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High-Resolution Mapping of Human Chromosome 
11 by in Situ Hybridization with Cosmid Clones 

Cosmid clones containing human DNA inserts have been mapped on chromosome 11 
by fluorescence in situ hybridization under conditions that suppress signal from 
repetitive DNA sequences. Thirteen known genes, one chromosome 11-specific DNA 
repeat, and 36 random clones were analyzed. High-resolution mapping was facilitated 
by using digital imaging microscopy and by analyzing extended (prometaphase) 
chromosomes. The map coordinates established by in situ hybridization showed a one 
to one correspondence with those determined by Southern (DNA) blot analysis of 
hybrid cell lines containing fragments of chromosome 11. Furthermore, by hybridiz- 
ing three or more cosmids simultaneously, gene order on the chromosome could be 
established unequivocally. These results demonstrate the feasibility of rapidly produc- 
ing high-resolution maps of human chromosomes by in situ hybridization. 

E PPORTS TO CONSTRUCT A HIGH-RES- 
olution map of the human genome 
have intensified significantly during 

the past few years. Analysis of the inheri- 
tance of restriction fragment length poly- 
morphism~ in family pedigrees has permit- 
ted the construction of linkage maps for 
most regions of the human genome (1) as 
well as the identification of the genetic loci 
for many diseases (2). Physical mapping 
techniques provide a complement to genetic 
linkage. Standard agarose gel electrophore- 
sis gives resolution in the 1- to 10-kb range, 

and pulsed field techniques extend this 
range to the megabase level. However, gel 
electrophoresis methods are not useful for 
producing an initial localization for a DNA 
sequence that has not been mapped previ- 
ously. Furthermore, they do not directly 
provide the ability to order DNA sequences 
more than a few hundred kilobases apart or 
the ability to assign DNA sequences to 
specific chromosomal regions. For initial 
chromosome assignment and precise gene 
localization, somatic cell genetics, fluores- 
cence-activated cell sorting of metaphase 
chromosomes, and in situ hybridization 
have been widelv used. 

P. Lichter, C.-J. Chang Tang, D. C. Ward, Department The most direct method for identieing 
of Human Genetics, Yale University School of Medicine, the chromosomal locus of a segment of 
New Haven, CT 06510. 
K. Call and D. Housman, Department of Biology, human DNA is in situ 
Massachusetts Institute of Technology, Cambridge, MA Although unique sequences less than 1 kb 
02139. 
G. Hermanson and G. A. Evans, Molecular Genetics long can be localized using i so to~ icd~  
Laboratory, Salk Institute, La Jolla, CA 92138. labeled probes, autoradiographic develop- 

ment times are long (often weeks or 
months), extensive statistical analysis is re- 
quired, and the mapping precision is limited 
by the necessity of having to capture the 
emitted isotopic signal by an emulsion over- 
lay. In contrast, nonisotopically labeled 
probes offer markedly improved speed and 
spatial resolution, but in general they have 
suffer;ed from a lack of sensitivity. However, 
several groups have reported the detection 
of unique sequence targets of 6 kb or less by 
nonisotopic in situ hybridization (3-5). 

Previous studies have demonstrated that 
it is possible to suppress the hybridization 
signal from ubiquitous repeated sequences, 
such as the Alu and Kpn elements, by 
adding appropriate competitor DNAs to the 
probe mix. Such suppression strategies, 
which exploit the rapid reassociation kinet- 
ics of repetitive sequences, have been used to 
facilitate the selective hybridization of 
unique sequence subsets from probes for 
Southern blotting (6) and for in situ hybrid- 
ization (5, 7-10). In this report, we describe 
the use of chromosomal in situ suppression 
(CISS) hybridization (1 1) in conjunction 
with fluorescent detection of hybridized 
probes for the rapid and precise localization 
of large numbers of cloned genomic DNA 
segments and for the development of a 
physically based map of human chromo- 
some 11. Furthermore, a detailed compari- 
son between results obtained by CISS hy- 
bridization and map order derived by so- 
matic cell genetics reveals a one to one 
correspondence between the two methods. 

