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Direct cDNA Selection with DNA
Microdissected from Mouse Chromosome 16:
Isolation of Novel Clones and Construction

of a Partial Transcription Map of the
C3-C4 Region

Jianjun Wei,' M.E. Hodes,'? Yi Wang,' Yue Feng,’
Bernardino Ghetti,'? and Stephen R. Dlouhy'>

Departments of 'Pathology and Laboratory Medicine and *Medical and Molecular Genetics, Indiana
University School of Medicine, Indianapolis, Indiana 46202 USA

A group of cDNA segments was selected by direct hybridization of mouse cerebellar cDNAs against genomic
DNA pools generated by microdissection of the mouse chromosome 16 (MMUI6) C3-C4 region. After
elimination of repetitive sequences and adjustment for redundancy among clones, 34 novel cDNA fragments
were isolated. The MMUIé origin of clones was confirmed by genetic linkage mapping. Reverse transcription
PCR indicated that ~68% of the cDNAs represent transcripts that are expressed in adult mouse cerebellum.
Northern blotting showed that some of these are predominantly or solely expressed in brain. This work
demonstrates that DNA microdissected from banded MMUI6 can be used for direct cDNA selection, thus
enabling construction of a new, region-specific partial transcription map. This selected cDNA library should

be a useful reagent for further molecular neurobiological studies.

The distal, C3-C4 region of mouse chromosome
16 (MMU16) represents ~1% of the mouse ge-
nome, is estimated to be 20 Mb in physical
length and may contain hundreds of genes. This
portion of MMU16 is homologous to the portion
of the long arm of human chromosome 21
(HSA21) extending from Mx1 to D16H21S16
(Nadeau et al. 1992; Reeves et al. 1993). To date,
relatively few genes that are expressed in the cen-
tral nervous system (CNS) have been isolated
from/mapped to this region. Isolation and map-
ping of such sequences should contribute to our
understanding of the involvement of this region
in neural development and degeneration.
Construction of transcription maps of ge-
nomic regions is of interest and several strategies
for accomplishing this have been derived. These
include exon trapping (Duyk et al. 1992), search-
ing for hypomethylated GC islands (Bird 1986),
screening cDNA libraries with labeled genomic
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DNA (Elvin et al. 1990), analysis of genomic DNA
for the presence of open reading frames (Fearon
et al. 1990) and direct cDNA selection (Lovett et
al. 1991). These approaches each require genomic
DNA or sequences that represent the region of
interest. The genomic materials used for region-
specific searches for expressed sequences are
mainly yeast artificial chromosomes (YACs)
(Elvin et al. 1990; Snell et al. 1993), cosmids
(Lawrence et al. 1994), regional genomic libraries
(Bonaldo et al. 1994), and genomic DNA pools
from microdissection (Yu et al. 1992). Although
microdissection of genomic DNA followed by iso-
lation of region-specific cDNAs appears to have
good potential as a simple, straightforward way
for the construction of transcription maps and
for the identification of candidate genes for ge-
netic disorders, this approach has been reported
in a relatively small number of studies (e.g., Buit-
ing et al. 1992; Yu et al. 1992; Su et al. 1994;
Yokoi et al. 1994). The yield of cDNA clones from
microdissection pools and direct selection is usu-
ally lower than from YACs (Rommens et al. 1993;
Peterson et al. 1994). This may be because only a
portion of the genomic DNA is present in the
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microdissection pool (Yokoi et al. 1994) and rela-
tively short fragments are obtained (Kao 1993).
Nevertheless, novel genes can be identified in
this manner, and they should be enriched for
those that are expressed in the tissues from which
the cDNA libraries are derived (Parrish and Nel-
son 1993). This provides a method for the isola-
tion of region- and tissue-specific expressed se-
quences.

As part of a positional cloning approach for
isolation of the weaver gene (Wei et al. 1994), we
have reported the use of microdissection to ob-
tain genomic DNA from the C3-C4 region of
MMU16. In the current study we report the uti-
lization of that DNA plus additional microdis-
sected genomic DNA, for direct cDNA selection
from cerebellar cDNA. We also partially charac-
terize a number of novel cDNAs that we have
obtained and we present a transcription map of
our clones in relation to some known MMU16
markers.

RESULTS

Microdissected Genomic DNA Pools and
Cerebellar cDNA Libraries

Two microdissected genomic DNA pools (A and B)
from the MMU16 C3-C4 region were generated by
sequence-independent amplification (SIA) in sepa-
rate experiments. Pool B has been partially charac-
terized (Wei et al. 1994). Briefly, for pool B, (1) the
average size of microdissected genomic DNA frag-
ments is ~550 bp, (2) ~80% of the fragments origi-
nate from the microdissected chromosome, (3)
>30% of the fragments are unique (single-copy) se-
quence, and (4) genetic linkage analysis has dem-
onstrated that the microdissected genomic DNA
fragments cover ~27 cM. These findings indicate
that the microdissected DNA should be valuable
for direct selection of region-specific cDNAs.

