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Bacterial genome sizes, determined by deoxyribonucleic acid reassociation
kinetics, vary over a 10-fold range. The smallest studied, Chlamydia trachomatis,
had a genome of 6 X 105 nucleotide pairs compared to 4.5 X 10' for Escherichia
coli.

Britten and his co-workers (1, 2) introduced a
technique for measuring the complexity of deoxy-
ribonucleic acid (DNA) isolated from a wide
variety of sources. They found that the rate of
reassociation of dissociated (denatured) DNA
is directly proportional to the genome size, as
noted earlier by Marmur and Doty (5). This
technique, which has been most widely applied to

quences commonly found in animal DNA (1, 2)
are not present in bacterial DNA; therefore, the
reassociation rate can be used as a direct estimate
of genome size. The rate of reassociation is most
conveniently expressed as the product of DNA
concentration and time (Cot; 2). In this study, the
Cot required for reassociation of one-half of the
DNA (Cot/2) is used to compare the genomes of

TABLE 1. Rate of reassociation of bacterial DNA

DNA Co t/2a Standard deviation Approu . no. of

nucdeotide pairs

Neisseria
N. meningitidis .................. 3.00 -40.33 1.7 X 106
N. gonorrhoeae................... 2.65 4-0.19 1.5 X 10
N. sicca ......................... 3.75 -1O.20 2.2 X 106
N. flava ......................... 3.50 1:0.40 2.2 X 106
N. catarrhalis .................... 4.25 4:0.20 2.3 X 10s

Chlamydia
C. trachomatis.................. 1.00 40.10 6.0 X 10'
C. psittaci ....................... 1.45 -0.30 8.5 X 10'

Rickettsia
R. quintana ...................... 2.75 -10.20 1.5 X 106
R. rickettsi ............ 2.75 4:0.19 1.5 X 106

Escherichia coli 9.00 4-0.79 4.5 X 10'
Coliphage T4 ................... 0.275 -i0.02 2.0 X 106

a Average of four or more determinations. Cot is expressed in mole nucleotide DNA times seconds per
liter (2). A Cot of 1 results from incubating DNA at a concentration of 83 ;sg/ml for 1 hr.

I The relationship between Cot/2 and nucleotide pairs is that derived by Britten and Kohne (2).

the DNA of higher organisms, can be used quite
successfumly to measure the complexity of the
DNA from both bacteria and viruses (2, 8).
The large number of redundant DNA se-

1 From the Bureau of Medicine and Surgery, Navy Department,
Research Task M4305.01.1008.

2 Present address: Department of Biology, University of Cali-
fornia (San Diego), La Jolla, Calif. 92037.

a group of bacteria from the genera Neisseria,
Chlamydia, and Rickettsia.
The Neisseria strains were grown in Trypticase

Soy Broth (BBL) or on Mueller-Hinton agar as
described earlier (3). The Chlamydia species were
grown in chick embryos and purified as described
by Weiss (6, 7). The Rickettsia DNA was a gift
from R. A. Mason of the National Institutes of
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Health. The DNA extractions were done by a
modified Marmur procedure (4), with an addi-
tional ribonuclease digestion at 60 C followed by
Pronase digestion (in 0.5% sodium lauryl sulfate)
overnight at 37 C. After phenol and chloroform-
isoamyl alcohol extractions, the DNA was re-
peatedly precipitated from ethyl alcohol. The
DNA was dissolved in either PB (0.12 M; consist-
ing of equal concentrations of Na2HPO4 and
NaH2PO4) or in SSC (0.15 M NaCI, 0.015 M
sodium citrate). The DNA was sheared at 50,000
psi to an approximate size of 500 nucleotides (2).

All of the reassociation reactions were done in
PB. In every case, the sheared double-stranded
DNA was sealed in a cuvette at a concentration of
25 to 85 ,ug/ml. The DNA was denatured by heat-
ing the cuvette chamber ofa Gilford 2000 spectro-
photometer to a temperature 2 to 4 C above the
temperature at which the rise in absorbancy had
leveled off. The chamber was then cooled to
approximately 25 C below the Tm of the DNA.
This cooling took no longer than 5 to 8 min. The
reassociation of the DNA was followed spectro-
photometrically. Table 1 shows the results ob-
tained from these experiments.

Every reaction followed very closely the second-
order reaction kinetics expected from simple
DNA (1, 8), indicating that none of these micro-

organisms has a large number of redundant se-
quences.
These data clearly show that the bacterial

genomes studied extend over an approximate
10-fold range in molecular weight, ranging from
a Cot/2 of 1.0 (6 X 106 nucleotide pairs) for C.
trachomatis to a Cot/2 of 9.0 (4.5 X 106 nucleo-
tide pairs) for Escherichia coli.

I thank R. J. Britten, Department of Terrestrial Magnetism,
Carnegie Institution of Washington, for the use of his pressure
cell for shearing DNA.

LITERATURE CITED

1. Britten, R. J., and D. E. Kohne. 1966. Nucleotide sequence
repetition in DNA. Carnegie Inst. Wash. Year B. 65:78-106.

2. Britten, R. J., and D. E. Kohne. 1968. Repeated sequences in
DNA. Science 161:529-533.

3. Kingsbury, D. T. 1967. Deoxyribonucleic acid homologies
among species of the genus Neisseria. J. Bacteriol. 94:870-
874.

4. Marmur, J. 1961. A procedure for the isolation of deoxyribo-
nucleic acid from microorganisms. J. Mol. Biol. 3:208-218.

5. Marmur, J., and P. Doty. 1961. Thermal renaturation of
deoxyribonucleic acids. J. Mol. Biol. 3:585-594.

6. Weiss, E. 1965. Adenosine triphosphate and other require-
ments for the utilization of glucose by agents of the psit-
tacosis-trachoma group. J. Bacteriol. 90:243-253.

7. Weiss, E. 1967. Transaminase activity and other enzymatic reac-
tions fnvolving pyruvate and glutamate in Chlamydia (psit-
tacosis-trachoma group). J. Bacteriol. 93:177-184.

8. Wetmur, J. C., and N. Davidson. 1968. Kinetics of renatura-
tion of DNA. J. Mol. Biol. 31:349-370.

NOT'ES 1401


