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attempt to contribute to the ongoing gene discovery ef-
forts, we have further optimized our original procedure for

construction of normalized directionally cloned cDNA li-
brmies[l] and we have successfully applied it to generate a
number of human cDNA libraries from a variety of adult

and fetal tissues [2]. To date we have constructed libraries
from infant brain, fetal brain, adult brain, fetal

liver-spleen, full-term and 8-9 week placentae, adult
breast, retina, ovary tumor, melanocytes, parathyroid tu-
mor, senescent fibroblasts, pineal glands, multiple sclero-
sis plaques, testis, B cells, fetal heart, fetal lung, 8-9 week
fetuses and pregnant uterus. Several additional libraries are
currently in preparation. All libraries have been contrib-
uted to the IMAGE consortium, and they are being widely
used for sequencing and mapping.

However, given the large scale nature of the ongoing se-
quencing efforts and the fact that a significant fraction of
the human genes has been identified already, the discovery
of novel cDNAs is becoming increasingly more challeng-
ing. In an effort to expedite this process further, in collabo-
ration with Greg I.xxmon (LLNL) we have developed and
applied subtractive hybridization strategies to eliminate
pooIs of sequenced cDNAs from libraries yet to be sur-
veyed. Briefly, single-stranded DNA obtained from pools
of arrayed and sequence I.M. A.G.E. clones are used as

templates for PCR amplification of cDNA inserts with
flanking T7 and T3 primers. PCR amplification products
are then used as drivers in hybridizations with normalized
libraries in the form of single-stranded circles. The remain-
ing single-stranded circles (subtracted library) are purified
by hydroxyapatite chromatography, converted to
double-stranded circles and electroporated into bacteria.
Preliminary characterization of a subtracted fetal
liver-spleen library indicates that the procedure is effective

to enhance the representation of novel cDNAs.

In an effort to enhance the representation of full-length
cDNAs in our libraries, as we strive towards our final ob-
jective of generating full-length normalized cDNA librar-
ies, we have adapted our normalization protocol to take
advantage of the fact that it is now possible to produce
single-stranded circles in vitro by sequentially digesting
supercooled plasmids with Gene II protein and Exonu-
clease III (Life Technologies). This has proven significant
because it circumvents the biases introduced by differen-
tial growth of clones containing small and large cDNA in-
serts when single-strands are produced in vivo upon super-
infection with a helper phage.
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Numerous studies have confirmed the notion that mouse
and human chromosomes resemble each other closely
within blocks of syntenic homology that vary widely in

size, containing from just a few to several hundred related
genes. Within the best-mapped of these homologous re-
gions, the presence and location of specific genes can be

accurately predicted in one species, based upon the map-
ping results obtained in the other. In addition, information
regarding gene function derived from the analysis of hu-
man hereditary traits or mapped murine mutations, can
also be extrapolated from one species to another. However,
syntenic relationships are still not established for many
human regions, and local rearrangements including appar-

ent deletions, inversions, insertions, and transposition
events, complicate most of the syntenically homologous
regions that appear simple on the gross genetic level. Be-

cause of these complications, the power of prediction af-
forded in any homology region increases tremendously
with the level of resolution and degree of internal consis-
tency associated with a particular set of comparative map-
ping data. Our groups have been interested in further de-
fining the borders of syntenic linkage groups in human and

mouse, upon elucidating mechanisms behind evolutionary
rearrangements that distinguish chromosomes of mamma-

lian species, and upon devising means of exploiting the
relationships between the two genomes for the discovery
and analysis of new genes and other functional units in
mouse and man.

One of the larger contiguous blocks of mouse-human ge-
nomic homology includes the proximal portion of mouse
chromosome 7 (Mmu7). Detailed analysis of this large re-
gion of mouse-human homology have served as the initial

focus of these collaborative studies. Our results have
shown that gene content, order and spacing are remarkably
well-conserved throughout the length of this approxi-
mately 23 cM/29 Mb region of mouse-human homology,
except for six internal rearrangements of gene sequence in
mouse relative to man. One of these differences involve a
small segment of H 19q13.4 genes whose murine cotmter-
parts have been transposed out of the large Mmu7/H19q
conserved synteny region into a separate linkage group
located on mouse chromosome 17. The six internal rear-
rangements, including two transpositions and four local
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