To determine the chromosome to which a 
probe has hybridized, a technique for chro- 
mosome identification compatible with 
CISS hybridization is required. Convention- 
al Giemsa banding of chromosomes before 
hybridization lowers hybridization efficien- 
cy, whereas posthybridization staining 
quenches fluorescence. Although it is possi- 
ble to do Giemsa banding after hybridiza- 
tion (4) ,  this process requires the relocaliza- 
tion of specific metaphase spreads and two 
separate photographic steps. However, al- 
ternative banding or labeling methods for 
direct chromosome identification are avail- 
able. For example, quinacrine banding, bro- 
modeoxyuridine banding, and diamidino- 
phenylindole banding are compatible with 
fluorescent detection of probes by in situ 
hybridization (12). As an alternative strategy 
we have used cohybridization with a differ- 
ently labeled probe (or probe set), such as an 
Alu DNA BLUR clone (13), which gives a 
banding pattern resembling R banding (14), 
or with probes tagging a particular chromo- 
some such as a previously mapped cosmid 
clone or a chromosome-specific DNA repeat 
(12, 15). A DNA library from a sorted 
human chromosome that decorates the cor- 

SCIENCE, VOL. 247 



responding chromosome from the terminus 
on the p arm (pter) to qter (8-10) has also 
been used. ~ i g r e  1A shows the assignment 
of cosmid XB2, labeled with digoxigenin, to 
chromosome 11 by cohybridization with a 
pool of insert DNA from a chromosome 1 1 
recombinant library (11, 16) labeled with 
biotin. The cosmid was detected by fluores- 
cein isothiocyanate (FlTC), whereas the 
chromosome decoration was achieved by 
using rhodamine (red). When mapping 
probes of known chromosomal origin, we 
routinely counterstained the sprea& with 
propidium iodide (PI) (Fig. 1, B and C), as 
this fluorochrome can be readily excited by 
the laser-scanning microscope bsed in this 
studv. For simultaneous hvbridization strat- 
egies, it is important to have different probe- 

Fig. 1. CISS hybridization 
with cosmid DNA probes 
(11). (A) Chromosomal as- 
signment of cosmid XB2 by 
sjrnultaneous decoration of 
chromosome 11. Digoxi- 
genin-labeled probe was co- 
hybridized with biotinylated 
DNA from human chromo- 
some 11 and detected by 
FITC (yellow) and rhoda- 
mine (red). Chromosome 
counterstain with DAPI is 
not shown and therefore 
only chromosome 11 is seen 
clearly. Arrows denote cos- 
mid signal. (B) Mapping of 
DNP-labeled cosmid CL15, 
containing the gene for 
muscle glycogen phosphor- 
ylase. Signal is detected indi- 
rectly with FITC. (C) Bio- 
tinylated cosmid XBll de- 
tected directly with avidin- 
FlTC after CISS hvbridi- 

labeling procedures that result in compara- 
ble fluorescent signals. Therefore, a variety 
of probe modification techniques were test- 
ed for their use in cosmid hybridition 
protocols. Conventional biotinylation (Fig. 
lC), dinitrophenol (DNP) modification 
(Fig. lB), and digoxigenin modification of 
probe (Fig. 1A) lead to similar probe detec- 
tion sensitivities and thus are suitable for 
mapping and cohybridization of cosmid 
probes. 