Libraries used for direct selection of cDNAs
were from newborn mouse wv/+ cerebella. One li-
brary was unsubtracted and the other was sub-
tracted to enrich for transiently expressed and/or
granule cell-related cDNAs (see Methods). Because
genes expressed in the cerebellum represent a sub-
set of the genome (Crampton et al. 1981), direct
CDNA selection from cerebellar cDNA libraries is
expected to yield only a portion of the genes in this
region of MMU16. However, this approach pro-
vides a means of obtaining genes that may be im-
portant in cerebellar pathology.

DIRECT cDNA SELECTION WITH MICRODISSECTED DNA

cDNA Selection

The general procedure of direct cDNA selection
from pools of microdissected genomic DNA is il-
lustrated in Figure 1. The genomic SIA PCR prod-
ucts of pools A and B were of comparable size. SIA
genomic PCR products (250 ng) and 100 ng of
control DNA (pBR322) were denatured and im-
mobilized on filter discs. The filters were hybrid-
ized with pooled cerebellar cDNA inserts genet-
ated from the libraries by PCR with vector prim-
ers. To block repetitive elements, >100-fold
excess of genomic DNA and mouse Cot-1 DNA
were used during prehybridization and cDNA hy-
bridization/selection. The hybridized cDNAs
were eluted, amplified by PCR, and subjected to a
second round of ¢cDNA hybridization/selection,
elution, and amplification. PCR-amplified cDNA
fragments were cloned directly into PCR II. These
PCR-based, selected cDNA clones are referred to
as PBS (PCR-based screening) clones.

v

Microdissection cDNA libraries
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Figure 1 Schematic diagram of direct cDNA se-
lection from microdissection DNA pools (see text for
details).
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Characterization of cDNAs

In an initial experiment, 96 recombinant clones
were picked randomly from the PBS ¢cDNA clones
selected with each SIA genomic DNA pool (192
clones total). Inserts (sizes from 97 to 940 bp)
were generated by PCR with vector primers.
Southern blot hybridization of inserts with 32P-
labeled mouse total genomic DNA enabled fur-
ther separation of unique sequences from repeti-
tive elements. Approximately two-thirds of the
inserts showed high or mid-level hybridization
with mouse genomic DNA. These clones were
considered to be repetitive and were set aside.
Sixty-four negative or low-level hybridization
clones were collected for further study (37 from
pool A and 27 from pool B).

To assess preliminarily whether the clones
were of chromosome-16 origin, all of the cDNAs
were tested by hybridization to genomic DNA from
a hamster/mouse hybrid cell line (96Az2; Kozak
and Rowe 1980) that contains mouse chromosome
16. Although that cell line is known also to contain
a portion of mouse chromosome 15 and the Y
chromosome, this screen provided a means for fur-
ther selection of clones. Approximately 65% (42/
64) of the cDNA clones appeared to have unique-
sequence inserts that were mapped provisionally to
MMU16 (31 clones from pool A and 11 clones from
pool B) (Fig 2; Table 1); of the remaining 22 cDNA
clones, multiple bands and/or repetitive elements
were displayed by 11 (~17%), and the residual 11
(~17%) appeared not to be from MMU16. Because
pool B contained more repetitive elements and
yielded fewer interesting clones than pool A, an-
other 96 pool B-derived clones were screened and
an additional 6 clones that mapped provisionally
to MMU16 were obtained. For some clones, differ-
ences were noted between the mouse-specific
bands in the 96Az2 hybrid cell line DNA and that
from mouse genomic DNA. Minor differences in
mobility (e.g., PBS4) likely represent lane-related
differences, whereas the significant differences in
mobility (e.g., PBS3) may represent length poly-
morphisms. Some clones (e.g., PBS2, PBS37, PBS43)
detected additional bands in mouse genomic DNA
that were not present in the hybrid. These bands
may represent related mouse genes that are not
found on chromosome 16. Some clones detected
bands in hamster and/or human genomic DNA
(e.g., PBS43, Fig. 2) with varying signal intensities.
Thus, by combining screening for repetitive ele-
ments and provisional genetic mapping with the
somatic cell hybrid, from 288 initial cDNA clones,
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Figure 2 Somatic cell hybrid mapping of selected
¢DNA clones by Southern blot analysis. The cloned
c¢DNA segments were amplified and used as labeled
probes for hybridization to the following DNA:
(Lane 1) Mouse; (lane 2) hamster; (lane 3) hamster—
mouse 96Az2 hybrid cell line (Kozak and Rowe
1980); (lane 4) human. Band sizes (in kb) are indi-
cated to the right of each panel. The PB543 panel
shows an ~1.8-kb human DNA fragment that hy-
bridizes with this PBS clone.

