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Genome Size and Evolution 
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Abstract. Examination of data on genome size for prokaryotie cells suggests an 
evolutionary scheme. 

While it has been difficult to determine the genome size of pro- 
karyotic cells with a high degree of precision, recent developments in 
DNA renaturation and electron microscopy provide substantial data 
on this subject. In  this paper we have collected these data and have 
examined the fl'equency distribution versus genome size in the range of 
zero to three thousand million daltons. In  analyzing these data we have 
excluded the obligate intraeellular forms--Rickettsiae, Chlamydiae, 
organelles, and viruses. The distribution is shown in Fig. 1 and the 
data in Table 1. 

The mycoplasma fall into two distinct classes as originally pointed 
out by Bak et al., (1969). The first class falls in the range of 4 •  10 s to 
6 • 10 s daltons, while the second classis the order of magnitude of 109 daltons. 
The genome sizes between the two classes vary by a factor of approxi- 
mately 2. The lowest bacterial values are around 109 daltons. The striking 
fact is that  the range between 6 • l0 s and 109 daltons is virtually empty. 

If  one assumes that the myeoplasma are degenerate bacteria, the 
sharp break in the frequency distribution is hard to explain since dele- 
tion should lead to all values from the bacterial value of 109 down to 
the minimal value possible for a free living cell. On the other hand, 
if one assumes that the mycoplasma are primitive, then 5 • 109 daltons 
of DNA represents a primitive genome (which we shall designate a 
"genesistron") and subsequent evolution occurred by DNA doubling 
leading to the 109 daltons DNA of the Acholeplasma genus of myco- 
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plasma. The Acholeplasma (formerly known as Mycoplasma laidlawii) 
are saprophytic mycoplasma and are far less fastidious than the small 
genome forms. If  successful mutat ion is far more probable than success- 
ful deletion, a gap would emerge between organisms having 5 •  10 s 
daltons and 109 dMtons DNA. 

In  addition to small genome and cell size, one other argument exists 
for the primitive nature of the mycoplasma. The tRNAs of mycoplasma 
show a small number of modified bases, which argues for a simpler 
control system (Itayashi et al., 1969; Johnson et al., 1970; Maniloff and 
Morowitz, in preparation, 1972). 

Finally, the examination of the DNA of the simple eukaryotic cell 
Saccharomyces cerevisiae indicates that  it is also in pieces in the size 
range of 4 to 6 • 10 s dMtons, the range of the smallest prokaryotic genomes 
(Blamire et al., 1972). 

Thus an evolutionary scheme is suggested beginning with a primitive 
cell with a single genesistron. Further evolution of the cell involved two 
possible methods of increasing genetic information: (1) increase of 
chromosome size by  the linkage of two genesistrons or (2) increase of 
chromosome number with subsequent change in chromosome organi- 
zation towards the eukaryotic mode. The former method allowed con- 
tinuation of the original replicative and segregating systems as the 
genetic information is retained in one continuous piece of DNA. The 
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Table 1. Summary of prokaryotic cell genome sizes a 

Organism Strains Cxcnonle size 
• 10  -9  

daltons -1 

Refer- 
ence a 

Order: Eubacteriales 

Family: Achromobacteraceae 
Achromobacter anitratus MMCA 19 1.44 (1) 
Achromobacter sp. )lI 153 2.61 (2) 
Achromobacter sp. NCIB 9650 2.18 (2) 
Achromobacter turbidus AHU 1337 2.93 (2) 
Reuter 's  organism NCIB 9746 2.78 (2) 
Alcaligenes odorans CCEB 554 1.89 (2) 
Alcaligenes sp. AB 717 2.65 (2) 

Family: Azotobacteraceae 
Azotobacter agilis K 1.71 (2) 
Azotobacter agilis SS 4 1.70 (2) 

Family: Bacillaceae 
Bacillus anthracis NCTC 8234 2.78 (1) 
Bacillus cereus ATCC 13061 2.60 (1) 
Bacillus polymyxa ATCC 10401 2.75 (1) 
Bacillus subtilis 1686 thy-  2.31 (2) 
Bacillus subtilis B Q 2 2.47 (2) 