Several factors influenced the intensity 
and specificity of the hybridization signal; in 
particular, the purity of the DNA probe and 
the size of the probe fragments used in 
hybridization reactions (1 7). By carefully 
controlling these parameters, we routinely 
obtained strong and specific fluorescent hy- 

zation. In (B) anh (C) 
chromosomes were counter- 
stained with PI. Each pic- 
ture is a digitized image tak- 
en as described (11). The 
preparation of metaphase 
chromosome svreads and 
the labeling of ~ N A  probes 
were carried out as de- 
scribed (23. (D) Precise 
mapping 'of ioskd sequences. Biotinylated cosmid 4.13 was detected with FlTC, and chromosomes 
were counterstained with PI. FITC and PI fluorescence was quantitated by laser scanning in the 
photon-counting mode. Analysis of the digitized image is described in the text. The X's denote 
chromosome boundary parameters. Arrows in the insert denote the position and the extent of changes 
in FITC signal intensity; this also provides a rapid assessment of the signal-to-noise ratio and the ability 
to compute the epicenter of the hybridization signal; the latter is especially useful when signal s k s  are 
large (as shown here). Abbreviations: f, F I T q  and p, PI. (E) Simultaneous visualization of a set of four 
cosmids on the short arm of chromosome 11. DNP-labeled cosmids K40 (p-globin) and 4-4B and 
biotin-labeled cosmids J5-3 and J1-2 were combined in a CISS hybridization experiment and detected 
by rhodamine and FlTC, respectively. DAPI counterstain is not shown, but enhancement of rhodamine 
and FITC images reveals the outline of the whole chromosome by background fluorescence. The 
hybridization signals can be split (for example, J1-2 on the left chromatid); this phenomenon was 
o W e d  occasionally during our study and seems to be dependent on chromosome preparation and 
dena~ration. (F to J) Localhation of labeled cosmid DNA clones on extended (prometaphase) human 
chromosomes 11. Hybridization signals (FITC) and PI counterstain were recorded by digital imaging 
and analyzed as described in the text. Each chromosome 11 is oriented such that pter is at the top of 
each panel, and the panels are arranged in the order of the cosmid localization in relation to pter. 
Arrows indicate centromere position. DAPI-banding was used to evaluate chromosome morphology 
when needed. The cosmids are (F) J5-3, (G) J13-4, (H) 1.1, (I) XB1, and (J) 8.5. 

bridization signals in the absence of appre- 
ciable background fluorescence. Further- 
more, a highly specific signal was generated 
from each of the four chromatids in more 
than 80% of the metaphase spreads exam- 
ined when cosmid DNA probes were used, 
thus minimizing the statistical analysis re- 
quired to establish map coordinates; similar 
hybridization efficiencies were reported by 
Landegent and co-workers (7). 

Although the mapping of cosmid clones 
can be done with conventional fluorescence 
microscopy, digital imaging microscopy was 
used to facilitate the collection and analysis 
of the hybridization dam. To produce digi- 
tized images we used a laser-scanning confo- 
cal microscope in a photon-counting mode. 
Thus the fluorescence signals could be quan- 
titated directly, the signal-to-noise ratio 
could be enhanced bv  an optical filter- 
ing, and the image cduld be stored in digital 
fbrm. Sections of these images could be 
ex~anded to focus in on a  articular chro- 
mosome of interest, the length and width of 
this chromosome could be measured, and 
the epicenter of the hybridization signal 
couldbe calculated, all el&nically. A Gpi- 
cal example of such an analysis, with biotin- 
ylated cosmid 4.13 DNA as the probe, is 
shown in Fig. 1D. The length and width of 
the chromosome 11 depicted was estab- 
lished by using a cursor to delineate the 
boundary parameters, and a line was drawn 
through the long axis of the chromosome so 
that it passed through the fluorescent signal 
on one chromatid. The relative photon den- 
sity in each pixel along this line, in both the 
FITC and PI channels, was displayed against 
chromosome length on the X-axis (Fig. lD, 
inset). The map position of the probe is 
expressed as the-Gctional length (FL) ofthe 
total chromosome relative to a fixed refer- 
ence point, which we have here arbitrarily 
chosen as pter and designated FLpter. When 
chromosokes with highly variable polymor- 
phic heterochromatin regions are analyzed 
(for example, chromosomes 1, 9, 16, and 
Y), referice points should be carefully cho- 
sen, so that the size variation of the hetero- 
chromatin does not affect the precision of 
the mapping procedure. 