48 putative region-specific cDNAs were selected
for further study.

All 48 ¢cDNA segments (insert sizes 143-710
bp) were sequenced partially on both ends and
the sequences compared with each other with
Microgenie (Queen and Korn 1984). In pool A,
six cDNA species were represented more than
once, and in pool B one was redundant. In this
limited analysis, only one cDNA clone was found
to be represented in both pools. A total of 36
distinct sequences were obtained from the 48
¢DNA clones. At this time, we cannot rule out the
possibility that some of these derived from the
same genes. However, because the cDNA libraries
used in this study were synthesized with oli-
go(dT) rather than random primers, the chance
of cloning different parts of a single transcript is
lessened.

Sequences of the 36 distinct PBS clones were
compared with sequences in GenBank. Two
clones (PBS17 and PBS43) appeared to represent
previously described genes, and the remaining 34
appeared to be novel MMU16-expressed genes.
Clone PBS17 contained 226 bp of open reading
frame that was identical to a portion of the cDNA
for mouse Tiaml (GenBank accession no.
U05245), a gene shown recently to map to
MMU16 (Habets et al. 1995). One end of clone
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Table 1. Characterization of cDNA Segments Selected with Microdissected Genomic DNA
Clone Locus Size  RT- Linkage Primers (5° - 3%) PCR®  Access.
Name Symbol"‘ (bp) PCR® Mapped® Forward Reverse (bp) Num E
PBS2 Di6lum4 430 + + AGATTGCTCCTTCCAAGACA GGCCACAGTTCAAAACACTA 225 U23049
PBS3 DI6lum5 580 +H + AAGTGAATTAAGAATTGGAATCA AGGAAGACTACTGACAGTATT 117 U23050
PBS4 Di6lumé6 450 + + TCCAGTCAGTTTGAGTTGAG CATAATATCAGGTGAGAGGC 117 U23051
PBS6 D16lum7 144 nt NP TTCAAGGATCTACCTCTGGT TAGGAGACTTAGCCTACTGA 124 U25038
PBSI3  Di6lum8 416 + + GTCATTAAGCAAAACCCTGC CTTTCTAACACTTGGGAAGC 233 V25039
PBS16  DIi6lum9 700 + + GCTGGAGCCATGGAAGATTCCA ATTCATCTGTCCTGTTGATGAGAC 126 U34396
PBS17"  DI6lumi0 710 + + TGATAAGGTGAGGAAGGACATC  CTGACGGGAACGATAAGACATT 145 U34397
PBSI8  DI6lumil 500 - NP CGGACTCTGTTATTATCGTG TGTGCTAGCAGGAGAAAATG 160 U23209
PBS29  DI6lumi2 650 + + GTGCAGTGGGTAAAGAAAACAC  CCTAGCTTCTGGGAAGATACAT 150 U23865
PBS107 DI6Iumi3 420 - nt GTAAATACTTCCCAAAATGCTTC CTAGCTCTGATAACTTGGAAAG 132 U24207
PBS109 DIi6lumi4 630 - nt GACAGAATCATGATCAGACTT AAGTTAGTCTCTTACCTACTTC 130 124208
PBS112  DI6luml5 450 - nt GAATACAAGCTTGGGCTGCA CTTCTCAGTCTTACATGGTCT 162 024209
PBS114 Di6lumi6 230 nt nt U24210
PBS121 Di6luml7 740 nt nt v24211
PBS123  DI6lumi8 370 + nt TAGTCTGTGTAGTGCCTCTA GGTCACAAGGTTCACAGTGA 150 U24212
PBS31  DI6lumi9 143 +H nt CGCCTGCATTCATTTCTTTAA GTCTTAACTAAAGCGCACCT 140 U23866
PBS32  DI16Ium20 600 +M + CGACATCTCAGAGGTTTGTA GAAGAATGAGTAATGTAGGGT 140 U25040
PBS33  DI6lum2l 210 +H + CTCCAGAGACTTGAATACAG GACAGAGCAGTTAGCTTACA 180 U34398
PBS37  DI6lum22 450 + + GGGCAACTTTATAGAATCGG CTGGGATTATAGGCACAATG 172 U23867
PBS41  DI6um23 237 + + GGCAAAGAAGTCACCAATGT GCTCTCATTTACGAAGCAGT 135 U23868
PBS43%  DI6Ium24 700 + + CTATCACCCATTTGCACTAAG ATTAACCTATGACATCCAGAG 165 V24213
PBS45  Di6lum25 250 nt nt U23869
PBS46  DI6Ium26 450 + NP GCTCTGACTATGACTTGCAT AGAGCCTAGCACACTGCAGA 130 U23870
PBS49  DI6Ium27 400 + + GTGAACAGACAGCAACTTAG GTCAGTCTTGCTTGAAGTCA 140 U23871
PBS51  DI6lum28 246 - + GAAGATCCTGATTCTCAGCT GGTGTCTGTAAAGACATCCT 148 U23872
PBS54  DI6lum29 400 + + TTATCCCAGGGTGACTGGAT CACATACAGCCACAGGAAGT 150 U23873
PBSS7  DI6lum30 201 nt nt U23874
PBS60  DI6lum3l 400 + + ATGCCTCTGGCTCTTACAATC ACTATGGCTCAGGGACACTG 200 023875
PBS63  DI6/um32 350 - + TGACCTCTGACTATAACTCCT TCAGTTATTCTTTGCCTTGTC 153 U23876
PBS65  DI6lum33 250 + NP TATCAGAGCCAGACAGTAACT GCTTAAGAGAAGTGGTGCTG 160 U23877
PBS71  DI6lum34 600 + + TGGTGCAAAGTAAATTGGCAGTT ATGACTTTAAAGCCTTGTACCAG 154 U34399
PBS76  DI16Ium35 200 + + CTGTGATCTTCTCAATGATCAG CTGTCACATGGCAGATGTGAT 140 U23878
PBS80  DI6Ium36 410 + + ATCCCCAGAACCTATGAGGA GTCCCTAGTTATTTTCCAGAC 200 U23879
PBS81  DiI6lum37 300 + NP GGACAACCACATTGCTAATTC GTTACATTATGTCACTGCCCT 160 U23880
PBS95  DI6/um38 480 + + TGATAAATGCGGACTCAGAAACA AATTCGTTTGAAGAGGTCTGTT 125 U34400
PBS96  DI6lum39 700 + + AAGGGGATAACATTTGAAATGTA GAAGACAGCCAATGATGCATG 130 U23881
Clones in the upper part (PBS2-123) were derived from pool B1 or B2; clones in the lower part (PBS31-96) were derived from pool
A (see Methods); for all columns, nt indicates not tested.

