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ABSTRACT

A knowledge of DNA content per cell has been of 
importance in the study of evolution and genetics. It is, 
therefore, useful to have a method of determining cellular 
DNA content that is both easy to perform and reliable.
Such a method was developed for plants and its application 
to some species of Njcotiana and Cucurbita is described.
A feature of the method is that both DNA content and cell 
number are determined for the same sample. It consists of 
a modification of methods of Smillie and Krotkov published 
in ;196.0, and Schneider to extract the DNA and remove inter
fering substances from .leaf cells which are separated from 
each other with the use of pectinase whose number is 
estimated with the aid of a hemocytometer. Burton's 
diphenylamine method is used to determine DNA concentration.i •
The DNA content per cell was shown to be different for 
species within the same genus. Cucurbita and some species 
of Nicotiana differ by as much as a factor of five.



CHAPTER I

INTRODUCTION

Deoxyribonucleic acid (DNA) comprises .the genetic 
material for all cellular organisms. It is found in the 
nuclei and mitochondria of eukaryotic cells and in the 
chloroplasts of green plants. It has both autocatalytic 
and heterocatalytic properties. The latter is mediated by 
the ability to serve as a template for the transcription 
of RNA. Four classes of RNA are synthesized: hetero
geneous •, high-molecular-weight nuclear RNA; ribosomal RNA 
which is incorporated into ribosomes; "transfer RNA; the 
carrier of amino acids to the site of protein synthesis; 
and messenger RNA which carries the code for a particular 
protein or set of proteins from the DNA in the nucleus to 
the cytoplasm in which the proteins are synthesized.

The DNA may be looked upon as the continuous ever- 
changing thread that runs through the course of evolution. 
It is changed by point mutation, deletion, duplication, and 
recombination. The amount of DNA per cell varies signif- . 
icantly among phyla. In general, those phyla assumed to 
be more advanced have more DNA per cell than those more 
primitive. However within phyla, those species believed



to be more primitive do not always contain less DNA. Calcu
lations made to date indicate that most eukaryotes have 
considerably more cellular DNA than is necessary to comprise 
their structural genes. Probably, as proposed by Britten 
and Kohne (1968) much of the excess DNA constitutes genes 
responsible for controlling the function of other genes 
and', there may be multiple copies of certain genes such as 
those specifying ribosomal ENA.

The mechanism by which the genomic DNA content
changes during speciation has been of interest to those
studying genetics and evolution. The mechanisms may include 

( • " 
the following: changes in ploidy in which an entire set of
chromosomes of some of the chromosomes may be duplicated;
lateral multiplicity or differential polynemy in which
all or some of the chromosomes undergo a change in
strandedness; and local multiplicity or tandem duplication
in which part of the DNA is deleted or repeated. The last
two mechanisms do not involve a numerical chromosome change
(Chooi 1971, pp. 195-196).

One technique that has been used to determine the 
mechanism by which cellular DNA content changes is to 
measure the amount of DNA in a nucleus and the proportion 
of that DNA that codes for a specific type of RNA. Pedersen 
(1971) determined the DNA content per cell and the percent 
of that DNA which codes for ribosomal ENA in seven species



. -  3

of fish. These included flounder, goldfish, trout, shark, 
and three species of lungfish. He found that although there 
were differences both in cellular DNA content and in pro
portion of ribosomal RNA genes, the extent of difference in 
the former was considerably greater than the latter. This 
suggests that at least in some cases, evolution can occur by 
duplication or deletion.

Matsuda, Siegel and Lightfoot (1970) found that even 
closely related plant species can differ greatly in the 
amount of DNA coding for RNA's of cytoplasmic and chloro- 
plastic ribosomes. Within the genus Nicotiana, however, it 
became apparent to Siegel et al. (1973) that a correlation
existed between the percent of the genome coding for 
ribosomal RNA and chromosome number. The tetraploid species 
examined have a genomic proportion of rDNA ranging from 
0.27 to 0.43% and the diploids have a higher value ranging 
from 0.67 to 0.90%.

Miksche (1967) presented evidence that genomic DNA 
content can vary among species within the same family 
including those that have the same chromosome number. The 
DNA content per cell varied by a mean factor of 3.5 as 
determined by chemical analysis and 2.9 by Fe'ulgen micro
spectrophotometry for several species of Gymnosperms all 
of which, except Thuja and Juniperius, have a 2N chromosome 
number of 24. Miksche (1968) also presented evidence that



there may be genomic DNA content variations even among 
different populations of the same species. The DNA content 
per cell of Picea glauca and Pinus banksiana varied from 
highest to lowest amount by factors of 1.6 to 1.5 respec
tively. For Picea glauca (western group) there was a linear 
regression between DNA absorption units and the latitude at 
which the samples were taken. This kind of evidence indi
cated that each species must be treated separately to 
determine DNA content per cell. One could not assume that 
if the genomic DNA content is known for one species with 
a certain chromosome number, another species within the 
same genus and having the same chromosome number would also 
have the same genomic DNA content.

There appears to be the possibility that within 
closely related species there may be an absolute number of 
ribosomal RNA cistrons optimum' for that group. The 
following data would be needed to test this possibility: 
percent hybridization for ribosomal RNA, the molecular 
weight of the ribosomal cistron, and the absolute DNA 
content per cell for each species examined. Hybridization 
data for some Cucurbita and Nicotiana species are available 
and the molecular weight of.the ribosomal cistron is known. 
Only the DNA content per cell determinations in these groups 
is lacking. _ ,



There are a number of methods available for the 
determination of cellular DNA content. The major methods 
are Feulgen microspectrophotometry., fluorometric deter
minations, ultraviolet. absorbance, colorimetric 
determinations, and nucleotide phosphorus determinations. 
The Feulgen method can be applied directly to cells.
However, it yields relative values. The fluorometric
determination can be adapted to a cell suspension to 
determine DNA content per cell. The other methods are 
usually applied to tissue. To determine the DNA content 
per cell in. these cases, the number of cells is estimated
per gram of tissue or per organ and then the DNA content
in a known amount of tissue is divided by the number of 
cells. However, cell counts are rarely accurate since 
clumping is a common occurrence when conventional methods 
of cell separation are used.

In the study reported here, pectinase is used to 
separate plant tissues into viable individual cells or 
small aggregates which can be easily counted. The DNA 
content is then determined directly on samples whose cell 
number have been determined. The values obtained for some 
of the species tested were in agreement with those obtained 
by others using different methods. Some plant tissue has 
so far proved refractory to this method of analysis because



of difficulty in removing substances that interfere with 
the diphenyfamine colorimetric analysis.