The map position of each cosmid could be 
roughly assigned by visual inspection; how- 
ever, multiple chromosomes fiom each hy- 
bridization-reaction were analvzed as out- 
l i e d  above to d e h e  the locus more precise- 
ly. These studies indicated that the precision 
of the chromosomal map coordinate was 
dependent on the degree of chromosome 
condensation (Table 1). Much less variation 
of the FLpter values is observed when more 
extended chromosomes are examined. The 
map position of clone 4-4B (based on elon- 
gated prometaphase chromosomes of 9 to 
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Table 1. Map coordinates of the cosmid 4-4B on chromosome 11 as a function of the degree of 
chromosome condensation. 

ried out on the short arm of chromosome 
11. Figure 3 sununarizes a series of hybrid- 

Chromosome 
length* (14 

Ratio of chromosome 
width to length* FLpter* 

*Range of values from seven to eight chromosomes per 

14 pm) is therefore given as 0.20 to 0.22, 
indicating the whole range of FLpter values 
observed on elongated chromosomes. We 
determined the FLpter values of the clones 
described below by analyzing 10 to 20 long 
chromosomes 11. Five or more chromo- 
somes longer than 9.0 km were used to 
define the narrowest FLpter range. An addi- 
tional important criterion for selecting chro- 
mosomes for detailed mapping was that 
both chromatids of each chromosome ex- 
hibit a discrete signal and that both signals 
be perpendicular to the long axis of the 
chromosome. 

To test the feasibility of physical mapping 
by in situ hybridization, 50 clones contain- 
ing chromosome 11 DNA inserts (18) were 
analyzed as outlined above. In contrast to 
clones containing known genes, all random 
cosmids were done as a blind study. Typical 
hybridization signals observed with five of 
these cosmid clones on elongated prometa- 
phase chromosomes are shown in Fig. 1, F 
to J. Each panel shows a single chromosome 
11 oriented such that pter is at the top. The 
ability to obtain a rough regional localiza- 
tion of the hybridization signal by visual 
inspection should be readily apparent from 
these examples. The chromosomal loci of all 
clones, expressed as FLpter values, are given 
in Fig. 2. Many of the clones can be local- 
ized to within 2% of the total chromosome 
length. Although the conventional chromo- 
some 11 ideogram is included in Fig. 2 for 
reference, the mapping data must be consid- 
ered only in terms of FLpter values because 
no cytological banding was done. Express- 
ing map location of these clones in terms of 
chromosomal bands would decrease overall 
mapping precision because many are clearly 
defined with subband resolution. 

Thirteen known genes were included in 
the clones analyzed. An initial assessment of 
how well in situ linkage maps would corre- 
late with cytological map positions estab- 
lished by other genetic methods was made 
by a comparative study of these clones (Ta- 
ble 2). In all cases but one, the FLpter value 
fell within the designated cytological bound- 
aries defined by prior studies. Furthermore, 
the FLpter values gave a more precise local- 
ization of the genes within these intervals. 

size class. 

The lone exception noted was with the 
ETSlA oncogene homolog that was report- 
ed to lie in band l lq23 (19). The observed 
range of FLpter values (0.94 to 0.98) would 
place this gene further toward the telomere, 
and extrapolation onto the chromosome 11 
ideogram would place the ETSl locus in 
band 1 lq24 or 1 lq25. The analysis of chro- 
mosomes expressing the fragile site 
fra(ll)(q23) suggests that the ETSl locus is 
located distal to the FRA11B locus, placing 
it in 1 lq24 or 1 lq25 (20). This result also 
distinguishes the ETS locus from the Ew- 
ings sarcoma 11 ;22 translocation located in 
llq23. This observation is consistent with 
the result presented here. 

