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Summary. Specific amplification of human sequences of 
up to several kb length has recently been accomplished 
in man-hamster and man-mouse somatic hybrid cell DNA 
by IRS-PCR (interspersed repetitive sequence - poly- 
merase chain reaction). This approach is based on oligo- 
nucleotide primers that anneal specifically to human 
Alu- or Ll-sequences and allows the amplification of any 
human sequences located between adequately spaced, 
inverted Alu- or Ll-blocks. Here ,  we demonstrate that 
probe pools generated from two somatic hybrid cell lines 
by Alu- and LI-PCR can be used for chromosome paint- 
ing in normal human lymphocyte metaphase spreads by 
chromosomal in situ suppression (CISS-) hybridization. 
The painted chromosomes and chromosome subregions 
directly represent the content of normal and deleted 
human chromosomes in the two somatic hybrid cell lines. 
The combination of IRS-PCR and CISS-hybridization 
will facilitate and improve the cytogenetic analysis of so- 
matic hybrid cell panels, in particular, in cases where 
structurally aberrant human chromosomes or human 
chromosome segments involved in interspecies translo- 
cations cannot be unequivocally identified by classical 
banding techniques. Moreover,  this new approach will 
help to generate probe pools lot the specific delineation 
of human chromosome subregions for use in cytogenetic 
diagnostics and research without the necessity of clon- 
ing. 

Introduction 

Panels of interspccies hybrid cell lines, such as man- 
mouse or man-Chinese hamster cell lines, have provided 
an important too[ for gene mapping. The usefulness of 
such panels fl)r the mapping of human genes depends on 
the precise characterization of their human chromosome 
content. The human chromosomes in hybrid cell lines 
often underoo a variety of chan~es durino construction 

O~tl.'int requests to: T. Cromer 

and propagation of the somatic hybrids, including dele- 
tions, duplications, and interspecies translocations or in- 
sertions. Classical cytogenetic analyses of these hybrids 
are tedious and difficult, whereas analyses based on 
Southern hybridization are representative only for small 
chromosome regions around the mapped probe. Non- 
radioactive in situ hybridizaton (NISH) of total genomic 
human DNA has provided a tool for the specific delinea- 
tion of human chromosome material in hybrid cell lines 
(Schardin et al. 1985, Manuelidis 1985: Durnam et al. 
19851, but these analyses, even when combined with ad- 
ditional banding procedures, are hampered by the fact 
that the chromosomal origin of small centric fragments 
or small interspecies translocations and insertions still 
cannot be pinpointed unequivocally in many cases (A. 
Brackner and T. Cremer, unpublished observations). 

Recently, chromosomal in situ suppression (CISS-) 
hybridization protocols have been developed that allow 
the use of complex probe sets, such as complete DNA 
libraries derived from sorted human chromosomes, to 
visualize individual chromosomes in a highly specific 
manner (Pinkel et al. 1988: Lichter et al. 1988a: Cremer 
et al. 1988). This technique, which is also referred to as 
chromosome painting (Pinkel et al, 1988), has provided 
a novel approach to improve the cytogenetic evaluation 
of hybrid cell lines (Kievits et al. 1990: Boyle et al. 
19901. In this way, chromosomes or chromosomal sub- 
regions of a parental species present in a given hybrid 
cell line can be directly visualized in normal metaphase 
spreads of the parental species in question. For this pur- 
pose, Kievits et al. (1990) have preannealed biotinylated 
total man-mouse hybrid cell DNA with a titrated amount 
of unlabeled human genomic competitor DNA and hy- 
bridized the preannealed probe to normal human meta- 
phase spreads. Similarly. Boyle et al. (1990) hybridized 
biotinylated total DNA of a mouse-hamster hybrid cell 
line to normal mouse metaphase spreads after prean- 
nealing with unlabeled genomic mouse and hamster com- 
petitor DNA. Since the chromosomes of interest present 
in these hybrid cell lines constitute only a minor fraction 
of the biotinylated total DNA, this elegant approach 



may have limited sensitivity (Boyle et al. 1990). In par- 
ticular, chromosomes or chromosome segments that are 
only present in a small subpopulation of the hybrid cells 
may escape detection. 