CHAPTER II

REVIEW OF LITERATURE

Determining DNA Concentration 
There have been several reviews of methods for 

determining DNA concentration. The methods most commonly 
used are based on either the determination of phosphorus 
content, ultraviolet absorption of the bases or on specific 
color reactions for pentose sugars.

Procedures for phosphorus analysis have been 
reviewed by Lindberg and Ernster (1956), Leloir: and Cardini 
(1957), Hutchison and Munro (19 61, pp. 783-785, 790-791), 
and Munro and Flec.k (1966) . Phosphorus moieties of the DNA 
are converted to inorganic orthophosphate by wet ashing of 
the nucleic acid with one of the following:• sulfuric acid, 
perchloric acid, or a mixture of sulfuric acid, copper 
sulfate, potassium hydrogen sulfate and selenium dioxide.
The orthophosphate produced is then reacted with molybdic 
acid or ammonium molybdate to produce a complex that can be 
reduced to a blue compound. The reducing compounds used are 
hydroquinone, 1- amino-2 naphtol-sulfuric acid, amidol, or 
stannous chloride. Schmidt and Thannhauser (1945) modified 
the procedure so that the phosphorus content of the DNA



could be determined directly. Hutchison and Munro (1961, 
p. 793) and Munro and Fleck (1966) also reviewed DNA deter
minations based on ultraviolet absorption of the purine

i

and pyrimidine bases. This method is subject to error 
because of the presence of tissue proteins and other 
substances which absorb at the same wavelength as the 
nucleotide bases. Extracting DNA with acid and taking 
readings at 260 or 268 nm serves to eliminate most of the 
error.

Of the deoxypentose determinations, the most widely 
used are DNA reactions with diphenylamine, cysteine, indole, 
or diaminobenzoic acid. The indole method is a modifi
cation by Ceriotti (1955) of a method originally described 
by Dische (1929). It can measure as little as 5 jag of DNA 
Samples containing DNA are reacted with indole in 3 N hydro
chloric acid for ten minutes at 100°C to give a yellow color 
with a sharp absorbance peak at 490 nm. The reaction, mix-7, 
ture is then extracted with chloroform which leaves the 
yellow product from deoxyribose in aqueous phase but removes 
the yellow of red pigments formed by other substances. The 
indole determination does have drawbacks because it is 
sensitive to minor technical variations and because other 
sugars such as arabinose also yield color not fully 
extracted by the chloroform treatment. Hubbard, Matthew 
and Dubowik (1970) conducted experiments to delineate the



problems and to determine the best possible methods and 
conditions of DNA extraction for reaction with indole.

Kissane and Robbins (1958) developed a highly 
specific fluorometric technique using diaminobenzoic acid. 
Hinegardner (1971) and Robertson and Tait (1971) improved on 
the original and claim a sensitivity range from 0.1 to 
100 jag of DNA with an average standard deviation of less 
than 5% of the mean DNA content.

The diphenylamine method of DNA determination was 
developed by Dische (Hutchison and Munro 1961, p. 791).
It is suitable for determinations of 50 to 500 jig of DNA 
per sample and is subject to considerable interference 
particularly with sugars such as fructose in combination 
with chloride ion (Koenig and Mueller 1964; Ackerman, Sokol 
and Brandau 1965). Burton (1956) modified the original 
Dische method making it more sensitive and less subject to 
interference. He tested an array of compounds for inter
ference with his modification of the Dische reaction. After 
allowing color to develop as usual, 2 mg of each of the 
following gave no detectable color: sucrose, glucosamine^' 
rhamnose, soluble starch, alginic acid, lactose, glucose, 
inositol, ascorbic acid, bovine plasma albumin, glutathione, 
cysteine hydrochloride, tryptophan, glycine, histidine 
hydrochloride, potassium gluconate, adenine sulfate, uric 
acid, adenosine-51 phosphate, creatine hydrate, and
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chloral hydrate. The following substances in 2 mg amounts 
gave detectable color; pyruvic acid, tannic acid, fructose, 
indole, ribose, arabinose, xylose, ©i-oxoglutaric acid, acid 
hydrolyzed casein, uracil, glycogen, and bile salts. Five 
milligrams of ribonucleic acid and commercial agar also 
gave some detectable color.

Many substances were tested for their effect on the 
readings obtained with a standard amount of DNA. The effect 
of 2 mg of arabinose, fructose, xylose, alginic acid, 
adenine sulfate, uracil, glycine, histidine, and 
od'-oxoglutaric acid of manganese pyruvate was less than 2%. 
The presence of 2 mg of the following substances reduced the 
reading: potassium gluconate (4%), acid hydrolyzed casein
(10%), tryptophan (12%), ethylenediamine (9%), and 
diethylenetriamine (23%). Sodium chloride (20 mg) reduced 
the color by five percent. The materials found to have the 
greatest effect were the following: ascorbic acid (0.4 mg)
reduced the color by 76% although 0.02 mg reduced the color 
by less than 2%; 2 mg of cysteine hydrochloride reduced the 
color by 69%; and 2 mg of triethylenetettaamine reduced the 
color by 54%. Short, Warner and Koerner (1968) reported 
that mercaptoethanol, dithiothreitol and perhaps many 
reducing agents impair color development.

The mechanism of the diphenylamine reaction is still 
j.n debate, but it is known that only the purine-bound
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deoxyribose contributes significantly to the color produced 
when diphenylamine reacts with DNA. Burton (1956) claims 
it is conceivable that there is a condensation product 
between diphenylamine and deoxyribose or w- hydroxylaevulde- 
hyde as intermediates. However, Burton regards this with 
some skepticism because deoxyribose reacts more slowly than 
DNA with diphenylamine in the first few hours of develop
ment. ■ -

"  • ' I
Short, et al.. (1968) reported other substances that

interfere with one or more of the pentose determinations. 
They are sodium citrate, tris (hydroxymethyl) aminomethane, 
ethylenediaminetetraacetate, sodium nitrate, sodium phos- - 
phate, and ammonium sulfate. In general, however, Hutchison 
and Munro (1961, p. 793) reported that phosphorus deter
minations, the widely used deoxypentose methods, and the 
ultraviolet absorbance method are in agreement. They recom^ 
mend Burton’s modification of the diphenylamine reaction 
and Ceriotti’s indole procedure as the most suitable general 
methods of measuring DNA in the absence of interfering 
substances. Short, Warner, and Koerner claimed that the 
Burton method was most precise up to an absorbance of 0.25. 
Indole gave greater precision at higher absorbances. They 
found the cysteine reaction was not sufficiently precise. 
Burton's method they claimed was the^ simplest to perform



routinely although it takes a long time to complete the 
experiment.