Family: Brevibacteriaceae 
Brevibacterium ammoniagenes ATCC 6871 1.98 (1) 

Family: Brucellaceae 
Haemophilus in/luenzae - -  1.0 (3) 
Haemophilus in/luenzae MMCA 29 1.01 (1) 
Haemophilus influenzas Rd 1.66 (2) 
Haemophilus in/luenzae - -  1.52 (4) 
Haemophilus aegyptieus NCTC 8502 1.17 (1) 
Mima polymorpha ATCC 10973 1.80 (2) 
Moraxella glucidolytica 

var. lique/aciens ATCC 17979 1.86 (2) 
Moraxella osloensi8 19116/51 1.49 (2) 
Pasteurella multocida MMCA 8 1.13 (1) 

Family: Corynebacteriaceae 
Corynebaeterium glutamicum MPS 10 1.72 (2) 

Family: Enterobacteriaceae 
Erwinia herbicola BG 1 2.93 (2) 
Escherichia coli MMCA 38 2.75 (1) 
Eecherichia coli - -  2.98 (5) 
Escherichia coli B 2.2 (6) 
Escherichia coli B 2.2 (3) 
Escherichia eoli B (MMCA 56) 2.84 (1) 
Escherichia coli B 2.67 (2) 
Escheriehia coli C 2.42 (2) 
Escherichia coli K-12 C600 2.53 (2) 
Klebsiella ozaenae NCTC 5053 2.36 (1) 
Klebsiella rubiacearum - -  2.58 (2) 

a References see p. 125. 
9* 



Table 1 Continued 

Organism Strains Genome size 
• 10 -9 
daltons -1 

l ~ e f e r .  

e n c e  u 

Proteus morganii 
Proteus vulgaris 
Salmonella pullorum 
Salmonella pullorum 
Salmonella pullorum 
Salmonella pullorum 
Salmonella typhimurium 
Salmonella typhimurium 
ShigeUa sonnei 

Family: Lactobacillaceae 
Diplococcus pneumoniae 
Streptococcus agalactiae 
Streptococcus/aecalis 
Streptococcus pyogenes 

Family: Micrococcaceae 
Micrococcus flavus 
Micrococcus lysodeiktieus 
Sarcina lutea 
Staphylococcus albus 
Staphylococcus aureus 

Family: Neisseriaceae 
Neisseria crassa 
Neisseria catarrhalis 
Neisseria catarrhalis 
~Veisseria /lava 
Neisseria gonorrhoeae 
Neisseria gonorrhoeae 
Neisseria meningitidis 
Neisseria sicea 

Family: Rhizobiaccae 
Agarbacterium alginicum 

Order: Mycoplasmatales 
Family: Mycoplasmataeeae 

Acholeplasma (Mycoplasma) 
!Iranularum 

Acholeplasma (Mycoplasma) 
laidlawii A 

Acholeplasma (Mycoplasma) 
laidlawii B 
Mycoplasma arthritidis 
Mycoplasma arthritidis 
Mycoplasma sp. (bovine strain) 
Mycoplasma /ermentan8 
Mycoplasma gallisepticum 
Mycoplasma hominis 
Mycoplasma hominis 
Mycoplasma hominis 

MMCA 6 
ATCC 13315 
1 
2 
3 
NCTC 5776 
2 
LTT-Str r 
NCTC 8221 

MMCA 46 
NCTC 6198A 
NCTC 370 
NCTC 6175 

ATCC 1024 
ATCC 4698 
ATCC 9341 
MMCA 47 
MMCA 1 

MMCA 17 
NCTC 3622 

MMCA 32 

:NCMB 886 

Friend 

F1 

F8 
PG6 

Donnetta 
PG18 
PG31 
H39 
PG21 
H39 

2.02 
2.09 
2.62 
2.81 
2.81 
2.83 
2.82 
2.65 
2.09 

1.45 
1.20 
1.47 
1.27 

2.68 
2.82 
2.78 
1.12 
1.43 

1.73 
1.04 
1.52 
1.45 
0.992 
1.28 
1.12 
1.45 

2.09 

0.95 

1.1 

1.0 
0.44 
0.444 
0.585 
0.48 
0.49 
0.51 
0.45 
0.527 

(1) 
(1) 
(2) 
(2) 
(2) 
(1) 
(2) 
(2) 
(1) 