To increase further the sensitivity of this approach, 
we have applied IRS-PCR (interspersed repetitive se- 
quence-polymerase chain reaction) (Nelson et al. 1989: 
Ledbetter  et al. 1990). IRS-PCR allows the specific am- 
plification of human D N A  sequences from man-mouse 
or man-hamster hybrid cell DNA,  For this purpose, oli- 
gonucleotide primers have been established that under 
appropriate conditions of stringency hybridize specifi- 
cally to human Alu repeats or human L1 repeats but not 
to related sequences present in mouse or Chinese ham- 
ster genomic DNA.  Alu-repeats and Ll-repeats repre- 
sent short and long interspersed repeat elements (SINES 
and LINES),  respectively, which are present in approxi- 
mately 10 ~ (Alu) and 104'105 (L1) copies in the human 
genome. IRS-PCR of hybrid cell D N A  with either the 
Alu primer 517 or the L1 primer recently described by 
Nelson et al. (1989) and Ledbetter  et al. (1990) results in 
the amplification of any human D N A  sequence located 
between two inverted blocks of human Alu- or Ll-re- 
peats, provided that these blocks are located within a 
distance that can be bridged by PCR. 

As a model case, we have amplified human DNA se- 
quences from the Chinese hamster hybrid cell line C1 21 
containing an apparently normal X chromosome as the 
only known human chromosome material, and from the 
mouse hybrid cell line RuRag 6 containing various human 
chromosomes in a small fraction of the ceils. The ampli- 
fication products were biotinylated and used as probes for 
chromosomal in situ suppression (CISS-) hybridization to 
metaphase spreads from normal PHA-stimulated human 
lymphocytes (Lichter et al. 1988a; Pinkel et al. 1988). 

Materials and methods 

Cell lines 

ture using E. coil LE 392 as the bacterial host. Purification of phages 
and extraction of phage DNA was carried out as described by 
Maniatis et al. (1982). 

Interspersed repetitive sequence - 
polymerase chain reaction (1RS-PCR) 

Hybrid cell DNA (100ng) was used in a 100lal assay containing 
l l aM Alu-primer 517 (Nelson et al. 1989) or Ll-primer (Ledbetter 
et al. 199(I). 10mM TRIS-HCI (pH 8.4), 50mM KC1, 1.5mM 
MgCI,, 0.01% gelatin, 2501aM of each of the four dNTPs and 2.5 
units of Thermus aquaticus DNA polymerase (Perkin Elmer/ 
Cetus). As a control, the same assays were performed with mouse 
and Chinese hamster genomic DNA. AIu-PCR reaction conditions 
were as follows: after initial denaturation at 92~ for 3 rain. 30 
cycles of PCR were carried out with denaturation at 92~ for 1 rain 
annealing at 61~ for l min, and extension at 72~ for 4rain. For 
LI-PCR reactions, the same conditions were used except that the 
annealing temperature was 55~ PCR-products were ethanol pre- 
cipitated and the pellets resuspended in double distilled water and 
analvzed by agarose gel electrophoresis. 

CISS-hybridization and probe detection 

Labeling of DNA probes with biotin-11 dUTP, CISS-hybridization 
and probe detection with avidin conjugated with fluorescein 
isothiocyanate (FITC) or tetramethylrhodamine isothiocyanate 
(TR[TC) was carried out as described previously (Lichter et al. 
1988a) with the following modifications: 300ng of biotinylated 
Alu- or Lt-PCR-amplified hybrid cell DNA was used as a probe 
after preannealing with various amounts (3-9 lag) of an unlabeled 
Cotl-DNA fraction (BRL/Life Technologies, cat. no. 5279SA), 
kindly provided by Dr. Peter Lichter. The signals were amplified 
once according to the protocol of Pinkel et al. (1986). In double 
CISS-hybridization experiments, DNA probes labeled with di- 
goxigenin (Kessler et al. 1990: Seibl et al. 1990) were applied ac- 
cordingly. FITC-conjugated sheep-anti-digoxigenin Fab fragments 
(Boehringer Mannheim) were used for detection (Lichter et al. 
1990). Chromosome preparations were counterstained with (1.2 lag/ 
ml DAPl and I lag/ml propidium iodide, mounted in fluorescence 
antifading buffer (1 mg p-phenylendiamine in I ml glycerine buffer, 
pH 8.0), and evaluated with a Zeiss photomicroscope III equipped 
for epifluorescence. Microphotographs were taken with AGFA- 
CHROM 1000 RS color slide film. 