Another method which is based on the Schiff reagent, 
the Feulgen method, can be applied directly to cells. The 
"chromatin reacts with the base to yield a purple color the 
intensity of which can be measured with a microspectropho
tometer. The relative values of DNA content of cells can 
be determined. The relative values then Can be converted 
to absolute values making use of an appropriate standard.
The Feulgen method is disadvantageous because DNA amounts 
are underestimated in nuclei with high DNA density such 
as exists in some long-established allotetraploids (Verma 
and Rees 19 74) .

Preparatory Procedures
Most DNA content determinations require pretreatment 

of tissue. The three basic procedures are the methods of 
Schmidt and Thannhauser (1945), Schneider (1945) , and Ogur , 
and Rosen (1950). In the Schneider method, RNA and DNA 
are measured on the same tissue extract by specific color 
reactions for ribose and deoxyribose respectively. The 
Schmidt-Thannhauser method hydrolyzes the RNA in alkali and 
solubilizes the DNA extracting it from the residue. Since 
the DNA is not affected by alkali, it can be reprecipitated 
with acid. In the Schneider procedure, both nucleic acids
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are extracted with hot perchloric acid. In the Ogur and 
Rosen Method, the RNA is extracted with cold perchloric acid 
and the DNA is then extracted from the tissue with hot 
perchloric acid. These methods remove many compounds which 
may interfere with the determination of tissue nucleic acids 
such as protein and cell wall.

Smillie and Krotkov (1960) expanded on the methods 
of Schmidt and Thannhauser and Schneider. A sample of 
tissue is extracted with 10 ml of cold methanol and 
reextracted at least twice with 10 ml of methanol or 
methanol containing 0.05 M formic acid. This is followed 
by cold 5% trichloracetic acid, boiling ethanol, ethanol: 
ether, and ether. The residue is then extracted with 5% 
perchloric acid at 90°C for 15 minutes. According to 
Broughton (1970) methanol reduces nuclease activity, 
removes pigment, and facilitates removal of non-nucleic 
acid phosphorus compounds. The organic solvents remove . 
lipids and color. Hutchison and Munro (1961, p. 772) and 
Smillie and Krotkov (1960) claim acetone can be used in 
place of Or in addition to methanol.

Broughton (1970) claims that the Schneider procedure 
was probably less reliable as a result of the hydrolysis of 
cell wall polysaccharide in hot acid. Hutchison and Munro 
(1961, pp. 781, 807), Munro and Fleck (1966), and Burton 
(1968) reported that the methods used should be checked
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because some authors claim that not all of the DNA is 
extracted with various methods, that the conditions of hot 
acid extraction of the Schneider method destroys the DNA, or 
that not all of the DNA is reprecipitated with acid in the 
Schmidt-Thannhauser technique„ Munro and Fleck do not 
recommend the bgur and Rosen procedure as a method for 
extracting nucleic acid because not all of the DNA is 
extracted from the cell,

/ ■
Cell Collection 

In all but the Feulgen microspectrophotometer method 
and in some cases the fluorometric method, a value for total 
DNA concentration.per sample can be determined but some 
method must be used to determine the number of cells in that 
sample. Jensen, Francki and Zaitlin (1970) were successful 
preparing viable mesophyll cells. The method (a modifi
cation of a method devised by Takebe, Otsuki and Aoki (1968) 
consisted of shaking strips of leaf tissue in a solution 
containing pectinase. The Jensen, Francki and Zaitlin 
method has the advantage over the original method because 
the epidermis need not be removed to obtain spongy and pali
sade parenchyma cells. Sorbitol replaced mannitol because 
the sorbitol is more soluble in water than mannitol. The 
addition of potassium dextran sulfate was found to be 
useful in tissue maceration. Cells collected in this
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manner were capable of fixing CO2 by photosynthesis and were
found to be active in protein synthesis for at least a day..

The Genera
The genus Micotiana is classified into three sub

genera , fourteen sections, and sixty species (Goodspeed 
1954).. Evidence shows that interspecific hybridization 
with subsequent amphiploidy as well as genetic recombination 
has played an important role in the evolution of the genus. 
Hypotheses as to the origins and evolution of the species 
have been^presented by Goodspeed (1954). He deals as 
follows with the species analyzed in this thesis: N. pani- 
culata is placed in the subgenus Rustica and the section 
Paniculatae; N. tabacum, the cultivated species, is placed 
in the subgenus Tabacum and the section Tomentosae; N. 
sylvestris is placed in the subgenus Petunioides and the 
section Alatae; N. occidentalis is placed in the subgenus 
Petunioides and the section Sauveolentes. N. paniculata 
is a native of Peru and has a chromosome number of 24 
(12 pairs). N. occidentalis is found in western Australia 
and has a chromosome number of 42 (21 pairs). N. sylvestris 
is found in northwestern Argentina and has a chromosome 
number of 24 (12 pairs). N. tabacum, the cultivated species, 
can be said to be an American type with a chromosome number 
of 48 (24 pairs). Goodspeed and Clausen (1928) believe -



N. tabacum arose from chromosome doubling following hybrid
ization between N. sylvestris and a member of the Tomentosae 
section. This could have been either N„ otophora, N. 
toihentosiformis, or an ancestral type. According to the 
review of Nicotiana cytology (Smith 1968, pp. 7-8), all 
indications are that some of the chromosomes have differ
entiated to some degree during evolution. Pronounced 
differences are observed in segregation ratios among the 
characters used to mark eight of the chromosomes when 
N. tabacum and N. sylvestris are crossed. In Nicotiana, 
all chromosomes are relatively small ranging from about 2 to 
about 5.5 Aim in length.

According to Whitaker and Davis (1962), all of the 
Cucurbita have twenty pairs of chromosomes. The chromo
somes are extremely small. All of the Cucurbita are 
believed to be new world species. Cucurbita maxima is 
native to South America while Cucurbita pepo is native to 
North America.

Reported Values of Cellular DNA 1 s
Two values for the DNA content per N. tabacum cell 

have been reported. Flamm and Birnstiel (1964) determined 
the DNA content from cultured tobacco cells by passing 
them through a low shear roller mill and collecting the 
nuclei by differential centrifugation. The DNA content of
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the purified nuclei was determined by the method of Schmidt- 
Thannhauser (1945) . They arrived at a value of 10 pg of DNA 
per nucleus. The second value was reported by Wildman

•*1 o
(1971, p. 93) as 10 gm per nucleus. This would put the 
value of DNA content per nucleus at 0.1 pg per cell, or on 
the same order as many fungi.