A more detailed comparison between 
chromosomal map position determined by 
CISS hybridization and map order defined 
by somatic cell genetic techniques was car- 

Fig. 2. Diagrammatic 
summarv of the maw 

Fractional 
length 

ping dita for all 50 
15,5 

probes used in this ,,, 

values obtained for each 15.' 

probe on elongated 
chromosomes 11. Two l4 

cosmid probes, J2-2 and 
9.4, deheate &o adja- 
cent signals, apparently 
reflecting sequence ho- 
mology of two loci; in 
bo& cases the signal 
nearer to pter was weak- 
er. Similarly, cosmid 
probes 8.5 and T361.7 
(CD3D) showed two 
close signals that, how- 
ever, did not differ in 
their range of map coor- 
dinates. The fine map- 
ping was not carried out 
with chromosomal 
banding; therefore, as- 
signment to chromo- 
somal bands on the 
chromosome 11 ideo- 
gram would be by coin- 
cidence of FLpter values 
and band position only. 
Two of these clones, 
A15B (FSHB) and 
HTHYl ?THY i), each gave additional hybridizatic 
11. 

ization results obtained by using a set of 
cosmids previously unmapped by either 
technique. The hybrid mapping panel was 
derived from a monochromosomal hybrid 
line, J1,  containing chromosome 11 as the 
only human chromosome (21). This map- 
ping panel has been characterized extensive- 
ly ahd has proved consistent in previous 
studies with mapping of chromosome 11 
loci by genetic linkage, translocation, and 
deletion mapping (22). The 12 clones ana- 
lyzed in this study fall within eight intervals 

the somatic cell hybrid mapping panel; 
CISS hybridization provides map order for a 
minimum of 10 of the 12 clones. The map 
order given by the two techniques is in full 
agreement.  leve en of the 12 dones gave a 
single discrete signal by CISS hybridization, 
whereas clone J2-2 hybridized to two sites 
in close proximity, suggesting the possibility 
of a duplication of genomic sequences corre- 
sponding to this clone. Both signals for this 
clone were consistent with the map position 
derived by the somatic cell genetic mapping 
panel. In addition, in three cases wheretwo 
cosmid clones fell within one hybrid dele- 
tion interval, their order relative to pter was 
discernible by CISS hybridization (15-3 and 
J2-2; J10-3 and J4-17; J10-17 and 4-4B). 

Gene order established by CISS hybrid- 

I HRAS 
I J7-1, HBBC 

I INS 

1 53-4 
I J5-3 1 52-2 I PTH 

FSHB 
I 13-4A, 18-IOB 

I 5-a 

I PYGM 

I NCAM 

I ZB6 APOAI, 4.13,9.4, ZA7 ( 1.16 I zc9 I T W I  I CD3D. PBTD, XBI. XH5 I g,4 
I SRPR I XB2 1 8.5 

I ETSl, 23.2 5,8 

sn signals on an autosome other than chromosome 
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ization can be confirmed by the use of two 
fluorophores simultaneously (Fig. 1E). 
Here two pairs of cosmids are detected, one 
with rhodamine and one with FITC. The 
map order derived from Fig. 2 predicts that 
these four clones should give an alternating 
pattern of fluorescein and rhodamine hy- 
bridization signals. This is indeed the ob- 
served result.-AS many as 12 clones have 
been successfully hybridized simultaneously 
(12). The use of combinatorial analysis al- 
lowed us to confirm map order for all of 
these clones by the two-fluorophore tech- 
nique. Again, the map order was consistent 
with the somatic cell genetic mapping panel. 