The man-hamster hybrid cell line CI 21, kindly provided by Dr. 
Peter Vogt, was originally established in Dr.Peter Goodfellow's 
laboratory (Imperial Cancer Research Fund Laboratories, Lon- 
don, UK). The man-mouse hybrid cell line RuRag 6 was kindly 
provided by Dr. K.-H. Grzeschik (Institute of Human Genetics, 
University of Marburg, FRG). 

Chromosome preparations 

Metaphase chromosome spreads were obtained from hybrid cell 
lines and from phytohemagglutinin (PHA)-stimulated normal 
male and female human blood lymphocytes using standard proce- 
dures (Cremer et al. 1988). Preparations were stored in 70% 
ethanol at 4~ until use. 

DNA preparations 

Human genomic DNA was prepared from blood, whereas mouse 
genomic DNA and Chinese hamster genomic DNA were prepared 
from liver (Maniatis et al. 1982). Recombinant bacteriophage 
DNA libraries from sorted human chromosomes were obtained from 
the American type culture collection (chromosome 7, LA07NS01: 
chromosome 11. LLllNS01: chromosome 20, LL20NS01: chro- 
mosome X, LAOXNL01). Libraries were amplified in liquid cul- 

Results 

Optimization of  IRS-PCR conditions 

Annealing temperatures for the Alu- and Ll-primers 
were systematically varied (data not shown) and chosen 
as low as possible to achieve primer annealing to consen- 
sus sequences of as many human Alu- and Ll-repeat  
blocks as possible, but to avoid annealing to related se- 
quences in the Chinese hamster and mouse genomes 
(see Methods for the protocol that yielded optimum re- 
sults in our hands). Lower annealing and extension tem- 
peratures also resulted in substantial amplification of 
D N A  sequences from these species (data not shown). 
Figure 1 shows IRS-PCR amplification products from 
the hybrid cell line CI 21 and RuRag 6 after separation 
on a 1.2% agarose gel. Alu- and L1-PCRs reproducibly 
yielded distinctly different patterns of amplification pro- 
ducts in both hybrid cell lines. The products ranged in 
size from approximately 300 bp up to 4 kb under our syn- 
thesis conditions. In contrast, no amplification products 



Fig.1. Agarose gel electrophoresis of amplification products ob- 
tained by Alu-PCR (lanes 1.3, 7, 9) and L1-PCR (lanes 2, 4, 8, 10) 
of various DNA sources. Lanes 1, 2 Chinese hamster DNA (CHO) 
(negative control)- lanes 3, 4 man-Chinese hamster hybrid cell line 
C1 21: lane 5 123bp ladder (Bethesda Research Laboratories); 
lane 6 lambda DNA digested with HindlII: lanes 7. 8 man-mouse 
hybrid cell line RuRag 6: lanes 9, 10 mouse liver DNA (negative 
control) 

were seen when mouse or Chinese hamster genomic 
DNA was used as a template. 

CISS-hybridization o f  IRS-PCR probes 
to human lymphocyte metaphase spreads 

Results of typical CISS-hybridization experiments per- 
formed with biotinylated IRS-PCR amplification pro- 
ducts as probes to normal human lymphocyte metaphase 
spreads are shown in Fig. 2a-h. Both Alu- and L1-PCR 
probes obtained from CI 21 resulted in the exclusive 
painting of the whole X-chromosome (Fig. 2a, b). Paint- 
ing of this chromosome was particularly intense when 
the two types of probes were applied jointly (Fig. 2c). 
These results are in agreement with previous cytogenetic 
analyses of C1 21, which indicated that the X chromo- 
some was the only human chromosome in this hybrid cell 
line. 