AD16 designations are used because all clones detect a mouse-specific band on genomic Southern blot analysis with DNA from

96Az2 cell line.

BFor RT-PCR studies, a single symbol (+ or —) indicates that a transcript was (+) or was not (—) detected in RNA from adult mouse
cerebellum by RT-PCR with both poly(A)RNA and DNase-treated total RNA as templates, whereas a +" indicates that RT-PCR was
positive with poly(A) RNA as template but was negative with DNase-treated total RNA as template (see text).

“(+) The clone mapped to MMU16 by linkage analysis; (NP) not polymorphic.

PThe size of the PCR product using this primer set is given in bp.

FAccession numbers for GenBank.

FCPreviously deposited/described sequence (see text).

PBS43 was identical to a portion of mouse gluta-
mate receptor (Grikl, previously designated
Glur5). Grik1 has been mapped to MMU16 at 57.9
cM (closely linked with D16Mit94) (Gregor et al.
1993). PBS43 maps to the same area as Grik1 (see
below); thus, it is likely that PBS43 represents
Grikl and that the nonhomologous portion of
the clone represents unprocessed intron or an al-
ternative transcript. This has not been pursued

further. Some of the clones showed varying de-
grees of sequence homology to a number of genes
or gene fragments from several different species;
however, the homologous stretch involved only
a small portion of the PBS clone. Four PBS clones
(PBS4, 33, 112, 123) showed no homology to any
sequence in GenBank. The putative novel PBS
cDNA segments have been submitted to Gen-
Bank (accession numbers are listed in Table 1).
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Figure 3 Northern blotting analyses of some PBS
cDNA clones. Total RNA (20 pg) from mouse liver
(lane 1), brain (lane 2), cerebellum (lane 3), and
testis (lane 4) was separated in a 1.0% formalde-
hyde gel (4) and hybridized with control ¢cDNA
G3PDH (B) and selected cDNAs PBS-43 (C), PBS-37

(D), and PBS-29 (£). Band sizes (in kb) are indicated
to the right of each panel.

