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On the Evolution of Genome Size of Birds 

T. R. Tiersch and S.S. Wachtel 

We measured genome size (nuclear DNA content) by fluorescence flow cytometry 
in 55 species of birds representing 12 different orders. Similar studies were per• 
formed in approximately 100 species by laboratories using absorption cytophotom• 
etry of Feulgen-stained nuclei. Although there have been apparent discrepancies in 
the assigned values for the species used as a reference, the values obtained in the 
different laboratories are generally in agreement. When the data are standardized 
in relation to a diploid (2C) value of 2.5 picograms (pg) of DNA for the domestic 
chicken (Gallus gallus domesticus), the mean for DNA content in 135 species rep• 
resenting 17 orders is 2.82 ± 0.33 (SD) pg with a range of 2.0-3.8 pg. Thus the 
genome size of birds is the most conservative of any vertebrate class and, all values 
considered, is smaller and more uniform in size than previous estimates would in­
dicate. This could be explained by a previously unexplored hypothesis: that the 
genome of birds has evolved from a small ancestral genome that was reduced before 
emergence of the protoavian. 

Genome size has been called the DNA "C­
value" (Cavalier-Smith 1985; Swift 1950) 
to reflect the relative constancy observed 
among individuals of a given species. Yet 
recent studies have demonstrated that ge­
nome size may vary considerably among 
conspecifics. Variation of 35% has been 
reported in pocket gopners of the genus 
Thomomys, for example (Sherwood and 
Patton 1982). These differences are small 
in comparison to the broad variation found 
among the vertebrates in general, in which 
DNA values range from about 1 to 280 pi­
cograms (pg) per diploid nucleus (Olmo 
et al. 1989). 

Absorption cytophotometry of Feulgen­
stained nuclei has been used for the es­
timation of DNA content in most organ­
isms studied, including birds. Despite some 
apparent discrepancies in the data re­
ported by different authors, the values ob­
tained with this technique agree with those 
obtained with other methods, including 
flow cytometry (Rasch 1985). Biases in 
these values can occur because genome 
size is estimated in relation to the DNA 
content of cells from a standard, or ref­
erence, species. Cells from various tissues 
of different species have been used as 
standards in avian studies, and different 
values have been assigned to the same 
standard species by different researchers. 

Genome size has been studied in some 

100 species of birds since Mirsky and Ris 
(I 951) presented the first broad survey on 
nuclear DNA mass in various animal spe­
cies, including duck, goose, domestic fowl, 
and turkey. The bird most often studied is 
the domestic chicken, Gallus gal/us do­
mesticus, for which the genome sizes re­
ported in 28 separate studies are sum­
marized by Rasch et al. (1971). 

We applied flow cytometry to the study 
of nuclear DNA content in 55 species of 
birds representing 12 orders. Our objec­
tives were to survey genome size over a 
broad range of avian species and to stan­
dardize previously reported values, there­
by enabling direct comparisons between 
the results of different studies. The data 
reveal that the genome size of birds is the 
most conservative of any vertebrate class 
and that, all values considered, it is small­
er and more uniform in size than previous 
estimates would indicate. This permits de­
velopment of an alternative hypothesis for 
the evolution of genome size in endother­
mic vertebrates. 

Materials and Methods 

Sample Preparation 

The species surveyed are catalogued in 
Table 1. We collected blood samples in 
sodium citrate (Becton-Dickinson vacu­
tainer 114606), then refrigerated and ana-
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