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Genome sizes (nuclear DNA contents) were examined spectrophotometrically from ten individuals of each of five
species of North American cyprinid fishes (minnows). The distributions of DNA values both within and between the five
species were essentially continuous and normal. Differences between individuals within populations were significant and
contributed to approximately 16 per cent of the total variation. Variation between individuals within species ranged
from 47—135 per cent and averaged ca. 7•4 per cent. Variation between species ranged from O—95 per cent and the
averaie difference between any species pair was Ca. 46 per cent. Statistical analyses showed that the methodology used
was sufficient to detect significant differences in genome size as small as 2—3 per cent. Consideration of these data lead
to the following tentative conclusions: (i) changes in genome size in cyprinids appear small in amount, frequent in
occurrence, to involve both gains and losses of DNA, and to be cumulative and independent in effect; (ii) differences
within and between cyprinid taxa are likely the result of accumulations of small changes in DNA quantity; and (iii)
the primary focus of quantitative DNA variation in cyprinids is between individuals within populations. The extent of
DNA quantity variation which occurs within species would appear to preclude any direct relationship between genome
size variation and many of the organismal parameters (including speciation) which differentiate the five species. In
short, the data suggest that a significant fraction of the cyprinid genome, perhaps more than 10 per cent, is free to
vary quantitatively without phenotypic constraint or biological consequence. This fraction is considerably larger than
that theoretically needed for the structural gene component.

INTRODUCTION

A long-standing problem in evolutionary genetics
regards the quantitative variation in genome size
or nuclear DNA content (the C-value) among
eukaryotic organisms. Abundant data are now
accumulated which show that large, often spec-
tacular differences in genome size commonly occur
between even closely related taxa, and that
increases in genome size are not necessarily associ-
ated with evolutionary advancement (Bachmann
et a!., 1972; Rees and Jones, 1972; Hinegardner,
1976; Price, 1976). Early suggestions (Kauffman,
1971) were that the variation was related to either
the number of genes in an organism, its organismal
complexity, or both. The general concensus now,
however, is that there are no significant correla-
tions between genome size (the C-value) and
organismal or genetic complexity (Cavalier-Smith,

1978). This is called the C-value paradox. Other
pertinent findings which have emerged are that:
(i) increasing organismal specialization in body
form and design may often be associated with
decreasing genome size (Hinegardner and Rosen,
1972; Hinegardner, 1976); (ii) the quantitative
differences in genome size, even between close
relatives, generally exceed the most generous theo-
retical estimates of the amount of DNA needed to
code for all the structural or regulatory RNA
molecules or proteins of the organism (Mizuno
and Macgregor, 1974; Murray et a!., 1981); and
(iii) the differences appear to reflect primarily gains
or losses of repeated sequence DNAs (Flavell et
a!., 1974; Hutchinson et a!., 1980).

The underlying causes of genome size variation
are not well understood. Much of the data has
been interpreted as supporting the idea that the
variation has an adaptive basis and is strongly
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influenced by natural selection (Sparrow et al.,
1972; Cavalier-Smith, 1978; 1980; Price et a!.,
198 Ia). This in turn has led to suggestions regard-
ing genome size variation and its possible relation-
ship to speciation and phylogeny (Hatch et a!.,
1976; Hinegardner, 1976; Cavalier-Smith, 1978).
There also are the recent suggestions (Ohno, 1972;
Doolittle and Sapienza, 1980; Orgel and Crick,
1980) that much of the variation may reflect gain
or loss of phenotypically inconsequential DNAs.
As pointed out by Sherwood and Patton (1982),
however, almost all the data on genome size vari-
ation among both animals and plants are from
comparisons of distinct species or higher taxa. A
few studies (Price et a!., l981a, b; Sherwood and
Patton, 1982) have shown that substantial differen-
ces in genome size do occur between isolated popu-
lations of the same species, and that significant
differences also exist between individuals of the
same population. On the whole, however, the
dynamics or patterns of change in genome size at
lower hierarchical levels, especially at and around
the species level of differentiation, remain poorly
understood, and it will be difficult to evaluate the
meaning of quantitative DNA differences between
higher taxa without data on the extent of the vari-
ation within those taxa (Sherwood and Patton,
1982).