The strategies described in this report 
have the potential to substantially increase 
the rate at which high-resolution physical 
maps of human chromosomes can be creat- 
ed. Each step in the mapping process- 
probe production, probe labeling, prean- 
nealing to suppress signal from interspersed 
repeat DNA, and in situ hybridization it- 
self--can be carried out on many clones in 
parallel with ease. Large amounts of DNA 
are not required for probe production, so 
cultures of 10 rnl or less are adequate for 
DNA preparation. Probes labeled with bio- 
tin, DNP, or digoxigenin give a discrete 
signal on both chromatids with high effi- 
ciency, thus leading to a dramatically re- 
duced analysis time in comparison to similar 
experiments with radioisotopic labeling and 
detection. Furthermore, eliminating the 
need to identify and isolate single copy 
segments for each genomic clone substan- 
t idy decreases the effort required to map a 
cloned genomic DNA segment. 

A wide spectrum of cloning techniques 
are compatible with CISS. Genomic DNA 
sequences cloned in phage, cosmid, or yeast 
artificial chromosome vectors have been 
used successfully. An initial appraisal of 
chromosome localization of a series of 
cloned DNA segments can be obtained 
within 1 to 2 days. High-resolution map- 
ping requires additional time for detailed 
analvsis. 

This study also provides a confirmation of 
the accuracy with which genomic DNA 
sequences can be localized by CISS hybrid- 
ization. Map positions, for both known and 
previously unmapped clones, derived by 
CISS hybridization and somatic cell genetics 
agreed -to the limits of resolution- of the 
latter technique. These results give confi- 
dence in the likelihood that accurate map 
positions will be given by CISS hybridiza- 
;ion for regions of the genome less clearly 
defined than chromosome 11. In the context 
of linkage mapping, we report here the 
localization of 50 probes along chromosome 
11, which is estimated to contain roughly 
140 to 150 megabase pairs (-140 to 150 
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J1 Hybrid lines Cosmld 
interval 

HRAS1, INS 

DllS12 
HBBC - -  

D11S20 --  - J 3 - 4  
PTH - -  

LDHA - -  
D11S31 - -  

FSHB - -  -- 
MIC1 --  
CAT - - < 18-IOB ----- - - - - - - - - 13-4A 

MIC4 - -- - -- ---- - 5 - 2 A  
Dl lS9 [l/[/flf~f~- J  1 - 2 

DllS33 - - 
,- 

a b 
< - 

FLpter 
values 
0 . 0 5  

Fig. 3. Comparison of cos- 
mid mapping by CISS hy- 
bridzation with mapping 
by Southern blot analysis of 
somatic cell hybrid DNA. 
The J1 hybrid cell lines with 
different deletions in l l p  
(delineated by the gap in the 
vertical bold lines) are listed 
across the top of the figure. 
These cell lines as well as 
control human and hamster 
lines were analyzed by 
Southern blotting with 12 
cosmid probes. The marker 
genes were previously typed 
(22) in the J1  hybrids (and 
in additional hybrids from 
five patients with 1 l p  trans- 
locations). Their spacing is 
arbitrarily chosen and not to 
scale. The intervals defined 
by these marker genes are 

JI-11 21 23 24 37 8 10 4b 48  7 9 14 !given by the Korizontal 
dashed lines. After evalua- 

tion of all Southern blot data with one cosmid probe, the interval in which each probe is located was 
assigned as indicated. In the right column the median of the range of FLpter values is given for each of 
these cosmids to indicate the in situ hybridization mapping data. 

centimorgans) . Therefore, CISS hybridiza- 
tion will be a powehl  tool to supplement 
current efforts in generating a 1- to 3-cM 
map of the human genome. 

The use of deletions, duplications, and 
translocations will be of value in mapping 
chromosomal regions of high interest with 
greater definition. Current strategies for us- 
ing such reagents for mapping require 
Southern blotting or segregation of aberrant 
chromosomes in somatic cell hybrids, tech- 
niques that are both technically demanding 
and time consuming. CISS hybridization 
permits direct visualization of the presence 
or absence of a genomic DNA sequence in a 

given deletion or duplication or its position 
relative to a translocation breakpoint in a 
rapid and straightforward manner. For ex- 
ample, we have visualized separation of two 
cosmid clones from 11 p13 that closely span 
the breakpoint of an 1 lp13 : 2p 11 transloca- 
tion in a Potter's syndrome patient (12). The 
combination of CISS hybridization and so- 
matic cell hybrids, particularly radiation- 
reduced hybrids (22,23), should be especial- 
ly useful in developing a detailed map of a 
limited chromosomal region. 