Two values have been reported in the literature for 
C. pepo. Pegelow (1971, pp. 45, 46, 6 8 ) obtained a value 
of 14 pg of DNA per cell for cotyledons. Rees and Jones 
(1972, p. 63) reported a value of 2.6 pg for a 2 C nucleus 
in roots.



CHAPTER III

METHODS AND MATERIALS

Mature leaves or cotyledons of the following plants 
were used:

Nicotiana tabacum L. var. Xanthi 
Nicotiana Occidentalls Wheeler 
Nicotiana'paniculata L.
Nicotiana sylvestris Spegazzini and Comes 
Cucurbita pepo L. var. Small Sugar 
Cucurbita.palmata Wats.
Cucurbita maxima Duch.
Cucurbita maxima induced tetraploid 
Cucurbita palmata.induced tetraploid

Tetraploids of Cucurbita maxima and Cucurbita 
palmata were supplied by Dr. William Bemis, Horticulture 
Department, University of Arizona. Cucurbita pepo cotyle
dons were supplied by Dr. K. Matsuda, Biology Department, 
University of Arizona.

Source of chemicals and materials: Macerozyme
(pectinase) was obtained from All Japan Biochemicals Co., 
Ltd., 48 Shingikancho, Nishinomiya, Japan. Sorbitol 
was obtained from Aldrich Chemical Co., Inc., Milwaukee

18 .
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Wisconsin. High Capacity Nitex monofiliment cloth of 75,
90, or 105 jam mesh openings was obtained from Tet/Kressilk; 
Tabler, Ernst, and Frabler, Inc. Kressilk Products, Los 
Angeles, 525 Monterey Pass Road, Monterey Park, California 
91754. All chemicals used in diphenylamine reagent were 
reagent grade.

Preparation of Cells 
Separated leaf cells were collected using the method 

of Jensen et al. (1970). Leaves were rinsed in water and 
blotted, the midribs removed, and the laminae cut into 
strips 1 to 2 mm X 20 to 30 mm. Eighteen to 24 gm of leaf 
material were infiltrated with 1 0 ml of maceration medium 
per gm of leaf material. The medium contained 0.5% 
macerozyme, 12.5 mM KgSO^ or 0.3% K dextran sulfate, 0.8 M 
sorbitol, and a salt solution of 1 mM KNO3 , 0.2 mM KH2PO4 ,
0.1 mM MgSO^, 0.1 mM C a C ^ , 1 ju M KI, and 0.01 ja M CUSO4 .
The maceration medium was adjusted to pH 5.8 with HC1 before 
use. Infiltration was accomplished by forming and releasing 
a vacuum four times in a Buchner flask with a water aspi
rator. The excess maceration medium, was poured off and the 
tissue transferred to a 240 ml glass baby bottle containing 
10 ml of fresh medium per gm of tissue. The bottle was 
shaken on its side at room temperature in a shaker making 
about 100 strokes per minute. Cells released in the first
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30 minutes were removed by decantation and a filtration 
through two layers of cheesecloth and discarded. The 
remaining tissue was returned to the baby bottles and 2 0 ml 
of fresh maceration medium per gm of tissue were added and 
the bottles shaken for an hour longer. Released cells were 
collected in the same manner as above and the undigested 
tissue discarded. The cells were centrifuged at room tem
perature at 80 X g for 5 minutes in a swinging bucket rotor 
of an International Centrifuge Size 1 Model Y3989. The 
supernatant solution was removed by suction and the cells 
resuspended in wash medium. Wash medium contained 0.8 M 
sorbitol, the salt solution of the maceration medium plus 
1 mM CaClg. The cells were allowed to settle at 1 X g for 
an hour. The supernatant was removed and more wash medium 
added and the cells centrifuged at 80 X g for 2 minutes.
The wash medium was removed by suction and the cell pellet 
resuspended in more wash medium. The resulting suspension 
was screened through high capacity Nitex nylon monofiliment 
cloth with mesh openings of 75, 90, or 105 jam. The number 
of cells in the resulting suspension was determined by 
counting at least 2 samples on a hemocytometer grid. The 
cells were then centrifuged in a Sorvall superspeed RC-2 
centrifuge using an SS-34 rotor at 5000 X g and the super
natant discarded. The cell pellet was stored in a freezer 
at -20°C until ready to use.
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Removing Interfering Substances

A modified method of Smillie and Krotkov (1960) was 
used to remove substances which might interfere with the DNA 
content determination. The frozen cell pellet collected as 

. above was broken up with a mortar and pestle in 1 ml of ice 
cold solution--0.05 Mformic acid in methanol. It was then 
poured into an ice cold 15 ml centrifuge tube. The original 
container, mortar, and pestle were washed with more of the 
solution until 1 0 ml of the latter had been added to the 
tube. The cells were centrifuged at 5000 X g in a Sorvall 
Superspeed RC-2 centrifuge for 5 minutes and then the cells 
were washed with the following:

1 . 1 0 ml of 80% acetone or methanol (ice cold)
2. 5 ml of 0.2 N perchloric acid (ice cold)
3. 10 ml 95% ethanol (ice cold)
4. 10 ml 95% ethanol (ice cold)
5. 10 ml 95% ethanol ( 65°C )
6 . 10 ml of a 2:2:1 mixture of 95% ethanol

ethyl ether, chloroform ( 65°C )
7. 10 ml of ethyl ether ( 659C )

The pellet was stirred with every wash to break up 
clumps. The cells were washed with the acetone or methanol 
until the green color had been removed. The pellet was 
heated in a 65°C water bath for 1 minute when washed with
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the warm ethanol, 95% ethanol, ether and chloroform mixture, 
and ether. Great care had to be taken to prevent the last 
two washes from boiling over. All centrifugations were done 
at 5000 X g for 5 minutes.