Expression Analysis

Primer pairs were made from 31 PBS cDNA seg-
ments and were utilized for reverse transcrption
(RT)-PCR analyses with mRNA [poly(A*)] and
with DNase-treated total RNA from adult mouse
cerebella. Twenty-one of these primer pairs
(~68%) gave positive results in a 40-cycle PCR
reaction with both RNA templates (Table 1).
Three additional clones gave positive RT-PCR re-
sults with mRNA but not with DNase-treated to-
tal RNA, and 10 clones were negative with both
RNA sources. Negative RT-PCR results with adult
cerebellar mRNA as template may indicate that
the corresponding mRNAs are expressed at very
low levels or are regulated developmentally.
Northern blotting analyses were conducted on
selected clones with total RNA (20 ug) from sev-
eral adult mouse tissues, including frontal cortex,
cerebellum, liver, and testis, to assess the distri-
bution of expression and to determine transcript
size. As illustrated in Figure 3, PBS29 (650-bp in-
sert) detected a 1.8-kb transcript that was ex-
pressed similarly in all tissues tested. PBS37 (450-
bp insert) detected a 5.5-kb transcript expressed
in brain, cerebellum, and liver but not in testis.
PBS43 (Grik1, 700-bp insert) detected a 4.2-kb

682 @ GENOME RESEARCH

transcript that was expressed highly in mouse
cerebellum, as expected for Grik1. In addition to
PBS29, 37, and 43, seven other clones (PBS2, 16,
17, 33, 51, 60, and 96) appeared to detect tran-
scripts in adult cerebellum after Northern blot-
ting, whereas clones PBS3, 4, 6, 13, 18, 31, 32, 41,
46, 49, 54, 63, 65, 71, 76, 80, 81, and 95 gave
negative results (the other PBS clones were not
evaluated by Northern blot). One clone, PBS51,
was negative by RT-PCR but detected a smear on
a Northern blot, the latter probably attributable
to the fact that the clone contains a trinucleotide
repeat. Of the Northern blot-positive clones (ex-
cluding PBS51), zoo blot analysis (mouse, rat,
hamster, dog, pig, and human genomic DNA) in-
dicates that PBS16, 17, 29, 33, 37, and 43 prob-
ably have homologs in other species (not
shown). Clones that gave positive results with
RT-PCR with both RNA templates but did not
detect bands on Northern blotting (e.g., PBS4)
may represent transcripts of low-copy number.

Genetic Mapping

All clones that were carried to this stage of the
analysis had already been mapped provisionally
to MMU16 by the Southern blotting analysis de-
scribed above with DNA from a mouse/hamster
hybrid cell line, as we had done in our initial
study of microdissected SIA genomic clones (Wei
et al. 1994). We then sought to map the PBS
cDNA clones by genetic linkage analysis. Primer
sets were made for selected clones, and the frag-
ments generated were utilized for single-strand
conformational polymorphism (SSCP) analysis.
Polymorphisms that were detected (e.g., Fig. 4)
were used for linkage analysis with 94 progeny of

4

1234

1234 123

PBSI3 : PBS16 PBS17

PBS40

Figure 4 Single-strand conformational polymor-
phisms for selected PBS clones in mouse strains
BALB/cJ (lane 1), CBA/] (lane 2), C57BL/6) (lane 3)
and M. spretus (lane 4). Clone names are indicated.
PBS40 = PBS4 (redundant clones).
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a (CS57BL/6] x Mus spretus) X M. spretus back-
cross panel (from Jackson Laboratories) and/or
with 192 progeny of a (BALB/c]J] x CBA/
J) X CBA/] backcross panel (from our colony).
Some primer sets yielded weak or no amplifica-
tion with M. spretus DNA, suggesting sequence
divergence at one or both primer sites. Of 28 PBS
clones tested, 22 were polymorphic and all were
mapped genetically to distal MMU16 with the
Jackson Laboratory panel. The second mapping
panel was used to obtain more precise localiza-
tion for clones PBS17, PBS16, and PBS33. The
gene order and distances in relation to reference
markers are illustrated in Figure S. Primer se-
quences and PCR product sizes are indicated in
Table 1.

DISCUSSION

Relatively few genes have been identified on dis-
tal MMU16, and many of these identifications

N
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H D16Mit5* PBS37 PBSTA
1.1
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" 1 PBS49 PBS96
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L D16Mit94
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|4 T{ D16Bir11PBS3 PBS13 PBS32 PBSSS3
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11T P** [PBstspPBst7pesay || 7
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Figure 5 CGCenetic linkage mapping of selected
PBS cDNAs on distal MMU16. Approximate dis-
tances (in cM at left) were determined from analysis
of results of The Jackson Laboratory (C57BL/6) x M.
spretus) X M. spretus backcross panel (4) and our
own [(BALB/c] x CBA/]) x CBA/|] backcross panel
(B).