This paper represents the first of a series of
investigations on genome size variation in the
cyprinid fishes (minnows) endemic to North
America. These fishes are extremely prolific in
terms of number of individuals and number of
(recently diverged) species, are broadly distributed
in North America, and display a wealth of diversity
in habitats, morphological adaptations, and
behaviors. As such, they will provide an excellent
model system in which to study DNA quantity
variation at lower hierarchical levels. In this report,
a highly reproducible protocol for measuring
genome size in cyprinids is described, and quanti-
tative data on the magnitude and distribution(s)
of DNA variation within and between five species
are presented and discussed.

MATERIALS AND METHODS

Four of the five cyprinid species examined were
collected by seine from natural populations and
returned live to the laboratory; these included
Campostoma anomalum (Boardhouse Cr., Blanco
R. drainage, Blanco Co., TX); Notropis venustus
(Bull Cr., Colorado R. drainage, Travis Co., TX);
and Notropis lutrensis and Pimepha!es vigilax

(Little Brazos R., Brazos R. drainage, Brazos Co.,
TX). The sample of one species, Notemigonus cry-
soleucas, was purchased live from a local bait shop
in Bryan, TX, and originated from a minnow ranch
in Arkansas. After processing, all specimens were
deposited in the Texas Cooperative Wildlife
Collection at Texas A&M University.

Relative genome sizes of individual fish (10
individuals per species) were determined micro-
spectrophotometrically using Feulgen-stained
erythrocyte interphase nuclei. Blood was obtained
by cardiac puncture of single fish and smeared
near the frosted end on each of three slides; on
the far end of each slide a (freshly made) smear
of chicken blood served as the internal standard.
The chicken blood was obtained by vein puncture
from individuals of a very highly inbred, pathogen-
free strain (SPAFAS) available from the Pathology
Department at the Texas A&M College of
Veterinary Medicine. The slides were then fixed
20 mm in 9: 1 methanol-formaldehyde (37 per
cent), rinsed twice (10 mm each) in distilled water,
dehydrated in 70 per cent ETOH (2 mm) and 95 per
cent ETOH (2 mm), and stored overnight under
desiccated conditions at 4°C. The following day,
individual batches of 20 (randomized) slides were
hydrolysed 35 miri in 35 N HCI at 37°C, rinsed
briefly in distilled water, and stained two hours in
Schiff's reagent (Feulgen stain). The conditions of
acid hydrolysis followed Fand (1970); the
hydrolysis time was determined empirically as the
point of maximum absorbancy in a hydrolysis
curve. Following staining, the slides were rinsed
twice (10 mm each) in SO2 water and once (10 mm)
in distilled water, air dried in the dark, cleared in
xylene, and mounted in Permount. All slides were
coded by number, randomized, and stored in the
dark until analysed. Schiff's reagent and SO2 water
preparation followed standard recipes (Humason,
1979).

The microspectrophotometric apparatus used
was a Zeiss Universal-Il scanning microscope with
a 03 photometer system, 05 p.m scanning stage,
modified 45-control unit, modified PM I-indicator,
and a value averaging module. All measurements
were performed at a scanning speed of 8/64 with
a damping setting of 0l, and using a lOOx oil-
immersion objective at 560 nm light. For each
individual fish, 15 nuclei were measured from each
of two slides ( =30 nuclei per individual), and all
slides (over all fish) were examined in random
(blind) sequence. The third slide prepared from
each specimen served as a backup in case of break-
age. Only nuclei which were roughly spherical,
homogeneously Feulgen-stained and from clear
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areas on the slide, and which had homogeneous
background absorbancies were chosen for
measurement. Small, positively heteropycnotic
nuclei were avoided for reasons outlined in Garcia
(1970). The decision to measure 30 nuclei per
individual was based on preliminary experiments
(measurements of 20—50 cells per slide and over
50 slides) that showed an average coefficient of
variation (per slide and per individual) of from
3-4 per cent. This means that measuring 30 nuclei
per fish should differentiate between a 2—3 per cent
difference in mean genome size at - and /3- proba-
bility levels of 0.05 (Sokal and Rohlf, 1969; Gold
eta!., 1975). The experimental design of measuring
two slides and blind slide selection for staining
and scanning should randomise between slide and
between staining batch variation.

