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Human Chromosome-specific cDNA 
Libraries: New Tools for Gene Identification 

and Genome Annotation 
Richard G. Del Mastro, 1'2 Luping Wang, ~'2 Andrew D. Simmons, 

Teresa D. Gallardo, 1 Gregory A. Clines, ~ Jennifer A. Ashley, 1 
Cynthia J. Hilliard, 3 John J. Wasmuth, 3 John D. McPherson, 3 

and Michael Lovett ~'4 

1Department of Biochemistry and the McDermott Center for Human Growth and Development, The 
University of Texas Southwestern Medical Center, Dallas, Texas 75235-8591; 3Department of Biological 

Chemistry and the Human Genome Center, University of California, Irvine, California 9271 7 

To date, only a small percentage of human genes have been cloned and mapped. To facilitate more rapid 
gene mapping and disease gene isolation, chromosome S-specific cDNA libraries have been constructed from 
five sources. DNA sequencing and regional mapping of 205 unique cDNAs indicates that 25 are from known 
chromosome S genes and 138 are from new chromosome S genes (a frequency of 79.5%}. Sequence 
complexity estimates indicate that each library contains -20% of the -SO00 genes that are believed to reside 
on chromosome 5. This study more than doubles the number of genes mapped to chromosome S and 
describes an important new tool for disease gene isolation. 

A detailed map of expressed sequences within the 
human genome would provide an indispensable 
resource for isolating disease genes, and would 
answer fundamental questions relating to gene 
number, density, and evolution. Unfortunately, 
this biological annotation of the physical map 
has been slow in occurring; only 5213 human 
"genes" have been regionally localized (Bowcock 
et al. 1995). Of these, only 311 gene sequences 
have been localized to human chromosome 5 
and only 110 of these have been sublocalized 
within this chromosome. Currently, two strate- 
gies are used for mapping large numbers of genes: 
(1) positional cloning approaches (The Hunting- 
ton's Disease Collaborative Research Group 1993; 
Miki et al. 1994; Lefebvre et al. 1995; Roy et al. 
1995; Thompson et al. 1995) which use cloned 
genomic regions to isolate coding regions in a 
time-consuming "bottom up" approach that re- 
sults in detailed transcription maps over small 
(< 1 Mb) regions of the 3000-Mb human genome; 
and (2) random cDNA sequencing approaches 
which yield DNA sequence information [Ex- 

ZThese authors contributed equally to this work. 
4Corresponding author. 
E-MAIL Lovett@ryburn.swmed.edu; FAX (214) 648-1666. 

pressed Sequence Tags (eSTs)] (Adams et al. 1991, 
1992, 1993a,b; Khan et al. 1991; Wilcox et al. 
1991; Okubo et al. 1992). However, while ran- 
dom sequencing does aid gene discovery, it pro- 
vides no mapping information per se. To provide 
a useful resource for disease gene isolation eSTs 
must be mapped in an expensive "top down" ap- 
proach using genome-wide reagents (Cox et al. 
1990; Green and Olson 1990; Khan et al. 1991; 
Wilcox et al. 1991; Cohen et al. 1993; Polymero- 
poulos et al. 1993). Both approaches result in 
gene maps (and eST data bases) that will be in- 
complete if only a limited spectrum of tissue 
types are sampled as cDNA libraries. In this re- 
port, we describe the use of an entire human 
chromosome to select cDNAs from complex 
cDNA pools (Lovett et al. 1991; Parimoo et al. 
1991; Morgan et al. 1992; Lovett 1994a,b); in ef- 
fect a positional cloning project on a chromo- 
somal scale. Clones from these chromosome- 
specific cDNA libraries have been sequenced and 
mapped within existing chromosome-specific re- 
agents, obviating the need to conduct genome- 
wide mapping, and considerably speeding up the 
analysis. Unlike conventional cDNA libraries, 
this new type of chromosome-specific reagent 
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contains cDNAs that occur usually at very low 
levels, now at relatively high levels [quasi-nor- 
malization (Weissman 1987)]. They can be con- 
structed from many different tissue types and 
have wider applications beyond random se- 
quencing strategies; for example, as physical 
mapping reagents in hybridization-based analy- 
ses of genomic contigs. 