Extraction of DNA

Schneider Method
The pellet was extracted according to a modified 

Schneider (1945) technique as follows: the washed cell
pellet was suspended in 5 ml of 5% perchloric acid and 
heated for fifteen minutes in a boiling water bath; the 
suspension was centrifuged at 5000 X g in a Sorvall Super
speed RC-2 centrifuge; and the supernatant which contains 
the hydrolyzed DNA was removed and put into a clean test 
tube. The pellet which contains cell wall and protein was 
discarded. A standard curve was prepared by pipetting 20, 
40, 60, 80, and 100 îg of deoxyadenosine monohydrate Grade 
A (Calbiochem) from a concentrated stock solution in water 
into separate tubes. The lower concentrations were brought 
to volumetric equality with the highest concentrations by 
the addition of distilled water. A blank was made by adding 
water to the same volume as the highest concentration but 
no deoxyadenosine. The total volume of the blank and 
standards was brought to 5 ml with 5% perchloric acid. On 
occasion, calf thymus DNA— 20, 40, and 60 Aig— was
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substituted for, or used in addition to deoxyadenosine as
standards.

Schmidt-Thannbauser
The Schmidt-Thannhauser (1945) and Schneider methods 

of DNA extraction were compared for relative recoveries of 
DNA. In the Schmidt-Thannhauser method the pellet was 
hydrolyzed with 10 ml of 0.3 N KOH for five hours at 37°C. 
The mixture was centrifuged and the supernatent fraction 
containing RNA hydrolysis products and DNA was transferred 
quantitatively to a clean 30 ml ice cold test tube. The 
solution was made 1 mM in MgCl2 and the pH adjusted to 2.0 
with cold concentrated perchloric acid. One volume of cold 
95% ethanol, was added, mixed briefly and the mixture allowed 
to stand for at least 2 0 minutes before centrifugation to 
collect the pellet. The DNA containing pellet was washed 
with 5 ml of cold 0.1 N HCIO^. The DNA pellet was then 
hydrolyzed with 5% perchloric acid in a boiling water bath 
as in the Schneider technique.

Determination of DNA Concentration 
One ml of the hydrolyzate from each of the standards 

was removed and mixed with 2 ml of diphenylamine reagent in 
separate test tubes. Burton's diphenylamine reagent was 
used as follows: a 1.5% w/v solution of diphenylamine
in glacial acetic acid and 1.5% v/v concentrated sulfuric
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acid. Immediately before use, 0.1 ml of a 2% solution of 
acetaldehyde in water was added for every 2 0 ml of reagent; 
One ml, 0.5 ml, and occasionally 0.3 ml of each sample were 
pipetted into separate test tubes, the lower volumes brought 
to 1 ml with 5% perchloric acid, and 2 ml of diphenylamine 
reagent were added to each test tube. The tubes were 
covered and developed in the dark at room temperature for 
18 to 20 hours. Optical density was determined for all 
standards and samples at a wavelength of 595-600 or 575 nm 
using a Gilford 240 spectrophotometer. In later deter-

I
minations, optical densities were also read at 700 nm 
to correct for light scattering. In this case, the 700 nm 
absorbance reading was subtracted from the DNA absorbance 
peak for both the standards and the samples. The standard 
curve was obtained by plotting absorbance against ̂ ig DNA 
or DNA equivalents. Since only purine residues are affected 
in the diphenyamine test, 1 jag of deoxyadenosine was 
equated to 2 rig of DNA. A linear regression line was 
determined by the least squares method for the standard 
curves. The absorbances obtained for the standard blanks 
were treated as data points. Since the DNA of the sample 
and the DNA of the standards were in the same volume, the 
jug of DNA of the samples could be determined by reading the 
jug of DNA corresponding to the absorbance from the graph.
An alternative method was to subtract the intercept



determined by the regression analysis from the sample 
absorbance and divide the resulting number by the slope of 
the regression line. The values obtained for the various 
dilutions of the sample--0.3, 0.5 ml--were made equivalent, 
to 1 ml. An average was taken and that value multiplied by 
five since only one-fifth of the hydrolyzate was mixed with 
the reagent. The DNA content per cell was determined by 
dividing this value by the number of cells in the pellet.



CHAPTER IV

RESULTS

Development of Cell DNA Assay
The aim of the research was to develop a simple 

method, for determining cellular DNA content of plants. The 
procedure that finally evolved consisted of the following 
steps:

1 . separation of leaf cells with the aid of pectinase;
2 . washing the cells free of debris;

. 3. counting the cells in the hemocytometer;
4. solubilizing and hydrolyzing the cellular DNA? and
5. measuring the DNA with a colorimetric procedure.

The techniques used for these steps are described in 
the Materials and Methods section and a discussion of the 
difficulties encountered and the methods used to solve them 
are presented here.

In analyzing for cellular DNA content, errors can 
arise because of difficulties in the analytical procedure or 
from the extraction problems. A consideration of the 
results from many studies showed the following specific 
difficulties to be most often the cause of the errors:

26
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a) the presence of debris and clumps in the cell

suspension;
b) light scattering in the colorimetric assay; and
c) incomplete solubilization of DNA.

Although the method of Jensen.et al. (1970) was
satisfactory for collecting viable cells, the presence of 
cell clumps and cellular fragments interfered with cell 
count determinations. Interference, due to fragments such as 
chloroplasts and cell walls was virtually eliminated by 
allowing cells to settle at 1 X g. The fragments floated 
to the top and were drawn off. Large clumps were removed 
from the cell suspension by screening them through the nylon 
cloth and the filtered material was found to consist largely 
of single, intact cells that were easily counted using a 
hemocytometer.

Turbidity was occasionally observed when some plant 
hydrolyzates were reacted with diphenylamine. This 
indicated, that light scattering due to protein or cell wall 
contaminants might contribute to the absorbance reading at 
600 nm. Support for this hypothesis was obtained by com
paring absorption spectra of the diphenylamine developed 
color of different concentrations of DNA's from calf thymus 
and hydrolyzates of plant tissue. These comparisons 
showed that increasing concentrations of DNA's from plant
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hydrolyzates resulted in higher readings at 700 ran whereas 
the similar readings for purified DMA from calf thymus were 
consistently low and not affected by the DMA concentration 
in the reaction mixture. Accordingly, the analysis of DMA’s 
from plant tissues were corrected by subtracting A^qq values 
from AgQQ values. This correction has been previously used 
by Giles and Myers (1965).