DIRECT cDNA SELECTION WITH MICRODISSECTED DNA

are based on homology to human sequences
(Reeves et al. 1993). This region is homologous to
a portion of human chromosome 21 (HSA21)
that has been studied in considerable detail (e.g.,
Rommens et al. 1993; Dufresne-Zacharia et al.
1994; Patil et al. 1994; Wang and Smith 1994).
Because distal MMU16 is likely to express mul-
tiple genes, some of which may be unique to or
more highly expressed in mice, it is important to
isolate region-specific expressed sequences by the
utilization of mouse materials.

In this study we wished to determine
whether the genomic DNA from microdissection
of the MMU16 C3-C4 region could serve as a
resource for recovery of region-specific cDNAs.
cDNA was selected directly with genomic DNA
bound to filters, rather than by first isolating
unique-sequence genomic DNA and using it as
probe, as has been done by a number of other
workers (Buiting et al. 1992; Yu et al. 1992; Yokoi
et al. 1994). In the latter approach, the majority
of such genomic sequences, although useful as
markers, might be expected to represent noncod-
ing DNA. For example, the studies by Yu et al.
(1992), Kao et al. (1994), and Yokoi et al. (1994)
each utilized 1000 unique-sequence microdis-
sected clones (in pools) to probe cDNA libraries
and recovered 9-12 distinct cDNAs. Our protocol
(through the point of cDNA selection) mimics
more closely the direct-selection approach of Su
et al. (1994), who isolated human region-specific
c¢DNAs from chromosome 12q13. However, we
utilized a lesser amount of microdissected DNA
to select from (250 ng vs. 60 ng), we blocked with
Cot-1 and genomic DNA rather than with just
Cot-1 DNA, and we did not include total RNA to
capture additional cDNAs via DNA-RNA-cDNA
hybrids. Based on analysis of a limited number of
clones, this direct-selection method was quite
successful. Starting from 288 directly selected re-
combinant clones, we were able to isolate 34
novel ¢cDNAs that mapped provisionally to
MMU16. These findings demonstrate that the
strategy of direct cDNA selection with microdis-
sected DNA pools can generate a collection of
MMU16, region-specific cDNAs without first re-
quiring tedious genetic and physical mapping.

The microdissected DNA pools, even when
combined, probably do not contain all of the ge-
nomic DNA of the dissected region. For this rea-
son, and because cDNA from only one tissue
(mouse cerebellum) was used and only a limited
number of clones were analyzed, the cDNAs re-
ported in this study probably represent just a
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fraction of the genes expressed in this region of
MMU16. For example, Peterson et al. (1994),
with YACs as the source of genomic DNA, recov-
ered >50 human fetal-brain cDNA fragments en-
coded by a 1.2-Mb region of human chromosome
21 that is homologous to the MMU16 C4 region
(Davisson et al. 1993; Sinet et al. 1993). If we
analyzed more clones from our selected cDNAs,
we would probably isolate additional novel
clones. Southern analyses also showed that some
PBS clones may be conserved across species,
whereas some may be mouse-specific.

Preliminary studies had indicated that our li-
braries used as sources of cDNA for selection con-
tained repetitive elements [e.g., somewhat sur-
prisingly, elements with homology to L1 (Schaal
et al. 1987) appeared (based on colony hybridiza-
tion) to represent ~8% of the unsubtracted cer-
ebellar cDNA library]. Although efforts were
made to reduce the recovery of such repetitive
sequences, a major problem encountered was
that many of the selected cDNAs are/contain re-
petitive elements, despite efforts (e.g., blocking
with Cot-1 and genomic DNA) to reduce the re-
covery of such elements. The reason for this is
unknown. About 70% of the unique sequence
clones map provisionally to the dissected chro-
mosome as determined by hybridization to DNA
from a mouse/hamster hybrid cell line that con-
tains MMU16. The cDNA clones that do not map
to MMU16 may have been isolated as a result of
nonspecific hybridization during the process of
¢DNA selection or may represent contamination
during microdissection.

All PBS cDNAs that were mapped genetically
{(by SSCP polymorphisms) were localized to distal
MMU16, thus confirming the specificity of the
approach. Those cDNAs map to 13 different po-
sitions. It is likely that some of the clones not yet
mapped reside at still different map positions. At
this time it is not possible to determine un-
equivocally how many different genes are repre-
sented by the PBS clones; however, with some
admittedly simplistic assumptions, it is possible
to arrive at an estimate of gene number. Each
different map position may represent a different
gene. If two clones map to the same position but
appear to differ in expression (e.g., Northern
blotting results for PBS37 vs. PBS71, RT-PCR re-
sults for PBS51 vs. PBS80), the clones also may
represent different genes. Utilizing these criteria,
of the 22 mapped clones, only PBS3 versus PBS32
and PBS 41 versus PBS9S cannot be distinguished
(e.g., Table 1; Fig. 5). Those four clones may rep-
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resent only two genes. The remaining mapped
clones appear to be distinguishable. Thus, in
summary, at least 20 different genes may be rep-
resented by the PBS clones.