RESULTS 

Direct Selection 

Our starting source for human chromosome 5 ge- 
nomic DNA was a chromosome 5-specific cosmid 
library constructed by the Los Alamos National 
Laboratories, Los Alamos, NM (Longmire et al. 
1993). This arrayed library of 24,768 cosmid 
clones represents -5 chromosome 5 equivalents 
and a DNA sequence complexity of -174 Mb. It 
contains at least one copy of all of the > 50 chro- 
mosome 5 loci that we have tested to date. (War- 
rington et al. 1991, Saltman et al. 1993), and a 
small (< 5%) contamination with hamster ge- 
nomic DNA. Cosmid DNAs from all 24,768 Los 
Alamos National Laboratories chromosome 5 
cosmids were prepared, biotinylated, and used en 
masse in a set of five separate but parallel direct 
cDNA selection experiments (Lovett 1994). The 
cDNA sources used were derived from human 
placenta, fetal brain, thymus, activated T-cells, 
and HeLa cells (Lovett 1994b). In all cases these 
were uncloned, PCR-amplifiable pools of cDNAs 
(to maximize the complexity of cDNAs sampled), 
derived from cytoplasmic RNAs (to avoid ge- 
nomic DNA contaminat ion and hnRNA arti- 
facts). Chromosome 5 cosmids and the cDNA 
pools were hybr id ized in so lu t ion  (Lovett 
1994a,b) and the cosmids plus cognate cDNAs 
captured on streptavidin-coated paramagnetic 
beads. After washing, the cDNAs were eluted, 
PCR amplified, and recycled through an addi- 
tional round of selection. To assess enrichment 
qualitatively, equal amounts of cDNA from the 
starting cDNA pool, primary selected cDNAs, and 
secondary selected cDNAs were analyzed by 
Southern blotting and hybridization with a panel 
of eight chromosome 5 genes previously de- 
scribed (Wang et al. 1989; Warrington et al. 
1991). Figure 1A shows four examples of these 
controls (ANX6, SPARC, CD74, and COUP). All of 
these genes show enrichments in the selected 
material. However, the COUP enrichment ap- 
pears to peak in the primary material and then 
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Figure 1 Examples of qualitative and quantitative 
measures of enrichment of specific chromosome 5 
genes. (A) Four examples of autoradiographs from 
Southern blots hybridized with the designated 
cDNA probes. In each case the tracks contained 1 
~g of the starting HeLa cDNA (lane S), the primary 
selected cDNAs (lane 1), and the secondary selected 
cDNAs (lane 2). (B) The result of hybridizing the 
same cDNA probes to a sixfold density filter array of 
cDNAs (576 clones of the 4608 total are shown 
here) arrayed in the template pattern shown at the 
bottom. Each clone was spotted twice to yield a 
duplicate positive signal when hybridized with radi- 
olabeled probes. Examples of positive signals within 
this array are shown for ANX6 (one hit), COUP (two 
hits), and CD74 (four hits). 

slightly decrease in abundance (a pattern that is 
characteristic of the occurrence of abundance 
normalization) in contrast with the other cDNAs 
which continue to increase in the secondary se- 
lection (Weissman 1987; Lovett at al. 1991; Pari- 
moo et al. 1991; Morgan et al. 1992; Lovett 
1994a,b). 

Quantitation of Enrichment 

The secondary selected cDNAs were then cloned 
into a plasmid vector and 4608 clones were ran- 
domly picked from each tissue source, for a total 
of five selected cDNA libraries. These clones were 
formatted into high-density, duplicate clone ar- 
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rays on filters and were hybridized with full- 
length control reporter genes to quant i ta te  the 
number  of clones present in each library of 4608 
clones. Examples of the detected positives within 
the HeLa array are shown in Figure lB. To quan- 
titate the abundance  of the control  cDNAs prior 
to e n r i c h m e n t ,  the  s tar t ing HeLa cDNA was 
cloned in a bacteriophage vector and 500,000 re- 
combinan t  plaques were screened by hybridiza- 
t ion for the presence of the control  genes. These 
data and data from other  selected libraries are 
summarized in Table 1. Not all of the control 
genes are expressed in all of the starting tissues. 
However, in all cases but  one (SPARC in the HeLa 
library), where a control  could be detected by 
PCR in the starting cDNA, it was also present at 
least once in the array of 4608 clones. As shown 
in Figure 1A, the SPARC gene is enriched, but  is 
not  present in the 4608 picked clones, indicat ing 
that  the HeLa library has a sequence complexi ty  
of > 4608. SPARC was detected twice in a separate 
screen of 8000 phage clones derived from the 