Absorbancy values of fish and chicken nuclei
were recorded into data books, loaded on to mini-
discs using a small laboratory computer, and trans-
ferred to the University main-frame computer.
Absorbancy values of fish nuclei from each slide
were then standardised as a percentage of the mean
absorbancy value of chicken nuclei on that slide
and then coded (for convenience) by multiplying
the percentage chicken standard (for each fish
nucleus) by 20. The latter was chosen simply
because it is the average absorbancy of chicken
erythrocyte nuclei under our experimental condi-
tions. For conversion to picograms of DNA, the
coded data are simply reconverted to standardised
data (percentage of chicken standard) then multi-
plied by 25, the generally accepted DNA value
of diploid chicken erythrocyte nuclei (Rasch et al.,
1971). The coded data were subjected to descrip-
tive statistical analysis which included generation
of sample means, variances, ranges, coefficients of
variation, and the g1 and g2 indices of distribution
normality. Homogeneity of variances was tested
by Bartlett's method using the correction factor in
Sokal and Rohlf (1969). Homogeneity of means
was tested using one-way analysis of variance and
mean separation was accomplished using Dun-
can's multiple range test. Hierarchical levels of the
variation were analysed using a nested analysis of
variance. Except for the tests of variance
homogeneity which were done by hand, all statis-
tical analyses were carried out on the University
main-frame computer using SAS programs.

RESULTS

The coded absorbancy data initially were
organised into seven different sampling distribu-

tions and each was tested for normality. The distri-
butions included all DNA measurements (nuclei)
among species (N = 1500),all DNA measurements
within each species (five distributions, N = 300
each), and DNA values of individuals among
species (N = 50). The latter is essentially a distribu-
tion of means (i.e., the DNA value for an individual
is the mean of all 30 measured nuclei from that
individual). The distributions of DNA values of
individuals within each species were not tested
because of their small (N = 10) sample sizes. Only
the distributions of DNA measurements among
species and within Notemigonus crysoleucas were
significantly non-normal (table I); the deviations

Table I Distribution normality statistics

Distribution N
Skewness
(g1)

Kurtosis
(g2)

Measurements (nuclei) 1500 0012
among species

Measurements (nuclei)
within species

Notropis venustus 300 0086 —0452
Notropis luirensis 300 —0028 —0289
Campostoma anomalum 300 0l55 —0214
Notemigonus crysoleucas 300 0.376* 0091
Pimephales vigilax 300 0018 —0343

Individuals among species 50 0088 —0703

* Significance at a = 005. Positive g1 values indicate skewness
toward higher values; negative g2 values indicate platykurtosis.

from normality in both cases, however, were only
slight (figs. 1 and 2). Distribution normality tests
also were carried out on log transformed data,
primarily in response to a previous report (Bach-
mann et a!., 1972) that genome size variation in
teleost fishes became normal only when log trans-
formed. No significant change in the shape of any
of the distributions was found except for measure-
ments (nuclei) within N. crysoleucas which became
normal when log transformed. This is to be expec-
ted for a distribution slightly skewed towards
higher values (table 1).

