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Genetic properties of markers may discriminate between deletions and point
mutations. We have designed a physical method for a direct characterization of
deletions which also gives an estimate of their size.

Besides the usual criterion of differential re-
version rates, mutations in pneumococci exhibit
characteristic differences in efficiency of trans-
formation. Single-site markers fall into at least
three classes which do not overlap: low, high,
and very high efficiency of transformation (4, 7,
14). Unlike point mutations, integration efficien-
cies of multisite markers corresponding to dele-
tion mutants vary over a wide continuous distri-
bution (7). The rate oftransformation ofdeletion
mutations is not affected by the hex function,
which discriminates between point mutations
(8). Recently, in a study on the efficiency of the
individual strands, using artificial heteroduplex
DNAs, we found that both strands of a multisite
marker (amiA30) which exhibits a high effi-
ciency of transformation are equally active in
transformation, whereas there is a strand pref-
erence for high-efficiency point mutations (3).
Since two other markers (amiA28 and amiA109)
behave similarly to amiA30 with respect to
strand preference and hex action, it has been
proposed that they are also multisite markers
(3). The experiments described here were de-
signed to further characterize the three markers
as deletions, using genetic properties which dis-
criminate deletions and point mutations and a
physical method which also gives an estimate of
their size.
The amiA30 mutation does not recombine

with two distinct sites, amiA5 and amiA17 (4)
(see Fig. 1); moreover, this mutation removes an
EcoRI site in the amiA locus (1). These obser-
vations led us to suggest that the mutation is a
deletion. Similarly, amiA109 does not recombine
with sites amiA9, -20, and -24 and could extend
appreciably to the left of amiA9 and to the right
of amiA24 (see Fig. 1). Because similar attempts
to find sites covered by the amiA28 marker were
unsuccessful, we have looked for another prop-

erty of multisite markers. It has been reported
for the amiA30 marker that UV sensitivity is
much higher for a DNA carrying the wild-type
allele than for one carrying the mutant allele (4).
A similar result was obtained with a relatively
small multisite marker of the amylomaltase lo-
cus (6). The hypersensitivity of the wild-type
allele could be accounted for by its physical size;
i.e., it behaves as a multiple target to UV irra-
diation. To determine whether the amiA28
marker meets this criterion for multisite muta-
tions, DNAs from amiA + str-41 or amiA28 str-
41 strains were UV irradiated and used to trans-
forn strains amiA28 and wild type, respectively.
Inactivation curves of the two DNAs show that
the wild-type allele for the amiA28 marker is
3.5-fold more UV sensitive than its aminopterin-
resistant counterpart (Fig. 2). The similar be-
havior of amiA28 and amiA30 markers suggests
that amiA28 also could be a multisite marker.
Thus, according to genetic criteria, markers

amiA30, -28, and -109 could be deletions. We
have used these markers for physical studies on
their nature. Restriction enzymes cut DNA at
specific sites so that genetic markers are carried
by well-defined fragments of DNA. These frag-
ments can be separated by agarose gel electro-
phoresis, and those carrying specific markers can
be detected by their transforming activity after
recovery from the gels (1, 5). Since the mobility
of a DNA fragment is essentially correlated to
its size, a fragment carrying a deletion will ex-
hibit a higher mobility than the corresponding
wild-type fragment. Therefore, the size ofa dele-
tion could be inferred from this difference in
mobility of restriction fragments.
Two EcoRI-generated fragments correspond-

ing to the amiA locus have been found (1).
Marker amiA109 is located within the A frag-
ment (Fig. 1). DNAs from the wild-type strain
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FIG. 1. Map of the amiA locus. Mutations of
amiA locus confer a resistance to 10-5M aminopte
(10). These mutations are ordered according to tl
map position established from genetic crosses (
The bar represents 10 recombination units. Rec
bination units are defined as percentage of wild-t
recombinant frequency corrected for the efficienc,
the recipient strain. EcoRI sites are indicated
arrows. Correlation between genetic and physi
distances as well as location ofEcoRI sites have b,
described (1). Molecular weights ofEcoRI-genera
fragments A and B are 1.20 x 106 and 1.66 x
respectively.
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C or a strain bearing the amiA109 marker were
treated by EcoRI, mixed, and run into a 0.6%
agarose gel (see legend to Fig. 3). DNA was
recovered by squeezing frozen, 2-mm-wide gel
slices (12) and assayed for transforming activity
on the amiA109 and wild-type recipient strains.
The position of the A' fragment will be defined
by the yield of wild-type transformants, using
amiA109 as recipient strain. Similarly, the po-
sition of the A fragment carrying the amiA109
marker will be determined by the aminopterin-
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erin type strain as recipient (Fig. 3). The A' fragment
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FIG. 3. Physical characterization of the amiA109
A

