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Now that all the papers on Reproduction of Subcellular Systems have 
been presented I am convinced, and perhaps you are too, that hereditary 
material is localized and generated not only in the nucleus but also 
in the cytoplasm. The conclusion that hereditary factors are present 
in the cytoplasm has been a long time in coming—since 1906 in fact, 
when Correns first suspected the phenomenon of cytoplasmic inher-
itance. The recent crucial finding that these hereditary cytoplasmic fac-
tors are made of DNA has made cytoplasmic inheritance acceptable to 
the most critical of geneticists. 

This year, as you know, is the hundredth anniversary of Mendel's 
discovery of unit factors of inheritance. It is fitting that the conclusion 
to 100 years of study should be the very satisfying and unifying con-
cept that the hereditary factors in both the nucleus and cytoplasm of 
higher cells are composed of DNA. 

Now, I would like to present very briefly a problem that has arisen 
in my mind concerning the significance and activity of the DNA in 
higher plants and animals. I think the problem arises from the fact 
that genetics has used Mendelian analysis almost exclusively. You will 
recall that the success and power of Mendelian analysis of unit factors 
of inheritance rests on two remarkable properties. First, all other fac-
tors in the entire cell may be kept constant only a single genie mole-
cule changed. Second, the change in this single genie molecule can be 
recognized because the molecule is a template which becomes magnified 
by translation into a single type of enzyme yielding several million mole-
cules as products; this is called the phenotypic expression of the gene. 
Mendelian analysis is suitable for one or two alleles of a gene, but when 
there are many more than two alleles, Mendelian analysis becomes very 
cumbersome or even impossible. This is true not only for DNA of the 
cytoplasm but also for DNA of the nucleus. For example, a liver cell 
contains about 1000 mitochondria; each mitochondrion may contain 
one double-stranded multigenic DNA chromosome. Suppose a muta-
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tion occurs in a gene in one of the mitochondria of a cell. How do we 
analyze for such a mutation in this single mitochondrion among a 
thousand other mitochondria? Similarly, if there were a large number 
of duplicates of a gene in nuclear DNA we would be unable to recog-
nize a mutation in one of these genes. Worse than that, we would not 
be able to recognize the existence of the gene. 

How many genes have we been unable to recognize because they 
do not lend themselves to Mendelian analysis? Is there much DNA 
in the nucleus, the significance and activity of which we do not know? 
I think there is. 

A few years ago I happened to look up the amount of DNA present 
in a bacterial cell, in a higher plant cell, and in a higher animal cell. 
Both the plant cell and the animal cell have about 1000 times more 
DNA than does the bacterial cell, and I was greatly perturbed by this. 
Last year Barry Commoner assembled DNA data from various cells, 
and from his data a remarkable curve may be constructed. The curve 
shows a direct relation between the protoplasmic volume of a cell and 
its DNA content. The larger the cell, the more DNA—and this rela-
tion is valid for five orders of magnitude. The amount of DNA in a 
higher plant or animal cell—1000 times more than in a bacterial cell— 
is essentially the DNA of the nucleus. The cytoplasmic DNA of mito-
chondria and plastids constitute only about 1% of the total DNA of a 
cell. 

Why does a large cell have more DNA than a bacterial cell? I do 
not have the answer, only the following impressions. 

A bacterium like E. coli can make all of its protoplasm from glucose 
and inorganic salts. It is a remarkably capable biochemist; and can even 
make amino acids and vitamins that a mammalian cell cannot make. 
Why is more DNA than this required for a higher plant or animal cell? 

Perhaps a large cell has to make more protein molecules of the same 
kind. It might do this by having more duplicate genes of a particular 
kind. This possibility is suggested by the anatomy of Paramecium. 
Paramecium is a large cell containing much DNA; it has a tiny packet 
of DNA, the micronucleus, that regulates hereditary details; and for cel-
lular biosynthesis, it has a large macronucleus representing many copies 
of the micronuclear DNA. This arrangement is logical and sensible. 

We do not find this arrangement, however, in the cells of higher plants 
and animals. For example, in the synthesis of hemoglobin in a mam-
malian erythrocyte there is no evidence for many duplicates of the genes 
that code for globin. The evidence clearly indicates that there are only 
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two functional alleles that code for the a chains and two that code for 
the ß chains of hemoglobin synthesis in the red cell of an adult. There-
fore, these four alleles are sufficient to provide the templates for prac-
tically all the globin synthesized by the erythroid cell in a period of 
24-48 hours, the period of active synthesis of hemoglobin. 

Then why is there a large amount of DNA in a mammalian nucleus? 
Perhaps this quantity of DNA is related to differentiation. Cells of mam-
mals are highly differentiated and much of the DNA may code for 
differentiation processes. Perhaps the genome consists of many duplicates 
of genes or opérons, some of which are active in one cell type and others 
in another cell type. We could even go to the extreme of suggesting that 
every different kind of nerve cell requires a different combination of the 
multiple genomes available. All of this differentiation might readily ac-
count for the fact that a mammalian cell has 1000 times more DNA than 
a bacterial cell. This sounds reasonable until we consider the higher 
plant cell. Such a cell is relatively simple in terms of differentiation, and 
yet it also has 1000 times more DNA than a bacterial cell. 

Trying an entirely different approach we might suppose that there 
are 10 genes for the regulation of 1 gene, and also that there are other 
genes like heterochromatin which perhaps double the DNA. This would 
account for a twenty-fold increase over the DNA content of a bacterium, 
and we would still be fiftyfold away from the DNA of a large plant or 
animal cell. 

Could DNA have a function in addition to that of template? Com-
moner has suggested this possibility, and has considered that this other 
function might in some way be related to cell metabolism. This may be 
true, but I still feel more satisfied thinking that DNA serves primarily as 
template. 

Thus the problem still remains. Why is there so much DNA in a higher 
plant or animal cell? Is it to synthesize proteins of one kind at a faster 
rate? Is it for processes of differentiation? Or does DNA have a different 
role in addition to coding? 

It seems most reasonable to me to consider that the high DNA content 
represents duplicates of genes, opérons, etc. If there are many duplicates 
of a gene we have failed to find them because the methods of Mendelian 
genetics are not suited to such an analysis. Cytoplasmic inheritance 
which has been suspected since 1906 was largely ignored because genes 
present in many duplicates could be analyzed only with great difficulty. 
Nor do we have adequate means for analyses available today. 

It seems to me, on the hundredth anniversary of Mendel, that 



216 S. GRANICK 

Mendelian genetics may have provided us with the ability to analyze 
perhaps 1% of nuclear genes of the higher plants and animals. We need 
new methods and ideas to learn how to analyze for the gene functions of 
the remainder of DNA in the nucleus, as well as in the cytoplasm. 
Perhaps we need a new Mendel with a computer, or perhaps a method 
and device by which we can insert a double-stranded helix, obtain base 
sequences, and have a "magic" analyzer tell us what function they are 
coding for. Maybe we will have these by the second centenary of Mendel. 
I hope it will be much earlier. 