CHROMOSOME-SPECIFIC cDNA LIBRARIES 

same material  (Table 1). Substantial enr ichments  
have been obtained in these selections; -540-fold 
for the CD74 gene and -40-fold for the RPL7 
cDNA which starts at a relatively high abundance  
and is actually selected by a pseudogene (see be- 
low). Some level of abundance  normal iza t ion  
(Weissman 1987; Lovett at al. 1991; Parimoo et 
al. 1991; Morgan et al. 1992; Lovett 1994a, b) is 
also evidenced in these figures, with the range of 
abundance  of the controls spanning 21-fold in 
the HeLa selection (data not  shown). The excep- 
t ion to these relatively uni form abundance  num- 
bers is the placental selection, in which some in- 
dividual controls are as high as 2.0% and others 
are as low as 0.02%. However, the placental se- 
lected library was cloned after only  one round of 
selection and it is the second round of selection 
that  is designed to accomplish abundance  nor- 
malization (Weissman 1987; Lovett at al. 1991; 
Parimoo et al. 1991; Morgan et al. 1992; Lovett 
1994a,b). On average, the frequency of known 
genes in the selected material  is 5/4608 indicat- 

Table 1. Summarized enr ichment  data on cDNA Libraries 

HeLa se lected Fold Selected (%)e  

Gene  a HeLa s ta r t i ng  b (%)c  e n r i c h m e n t  d fe ta l  b ra in  p lacen ta  f T cell 

A N X 6  <1 in 5 x 10 s 6 (0.1 3) >600  0.20 1.0 0.20 
G M 2 A  <1 in 5 x 105 7 (0.15)  >700  0.10 0.35 0.02 
CSF1R <1 in 5 x 10 s 1 (0.02)  >100  - -  - -  
IRF1 <1 in 5 x 10 s 1 (0.02)  >100  - -  - -  0.19 
CD74  4 in 5 x 10 s 20 (0.43)  540 - -  2.0 
SPARC 0 (0.02)  g - -  0.02 0.15 
COUP <1 in 5 x 10 s 3 (0.06)  >300  - -  - -  - -  
FLT4 . . . .  0.02 
RPL7 10 in 5 x 10 s 4 (0.08)  40 - -  0.17 

(--) A particular gene was either not expressed in a starting source or was not tested. 
aEight cDNA hybridization probes to chromosome 5 genes and one probe to a chromosome 5 pseudogene are listed: annexin 6 
(ANX6), GM2 ganglioside activator (GM2A), colony stimulating factor 1 receptor (CSF1R), interferon regulatory factor 1 (IRF1), the 
minor histocompatibility antigen CD74, the gene for osteonectin (SPARC), the human homolog of the chicken ovalbumin 
upstream regulatory protein (COUP), the FMS-like tyrosine kinase 4 gene (FLT4), and the ribosomal protein L7 gene (RPL7). The 
last of these genes is not located on chromosome 5. However, a processed RPL7 pseudogene is located close to CSF1R on 
chromosome 5. 
bThe number of duplicate positive signals in a screen of a library of 500,000 recombinant phage plaques, derived from HeLa cell 
cDNA prior to selection, when screened with the various control cDNAs. 
CThe number of duplicate signals detected per 4608 arrayed clones. Numbers in parentheses are percentages overall in all other 
columns. 
dFold enrichments are rounded to the nearest hundred when a gene was undetectable in the starting source and to the nearest 
ten in the two cases where positives were found in the starting source. 
eAverage insert lengths for the HeLa library were 250 and 500 bp for the placental, fetal brain, thymus, and activated T-cell libraries. 
f-Fhe placental selected library was cloned after the first round of direct selection in contrast with all others that were cloned after 
two rounds of selection. 
gA screen of 4608 arrayed clones detected no positive signals; however, a screen of 8000 phage clones derived from the same 
selected material detected 2 positive clones. 
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ing that the overall frequency of a given gene is 
-1/1000. This suggests that each of the cDNA li- 
braries described herein contains -20% of all 
chromosome 5 genes (assuming 5000 chromo- 
some 5 genes). 