In these studies, a standard curve was prepared each 
time a DMA analysis was performed. The intensity of the 
blue color formed in the reaction with diphenylamine was 
linear with DMA concentration within the range of zero to 
200 Aig in the original perchloric acid hydrolyzate. Since 
both calf thymus or deoxyadenosine were to be used as 
standards, three separate experiments were conducted in 
which the regression line for calf thymus DMA and deoxy- 
adenosine were compared. These standard curves are 
presented in Figures 1, 2, and 3? the genomic DMA content of 
the species used in these particular experiments resulting 
from the application of both calf thymus DMA and deoxy- 
adenosine standard curves are presented in Tables 1, 2, and
3. ’ These three experiments show that calf thymus DMA and 
deoxyadenos ine may both be used as standards if the deoxy- 
adenosine concentration is corrected according to the 
procedure outlined in the Methods and Materials section 
although the calf thymus curve results consistently in a
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2. Standard curve plotted as raw data for comparison of 
calf thymus DNA and deoxyadenosine standard curve 
--Replicate II.
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3. Standard curve plotted as raw data for comparison
of calf thymus DNA and deoxyadenosine standard curve
— Replicate III.
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Table 1. Comparison of DNA Content Per Cell Using Calf

Thymus DNA and Deoxyadenosine as Standards--
Replicate I— N. tabacum. ,

Number of Cells 
Used for 
Analysis A

Average jag 
of 
DNA*

pg DNA 
Per

2.8 X 106 0.027 d a 31.0 
c t 27.5

1 1 . 0

9.8

2.8 X 106 0.025 DA28.5
c t 25.5

1 0 . 2

9.1

5.6 X 106 0.050 d a 56.5 1 0 . 0

c t 51.0 9.1

5.6 X 106 0.057 d a 65.0 
c t 58.5

1 1 . 6

10.4
Average pg Per Cell Using Deoxyadenosine = 10.7
Average pg Per Cell Using Calf Thymus DNA 9.6

*CT = Calf Thymus DNA ‘ Y = .0049 X + .024
DA = Deoxyodenosine Y = .0044 X + .032
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Table 2. Comparison of DNA Content Per Cell Using Calf

Thymus DNA and Deoxyadenosine as Standards--
Replicate II.

Species
Number of Cells 

Used for 
Analysis A

Average M g  
of 
DNA*

pg DNA 
Per 
Cell

C. pepo 1 ) 1 . 8 X 107 .040 da24 1.3
. g t 2 1 1 . 2

2 ) 1 . 8 X 107 . 046 DA3 1 1.7
CT27 1.5

C . maxima 1) 2.3 X 107 .053 DAsg 1.7
CT33 1.4

2) 2.3 X 107 .047 d a 3.2 1.4
ct27 1 . 2

1) 4.6 X 107 .098 da9 0 2 . 0

CT78 1.7
2) 4.6 X 1 0 7 .097 da89 1.9

ct7 7 1.7
Average pg Per Cell DNA Using Deoxyadenosine C. pepo = 1.5
Average pg Per Cell DNA Using Calf Thymus DNA'C . pepo = 1.4
Average pg Per Cell DNA Using Deoxyadenosine C . maxima = 1.7
Average pg Per Cell DNA Using Calf Thymus DNA C. maxima = 1.5

* CA = Calf Thymus DNA 
DA = Deoxyodenosine

y = .0051X + .010 
y = .0044X + .028
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Table 3„ Comparison of DNA Content Per Cell Using Calf

Thymus DNA and Debxyadenosine as Standards—
Replicate III.

Number of Cells 
Used for

Species Analysis A
vug of 
DNA*

pg DNA 
Per 
Cell .

N. paniculata 1) 5.1 X. 10® .023 D&26.3 5.2
CT19.8 3.9

2) 5.1 X 10® .031 d a 36.3 7.1
g t 27.4 5.3

N. occidentalis 1) 2.4 X 10® .017 d a 19.0 7.9
c t 14.0 5.8

2) 2.4 X 10® . 026 > w o o 12.5
c t 23.0 9.6

1) 4.8 X 10® - '.040 da4 7.0 9.8
c t 36.0 7.5

2) 4.8 X 10® .060 da7 3.0 15.2
c t 55.0 11.4

Average pg Per Cell DNA Using Deoxyadenosine 
N. paniculata = 6.2
Average pg Per Cell DNA Using Calf Thymus DNA 
N. paniculata = 4.6
Average pg Per Cell DNA Using Deoxyadenosine 
N. Occidentalis = 11 . 6
Average pg Per Cell DNA Using Calf Thymus DNA 
N. occidentalis — 8 . 8

* CA ■= Calf Thymus DNA 
DA = Deoxyadenosine

y = .0040X + .002 
y = .0053X + ,002
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slightly lower value of genomic DNA content than the deoxy- 
adenos ine-DNA equivalents curve.

The Recovery of DNA from Cellular Extracts 
In one experiment, the Schneider and Schmidt- 

Thannhauser techniques for DNA extraction were compared and 
the results are presented in Figures 4 and 5, and Table 4.
In this study, the Schmidt-Thannhauser technique yielded 
less DNA than that obtained by the Schneider technique. 
Therefore, the Schneider technique was used in all 
subsequent determinations of DNA content.

. As a further test of the validity of the experi
mental procedure, known amounts of calf thymus DNA were 
added to isolated cells immediately prior to perchloric 
acid hydrolysis and later analyzed for recovery of DNA. A 
large sample of leaves of Nicotiana tabacurn was collected 
and cells were separated and counted in the usual way. The 
cell suspension was divided in half. One of the samples was 
further divided in half and 85 ug of calf thymus DNA was 
added to one of these. Table 5 and Figures 6 and 7. Since 
preliminary analysis of N. tabacum showed the DNA content to 
be 10 pg/cell, the added DNA brought the total DNA content 
to that believed to be in the 2X sample. The three samples 
were hydrolyzed and developed along with the standards.
The results show that the sample which contained IX cells
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Fig. 4. Absorbance spectra of diphenylamine reactions with 
DNA extracted in two ways.

DNA1s were extracted from the same number of cells
of 2N Cucurbita palnata using the Schneider A A and the
Schmidt-Thannhauser□---- □ methods and then reacted with
diphenylamine reagent. The readings were blanked against 
distilled H20.O o refers to diphenylamine blank.
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Fig. 5. Standard curve plotted as raw data for Schneider 
vs. Schmidt-Thannhauser extraction methods 
experiment.



Table 4. A Comparison of DNA Recoveries for the Schneider vs. Schmidt-Thannhauser 
Extraction Methods.

DNA Extraction 
Method

Number of Cells 
Used for 
Analysis * A

Average vug 
DNA**

pg DNA 
Per 
Cell

Relative
Recovery

Schneider
Extract

1.6 X 107 . a).083
b).095

34.00 2 i 10 1.00

3.2 X 107 a).099
b).095

59.00 1.90 .83

Schmidt-Thannhauser 
Extract

1.6 X 107 a).067
b) .060 .

12.35 .70 .33

3.2 X 107 a).075
b).085 -

23.30 .73 .35

*Equal numbers of cells of Cucurbita palmata (3.16 X 10?) were extracted for DNA 
using the Schneider or Schmidt-Thannhauser technique and aliquots containing 
extracts from the represented number of cells were analyzed for DNA using 
diphenylamine.