METHODS
SIA DNA Pools from Microdissection

Detailed procedures for chromosome microdissection,
DNA amplification, and cloning have been described
(Bohlander et al. 1992; Wei et al. 1994). In brief, fragments
microdissected from the distal (C3-C4) portion of GTG-
banded mouse chromosome 16 were amplified by se-
quence-independent amplification (Bohlander et al.
1992), the initial PCR products (referred to as pool B) were
aliquoted and a portion analyzed by fluorescent in situ
hybridization (FISH) to mouse chromosomes, and another
portion was cloned in PCR II. This was followed by a series
of analyses to identify repetitive and unique sequences (by
colony hybridization) and to map the clones back to chro-
mosome 16 by Southern blotting analysis of DNA from a
somatic cell hybrid and by genetic linkage analysis. The
mapping confirmed the region specificity of the pool B
genomic library. Another microdissected PCR-amplified
DNA pool (pool A) from the same chromosomal region
was not cloned, but an aliquot was analyzed by FISH. DNA
was purified separately from an aliquot of each pool by
phenol/chloroform extraction and Microcon-30 (Amicon)
filtration and bound to filter discs as target genomic DNA
for direct cDNA selection (see below).

cDNA Pools from Mouse Cerebellum

Two mouse cerebellar cDNA libraries [poly(A), oligo(dT)-
primed, AGem-2] (Hodes et al. 1994) were combined for
this study. One library was from newborn wv/+ mice. The
second library was a subtracted cDNA library that was pro-
duced from the newborn library so as to enrich for rare and
transiently expressed cDNAs (i.e., by using driver RNA
from a P31 wv/wy cerebellar vermis cDNA library). cDNA
inserts were generated by PCR amplification of ~2 x 10®
clones from a library of 5 X 10° recombinants (35 cycles,
T7 and Sp6 primers, Stratagene). Approximately 3 pg of
cDNA insert was produced from each library (average in-
sert length ~1.2 kb). The cDNA PCR products were sub-
jected to phenol/chloroform extraction and purified with
Microcon-30 filters.

Selection of cDNAs by Hybridization with
Filter-bound Genomic DNA

The general procedure followed was that of Lovett et al.
(1991), with modifications to fit our materials and to in-
crease sensitivity and simplify the procedure. Briefly, ~250
ng of purified genomic SIA PCR products (average length
of 550 bp) from each pool, A and B, was denatured, neu-
tralized, and blotted onto S-mm Nytran-plus filter discs.
Control discs contained 100 ng of linearized, denatured
pBR322 DNA. The discs were prehybridized in sodium
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phosphate buffer (25 mm Na,HPO,/NaH,PO, at pH 7.0,
7% SDS) and blocked with denatured sheared mouse ge-
nomic DNA (50 pg/ml) and mouse Cot-1 DNA (30 ug/ml,
GIBCO BRL) in a total volume of 2 ml at 65°C for 5 hr. To
block the cDNA probe prior to its use for filter hybridiza-
tion, 500 ng of cDNA was coprecipitated with 50 pg of
sheared mouse genomic DNA (average length, 500 bp) and
5 ug of mouse Cot-1 DNA, denatured, and incubated for 2
hr at 65°C in a total volume of 100 pl (25 mM NaHPO, at
pH 7.0). Hybridization was carried out at 65°C for 24 hr in
1 ml of prehybridization solution. After hybridization, fil-
ters were washed once with 2x $SC/0.5% SDS and four
times with 0.1 SSC/0.1% SDS at 65°C for a total of 4 hr.

Elution, PCR, and Cloning of the Selected cDNAs

The hybridized cDNAs were eluted from discs with 50 pl of
50 mm NaOH at room temperature for 15 min followed by
neutralization with 50 ul of 1 M Tris-HCl (pH 7.6). The
eluted cDNA was purified by passage through a G-50 col-
umn and concentrated to 20 pl. Five microliters of the
purified cDNA was used as template in a 50-pl PCR reac-
tion [vector primers T7 and Sp6, denaturation 2 min
(94°C) followed by 35 amplification cycles (30 sec at 94°C,
30 sec at 54°C, 90 sec at 72°C), Perkin-Elmer 9600 thermo-
cycler, Boehringer Mannheim PCR kit}. Five microliters of
PCR product was evaluated by electrophoresis in a 1.5%
agrose gel, and the remaining DNA was purified and sub-
jected to a second round of selected hybridization with a
new pool A or pool B genomic DNA filter disc.