mutation. The electrophoretic mobility of the EcoRI-

generatedA fragment bearing the amiA109 mutation
has been compared with that of the wild-type A
fragment. Conditions for EcoRI digestion and hori-
zontal agarose gel electrophoresis have been de-
scribed (1). DNA was recovered from gel by freeze-6810 12 14 squeezing 2-mm-wide gel slices (12), diluted with

of irradiation at dose rate 3.5 ilm2 transformation medium, and assayed for transform-
ing activity. Two samples were run within the same

ttes of inactivation of wild-type gel: (i) a mixture ofEcoRI-cleaved DNA from strain
of amiA28 by UV irradiation. amiA109 (5 pg) and wild type (5 pg); (ii) HpaI-cleaved
trying the reference marker str- A CI857S7 DNA (0.5 pgJ. Gel from (i) was sliced into
?8 or its wild-type counterpart, 2-mm pieces and assayed for transforming activity.
ts described by Ephrussi-Taylor Gel from (ii) was stained in ethidium bromide solu-
transforming activity of both tion (2 pg/ml). Transforming activity to aminopterin
markers and of the reference of the A fragment bearing amiAl09 was assayed on
trated on wild-type and amiA28 the wild-type recipient (0). Transforming activity of
ransformation and selection of the A+ fragment was assayed on the amiAl09 recip-
ers were as describedpreviously ient (A). The curve of molecular weight (MW) versus
square of survival, -.TiOT, is mobility of A fragments produced with endonuclease

ose, according to the analysis of HpaI has been established from (ii). (-) Molecular
'(9). TO is the initial number of weights of fragments A and A109 are inferred from
'is the number oftransformants their mobilities measured at maximum transforming
)n. Symbols: (A) str4l-; (0) activity and are, respectively, 1.20 x 106 and 0.95 x
*) amiA+. 106.
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exhibits a slower electrophoretic mobility than
the A amiAIQ9 fragment. Thus, amiA109 is a
deletion. Its size can be estimated by comparison
of the sizes of A' (1.2 megadaltons) and A
amiA109 (0.95 megadalton) fragments evaluated
from their mobilities, using as size standards
HpaI-generated A fragments. The size of the
amiA109 deletion would be 0.25 megadalton or
380 base pairs. In similar experiments not shown,
we found that the B amiA28 fragment is shorter
than the B+ fragment by an estimated 240 base
pairs. It has been possible to confirm that
amiA30 is a deletion by a similar experiment
with a slight modification. Since this mutation
removes an EcoRI site, we have compared the
electrophoretic mobilities of either the fragment
carrying it or the B+C fragment resulting from
a partial hydrolysis of the wild-type DNA. This
B+C fragment is defined by its ability to trans-
forn the amiA30 recipient to wild type. The
estimated size of the amiA30 deletion would be
200 base pairs. However, this estimation is less
accurate than for amiA28 and amiAlO9 since for
technical reasons wild-type and mutant DNAs
have been run into separate slots. Moreover,
since larger DNA fragments are involved, the
resolution power of the gel is reduced.

It is noteworthy that the relationship between
genetic distances and physical length established
for large distances appears to be verified also for
short distances. For example, the amiA109 dele-
tion extends over a distance of 12 recombination
units, which would give an estimate of 360 base
pairs using the relationship 1 recombination unit
for 30 nucleotides (1). The physical size found
for amiA109 (380 base pairs) is in good agree-
ment with this expected value.
The suggestion on genetic grounds that the

three markers studied are deletions is corrobo-
rated by the more direct physical evidence that
we have presented. The lengths of these dele-
tions have been estimated. It appears that ge-
netic criteria such as absence of strand prefer-
ence for high-efficiency markers or differential
UV inactivation rates between wild-type and
mutant alleles are good indications of the dele-
tion nature of a mutation. Another genetic cri-
terion can be used to characterize deletions: the
dramatic increase in recombination rates of
neighboring markers when a deletion is carried
on donor DNA (2).
The method for physical characterization of

deletions can be used only for deletions long
enough to give a differential mobility on electro-
phoresis. The lower limit can be estimated to a
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few tens of nucleotides. This method has been
useful for characterizing deletions induced by
transformation with cloned pneumococcal DNA
(2) and also could be applied to characterization
of DNA additions.
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