Figure 2d shows a typical result of CISS-hybridiza- 
tion of the Ll-amplification probe obtained from the 
RuRag 6 hybrid cell line to a normal human male meta- 
phase spread. Both chromosomes 11 are painted along 
their whole length. In contrast, the single human X chro- 
mosome is specifically covered with fluorescent dots 
only on its long arm. Similarly, the long arm is exclu- 
sively painted in the two chromosomes 7, although paint- 
ing of this arm is more intense. Figure 2 (f, g) demon- 
strates painted chromosomes 7 at higher magnification. 
In addition, slight painting of chromosome 20 was also 
occasionally observed (not shown). Control experiments 
using identical amounts of total hybrid cell DNA instead 
of the IRS-PCR probes did not result in any detectable 
signal (not shown). 

C1SS-hybridization o f  human chromosomes 
in RuRag 6 hybrid cells 

The experiments described above indicate the presence 
of human chromosomes 11, 20, 7q and Xq in RuRag 6 

hybrid cells. The following experiments were performed 
to determine the percentage of hybrid cells containing 
these chromosomes and chromosomal subregions. For 
this purpose, bacteriophage DNA libraries from the re- 
spective chromosomes were hybridized under suppres- 
sion conditions to hybrid cell metaphase spreads and in- 
terphase nuclei. These experiments confirmed the pres- 
ence of human chromosomes 7, 11, 20 and X in this cell 
line (Table la, b). Whereas chromosomes 11 and 20 ap- 
peared structurally normal in most metaphase spreads, 
chromosomes 7 and X showed deletions of the short 
arm. Interspecies translocations were also seen in rare 
cases (not shown). Notably, fluorescent in situ hybrid- 
ization with biotinylated human genomic DNA showed 
the presence of human chromosome material only in a 
minor fraction of metaphase spreads and interphase nuc- 
lei (Table la, b). In most cases, the labeled cells con- 
tained only one labeled human metaphase chromosome 
or interphase chromosome domain. Percentages of in- 
terphase nuclei with painted human chromosome domains 
were lower than the percentages of painted metaphase 
spreads (compare Table la with b). We suggest that this 
difference indicates that probe penetration in interphase 
nuclei was less effective than in metaphase chromosomes. 

The results so far do not exclude the possibility that a 
small fraction of RuRag 6 hybrid cells contains human 
chromosome material other than the material described 
above. To solve this question, a double fluorescent in 
situ hybridization experiment was carried out. In this ex- 
periment, human genomic DNA, labeled with digoxige- 
nin, was cohybridized to hybrid cells with biotinylated, 
combined bacteriophage DNA from sorted human chro- 
mosomes 7, 11, 20, and X libraries. After detection of 
the digoxigenin-labeled human genomic sequences with 
FITC and of the biotinylated sequences with TRITC, all 
analyzed ceils, which showed FITC-signals indicative for 
the presence of human chromosome material (10 meta- 
phase spreads and 240 interphase nuclei), also showed 
colocalization of the TRITC-signal (Fig. 2i-k). We con- 
clude from this result that the human chromosome mate- 
rial that can be detected in the RuRag 6 hybrid cell line 
by in situ hybridization with human genomic DNA is in- 
deed fully represented by chromosomes 7, 11, 20 and X 
as described above. 

Discussion 

The results of this study demonstrate that IRS-PCR with 
human SINES and LINES directed oligonucleotide prim- 
ers (Nelson et al. 1989; Ledbetter et al. 1990) can be 
used to generate probes from somatic hybrid cell lines 
that are useful for the painting of specific human chro- 
mosomes and chromosomal subregions. This approach 
provides a new and rapid strategy for the cytogenetic 
characterization of somatic hybrid cell panels used for 
human gene mapping studies, and is sensitive enough to 
detect human chromosomes present in only a minor frac- 
tion of the cells in a hybrid cell line. The following steps 
are performed sequentially. First, IRS-PCR sequences 
are generated from the hybrid cell line under investiga- 
tion. CISS-hybridization of this probe to normal human 