Validation of Chromosome S-selected cDNA 
Libraries by Sequence Analysis 

To further validate these libraries, the DNA se- 
quences of 261 randomly picked HeLa-selected 
clones were derived and analyzed. These data are 
summarized in Tables 2 and 3. Of the cDNAs se- 
quenced, 25 (9.6%) were 100% homologous to 
known human chromosome 5 genes (see Table 3 

for examples). Among these were cDNAs derived 
from very low abundance transcripts such as 
those encoding the transcription factors IRF1 and 
EGR1. A small percentage of sequenced clones 
(1.5%) represented a definite background clone 
(rRNA) and an additional 19.9% contained either 
CA repeats, Alu repeats, L1 repeats, O-family re- 
peats, or vector sequences. All of these repeats are 
relatively trivial to remove from any further anal- 
ysis of these libraries. However, a pre-screen for 
these was not conducted prior to sequencing. 
The 10.3% frequency of Alu repeat-containing 
clones is not significantly different than their fre- 
quency in conventional cDNA libraries (Cramp- 
ton et al. 1981). We have chosen conservatively 

Table 2. Summarized DNA Sequencing and Chromosomal Mapping Data 

Sequence class a Number b Percentage 
Number on Percentage of total 
chromosome 5 d on chromosome 5 e 

Percentage of 
nonrepetitives on 
chromosome 5 f 

Genes already 
known to be 
located on 
chromosome 5 25 9.6 25 9.6 12.2 

Known genes not 
already localized 
to chromosome 5 15" 5.8 9 3.4 4.4 

Previously 
described but 
unmapped ESTs 23* 8.8 18 6.9 8.8 

Novel sequences 142" 54.4 111 42.5 54.1 
Alu repeat 

containing 27 10.3 N.D. N.D. N.D. 
L1 repeat 

containing 8 3.0 N.D. N.D. 
CA repeat 

containing 15 5.8 N.D. N.D. N.D. 
O repeat 

containing 1 0.4 N.D. N.D. N.D. 
Vector containing 1 0.4 N.D. N.D. N.D. 
rRNA 4 1.5 0 0 0 

Totals 261 100 163 58.8 79.5 

(N.D.) Not determined. Mapped primer sets have been deposited with the Genome Data Base (GDB), and specific loci can be 
found by access to that resource. 
aVarious classes of DNA sequences identified by searches using the BLAST-X, BLAST-N, and FASTA programs for all sequenced 
DNAs. 
bNumber of sequences in a. PCR primers were designed and synthesized to all sequence classes marked with an asterisk. 
CThe percentage of the total number of sequences. 
dNumber of sequences that were localized to chromosome 5 by a PCR assay of the hybrid panel described in the text and shown 
in Fig. 2. 
~The percentage of cDNAs that mapped to chromosome 5. 
fPercentage values adjusted for removal of repeat-containing clones, which can be readily achieved by screening with radiolabeled 
repeat probes prior to picking for sequence analysis. 

188 @ GENOME RESEARCH 

 Cold Spring Harbor Laboratory Press on June 22, 2026 . Published by genome.cshlp.orgDownloaded from 

http://genome.cshlp.org/
http://www.cshlpress.com


CHROMOSOME-SPECIFIC cDNA LIBRARIES 

Table 3. Representative examples of sequence similarities and mapping data for 
chromosome 5 genes 

Localization 
cDNA on 
clone Length Percent Accession chromosome 
name (bp) BLAST-N/BLAST-X homology no. 5 

3G7 273 GP36b glycoprotein 100 U10362 5 
1 B1 272 DAP-1 100 X76105 5pl 5.2 
1 D8 161 49-kD protein 100 L22009 5q32-qter 
3A11 282 TGF-13-induced gene H3* 100 M77349 5q31 
2-4 274 protocadherin 42 94 L11 370 5q32-q33 
1 B3 161 interferon regulatory factor 1 * 100 X14454 5q23-q31 
3F2 21 7 GM2 activator protein* 96 X61094 5q32-q33 
3E5 146 putative novel receptor kinase (GPRKG)* 96 U00686 5 
4B11 200 calphobindin II (ANX 6)* 100 D00510 5q32-q34 
3F1 218 c-fms proto-oncogene for CSF-1 * 100 X14720 5q33.3-q34 
1 H12 161 early growth response protein 1 * 100 X52541 5q23-q31 
3G11 185 NIB1948 cDNA 3' end 93 T16862 5q32 
1 H5 160 partial cDNA sequence; clone c-24g06 79 Z44585 5q32 
1 G3 336 cDNA clone f l  1009 5' end 84 T19261 5q 
1 F3 1 79 3'-directed Mbol cDNA; clone pm2938 100 D20052 5q32 
3G2 253 cDNA clone c0801 3 5' end 87 T19194 5q33.2-qter 
3C10 273 EST92610 100 T35864 5q 
3B12 248 cDNA clone HIBBF39 5' end 100 T08503 5q23 
3C9 1 74 novel/Connexin 40 66 P33725 5q 
3B5 200 novel/bone morphogenetic protein 73 L35278 5q 
2-6 209 integral membrane protein E16 90 M80244 5q14 
2-10 227 novel 5q33.2-qter 
3B7 189 novel 5pl 3 
4C11 1 75 novel 5ql  5-p21 
4B7 1 36 novel 5pl  1-p l  3 
1 D10 249 novel 5pl  5 
3H6 207 novel 5pl  1-p l  3 
3D2 232 novel 5pl 5 
1-2 260 novel 5q33.2-qter 
3G5 1 79 novel 5pl 1-p12 

