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A 78-kilobase region of mouse chromosome 3 contains salivary and
pancreatic amylase genes and a pseudogene

(multigene family/cosmid cloning/subcloning strategy)
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ABSTRACT Genetic studies have demonstrated that sali-
vary and pancreatic amylase genes are closely linked in human
and mouse. To analyze the arrangement of genes within the
amylase cluster, a library of YBR mouse genomic DNA was
cloned in the cosmid vector pJB8. Clones containing amylase
genes were identified by hybridization with amylase cDNA
probes. Salivary and pancreatic amylase genes were isolated on
separate cosmid clones, but no overlapping clones were evident
from the initial screening. A strategy for the rapid isolation of
terminal noncoding fragments from the cosmid clones was
developed. By using these terminal fragments for chromosome
"walking," a map of 78 kilobases of the amylase gene region
was constructed. The salivary and pancreatic amylase genes
are present within this region in the same 5'-to-3' orientation,
separated by 22 kilobases of genomic DNA. A truncated
amylase pseudogene is located 10 kilobases downstream from
the pancreatic amylase gene.

In the human and mouse genomes, distinct genes encode the
a-amylases (EC 3.2.1.1) produced in salivary gland and in
pancreas (1-4). The extensive sequence homology between
salivary (Amy-1) and pancreatic (Amy-2) amylase cDNAs
(>90%) indicates that the two genes, Amy-i and Amy-2, are
derived from a common ancestral gene (1, 4). Close linkage
ofAmy-i and Amy-2 has been established by genetic analysis
of the segregation of electrophoretic variants (3, 5). The
offspring of more than 1500 meioses have been studied in
crosses between inbred mice without observation of recom-
bination between these genes (6). This data suggested that the
intergenic distance between Amy-i and Amy-2 may be less
than 150 kilobases (kb). Consistent with their close linkage
and sequence homology, the amylase genes appear to have
undergone "correction" events during mammalian evolution
(4, 7).
The present study was undertaken to determine the precise

organization of amylase gene copies within the mouse
multigene cluster. To facilitate analysis of an extended
chromosome region, cloning was carried out in a cosmid
vector that accommodates 35- to 45-kb inserts of genomic
DNA. We chose mouse strain YBR for these studies because
of our interest in the independent regulation of its two active
pancreatic amylase genes, Amy-2.1 and Amy-2.2 (3, 8-10).
We report here the characterization of a 78-kb portion of the
amylase gene region that includes one salivary amylase gene,
the Amy-2.1 pancreatic amylase gene, and an apparent
amylase pseudogene. A subcloning strategy that facilitates
chromosome "walking" in cosmid libraries is also described.

MATERIALS AND METHODS
Genomic DNA libraries were constructed from partially Mbo
I-digested DNA isolated from livers of YBR/Ki mice. Re-
striction fragments of 35-50 kb were size-selected by cen-
trifugation through a neutral sucrose gradient and inserted
into' the BamHI site of the cosmid vector pJB8 (11, 12).
Recombinant molecules were packaged in vitro into X phage
heads and used to infect Escherichia coli strain 490A (13).
The yield of infectious phage particles containing recombi-
nant cosmids was greater than 105 per jig of chromosomal
DNA. In order to screen a genomic library of 200,00300,000
clones, approximately 10,000 colonies were plated per
150-mm Petri dish and replica-plated onto nitrocellulose
filters (Millipore) (14). Filters were hybridized with a mixture
of salivary and pancreatic amylase cDNAs from A/J mice
(pMPa21 and pMSal04; ref. 1). These clones contain all ofthe
coding regions of the mRNAs. Recombinant DNA was
isolated in minipreparations (15, 16). Restriction site mapping
was carried out by analyzing single, double, and partial
digests of the cloned DNA.
To isolate the fragment used for chromosome "walking,"

approximately 60 ng of HindIII-digested DNA from cosmid
cSam47 was self-ligated in 10Al of66mM Tris HCl buffer(pH
7.5) containing 5 mM MgCl2, 5 mM dithiothreitol, and 1 mM
ATP, in the presence of 1-3 Weiss units of T4 DNA ligase
(New England Biolabs) at 16'C overnight. After E. coli strain
DH1 was transformed with 1 .14 of the ligation mix, colonies
were selected on Luria broth (LB) agar containing ampicillin
at 50 tzg/ml. The plasmid DNA isolated from transformants
contained the vector fragment (with the ori and AmpR
sequences) plus the 3'-terminal insert fragment (see the
legend to Fig. 2). This insert fragment was isolated from the
vector by digestion with EcoRI and HindIII, followed by gel
purification. The fragment was tested for the presence of
repetitive sequences by probing a Southern blot of the
subcloned DNA with nick-translated genomic DNA and also
by using the labeled fragment to probe a Southern blot of
genomic DNA.