(1) 
(1) 
(1) 
(1) 

(1) 
(1) 
(1) 
(1) 
(1) 

(1) 
(1) 
(5) 
(5) 
(5) 
(1) 
(5) 
(5) 

(2) 

(3) 

(3) 

(3) 
(3) 
(7) 
(7) 
(3) 
(3) 
(8) 
(3) 
(6) 
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125 

Organism Strains Genome size 
X 1 0  . 9  

daltons-1 

Refer- 
ence a 

Mycoplasma meleagridis 529 0.42 (9) 
Mycoplasma orale I Pratt 0.47 (3) 
MycopIasma pneumoniae Mac 0.48 (3) 
Mycoplasma salivarium PG20 0.47 (3) 
Mycoplasma sp KID 0.684 (10) 
Mycoplasma T-strain No. 58 (Ford) 0.44 (3) 
Mycoplasma T-strain No. 27 (Ford) 0.47 (3) 

Order: Pseudomonadales 

Family: Nitrobacteraceae 
Nitrosococcus sp - -  2.16 (2) 
Nitrosomonas sp - -  1.40 (2) 
Nitrifying organism 25 2.45 (2) 

Family: Pseudomonadaceae 
Acetobacter rancens 23 kl + 1.71 (2) 
Pseudomonas ]luorescens CCEB 488 2.72 (2) 
Pseudomonas patida CCEB 520 2.53 (2) 
Xanthomonas pelargonii ICPB P 121 2.40 (2) 

Family: Spirillaceae 
t t -I  Bdellovibrio 100 1.410 (6) 
H-I Bdellovibrio 109 1.340 (6) 
H-I Bdellovibrio 114 1.390 (6) 
It-I Bdellovibrio 118 1.340 (6) 
H-I Bdellovibrio 120 1.300 (6) 
Bdellovibrio starrii 

H-I Bdellovibrio A3.12 1.670 (6) 
Bdellovibrio stolpii 

H-I Bdellovibrio UKi2 1.470 (6) 
Vibrio metschnicovii ATCC 7708 2.26 (1) 

a References lor data: (1) Bak etal. (1970); (2) Gillis etal. (1970); (3) Bak etal. 
(1969); (4) MacHattie et al. (1965); (5) Kingsbury (1969); (6) Seidler et al. (1972); 
(7) Morowitz etal. (1967); (8) Bode and Morowitz (1967); (9) Allen (1971); 
(10) Ryan and Morowitz (1969). 

la t ter  method  demanded  the i nnova t ion  of a new ordered segregation 
mechanism.  The scheme is d iagrammed in Fig. 2. 

According to this proposal, the genus Mycoplasma represents the 
descendants  of the organisms tha t  preceded the prokaryot ic-eukaryot ie  
cell split. We can designate such an  organism a "p ro toka ryo te" .  The 
Acholeplasma can then  be regarded as intermediates  in  the evolut ion from 
protokaryot ie  to prokaryot ie  cells. I n  this scheme i t  is i mpor t a n t  to 
note  t ha t  the eukaryot ie  cell is no longer regarded as being derived from 
prokaryot ie  cells. Rather ,  both  are regarded as having arisen from 
the protokaryotes which now survive as the Mycoplasma.  
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Added in the Pro@ Another recent study of the sedimentation pattern of yeast 
DNA has come to our attention [Petes, T. D., Fangman, W. L. : Sedimentation 
properties of yeast chromosomal DNA. Proc. nat. Acad. Sei. (Wash.) 69, 1188-1191 
(1972}~. In  this paper a number average molecular weight of 6.2 • 10 s dalt~ns was 
observed, but the range of molecular weights was distributed from 5 • 107 to 
1.4 • 109 daltons. Although strains used, DNA standards, and methods of sphero- 
plast formation differ slightly; the source of the discrepancy between this paper 
and that  of Blamire et al., 1972, is not clear. 
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