals on both chromatids of chromosome 2 
(Figure lf), YAC 610 produced dispersed hybridization 
signals and apparent ly  labelled the entire chromosome 
2 (Figure la). After image processing by empirical 
changing of brightness and contrast of the signal image, 
only the two most intensive signal dots remained visi- 
ble at a similar chromosomal position as for YAC 117 
(Figure lb). The interspersed hybridizat ion pattern of 
YAC 610 on chromosome 2 is probably caused by 
repeated DNA sequences in the region that is contained 
in YAC 610 and which are predominant ly  located on 
this chromosome of tomato. 

In situ hybridization with. tomato YACs onto potato 
ch romosomes 
From genetic mapping,  it is known that the chromo- 
somes of tomato and potato are co-linear, except for a 
small number  of inversions. More than 99% of all 
single-copy tomato probes cross-hybridize under  stan- 
dard hybridizat ion condit ions (Tanksley et al. 1992). In 
addit ion,  repeated DNA sequences of tomato, including 
the major tandemly (TGRI) and interspersed repeated 
(TGRII) sequences are absent from the potato genome 
(Ganal et al. 1988, Zamir  & Tanksley 1988). Thus, we 
have tested whether it is possible to use the tomato 
YACs as probes for in situ hybridizat ions onto potato 
chromosomes and whether by this method, a clearer 
hybridizat ion signal for YAC 610 is obtainable. As 
chromosomes 2 of tomato and potato are absolutely 
co-linear based on current data and both contain the 
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Physical mapping of YAC sequences 

Figure 1. Physical mapping of YACs 117 and 610, both specific for chromosome 2, on metaphase chromosomes of tomato 
and potato via fluorescence in situ hybridization. Biotinylated YAC DNA was detected with streptavidin-FITC and 
chromosomes were counterstained using propidium iodide (PI). Scale bar = 10 i~m. a-r YAC 610 hybridized onto tomato 
chromosomes. The hybridization pattern reveals dense signals along the entire chromosome 2 (a). The same metaphase 
after image processing shows reduction of signals to the two most intensive spots on each chromosome (b). The same 
metaphase after PI staining, the GC-rich NOR on chromosomes 2 reveal the brightest fluorescence (c). d-e The same YAC 
hybridized onto homoeologous chromosomes of potato resulted in distinct dots on each satellite chromosome (d). The 

NOR on the short  arm, this chromosome should  readi ly  
be identified in a d ihap lo id  potato.  

Hybr id iza t ion  with both YACs on pota to  chromo- 
somes indeed yie lded the expected hybr id iza t ion  sig- 
nals exclusively on the NOR-carry ing  chromosome 2 of 
potato.  Interestingly, YAC 610, which gave d ispersed  
hybr id iza t ion  signals on chromosome 2 of tomato,  
resulted in a very dist inct  signal in more than 40% of 

the 25 inspected metaphase  plates  (Figure ld) .  This 
suppor t s  the assumpt ion  that  the d i spersed  label l ing of 
chromosome 2 of tomato  was caused by  an in terspersed 
repeated  DNA element  that  does not  cross-hybr id ize  
to the pota to  genome. As in tomato,  YAC 117 label led 
the same pota to  chromosome in about  25% of the 
inspected metaphase  plates  at a single locat ion on 
chromosome 2. 
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Conclusions 

In this paper, we have shown that YACs in the size 
range of approximately 200 kb can be used for in situ 

hybridizat ion on tomato metaphase chromosomes even 
without  the need for blocking repeated DNA sequen- 
ces. The specificity of the signal was confirmed by the 
selection of YACs that label the cytogenetically identi- 
fiable chromosome 2. Thus YACs provide a tool to 
localize low- or single-copy genes in plants in the same 
way as BACs do in Sorghum, rice and cotton (Woo et al. 

1994, Jiang et al. 1995, Hanson  et al. 1995). These three 
species have relatively small genomes (1C ,-~ 1 pg, for 
review of angiosperm DNA contents see Bennett & 
Leitch 1995) and hence a relatively low amoun t  of 
repeated DNA sequences. For larger, more complex 
genomes (>  5 pg, e.g. wheat, barley, field bean), how- 
ever, this will be much more difficult owing to the much 
higher number  of repeated sequences on large insert 
clones and the fact that it has not yet been possible to 
suppress sufficiently these disperse repetitive elements 
by competi t ion with genomic DNA (Fuchs et al. 1996). 

Furthermore,  this s tudy demonstrates  that large in- 
sert clones of tomato can be used in in situ hybridiza- 
tions with closely related species (here potato). In fact, 
the low evolut ionary conservation of repeated DNA 
sequences allows a more precise localization on homo- 
eologous chromosomes as shown for one YAC. This 
might  be a solution for the analysis of organisms with 
large genomes in the way that large insert clones from 
closely related species are used for in situ hybridizat ion,  
provided the single-copy sequences on the respective 
YACs are not too short and too distant from each other 
to yield reproducible signals. 

A set of selected YACs of tomato could be used by 
s imul taneous differential labelling for the individual i -  
zation of single chromosome pairs that are not distin- 
guishable by other means. The s imultaneous 
hybridizat ion of YACs from a given organism onto 
a closely related species might  allow the s tudy of 
chromosomal rearrangements  that occur dur ing  specia- 
tion as well as synteny relationships. In the same way, 
the use of YACs as probes for in situ hybridizat ion could 
allow the isolation of specific chromosomes by chro- 
mosome sorting (Pich et al. 1995). Finally, the use of 
whole YAC in situ hybridizat ion will open the door for 
the cytogenetic analysis of chromosomal landmarks  
such as centromeres in the way that large centro- 
mere-associated YAC clones can now be analysed, 
whether they identify all centromeres of a given plant. 
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