Descriptive statistics from the distributions of
all DNA measurements (nuclei) and of DNA
values for all individuals over all species are shown
in tables 2 and 3, respectively. The Bartlett's tests
revealed significant heterogeneity (x= 584, P <
0.05) among species variances from the distribu-
tion of measurements, but not from the distribution
of individuals P>005). One-way
analyses of variance revealed significant
heterogeneity of species means in both distribu-
tions. Duncan's multiple range tests, however,
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(DNA)

Figure 1 Frequency distribution (coded data) of DNA
measurements (nuclei) over all five cyprinid species.

ments

Taxon Mean±S.F. Variance* Range

Noropis 19-32 003 0300 1802—2071
venustus
(N — 300)

Notropis -99±0-03 0316 1753—2049
lutrensis

(N=300)
Campo.stoma l 830 0-04 0441 1676-2021
anomalum

(N = 300)
Nolemigonus d1 824± 004 0-555 16-50-20-40
crysoleucas

(N 300)
Pimephales 17-66±0-03 0-263 16-23-19-25
vigilax

(N S-300)

0 16 17 18 19 20 21

STANDARDIZED ABSORBANCY UNITS
(DNA)

Figure 2 Frequency distribution (coded data) of DNA
measurements (nuclei) from Notemigonus crysoleucas.

revealed that means of each species were sig-
nificantly different from one another in the distri-
bution of measurements (table 2), whereas in the
distribution of individuals the means of Notropis
venustus and Notropis lutrensis, and of Campos-
toma anomalum and N. crysoleiicas were statisti-
cally identical (table 3). We interpret these results
conservatively and suggest the multiple range tests
from the distribution of individuals best reflect the
true situation. This is based in part on the large
number of degrees of freedom in the distribution
of measurements which may in itself engender
statistical significance, and in part on the fact that
only the distribution of DNA values of individuals

Table 3 Descriptive statistics from the distribution of DNA
values of individuals

Taxon Mean±S.E. Variance* Range

Notropis al9.32± 0-09 0087 18-87- 19-74
venustus

(N= 10)
Notropis 1899±010 0109 1846—1951
lutrensis

(N=lo)
Campostoma l8-30± 0-14 0)94 17-66-19-05
anornalurn

(N - 10)
Nofemigonus l824±020 0-400 1720—1949
crysoleucas

(N=lO)
Pimephales '17-66±0-l0 0105 17-14—1806

vigilax
(N - 10)

was both normal and homoscedastic (i.e., had
homogeneous sample variances). Since the smal-
lest significant difference detected between species
means was a little more than 3 per cent (N. cry-
soleucas vs. P. vigiiax), whereas N. venustus and
N. lutrensis (ca. 2 per cent difference) were statisti-
cãlly homogeneous (table 3), it follows that our
methodology is sufficient to detect differences in
relative genome sizes as small as 2-3 per cent. This
also follows from consideration of the coefficients
of variation among all 100 slides and all 50
individuals which were 2 17 006 and 247 007,

18.50
SD 0.86
N 1500w
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Table 2 Descriptive statistics from the distribution of measure-

250

200

150

100

50

a
0 16 17 18 19 20

STANDARDIZED ABSORBANCY UNITS

(X)

1
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Means significantly differ at a = 0-05.
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respectively, i.e., the data should allow detection
of 2-3 per cent differences between means at a-
and /3-probability levels of 0O5 (Sokal and Rohlf,
1969; Gold eta!., 1975). Finally, the ranges (tables
2 and 3) of DNA measurements and of DNA
values of individuals within each species show that
genome size is essentially distributed continuously
among the five species and that unequivocal iden-
tification of a given species based on its genome
size cannot be made easily by measuring only a
few nuclei from a few individuals. The only excep-
tion is the range of DNA values of individuals of
P. vigilax which shows no overlap with the ranges
of DNA values of individuals of N. venustus and
N. lutrensis.

To determine whether significant intraspecific
variation in genome size occurs, two analytical
approaches were carried out. The first was a nested
analysis of variance which showed (table 4) that
significant variation exists at each hierarchical
level from between slides (within individuals) to
between species. While over half of the variation
is explained by variation between species, an
appreciable amount (Ca. 16 per cent) is explained
by variation between individuals within species.