Thirty clones are shown with their respective lengths in bp, homologies as detected by Blast-N, or, where BLAST-N showed no 
significant homologies, a (/) indicates a BLAST-X homology. Seven previously known chromosome 5 genes that were sequenced 
as part of our random sample are shown by an asterisk (*). Localizations within chromosome 5 are also shown. 5q indicates that 
the cDNA yielded an ambiguous sublocalization within the deletion hybrids but is clearly on the long arm. 

to classify these clones as background clones. 
However, most of these sequences (with the ex- 
ception of rDNA clones) are comprised partly of 
repetitive and partly of novel sequence. It is pos- 
sible that some of these may be bona fide chro- 
mosome 5 sequences, but we have not attempted 
to map them. A total of 23 sequenced cDNAs 
were homologous to eSTs present in the publicly 
accessible data bases and a further 157 were ei- 
ther novel by homology searches (n = 142), were 
100% homologous to known genes that  had not 
yet been chromosomally localized, or were ho- 

mologous to a known gene (n = 15 for the latter 
two cases). 

Mapping of cDNAs to Chromosome 5 

Oligonucleotide primers were designed and syn- 
thesized for a total of 180 cDNAs shown in Table 
2 and were initially scored by PCR on a mapping 
panel consisting of human genomic DNA, ham- 
ster DNA, HHW105 [a chromosome 5 monochro- 
m o s o m a l  hyb r id  in a h a m s t e r  b a c k g r o u n d  
(Gilliam et al. 1989)], A15 [a chromosome 15 
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monochromosomal hybrid in a hamster back- 
ground (McDaniel and Schultz 1992)], HeLa 
cDNA, and a negative control. Of the 180 cDNAs 
tested, 138 cDNAs mapped specifically to chro- 
mosome 5 (see Fig. 2 and Table 2) Of these, 9 
were unlocalized genes described previously (see 
Fig. 2 and Table 3 for examples), 18 were eSTs 
that had not been chromosomally assigned pre- 
viously, and 111 were novel sequences. In many 
cases, the single copy nature of the cDNAs was 
confirmed by whole genome Southern blotting, 
in addition to PCR assays and DNA sequence 
comparisons (data not shown). Thus, of the 261 
sequenced cDNAs a total of 163 (58.8%) were lo- 
cated on human chromosome 5. When all re- 
peat-containing clones are discounted, 79.5% 

(163/205) of tested cDNAs were specifically lo- 
cated on chromosome 5. Of the remaining 42 
cDNAs, 18 were nonspecific background from 
other chromosomes, 16 yielded PCR products 
from HeLa cDNA and not from human genomic 
DNA indicating that they might cross an intron, 
and 8 yielded a product on hamster DNA that 
comigrated with the human product. This latter 
class presumably represents cDNAs that  are 
highly conserved between human and hamster. 
Some of these may be genuine chromosome 5 
loci. Alternatively, these may be human cDNAs 
that were spuriously enriched by the contaminat- 
ing hamster genornic sequences present in the 
Los Alamos National Laboratory chromosome 5 
cosmid library. 
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Figure 2 Chromosomal and subchromosomal mapping of cDNAs. (A) Two 
ethidium bromide-stained agarose gels of PCR products derived using primers for 
clone 1 B1 (100% homologous to DAP-1; see Table 3) and 3B9 a cDNA with no 
significant sequence homologies. The DNAs used in each PCR were human DNA 
(lane 1), CHO hamster DNA (lane 2), HHW105 a monochromosomal 5 hybrid 
DNA (lane 3), A15 a monochromosomal 15 hybrid DNA (lane 4), secondary 
selected cDNAs (lane 5), and primers alone (lane 6). (B) Results obtained with the 
same two sets of primers on 21 deletion hybrids of chromosome 5 plus HHW105 
which contains an intact chromosome 5. Bars indicate the areas of the chromo- 
some that are present in each hybrid and they are aligned with the ideogram at 
right. Agarose gel electrophoresis of PCR products of DAP-1 and 3B9 are shown 
at top and are aligned with the various deletion hybrids. DAP-1 localizes to 
5p15.2 and 3B9 localizes to 5q33.2-qter. (C) Summarizes the number of 104 
cDNAs that could be binned to the various locations shown by the bars at the 
right side of the ideogram. In some cases only a 5q or 5p location was deter- 
mined. A total of 91 reside on the q arm and 13 reside on the p arm. 