RESULTS
In the initial screening of two independently constructed
cosmid gene libraries, several recombinant cosmids were
isolated by hybridization with a mixture of salivary and
pancreatic amylase cDNA clones. The cloned genes were
readily classified as Amy-i or Amy-2 by comparison of their
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restriction maps with those for the amylase genes from strain
A/J (18), as shown in Fig. 1 for a representative clone of each
type. Of the 10 mapped restriction sites in Amy-i from A/J,
9 were found in clone cSam47. The eight restriction sites in
Amy-2a from A/J were all present in the pancreatic gene in
clone cPamE1, which is designated Amy-2.1. The identifica-
tion of the salivary and pancreatic amylase genes has been
confirmed by sequence analysis (data not shown). In contrast
to the coding regions, the restriction sites in the flanking
regions of the A/J and YBR genes are not conserved.
None of the cosmid clones contained more than a single

amylase gene copy, with the exception of the cosmid
cPamE1, which contains an apparent pseudogene located
approximately 10 kb downstream of the Amy-2.1 gene. The
pseudogene hybridizes with a full-length amylase cDNA but
does not hybridize with a fragment containing only exons a
and b. There were no obvious overlaps between the flanking
regions of different clones.
To obtain overlapping clones that would link the salivary

and pancreatic amylase genes, the cosmid libraries were
screened with terminal insert fragments from the amylase
clones. Terminal fragments were isolated by recircularization
of cosmid DNA after digestion with a restriction enzyme that
cleaves the vector DNA at a single site close to the cloning
site. The method is outlined in Fig. 2. This approach provides
a rapid procedure for subcloning one end fragment ofa cloned
insert. Depending upon the orientation of the gene within the
insert, either a 5' or a 3' terminal fragment will be isolated.
The advantage of this strategy is that chromosome walking
can be carried out without extensive mapping of the insert.
Comparison of the clones obtained by chromosome walking
with the original insert also provides confirmation of the
integrity of the original clone.
Using this procedure, we subcloned from cosmid cSam47

a terminal fragment located 14 kb downstream from the
Amy-i gene. Since the subcloned fragment did not contain
EcoRI sites, the intact 0.75-kb insert could be recovered after
digestion with EcoRI and HindIII. After ensuring that the
gel-purified fragment did not contain repetitive elements, we
used it to screen a new cosmid library consisting of approx-
imately 200,000 colonies. Two of the recovered clones,
cSamJ4 and cSamJ8, proved to include segments that are
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present in the Amy-i clones (cSam47 and cSamD4) and in the
Amy-2.1 clone (cPamEl). The restriction maps of these
clones provide the overlap between the Amy-i and Amy-2.1
genes (Fig. 3). The two genes are present in the same
orientation, 5' to 3', along the chromosome and are separated
by approximately 22 kb of intergenic DNA.

DISCUSSION
Chromosome walking usually requires generation of a re-
striction map for the entire cloned insert, followed by
isolation and subcloning of fragments that have been mapped
to the terminal positions. This is particularly difficult in the
case of chromosome walking with cosmids because of the
complexity of mapping the large cosmid inserts. The proce-
dure outlined in Fig. 2 provides considerable advantage
because subclones of a terminal fragment are obtained
directly without extensive mapping or subcloning.
The results of our studies demonstrate that a mouse

salivary amylase gene is located approximately 22 kb up-
stream from a pancreatic amylase gene. This small intergenic
distance can account for the lack of recombination (6), since
the predicted recombination rate would be approximately 1
per 10,000 meioses if recombination events were randomly
distributed in the genome. Our result agrees closely with the
intergenic distance recently observed for Amy-i and Amy-2
in strain A/J (24) and, thus, is likely to be a general result for
Mus domesticus.
The YBR genome contains an additional amylase gene,