The second approach was to test for heterogeneity
of mean DNA values of individuals within each
of the five species using one-way analysis of vari-
ance of the distributions of DNA measurements
within each species (= five separate tests). In all
five species, significant heterogeneity (at a = 0.05)
of individual DNA means was detected. Duncan's
multiple range tests (also at a = 0.05) revealed that
on the average from four to five significantly differ-
ent groupings occurred among the ten individuals
within each species, and moreover, that the
heterogeneity was distributed in a continuous fash-
ion with modal DNA values within each species
being approximately the same as species mean
DNA values.

Summary statistics of genome size variation in
diploid picograms of DNA and per cent differences
within and between the five species are shown in
table 5. The DNA values were taken from the
distribution of DNA values of individuals. The
variation over all individuals over all species
ranged from 2 14 (one individual of P. vigilax) to
247 picograms of DNA (one individual of N.
venustus) or about 154 per cent. The differences
between species means ranged from 04 per cent

Table 4 Nested analysis of variance for DNA data shown in table 2

Variance
Source D.F. M.S. F

Variance
component %

Total 1499 072 — 0-809 100
Species 4 13050 24.3* 0417 516
Individuals 45 5-37 3.6* 0129 15-9
Slides 50 151 8.9* 0089 110
Error 1400 O17 — 0174 215

* Significance at a = 0-05.

Table 5 Summary statistics of genome size variation within and between five cyprinid species*

Taxon

2N DNA Con
(in picograms)

tent Difference from
Notropis venustus

Picograms %Mean±S.E. Range

Notropis venustus 242±001 236—247 —

(N=l0) (4.7%)
Notropis lutrensis 237±001 231—244 005 21

(N10) (56%)
Campostoma anomalum 229±0-02 221-238 0-13 57

(Nl0) (77%)
Notemigonus c,ysoleucas 228±002 215—244 014 61

(N = 10) (135%)
Pimephales vigilax 221±001 214—2-26 021 95

(N10) (56%)

* From the distribution of DNA values of individuals (cf text).
Avg. % variation within species=74% [0-l6pg=lSOxlO6bpJ.
Avg. % difference between species = 46% [010 pg =94 xl 06 bp].
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(C. anomalum vs. N. crysoleucas) to 95 per cent
(N. venustus vs. P. vigilax), and averaged (ten
pairwise comparisons) about 46 per cent or
roughly 010 picograms of DNA. Variation
between individuals within species ranged from
47 per cent in N. venustus to 135 per cent in N.
crysoleucas and averaged about 74 per cent or
roughly 016 picograms of DNA. These com-
parisons of the variation within and between the
five species reveal two important aspects of quanti-
tative DNA variation in cyprinids. First, because
the range and average DNA quantity variation
within populations of species are as great or greater
than the range and average DNA quantity differ-
ence between species, the primary focus of quanti-
tative DNA variation would appear to be between
individuals within populations. This is further sup-
ported by the low coefficients of variation (from
3—4 per cent) observed over all slides and all
individuals which suggest that individuals are
essentially homogeneous in genome size. The
second is that the average DNA quantity variation
between individuals within populations was about
74 per cent of the cyprinid genome or roughly
016 picograms of DNA which represents approxi-
mately 150 million base pairs of DNA. Assuming
a liberal figure of 50,000 structural genes in the
cyprinid genome and 1500 coding DNA base pairs
per gene, the quantity of DNA which varies
between individuals within populations is about
twice that theoretically needed for the structural
gene component.