Localization of cDNAs 
within Chromosome S 

A total of 104 sequenced 
cDNAs were r eg iona l ly  
mapped within chromo- 
some 5 using a panel of 21 
somatic cell hybrids con- 
structed from deletions of 
h u m a n  c h r o m o s o m e  5 
(Brant et al. 1993; McPher- 
son et al. 1994). DNAs from 
these hybrids were used in 
a series of PCRs to region- 
ally localize the cDNAs. 
Figure 2 shows an ideo- 
gram of ch romosome  5 
and the various deleted 
chromosomal  regions in 
the hybrids, as well as two 
representative sets of PCRs. 
This figure also summarizes 
the regional localization of 
the 104 cDNAs. Thirteen 
are located on 5p and 91 
are located on 5q. The ap- 
parent ratio of lengths of 
5p:Sq is 1:3, and the ratio 
of 5p:Sq genes found here 
(1:7) may reflect a differ- 
ence in gene distribution 
between the arms. A larger 
than expected number of 
cDNAs are located in the 
5q32-qter region (62/104). 
This may be the result of a 
bias in the cosmid source 
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or in the HeLa cDNAs. However, fluorescence in 
situ hybridizat ion (FISH) experiments  conducted 
with random cosmids from the library do not  re- 
veal any overt bias in the cosmid source (data not  
shown). It is interesting to note  that  this is the 
same region to which a large proport ion of CpG 
islands map wi thin  chromosome 5 (Craig and 
Bickmore 1994). 

DISCUSSION 

TO place these observations in perspective, to 
date, only 110 expressed sequences have been re- 
gionally localized wi th in human chromosome 5 
(Bowcock et al. 1995). This represents between 
2% and 5% of the total number of genes esti- 
mated to reside on this chromosome (Bishop et 
al. 1974; Fields et al. 1994). Chromosome 5 com- 
prises -5% of the human genome and thus, ran- 
domly picking and sequencing cDNAs from a 
normalized (but not  chromosome-specific) cDNA 
library (Ko 1990; Patanjali et al. 1991; Soares et al. 
1994 ) should on average reveal a known chro- 
m o s o m e  5 gene wi th  a f r e que nc y  of 0 .25% 
(5%×5%), and an entirely new chromosome 5 
gene with a frequency of 4.75% (5%-0.25%). The 
frequency we observed in this s tudy of 9.6% over- 
all for known chromosome 5 genes, and 79.5% 
overall for new chromosome 5 genes, thus repre- 
sent -40-fold and -15-fold enr ichments ,  respec- 
tively, over the predicted random distr ibution of 
cDNAs in a perfectly normalized library. 

It is impor tan t  to appreciate three l imitations 
that  are inherent  in this approach, and which are 
shared by the random eST approach. The first 
l imitat ion is one of complet ion.  A map based 
upon  cDNAs will inevitably miss some genes that  
exhibit  spatially or temporal ly  restricted patterns 
of expression. This is exacerbated when only  a 
few tissue sources are used for cDNA sequencing. 
Structural approaches, such as that  described by 
J.A. Trofatter, K.R. Long, J.R. Murrell, C.J. Stotler, 
J.F. Gusella, and A.J. Buckler (in prep.) do not  
suffer from this expression-based limitation. For 
selected libraries this can be ameliorated to some 
extent  by using cDNA from several tissue types at 
once, as described here. However, even when  
m a n y  tissue sources are used, direct selection, be- 
cause it is hybridizat ion and PCR dependent ,  is 
unlikely to select every gene across a large ge- 
nomic  region (Weissman 1987; Lovett et al. 1991; 
Parimoo et al. 1991; Morgan et al. 1992; Lovett 
1994a). The second l imitat ion involves mapping  
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errors. Direct selection will select related mem- 
bers of gene families and cDNAs homologous  to 
pseudogenes (Weissman 1987; Lovett at al. 1991; 
Parimoo et al. 1991; Morgan et al. 1992; Lovett 
1994a). The RPL7 cDNA used as a control  in this 
study is relevant in this regard. The RPL7 struc- 
tural gene is not  located on chromosome 5. How- 
ever, an RPL7 processed pseudogene is located on 
5q32-q33 close to the CSF1R locus on chromo- 
some 5 (G. Clines and M. Lovett, unpubl.) ,  and 
this selects its homologous  cDNA (see Table 1). 
This type of mapping  error is usually, but  no t  
always, el iminated when chromosomal  localiza- 
t ion is conducted.  This type of error also will oc- 
cur in genome-wide eST mapping.  The third lim- 
i tation concerns the length of selected cDNAs. 
Because of the length bias inherent  in PCR-based 
schemes, selected cDNAs are an average of 500 bp 
and represent fragments of the entire cDNA (see 
footnote  to Table 1). Placing these within  the 
physical map of the genome adds considerably to 
the biological informat ion content  of the map, 
but  ideally, these cDNAs would  be near  full 
length and unequivocal ly  mark single transcrip- 
t ion units. 