Fig. 2. a-h CISS-hybridization of biotinvlated IRS-PCR amplified 
probes produced from somatic hybrid cell lines CI 21 or RuRag 6 
to metaphase spreads from normal male and female PHA-stimu- 
lated lymphocytes. Probes were detected with avidin-FITC (a-d, 
f, g) and chromosomes counterstained with propidiumiodidc (a-d, 
f) and/or  DAPI (e, h). a Painting of the X-chromosome in a nor- 
real male human metaphase spread by CISS-hvbridization with 
Alu-PCR amplified C1 21 DNA. b Painting of the two X-chromo- 
somes in a normal female human metaphase spread by CISS-hv- 

bridization with LI-PCR amplified CI 21 DNA. c Painting of the 
X-chromosome in a norrn~ll male mctaphasc spread bv CISS-hv- 
bridization with pooled Alu-PCR and LI-PCR amplified CI 21 
DNA. d Painting of cluomosonae 11 (a;row.s), the long arm of 
chromosomes 7 (arrol~'h('ad.s') and the long arm of the X chromo- 
some (open trht#lgle) in a normal male metaphase spread by CISS- 
hybridization with LI-PCR amplified RuRag 6 DNA reflects the 
presence of the respective human chromosome material in the 
RuRag 6 hybrid cell line. e The same rnctar~hase spread as in d 



T a b l e  1. Human chromosomes painted in metaphase spreads and 
interphase nuclei of the man-mouse hybrid cell line RuRag 6 by 
fluorescent in situ hvbridization with biotinylated human genomic 
DNA or by CISS-hvbridization with biotinylatcd phage DNA lib- 
raries from sorted human chromosomes 7. 11.20 and X. Percent- 
ages of RuRag 6 metaphase spreads exhibiting 0, 1.2.3 and more 
painted normal or abnormal human chromosomes are indicated on 
the left. and percentages of RuRag 6 interphase nuclei exhibiting 
(). 1.2.3 or more distinctly painted human chromosome territories 
on the right 

a Mctaphase spreads b lnterphasc nuclei 
(;1 ~ 50) (n = 11)()(!) 

Chromo- Signal (%)  Chromo- S igna l (%)  
SO n l  c SO i l l  C 

0 I ~ _>3  () I v ~>3 

7 82 16 2 - 7 92,5 

11 88 12 1l 93.8 

20 89.5 10.5 20 94.7 

X 95 5 X 95.2 

6.5 0.9 (t.I 

5.8 0.4 - 

5.1 0.2 - 

4.6 (I.2 - 

Human Human 
genomic gcnomic 
DNA 71 26 3 DNA 83.0  14.6 2.4 - 

chromosome complements is performed to deterrnine 
[luman chromosomes and chromosome fragments con- 
tained in the particuhir cell line, Step 1 will be very use- 
fu[ in the identification of human chromosome material 
in cases where routine banding analysis does not provide 
definitive results. Secondly, CISS-hvbridizalion using 
libraries from sorted human chromosomes or pools of 
subregional probes selected on the basis of the restllts 
achieved in step I can provide direct evidence of the 
presence and frequency of specific human chromosomes 
or chromosome segments in metaphase spreads find in- 
terphase nuclei of the investigated hybrid cell line. Third- 
ly, a pool of bacteriophage DNA libraries from the iden- 
tiffed hunlan chromosomes, modified with one non-ra- 
dioactive label (e.g.. biotin), can be cohybridized with 
total genomic human DNA. chemically modified in a 
different way (e.g., with digoxigenin). The differentk' 
labeled sequences can then be visualized with different 
l luorochromes (e.g., FITC [green] and TRITC [red]). 
The colocalization of green and red signals in all hvbrid 
cell metaphase spreads and interphase nuclei containing 
human chromosome material suggests that the hybrid 
cell line does not contain additional unidentified human 
chromosorne material. Althou<,h~ small interspecies trans- 

counterstained with DAPI.  f Normal chroniosomc 7 painted with 
LI-P( 'R anlplificd RuRag ~3 DNA at higher magnification, g Txvo 
normal chromosomes 7 painted with Alu-PCR amplified RuRag 6 
DNA. h Same chromosomes as shown in g countcrstaincd ~silh 
DAPI,  i -k  Double fluorescence in situ hybridization with hunian 
gcnonfic DNA (labeled v, i th digoxigcnin and detected wilh FITCJ 
and pooled phage DNA libraries from sorted human chrornosornes 
7, l l. 20, X (biotinylatcd and detected with TRITC) to a RuRag (3 
metaphase spread. Chronioson'le painted with FIT(" (i) demon- 
smiting its hunaan origin is also delineated with TRITC ( j )  indicat- 
illg htlnl;.Ul chl-onlosonlc 7, 1 [, 20 or X nlatcrial, k Sanlc chromo- 
somcs as shown in i, j countcrstaincd with DAPI 

locations and insertions may still have escaped detec- 
tion, cytogenetic evaluation may be considered complete 
for most practical purposes at this stage of the analysis. 