After cDNA elution and amplification, 2 ul of PCR
product (~20 ng of DNA) from second-round hybridization
selection was cloned in PCR II following the manufactur-
er’s instructions (Invitrogen). Ninety-six white colonies
were picked randomly, and the cells were lysed in 30 pl of
lysis buffer (1 TE at pH 8.0 containing 1% Triton X-100)
at 98°C for 10 min. Two microliters of lysed cells was used
for 15-pl PCR reactions with M13 reverse and forward
primer pairs to generate individual cDNA inserts. Five mi-
croliters of PCR product was separated on a 1.5% agarose
gel to check insert sizes. The gel was blotted onto Nytran-
plus (Schleicher & Schuell).

Southern Blot Hybridization for Preliminary
Mapping

After electrophoretic separation, filters containing the
cDNA inserts were hybridized with *?P-labeled mouse ge-
nomic DNA to identify unique and repetitive sequences.
The nonhybridizing (negative) clones were used as probes
for Southern hybridization with EcoRI-digested genomic
DNA from mouse, hamster, human, and mouse/hamster
hybrid cell line that contains mouse chromosome 16
(Kozak and Rowe 1980). Those clones that hybridized to a
mouse-specific band were provisionally considered to be
of MMU16 origin (Wei et al. 1994). Final posthybridiza-
tion wash was with 0.5-2 X SSC (65°C).

RT-PCR and Northern Blot Analyses

cDNA was reverse transcribed with the Marathon ¢cDNA
synthesis kit (Clontech) with mRNA isolated from adult
mouse cerebellum. Two nanograms of the resulting cDNA
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was subjected to PCR amplification 25-pl reaction, 0.5 uM
primer pairs, 200 uM dNTP, 0.2 units of Tag polymerase
(Boehringer Mannheim), denaturation at 94°C for 2 min,
followed by 40 cycles of 94°C (30 sec), 56°C-6G°C (30 sec),
and 72°C (1 min). PCR products (10 pl) were evaluated on
a 1.5% agrose gel. For some analyses (see text), prior to
RT-PCR, total RNA (extracted by the method of Chom-
czynski and Sacchi 1987) was treated with RNase-free DN-
ase I (Ambion, 2 U/(ul) at 37°C for 30 min, followed by
phenol extraction.

For Northern blot analysis, total RNA from mouse
brain, cerebellum, liver, and testis was extracted by the
method of Chomczynski and Sacchi (1987), and 20 pg was
separated electrophoretically and moved to Nytran plus
membrane by downward alkaline transfer (Chomczynski
1992; Low and Rausch 1994). Hybridization with random-
primed, 3*?P-labeled cDNA inserts was the same as for
Southern blotting described above. Final posthybridiza-
tion wash was with 0.5 X SSC (65°C). Filters were exposed
to film at —70°C for 2-7 days.

DNA Sequencing

cDNA inserts were generated by PCR with vector-specific
primers and, after electrophoretic separation, were puri-
fied with a QIAquick gel extraction kit (Qiagen) according
to manufacturer’s protocols. cDNAs were directly se-
quenced with a SequiTherm Cycle Sequencing kit (Epicen-
tre Technologies). Sequences were sent to GenBank to
search for homologous sequences by the BLASTN program
(Altschul et al. 1990).

SSCP Analysis and Genetic Mapping

Primer sets for SSCP analysis were determined from the
DNA sequences, and oligonucleotides were synthesized in
our laboratory (Beckman Oligo 1000) or obtained com-
mercially (ONLY DNA). SSCP polymorphisms were re-
solved with a sequencing gel apparatus and bands visual-
ized by autoradiography following standard protocols
(Beier 1993). Briefly, after amplification in the presence of
labeled nucleotides, 5-pl aliquots of PCR products from
individual mice of the parental mouse strains and back-
cross progeny were mixed with 25-30 pl of loading buffer
(96% formamide), denatured at 98°C, and samples were
separated by electrophoresis in 5% acrylamide/0.5x TBE
at 30 W constant power for 3—4 hr at 4°C or at room tem-
perature in 5% acrylamide containing 5% glycerol. A (C57
BL/6) X M. spretus) X M. spretus (Rowe et al. 1994) map-
ping panel consisting of DNA from 94 backcross offspring
was provided by The Jackson Laboratory Backcross DNA
Panel Map Service. That service also provided genetic
analysis of the data. A second panel (BALB/c] x CBA/])
X CBA/] consisting of 192 backcross progeny was pro-
duced in our mouse colony. Several gene markers (Reeves
et al. 1993) and microsatellite markers (Dietrich et al.
1994) from distal MMU16 were used as reference markers.
Gene order was determined so as to minimize the fre-
quency of double crossovers.
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