DISCUSSION

At the outset, two points should be noted. The first
is that this study represents only the beginning of
a long-term project on DNA variation in cyprinid
fishes, and the considerations which follow should
be regarded primarily as grounds for hypotheses
to be tested in the future. The second is that this
initial data set does reflect a random and fairly
representative sample of North American
Cyprinidae. Briefly, four of the five species belong
to the dominant New World subfamily Leuciscinae
which includes all but one endemic species; that
species is Notemigonus crysoleucas which is
thought to belong to the Old World subfamily
Abramidinae (Hubbs, 1955; Miller, 1959). Of the
four leuciscines, N. venustus and N. lutrensis are
closely related species in the diverse subgenus
Cyprinella of Notropis (Gibbs, 1957), the genus
Pimephales is thought to be a specialised derivative
of Notropis (Hubbs and Black, 1947), and the

genus Campostoma is only distantly related to both
Notropis and Pimephales. The species also differ
biologically. All are fairly wide-spread in North
America, but Notemigonus prefers a markedly
different habitat from the rest, Campostoma is a
specialised herbivore (the others are essentially
omnivorous), and both Campostorna and
Notemigonus grow to a considerably larger size
than the other three (Lee eta!., 1980, and references
therein).

The normality (or near-normality) of all the
distributions tested in the present data set along
with the continuous variation of DNA values of
individuals observed both within and across the
five species suggest that genome size variation
essentially follows the premises of the normal
probability density function (see Sokal and Rohlf,
1969: pp. 104—105). From this we infer first, that
changes in genome size in cyprinids are small in
amount, frequent in occurrence, involve both gains
and losses of DNA, and are cumulative and
independent in effect; and second, that differences
within and between cyprinid taxa are the result of
accumulations of small changes in DNA quantity.
A point to note is that all five species have 2n =50
very similar chromosomes (Gold et a!., 1980) such
that most or all the genome size changes must have
occurred within chromosomes and not from
chromosomal aneuploidy.

Comparison of the pattern of continuous DNA
quantity variation in cyprinids with patterns in
other organisms is not feasible at present because
of the paucity of data on genome size variation
below the species level in most organismal groups.
There are of course numerous studies in both
animals and plants which have shown sharp dis-
continuities in genome size between related species
(e.g., Mizuno and Macgregor, 1974; Narayan,
1982). Whether these discontinuities arose from
continuous change (as appears to be the case in
cyprinids) is unknown. One reason as pointed out
by Sherwood and Patton (1982) is simply that
almost all past studies have tended to characterise
species by single DNA values and hence failed to
appreciate the extent to which genome size may
vary within species. Obviously, further studies of
genome size variation within a broad range of
species are needed to address the issue.

The finding that both the range and average
magnitude of genome size variation within popula-
tions of the five species is the same or greater than
the range and magnitude of the differences between
the species raises a number of interesting points.
The first is that intraspecific genome size variation,
in this case between individuals within popula-
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tions, should not be regarded as insignificant or
unimportant (e.g., Bennett and Smith, 1976), but
rather as the focus of genome size change itself
and hence the source of the variation from which
species values arise. That the focus of genetic
change is at the level of individuals within popula-
tions is not contrary to general evolutionary
thought, hut it does seem to have been disregarded
by investigators concerned primarily with assess-
ing genome sizes only between higher taxa. One
obvious corollary to the above is that species-
specific DNA values in many cases may be
misleading at best.

The second point concerns the underlying bio-
logical causes of DNA quantity variation. The most
frequently encountered hypotheses in the literature
are that the variation has an adaptive basis and is
strongly influenced by natural selection (Sparrow
et a!., 1972; Cavalier-Smith, 1978, 1980; Price et
a!., 1981a). The data are primarily the long-
standing interspecific correlations observed
between genome size and certain biophysical para-
meters such as cell or nuclear size and minimum
meiotic or mitotic cycle times (Bennett, 1971, 1972;
Szarski, 1974; Cavalier-Smith, 1978; 1982). Organ-
ismal phenotypes used to demonstrate these corre-
lations have included body size, clinal or habitat
differences, and several life-history characteristics
(Ebeling eta!., 1971; Hinegardner, 1974; Bennett,
1976; Mazin, 1980; Shuter et a!., 1983). Other
hypotheses suggested to account for the variation
have included organismal specialisation in body
form and design (Hinegardner and Rosen, 1972;
Hinegardner, 1974, 1976), accumulations (or
losses) of phenotypically inconsequential DNAs
(Ohno, 1972; Doolittle and Sapienza, 1980; Orgel
and Crick, 1980), and variation in structural gene
heterozygosity (Pierce and Mitton, 1980). The lat-
ter, however, has been severely criticized as being
drawn from an inappropriate data base (Larson,
1981; Parker and Kreitman, 1982).