Amy-2.2 (25). We have mapped 10 kb ofthe 5' flanking region
and 7 kb of the 3' flanking region of Amy-2.2 without
encountering overlap with the 78-kb gene cluster described
here. The minimal size of the YBR amylase gene region is
thus 100 kb. In other inbred strains of mice, which contain
extra copies ofAmy-2 (19, 26), the amylase gene region must
be considerably larger.
Approximately 10 kb downstream from the YBR Amy-2.1

gene is a 5-kb region that hybridizes with the full-length
amylase cDNAs but not with a fragment containing only
exons a and b. The restriction map of the 5-kb region is not
obviously related to the Amy-i or Amy-2 genes. It presum-
ably represents an amylase pseudogene or, less likely, an
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FIG. 1. Restriction maps of the coding regions of mouse Amy-i and Amy-2 genes. Cosmids cPamEl and cSam47 were isolated from a library
of YBR genomic DNA. Coding regions were mapped by partial digestion and by Southern blot analysis of the products of single and double
restriction endonuclease digestion using subclones of the cDNAs as probes. The extent of the hybridizing regions is indicated by the hatched
boxes. The restriction maps of the coding regions of the two YBR genes are compared with those of the Amy-i and Amy-2 genes from strain
A/J, which have been redrawn from Schibler et al. (18). The exons are indicated by lower case letters. E, EcoRI; B, BamHI; H, HindIII;
B represents two BamHI sites separated by 0.2 kb.
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FIG. 2. Strategy for isolation of terminal subclones from inserts
in pJB8. (A) The BamHI cloning site and flanking EcoRI sites of the
cosmid vector pJB8. (B) A recombinant molecule with a cloned insert
containing a gene (hatched region) in one possible orientation. To
isolate terminal fragments from the insert, the recombinant DNA is

digested to completion with the restriction endonuclease Hindll,
which cleaves the inserts at multiple sites but cleaves the vector at
a single site close to the cloning site. The restriction fragments are

allowed to circularize in the presence of DNA ligase. E. coli strain
DH1 is transformed with the ligation mix, and transfbrmants are

selected on LB plates containing ampicillin. Only cells transformed
by the vector fragment containing the ori and AmpR sequences will
grow. The subclone also will contain one of the terminal insert
fragments; in this example, the 5'-terminal fragment of the insert is
recovered. Note: The figure is not drawn to scale; the actual size of
the insert (35-45 kb) is greater than that of the vector (5.4 kb). H,
HindIII.

amylase gene with an extremely divergent 5' region. Addi-
tional characterization of the pseudogene is in progress.

This report is an initial step in the characterization of the
chromosomal organization of the amylase gene family, which
has been less well studied than other gene clusters. Dupli-
cation of the amylase gene has been followed by divergence
ofregulatory signals controlling tissue specificity. The time of
divergence of salivary and pancreatic amylase genes can be
estimated from the time of origin of salivary glands, first seen
in amphibia approximately 400 million years ago. Since
several extant amphibian species produce salivary amylase,
it is likely that both Amy-i and Amy-2 are present in the

amphibian genome. Thus, the linkage of Amy-i and Amy-2
has survived for an extended period of evolution. During the
same period, the a-globin and f-globin gene families, which
are linked in the amphibian Xenopus, have become dispersed
on different mammalian chromosomes (21). One conse-
quence of retained linkage of duplicated genes is the con-
tinuing potential for correction of sequences by gene con-
versions. Such events clearly have occurred between Amy-i
and Amy-2 in the mouse and human genomes, since in each
species the amylase genes are more similar to each other than
to the homologous gene of the other species (4). Correction
over an intergenic distance of 22 kb is not without precedent,
as it apparently has occurred between the mouse im-
munoglobin y2b and 'y2a chain genes which are separated by
the comparable distance of 15 kb (22).
The intergenic distance and orientation of the salivary and

pancreatic amylase genes resembles certain other gene fam-
ilies that have been studied. For example, the mouse albumin
and a-fetoprotein genes are separated by 13.5 kb and also are
transcribed from the same DNA strand (17). These genes
have diverged with respect to developmental regulation while
retaining the same tissue specificity. Two copies of the
chicken 8-crystallin gene are also present in the same 5'-to-3'
orientation, separated by 4.2 kb (23). Both crystallin genes
are expressed in lens tissue, but one gene is considerably
more active. As these examples demonstrate, duplicated
gene copies that remain in close physical proximity may
diverge with respect to tissue specificity, developmental
timing, and quantitative expression.
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FIG. 3. Restriction maps of overlapping cosmid inserts from a 78-kb region of mouse chromosome 3. The schematic drawing (top line)
summarizes the data from restriction site mapping and hybridization analysis of the overlapping cosmid clones obtained in the initial screening
with amylase cDNA (cSam47, cSamD4, and cPamEl) and those obtained from the subsequent chromosome walk (cSamJ4 and cSamJ8). The
boxed regions indicate the extent of restriction fragments that hybridize with amylase cDNA probes. The arrow indicates the position of a
possible rearrangement within cSam47. A, EcoRI; o, HindIII; *, BamHI; *, the two BamHI sites in Amy-l that are separated by 0.2 kb.
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