These l imitations are offset to a large degree 
by the high levels of enr ichment  and sequence 
complex i ty  afforded by selected libraries. The 
mapping  of 138 new cDNAs described in this 
s tudy more  t h a n  doubles  the  n u m b e r  of ex- 
pressed sequences localized within this chromo- 
some.  As was m e n t i o n e d  above ,  t he  HeLa 
se lec ted  l ib ra ry  has a s e q u e n c e  c o m p l e x i t y  
of > 4608 clones and has a reasonably flat cDNA 
abundance  profile indicative of some normaliza- 
t ion having occurred. Taken together, these ob- 
servations argue that  this library and the other  
four that  we have constructed, will provide an 
in-depth and efficient source for the large major- 
ity of the cDNAs encoded by h u m a n  chromo- 
some 5. Therefore, it should be a valuable re- 
source for isolating genes that  represent chromo- 
some 5 disease loci. In this s tudy we utilized 
deletion hybrid  mapping  panels to regionally lo- 
calize new genes. The next logical step in the 
high th roughpu t  and detailed mapping  of chro- 
mosome  5-specific cDNAs, will be the use of 
ch romosome  5 radia t ion-reduced hybrids  [RH 
(Warr ington et al. 1991, 1992; Sal tman et al. 
1993)] and  parallel  analysis  of c h r o m o s o m e  
5-specific cosmids and yeast artificial chromo- 
somes (YACs). This should represent an efficient 
and cost effective means of rapidly annota t ing  
the cosmid, YAC, and RH maps of this chromo- 
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s o m e  w i t h  c D N A s  d e r i v e d  f r o m  f ive  (or  m o r e )  

t i s s u e  s o u r c e s  a t  o n c e .  T h e  d e r i v a t i o n  o f  s u c h  

m a p s  w i l l  b e  a n  e s s e n t i a l  s t e p  i n  s p e e d i n g  u p  t h e  

i s o l a t i o n  o f  h u m a n  g e n e t i c  d i s e a s e  loc i .  

METHODS 

Isolation of Cosmid DNA and Construction of 
cDNA Pools 

The two hundred  and fifty-eight 96-well microtiter plates 
of clones from the Los Alamos National Laboratories chro- 
mosome 5-specific cosmid library (Longmire et al. 1993) 
were stamped onto LB agar conta ining kanamycin  (10 rag/ 
ml), and grown overnight  at 37°C. The colonies were 
scraped off the agar and the cosmid DNA isolated by the 
alkaline lysis me thod  (Sambrook et al. 1989). The five 
starting cDNA pools were constructed as described (Lovett 
et al. 1991; Warr ington et al. 1992), using cytoplasmic 
polyadenylated RNAs (Sambrook et al. 1989). Thymus, pla- 
centa, and HeLa cell cDNAs were ligated to oligonucle- 
otides 1 and 2; and fetal brain and activated T-cell cDNAs 
were ligated to oligonucleotides 3 and 4 (Lovett et al. 1991; 
Lovett et al. 1994b). 