**Amount of. DNA was determined using deoxyadenosine as a standard with a regression 
equation of y = 0.0073X + 0.039.
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Table 5. Recovery Experiment Using N. tabacum.

Sample
Number of Cells 

Used for 
Analysis A

,ug of 
DNA*

pg DNA 
Per 
Cell

Average 
pg Per 
Cell

B 2.9 X 106 0.049
4.3 X 106 0.083
8.6 X 106 0.175

C 2.9 X 106 0.023 25.5 8 .80
4.3 X 106 0.046 50.0 11.60 11.0
8.6 X 106 0.099 110.0 12.70

A 5.4 X 106 0.046 50.0 9. 20
8.6 X 106 0.077 85.5 9. 95 10.3

17.1 X 106 0.169 188.0 11.00

A (.175 - .099) .0/6 — 85 ;ug DNA— -the amount added to
Sample B.

*y = 0.0045X + .0014
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plus the added 85 jag DNA yielded the same amount of DNA as 
that extracted from 2X cells or twice the amount of DNA as 
that extracted from IX cells without the added DNA. There- 
fore, there was no interference with the diphenylamine in 
this reaction.

The DNA Content of Various Plant Cells
The genomic DNA content was determined for seven 

different species of plants, Nicotiana tabacum, Nicotiana 
sylvestris, Nicotiana paniculata, Cucurbita pepo, Cucurbita 
maxima, and Cucurbita palmata. In addition, the DNA content 
per cell was determined for C. pepo cotyledons and for the 
artificially induced tetraploid and C. maxima and C. 
palmata. The values are presented in Table 6. In the 
case of both Nicotiana and Cucurbita, cells of the tetra
ploid species contained twice as much DNA as did cells of 
the diploid species. Although only one determination was 
made on C. pepo cotyledons, the genomic DNA content of 
cotyledon cells was shown to be between two and three 
times greater than that of C. pepo leaf cells.

Occasionally a needle-like crystelline precipitate . 
formed when the DNA hydrolyzate of N . sylvestris was 
developed with diphenylamine reagent. No precipitate of 
this type was obtained with any other plant examined. When 
this precipitate occurred, the samples were discarded.
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Table 6. DNA Content for Species Used.

Species
DNA Content pg 

Per Cell " Mean ± SB

N. tabacum 10.0 ± .40
1 10. 0
2 10.2
3 9.5
4 7.7
5 11.7
6 9.8
7 10.3
8 10.5

N. sylvestris 4. 90
1 4.5
2 5.2
3 5.2

N. O c c i d e n t a l i s

1 
2 -
3
4
5

9.4
10.0
10.2
10.8
11.0

10.3 ± .29

N. p a n i c u l a t a 5.50
1 4.5
2 5.4
3 5.7
4 6.5
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Table 6* Continued.

DMA Content pg
Species Per Cell Mean ± SE

1,7 ± .14
1.7
1.9
1.4 
2.1
1.5

2.0 ± .22
1.6
1.61.8
2.2
1.8
3.0

C. palmata 2.30
1 2.6
2 2.0

4N C. palmata . 4.5

4N C. maxima 4.1 •

Co pepo cotyledons 4.7

C. pepo
1
2
3
4
5

C. maxima
1
2
3
4
5
6



CHAPTER V

SUMMARY AND DISCUSSION

A method for determing the genomic DNA content of 
plant cells separated using the pectinase method of Jensen 
et al. (1970.) was developed and used to assay DNA's from a 
plants. The advantage of this method is that DNA determi
nations are applied directly to the same sample in which 
the number of cells is estimated. This eliminates possible 
errors that may result from separately determined DNA 
content and cell number. In addition, this method can be 
used in nearly any laboratory for routine determinations of 
DNA content per cell. The only equipment required is a 
hemocytometer, a visible spectrophotometer, a microscope, a 
shaker, and centrifuge. Moreover, this method yields an 
absolute value for all DNA content rather than a relative 
value such as that obtained with the Feulgen method. The 
method is easy to perform although it does take three or 
four days to complete a determination. Changes in environ
mental conditions and age of plants should not affect the 
genomic DNA content determinations as long as the leaves 
are mature and not senescent.
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In conducting this study, certain problems were 

encountered. It was discovered that the deoxyadenosine and 
DNA solutions should be kept under refrigeration no more 
than a month. Secondly, although the Burton method is 
superior to the Dische diphenylamine test because it is 
less subject to interference, cotton presented a failure.
The washing procedure followed by the Schneider technique 
failed to remove a substance which interfered with the color 
development in Burton's technique. A pink color developed 
when cotton samples were hydrolyzed in perchloric acid 
and when these cotton hydrolyzates were reacted with the 
diphenylamine reagent, they remained colorless after 
eighteen hours. The Schmidt-Thannhauser technique removed 
this substance, but there is a possibility that not all of 
the DNA is extracted with this procedure.

The value of 10.0 pg per cell for N . tabacum agrees 
with that determined by Flamm and Birnstiel (1964) using 
phosphorus determinations. The value of 1.7 pg per leaf 
cells and 4.7 pg per cotyledon cell of C. pepo differs from 
that of Pegelow (1971, pp. 45, 46, 68). He obtained a value 
of 14 pg of DNA per cell for C. pepo cotyledons. It is 
assumed that mature leaf cells are arrested in Gj_ of the 
cell cycle or in other words are arrested after somatic 
telophase. There is evidence to support this assumption 
presented by Evans and Van't Hof (1974). They have
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demonstrated that mature root and shoot cells of some plants . 
arrest predominantely either in or G2 - The arrest in G2 
is promoted by a factor secreted by cotyledons. When this 
factor is depleted, cells previously responsive to Gg factor 
eventually arrest predominantely in G^. A value of 2.6 pg 
per Gj_ nucleus in C. pepo roots was reported by Rees and 
Jones (1972, p. 63). This value, although 50% higher than 
that obtained for leaf cells in the present work, is never
theless closer than values obtained by others. The reasons 
for these differences are not known.