The normality of the DNA value distributions
within and between these cyprinid species does
suggest that stabilizing or normalizing selection
may be operating through the truncation of
deleterious extremes (Stebbins, 1966; Mettler and
Gregg, 1969). This does not necessarily mean that
selection for some organismal parameter favours
a particular species DNA value, but rather that a
few individuals may have genome sizes which are
too large or too small for efficient growth and
development. Very possibly, this may reflect
accidental gain or loss of coding, structural or
regulatory gene DNAs which might be expected
to significantly interfere with normal cellular pro-

cesses. However, the extent of DNA quantity vari-
ation which occurs within these cyprinid species
would appear to preclude any direct relationships
between genorne size variation and many of the
organismal parameters which differentiate the five
species. These parameters include systematic
relationships, body size, and a few life-history
characteristics. There also would seem to be no
reason to suggest a positive relationship between
genome size variation and higher level processes
such as speciation. What the cyprinid data suggest
simply is that a certain fraction of the genome,
perhaps as much as 15 per cent (see below) is free
to vary quantitatively without phenotypic con-
straint or biological consequence. Again, the
salient point to be made is that it will be difficult
to evaluate the significance of genome size vari-
ation between higher taxa without knowledge on
the extent of the variation within them (Sherwood
and Patton, 1982).

The final point which merits brief consideration
is the size and the nature of the DNA fraction
which apparently is free to evolve within cyprinid
genomes. Based on the present data, we estimate
that fraction to be minimally 74 per cent (the
average DNA quantity variation within popula-
tions), although it could be as high as 13-15 per
cent (the range of variation of DNA values of
individuals in N. cryso!eucas), or even higher.
These figures are not surprising in view of Sher-
wood and Patton's (1982) finding that intraspecific
genome size variation in the gopher Thomomys
bottae can be as high as 35 per cent, and further
demonstrate the difficulty in hypothesising a mean-
ing for the genome size variation and the need for
further studies on the DNA quantity variation
within species. We have no direct data yet as to
the qualitative nature of the DNA which varies
quantitatively in cyprinids. However, our pre-
liminary (unpublished) experiments on genomic
DNA melting profiles and chromosomal C-bands
show that cyprinids are considerably enriched in
highly-repeated and heterochromatic DNAs as
compared to other teleost fish. Based on data from
other organisms (Flavell et a!., 1974; Hutchinson
et a!., 1980), it is likely that the sequences which
vary quantitatively in cyprinids are repeated
DNAs.

In closing, it should be noted that the cyprinid
DNA quantity data are in accord with certain
predictions of the junk or selfish DNA hypothesis
(Ohno, 1972; Doolittle and Sapienza, 1980; Orgel
and Crick, 1980) in that (i) a significant fraction
of the cyprinid genome appears to vary quantita-
tively within species and have little or no
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phenotypic consequence, and (ii) species DNA
values appear to be more or less randomly dis-
tributed within the variation which occurs. This
does not, however, prove the existence of junk or
selfish DNA, nor does it falsify the hypothesis that
natural selection acts on the variation in genome
size. What will be important in future work is to
determine the qualitative nature of the DNA
sequences which vary quantitatively in cyrinids
as well as the hierarchical or phyletic level(s) at
which natural selection could or does act on the
variation in genome size.
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