The direct ordering of genomic clones by 
CISS hybridization through the use of two 
fluorophores demonstrates the value of a 

Table 2. Correlation of FLpter values and cytological map location for known genes. Abbreviations: 
HHMI, Howard Hughes Medical Institute at New Haven, Connecticut, Human Gene Mapping 
Library; HRAS1, Harvey rat sarcoma virus lloncogene homolog; INS, insulin; HBBC, P-hemoglobin 
complex; M H ;  parathyroid hormone; FSHB, follicle-stimulating hormonelP-polypeptide; PYGM, 
muscle glycogen phosphorylase; NCAM, neural cell adhesion molecule; APOA1, apolipoprotein A-1; 
PBGD, porphobilinogen dearninase; THY 1; Thy-1 cell surface antigen; CD3D, antigen CD3D, delta 
peptide; SRPR, signal recognition particle receptor (docking protein); and ETS1, avian erythroblasto- 
sis viruslE-26 oncogene homolog. 

HHMI 
symbol DNA clone 

Cytological 
map 

locat~on 

FLpter value* 
( f l )  

-- 

HRAS 1 
INS 
HBBC 
M H  
FSHB 
PYGM 
NCAM 
APOAl 
PBGD 
THY 1 
CD3D 
SRPR 
ETS 1 

pT24-Hras 
phins321 
K40 
pPTHgl08 
X15B 
CL15 
HNCAM 2.2 
13.27 
11.25 
HThy 1 
T361.7 
7.24 
ETSlA 

llp15.5 
llp15.5 
llp15.5 
llpter-p15.4 
l lp13  
1 lq12-q13 
l lq23  
1 lq23-1 lqter 
1 lq22.3-qter 
1 lq22.3-q23 
1 lq23 
1 $24-q25 
11q23.3 ( l lq2  

*Range of values, n = number of chromosomes measured. 
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simultaneous multiparameter analytical ap- 
proach. The development of additional 
fluorophore-reporter combinations will fur- 
ther simplify determination of gene order 
and reduce the total number of analvses 
required. Additional fluorochromes also will 
permit the development of banding patterns 
that precisely fit the needs of an experimen- 
tal situation through the choice of an or- 
dered set of clones for a given chromosome 
or chromosomal region. 

In the context of these applications, the 
limits of resolution of CISS hvbridization 
are an important question. At least two 
parameters appear to affect the resolution of 
CISS hybridization: position on the chro- 
mosome and the degree of chromosome 
condensation. Elongated, prometaphase 
chromosomes give higher resolution and 
show less variability of FLpter values than 
more compact metaphase chromosomes. 
Regions of the chromosome that include the 
centromere and telomeres often show some- 
what higher variability in map position than 
probes in other chromosomal locations, sug- 
gesting the possibility that local chromatin 
structure plays a significant role in determin- 
ing the limits of r&olution. In related stud- 
ies, it has been shown that the resolution of 
CISS hybridization is on the order of 1 Mbp 
(24 ) .  Thus. interconnection between CISS 
\ ,  

hybridization and pulsed-field gel analysis 
should be possible. Methods in which the 
chrombsoAal DNA can be analyzed in a 
more extended state, such as after premature 
chromosome condensation or chromosome 
shattering, or by using DNA in interphase 
nuclei, and refinements in optical imaging 
techniques provide routes to improving spa- 
tial or lateral resolution. 