Direct Selection 

Direct selection was performed as described (Lovett 1994b) 
to a CotV2 of 120, except that  in the first round  of selec- 
tion, 0.1 ~g of cDNA and 1.0 ~g of biotin-labeled cosmid 
DNA (from the entire cosmid library) were used. cDNAs 
were blocked with total h u m a n  DNA (1 ~g) and cosmid 
vector DNA (1 ~g). Secondary selections were conducted 
using 0.1 ~g of primary selected cDNAs and 1 p~g of total 
cosmid library DNA. An annexin  6 cDNA clone was used as 
a control  to moni tor  enr ichment  during the two rounds of 
selection. Further assessment of enr ichment  in the two 
rounds of selection was performed (Lovett et al. 1991; 
Lovett 1994b) using previously described genes (Table 1; 
Warr ington et al. 1991; Warr ington et al. 1992; Saltman et 
al. 1993). 

Cloning, Arraying, and Gridding of the Selected 
Product 

The primary selected products from placenta and the sec- 
o n d a r y  selected products  f rom the  o the r  four tissue 
sources,  were  c loned  in to  the  UDG vec tor  pAMPIO 
(GIBCO-BRL), in accordance with  the manufacturer 's  rec- 
ommendat ions .  Prior to cloning, the secondary selected 
material was PCR amplified using modified primers of oli- 
gonucleotides 1 and 3. The modified primer sequences 
were Ol igonuc leo ide  1-CUA; 5'-CUACUACUACUACT- 
GAGCGGAATTCGTGAGACC-3'  and  O l i g o n u c l e o t i d e  
3-CUA;  5 ' - C U A C U A C U A C U A C T C G A G A A T T C T G -  
GATCCTC-3'. 

The cloned secondary selected material, from each 
tissue source, was transformed into MAX Efficiency DH5a 
Competen t  Cells (GIBCO-BRL) as r ecommended  by the 
manufacturer.  Clones (sample size 4608) were picked from 
each transformed tissue source, and arrayed into forty- 
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eight 96-well microtiter plates. Each selected cDNA library 
was stamped, in duplicate, in a high-density format onto 
Hybond  N+ nylon membrane  (Amersham) using a Biomek 
1000 Automated Laboratory Workstat ion (Beckman). The 
bacteria were grown overnight  at 37°C, and the mem-  
branes processed as r ecommended  by the manufacturer.  

Quantitation of Enrichment 

To quanti tate the abundance  of known  chromosome 5 
genes within the 4608 clones, gel-purified PCR fragments 
of known  genes, radiolabeled with 32p were individually 
hybridized at 65°C to the high-densi ty filters of the se- 
lected cDNA libraries as described (Simmons et al. 1995). 
The filters were washed three times in buffer (0.1x SSPE, 
0.1% SDS) at 65°C, and were autoradiographed or phos- 
phor imaged (Molecular Dynamics). 

Sequence Analysis 

HeLa cDNA clones were sequenced using a dye primer ter- 
minator  cycle sequencing kit (Applied Biosystems), and 
the data collected by the ABI 373A automated fluorescence 
sequencer (Applied Biosystems). All sequences were ana- 
lyzed using the BLAST-N, BLAST-X, and FASTA programs 
(Altschul et al. 1990). 

Mapping Analysis 

PCR analysis was used to map the HeLa cDNAs using a 
panel of mapping  DNAs described in the text and figure 
legends. Oligonucleotide primer sets were designed from 
the cDNA sequences and were used under  the following 
PCR conditions: 30s at 94°C, 30s at 59°C, and 30s at 72°C 
for 30 cycles. PCR reactions were performed in a Perkin- 
Elmer 9600; each 25-~1 reaction conta ined 100 ng DNA, 10 
~M each of primer, 10 mM Tris-HCl (pH 8.3), 50 mM KC1, 
1.5 mM MgC12, 0.001% gelatin, 200 mM each dNTPs, and 1 
uni t  of Taq DNA polymerase (Perkin-Elmer). Primer sets 
that  mapped to chromosome 5, were localized regionally 
using a panel of 21 somatic cell hybrids under the same 
PCR condit ions as described above. All sequences mapping  
to chromosome 5 have been submitted as PCR primer pairs 
to Genome Database, Baltimore (GDB) along with regional 
assignments (accession nos. G00-624-854 and G00-625- 
915). The arrayed chromosome 5-specific cDNA libraries 
described here are available to investigators interested in 
h u m a n  chromosome 5 on a cost recovery basis, and sub- 
ject to participation in a data sharing consort ium. 

Ambiguities in mapping  were scored when  one or 
more hybrids produced negative results that  resulted in an 
uninterpretable regional assignment.  In several cases this 
still allowed assignment to a more general region. We in- 
terpret these ambiguities as resulting from as yet unchar-  
acterized microdeletions within  some hybrids. Radiation 
hybrid mapping  will eventually resolve these assignments. 
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