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Abstract-!. Genome size varies considerably among vertebrates, ranging from Jess than I pg to more 
than 200 pg; the amount of DNA differing among individuals in a population can equal the amount in 
the entire structural gene complement. 

2. Recent technological advances permit evaluation of genome size variation at several levels including
sub-chromosomal, chromosomal and cellular. 

3. Genome size variation may also be viewed from taxonomic levels, and across evolutionary time
frames. 

4. As sources of genome size variation are identified and studied, the conundrum of the C-value
paradox (lack of correlations among genome size, genomic complexity and phylogenetic status of 
organisms) may prove to be more apparent than real. 

5. Por example, the limited and relatively constant genome size of avians may be related to the
physiological constraints of flight. 

INTRODUCTION 

Genome size usually refers to the DNA content of a 
resting haploid cell. The biological signifirnnce of 
genome sil'.c has been a subject of interest since 
Mirsky and Ris (1951) discovered differences in the 
DNA content of cells from diverse species. Based on 
their early observations they asked whether DNA 
content increased from the more primitive to the 
more advanced species; whether related organisms 
had similar amounts of DNA; and whether the 
evolutionary transition from water to land was 
accompanied by changes in DNA content. 

Jn fact, differences in DNA content (DNA mass) 
do not reflect evolutionary relationships. DNA mass 
does not increase with increasing genetic complexity. 
Genome size has not steadily increased or decreased 
throughout evolutionary history, and increases and 
decreases each seem to have occurred within various 
groups. The bony fishes, for example, can lay claim 
to the largest ( > 200 pg) and smallest ( < I pg) values 
for genome size among the vertebrates. Similar find­
ings pertain to the plant kingdom (Price, 1976). 

It is also well-established that the quantity of DNA 
present greatly exceeds the quantity of DNA that is 
expressed, even in the smallest of vertebrate genomes. 
The variable, and seemingly unpredictable, nature of 
genome size has been perplexing and has been charac­
terized as paradoxical. Although the explanation for 
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variation in genome mass remains obscure, the vari·· 
ation itself can be studied from several perspectives. 
Here we address the variation in genome size found 
at different levels of organization. We emphasize the 
study of vertebrates in general and birds in particular. 

DIVERSITY AND DISTRIBUTION OF GENOME SIZE 

The DNA mass of free-living organisms ranges 
from 0.007 picograms (pg) in bacterial cells to more 
than 200 pg (I pg= 10 12 g) in lungfish. The cells of 
most eukaryotes have a diploid DNA content of from 
2 to 10 pg--about 300 times the DNA content of a 
bacterial cell. But, as noted above, some eukaryotes 
have considerably more-about 6000 times the DNA 
content of a bacterial cell. A similar range is found 
among plants: from 0.09 pg in certain fungi to 
> 100 pg in ferns and certain psilopsids.

The distribution of genome size among several
taxa is given in Table I. Note that large and small 
values both occur within groups, and that even simple 

organisms such as Gonyaulax can have massive 
genomes, This underscores the fact that, with few 
exceptions, (e.g. Saccharomyces) most of the DNA in 
the genome does not code for protein. in fact, only 
0.002% of the Gonyaulax genome codes for protein; 
only 0.7% of the tobacco plant genome; and only 9% 
of the human genome (see review in Cavalier-Smith, 
1985b). 

METHODS USED IN THE STlJDY OF GENOME SIZE 

A variety of techniques with different levels of 
precis10n have been used to estimate genome size 
