Challenges presented in mapping the hu- 
man genome occur at many levels. Mapping 
a large number of clones rapidly, efficiently, 
and accurately to develop a regularly spaced 
array of cloned genomic sequences covering 
the genome is an important initial goal. A 
second challenge is to develop more detailed 
maps of specific chromosome regions, par- 
ticularlv in situations where deletions, trans- 
locations, or duplications define genes of 
medical genetic significance. A third goal is 
to develop strategies for ordering a large 
number of independently isolated clones or 
previously ordered overlapping clone sets 
that span a discrete region several megabases 
in size. The data presented here indicate that 
CISS hybridization has the potential to 
make a major contribution to each of these 
endeavors. 
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U1-Specific Protein C Needed for Efficient Complex 
Formation of U 1  snRNP with a 5' Splice Site 

One of the functions of U1  small nuclear ribonucleoprotein (snRNP) in the splicing 
reaction of pre-mRNA molecules is the recognition of the 5' splice site. U1  snRNP 
proteins as well as base-pair interactions between U l  snRNA and the 5' splice site are 
important for the formation of the snRNP-pre-rnRNA complex. To determine which 
proteins are needed for complex formation, the ability of U 1  snRNPs gradually 
depleted of the U1-specific proteins C, A, and 70k to bind to an RNA molecule 
containing a 5' splice site sequence was studied in a nitrocellulose filter binding assay. 
The most significant effect was always observed when protein C was removed, either 
alone or together with other Ul-specific proteins; the binding was reduced by 50 to 
60%. Complementation of protein C-deficient U1 snRNPs with purified C protein 
restored their 5' splice site binding activity. These data suggest that protein C may 
potentiate the base-pair interaction between U 1  RNA and the 5' splice site. 

T HE U1 SMALL NUCLEAR RIBONU- 

cleoprotein (snRNP) particle is the 
most abundant member of the class 

of major snRNPs (Ul ,  U2, U4+U6, and 
U5) that are essential cofactors in mRNA 
splicing (1-3). The 165-nucleotide (nt) U1  
RNA is complexed with at least ten pro- 
teins, which can be divided into two classes, 
U1-specific proteins (70k, A, and C) and 
common U snRNP proteins (B', B, D, D', 
E, F, and G) (4). One of the functions of U1 
snRNP in pre-mRNA splicing is the recog- 
nition of the 5' splice site (5, 6). Although 
base-pairing between the 5' end of U1 
snRNP and the 5' splice site is crucial for 
this recognition step (7) ,  a role for U 1  
snRNP proteins has also been demonstrated 
(5, 8). The identity of the essential snRNP 
proteins and their exact functions are not 
known. 

Institut fuer Molekularbiologie und Tumorforschung, 
Emil-Mannkopff-Strasse 2, D-3550 Marburg, Federal 
Republic of Germany. 

We used U1 snRNPs that were gradually 
depleted of the U1-specific proteins (A, C, 
and 70k), to investigate whether one or 
more of these proteins are involved in 5' 
splice site binding (Fig. 1A). U1 snRNP 
particles, deficient in protein C (AC), pro- 
tein A (AA), or proteins A and C [A(A,C)] 
were obtained by chromatography of 
snRNPs U1 to U6 (which had been affinity 
purified by antibody to m3G) on Mono Q 
ion-exchange resin at elevated temperatures 
(25" to 37°C) (9) .  A U1 snRNP particle 
lacking 70k, A, and C [A(70k,A,C)] was 
obtained by Mono Q chromatography at 
37°C. Depletion of the respective Ul-specif- 
ic proteins by this procedure was, however, 
not always 100% effective. The AA and 
A(A,C) U1 snRNPs used for these studies, 
for example, contained residual amounts of 
A protein [less than 5% of the amount of A 
present in wild-type (wt) U1  snRNPs]. The 
fraction of U5 snRNPs contaminating the 
wt and AC U1 snRNPs was about 10 and 
5%, respectively, as estimated by RNA gel 
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