When values of cellular DNA content obtained in the 
present work are compared to the available information of 
the percentage of DNA homologous to rRNA (rDNA), an estimate 
of the number of cistrons present in each cell can be deter
mined. It was found that the genomic proportion of rDNA 
varied widely even within a genus. In Nicotiana however, 
a definite relationship was evident between the genomic pro
portion of rDNA and ploidy. The tetraploid species 
examined have a genomic proportion of rDNA ranging from 
0.27 to 0.43%, whereas, the diploid species all have a 
higher value, 0.67 to 0.90%. In the report of Matsuda 
et al. (1970), the percent of DNA complementary to 80s RNA 
was as follows: 0.15 for tabacum, 0.13 for occidentalis,
0.26 for paniculata, and 0.27 for sylvestris. If one uses 
the values 10.0, 10.3, 5.5, and 4.8 pg DNA per cell for the
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species N. tabacum, occidentalisf paniculate, and sylvestris 
respectively; and assumes that the molecular weight of

f.rDNAgQ gene to be 2 X 10 daltons and that of the rDNA^Q to 
be 1.7 X 10? daltons; and compares them with the percentages 
of DNA complementary to .8 0s and 70s ribosomal ENA in these 
species by using the data of Matsuda et al. (1970), one can 
arrive at the following values for the number of cistrons 
for 80s rRNA.and 70s rRNA. The absolute number of cistrons 
for 80s rRNA are 4,500 for tabacum, 3,900 for occidentalis, 
4,300 for paniculate, and 3,900 for sylvestris. The number 
of absolute cistrons for 70s rRNA are 4,600 copies for 
tabacum, 11,000 for occidentalis, 10,000 for paniculate, 
and 10,700 for sylvestris. The number of cistrons for 
cytoplasmic or 80s rRNA varies little within the genera.
This is not true for the 70s or chloroplastic rRNA. The 
value for this varies from the highest to lowest value b y . 
a factor of 2.4.

Goldberg (1972, pp. 48-53) obtained the following 
values for the percentage of DNA that codes for 70s and 8 0s 
rRNA: 1.5% for C. palmata, 2,35% for C. pepo, and 3.00%
for C. maxima. Taken as a group, these values are higher 
than the percentages of most organisms« Using the average 
values of the DNA content per cell of 2.3 pg per cell,
1.7 pg per cell, and 2.0 pg per cell for palmata, pepo, and 
maxima respectively; and using the molecular weight of 

■«$- " ■ ■



3.6 X 10® for the 70s and 80s rKNA combined cistrons yields 
the following number of cistrons: 5,800 cistrons for
palmata, 6,700 cistrons for pepo, and 10,000 cistrons for 
maxima. The values for the tetraploids are not available 
at this time. In the case of Cucurbita, there is more
variability among the diploid species than there is in
Nicotiana. This may be due to the variability in the deter
minations of the percentage, of the genome coding for 
ribosomal RNA and the genomic DNA content determinations, or
in the variations of 70s ribosomal RNA as in Nicotiana, or
reflect a real variation in the 80s cistrons.

It is obvious that the absolute number of cistrons 
does not double with a doubling in DNA content in Nicotiana. 
A preferential loss of certain genes after doubling may be 
responsible. When the tetraploid species of Nicotiana 
arise as amphidiploids, it is unlikely that the ribosomal 
RNA genes do hot also become double initially. Further 
evolution of these species would require the loss of 
ribosomal RNA genes to reach the condition currently found 
in tetraploid species. Genetic evidence has in fact been 
reported which indicated that differences have arisen in 
eight of the chromosomes common to both N . sylvestris and 
N. tabacum (Smith 1968, pp. 7-8).

There has been some evidence that loss of DNA such 
as that which may have occurred in Nicotiana evolution can



occur in other species. Rees and Jones (1972) have reported 
that in studies of DNA content, inbreeders in genus Lolium 
have less genomic DNA than outbreeders. Since inbreeders 
are believed to be derived from outbreeding ancestors, loss 
of DNA accompanied evolution of this genus. The second 
piece of evidence supporting the theory that loss of DNA 
can occur during evolution comes from studies of the genus 
Lathyrus, the taxonomy of which has been thoroughly studied. 
In the genus Lathyrus, primitive species have more genomic 
DNA than more advanced species. Ali-Zade and Achundova 
(1970) investigated the mulberry which exhibits a variety 
of genetic forms with different sets of chromosomes. Most 
are diploids, 2N=28. Natural as well as induced triploids, 
tetraploids, and a highly polyploid mulberry also exist. 
Ali-Zade and Achundova found that the DNA content per cell 
increased 1.5 fold in triploids and two fold in tetraploids. 
However, the DNA content per cell increased only four fold 
with an eleven fold increase in chromosome number in the 
polyploids. The same phenomenon was noted in polyploids of 
wheat, Chrysanthemun and Tradescantia. Furthermore, reviews 
by Pederson (1971) and, Ingle and Sinclair (1972) show that 
even though the percentage of DNA coding for rRNA Varies 
considerably, the actual number of rRNA cistrons does not 
vary to the same extent. Perhaps, the ribosomal RNA genes 
may be among those genes preferentially discarded when
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loss of DNA is implicated even in those cases in which 
speciation occurs by means other than ploidy„

There is no reason to believe that species con
taining more DNA are more complex than those containing 
less DNA. Closely related species such as those of the 
genus Nicotiana which are of comparable complexity and 
organization can vary in genomic DNA content by a factor of 
two. Nor can it be said that the genus Nicotiana is much 
more complex than the genus Cucurbita. The question remains 
as to the function of the extra DNA. Several theories 
proposed as to. its function have been reviewed by Rees 
and Jones (1972). Among these theories are the following:

1. Tandam replication of DNA may allow the possibility 
of lateral heterozygosity within a chromosomal 
segment. By this means, even inbreeders could 
benefit from heterozygosity and yet breed true.

2. The repetitive DNA may serve as a spacer material 
between genes and have a position effect on nearby 
genes. ■

3. DNA loss or gain may create a divergence with 
respect to chromosome homology and create a 
genetic barrier to gene flow between diverging 
genotypes..



52
4« Repetitive genetic sequences may constitute pairing 

blocks at which homologous chromosomes associate 
• during prophase of meiosis,

5. Even the genomic DMA content alone could be useful 
in regulating the rate of nuclear and cell division.

In conclusion, genomic DNA content does vary among closely 
related species. There are many theories as to how DNA 
content gain or loss occurs during evolution and the . .
function of added DNA. One way to determine the mechanism . 
of DNA loss and gain is to measure DNA content per cell and 
the proportion of that DNA which codes for a certain type 
of RNA. A method has been presented for measuring genomic 
DNA content which is easy to use and which agrees favorably 
with some other methods.
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