The advantages and limitations of IRS-PCR amplifi- 
cation of human sequences as a tool for the correct cyto- 
genetic analysis of hybrid cells need to be investigated 
further. The restllts obtained in this study with the RuRag 
6 hybrid cell line provide a case in point. Although paint- 
ing of the long arm of chromosome 7 and of whole chro- 
mosomes 11 was easily recognized, painting of the long 
arm of the X-chromosome was weak and painting of 
chromosome 20 was borderline. The extent of human se- 
quence amplification that can be obtained by IRS-PCR 
for an individual human chromosome or chromosome 
fragment contained in a somatic hybrid cell line probably 
depends on several factors, such as the PCR conditions, 
the number and distribution of chromosome-specific am- 
plifiable regions, the fraction of cells containing the par- 
ticular cl~romosome material, and the presence of other 
llunmn chromosomes that compete for oligonucleotidc 
primers. The possibility that some of the IRS-PCR-gen- 
erated sequences may crosshvbridize to non-targeted 
chromosomes also has to be taken into consideration. 
All of these factors will influence the sensitivity and ac- 
curacy w, ith which normal metaphase spreads painted 
with the amplified sequences mirror the chromosomes 
and chl-omosomal fragments present in a tested hybrid 
cell line. 

SINES have been shown to cluster preferentially in 
Giemsa light bands, whereas LINES cluster in Giemsa 
dark bands (Korenberg and Rykowski 1988: Chen and 
Manuelidis 1989). The use of primers directed to both 
short (Alu) and long (LI) interspersed repeat elements 
was therefore expected to increase the coverage of a 
given human chromosome with amplified sequences. In 
this study, we have applied each primer in separate 
PCR-assavs. Combination of the amplification products 
from each assay produced particularly strong signals on 
the painted chromosomes. Alternatively. combination 
of the two primers in a single PCR-assav should result in 
additional amplified sequences that could not be gener- 
ated by either primer alone (Ledbetter  et al. 1990). The 
power of this technique as a tool for chromosome paint- 
ing may be further increased, if oligonucleotide primers 
specific for other interspersed repetitive sequences arc 
included in these assays. 

IRS-PCR of hybrid cell lines containing deleted hu- 
man chromosomes, interspecies translocations or inser- 
tions of interest, should also become a useful and simple 
adjunct to other approaches that are available to gener- 
ate probes for the selective painting of chromosomal 
subregions, such as microlibraries from microdissected 
chromosomes (Lengauer et al. 1990), YAC-clones (Wada 
et al. 1990) or band-specific pools of phage or cosmid 
DNA clones (Lichter et al. 1988b: Riethman et al. 1989). 
These approaches will fill the gap between the selective 
painting of complete human chromosomes with DNA lib- 
raries from whole sorted chromosomes (see Introduc- 
tion) and painting of specific genes with individual DNA 
clones fit till stages of the cell cycle (e.g,, Landegent et al. 
1987: Garson et al. 1987: Blaatt et al. 1988: Albertson et 



al, 1988: Lawrence  et al. 1988: Trask et al. 1989: Lichter  
et al. 1990: Ried et al. 1990). These appl icat ions  taken 
together  will have an impor tan t  impact  in all areas of 
h u m a n  cytogenetics (for review see Lichter  and Ward  
1990). Final ly,  it should be no ted  that I R S - P C R  in con- 
j unc t ion  with ol igonucleot ide  pr imers  specific for inter- 
spersed sequences  of other  species and  appropr ia te  so- 
matic  cell hybrids may also be used to genera te  probes  
for ch romosome  paint ing in these o ther  species. 
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