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Abstract – The nuclear DNA content in Dicentrarchus labrax, Sparus aurata, Liza ramada, and Anguilla anguilla,
was measured by flow cytometric analysis. Male human leukocytes were used as internal reference cells. Nucleated
fish erythrocytes were stained simultaneously to human leukocytes with a staining buffer containing propidium iodide
(PI). Nuclear DNA contents of target species were estimated in relation to an assigned value of 7.0 pg DNA for male
human leukocytes. The DNA content/nucleus (±CI) was 1.55 ± 0.02 pg for D. labrax, 1.90 ± 0.03 pg for S. aurata,
1.57 ± 0.02 pg for L. ramada, and 2.43 ± 0.04 pg for A. anguilla. Intraspecific DNA content variations ranged from
0−9% and averaged around 4% in all taxa. The results did not evidence significant differences in genome size between
males and females in either D. labrax or L. ramada.
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1 Introduction

Flow cytometry is a well-established method for nuclear
DNA content analysis and characterization in experimental bi-
ology, and has gained increasing use in fish studies for its ra-
pidity, precision and reproducibility. In fish, which have nucle-
ated erythrocytes, flow cytometric analysis performed on large
numbers of fluorescent-stained nuclei has proved to be an ideal
tool for various studies including ploidy level determinations
(Birstein et al. 1993; Harrell et al. 1995; Van Eenennaam et al.
1996; Lamatsch et al. 2000; Peruzzi and Chatain 2003), ge-
netic stock assessments (Lockwood and Bickham 1991), and
ecotoxycological studies (Jenner et al. 1990; Castaño et al.
2000).

The purpose of this study was to estimate by flow
cytometry the nuclear DNA content of four teleosts of com-
mercial interest: the European sea bass, Dicentrarchus labrax
(Linnaeus 1758) Moronidae; the gilthead seabream, Sparus
aurata (Linnaeus 1758), Sparidae; the thinlip mullet, Liza
ramada (Risso 1810) Mugilidae, whithin the Perciformes or-
der; and the European eel, Anguilla anguilla (Linnaeus 1758)
Anguillidae, within Anguilliformes. Despite the amount of
data concerning the genome size of fishes currently published,
including some comprehensive studies (Hinegardner 1968;
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Hinegardner and Rosen 1972; Hardie and Hebert 2003), in-
formation concerning these commercially important species is
still lacking.

As understanding of genotypic sex is an important tool in
aquaculture, the possible presence of sex-specific differences
in genome size (DNA content) in two gonochoristic species,
sea bass and thinlip mullet, was also investigated. To our best
knowledge, this is the first report in which the measurement of
nuclear DNA content in specimens of these four teleost fish is
analysed by use of flow cytometry.

2 Material and methods

Sea bass (n = 31; 16 males and 15 females) originated
from F1 fish of Mediterranean wild stocks held at IFREMER
Palavas-les-Flots. Wild seabream (n = 10), European eel
(n = 10), and thinlip mullet (n = 14; 9 males and 5 fe-
males) were obtained from local fishermen (Mediterranean
Sea, South France). When required, fish species identification
was made according to the key characters used by Quéro and
Vayne (1997). Fish were brought live to the laboratory and
maintained in well-aerated tanks until use. They were then
anaesthetised (Eugenol, Cooper, 15 ppm) and whole blood was
drawn by caudal puncture using 2 ml-heparinized syringes.
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The syringes were prepared by repeatedly filling and flush-
ing them out with a Na-heparin solution (100 USP units ml−1).
Blood samples of approximately 0.1 ml were diluted (1:250)
in 0.1 M PBS (pH = 7.5) containing 0.7 mM EDTA (Tiersch
et al. 1989a; Alfei et al. 1996) following adjustment with dis-
tilled water to the osmotic pressure of 360 mOsm. The os-
molarity of the diluting medium was chosen according to the
range of plasma osmolarities recorded in the analysed species
(350−370 mOsm). Osmolarities were measured by use of
an automatic micro-osmometer (Autocal 13, ©Roebling). Di-
luted blood samples were then stored on ice until use. Storage
of samples did not exceed 2 hours. Fish were sexed, whenever
possible, using non-destructive methods (Peruzzi and Chatain
2000) and returned to their origin. Alternatively, they were sac-
rificed by an overdose of anaesthetic (50 ppm) and their go-
nads microscopically checked using wet squash preparations
(Guerrero and Shelton 1974).

Blood samples were prepared for propidium iodide (PI)
flow cytometric analysis as described by Tiersch et al. (1989b).
Fresh male human leukocytes obtained by centrifugation of
peripheral blood over a density medium (Ficoll-Paque Plus,
Amersham Biosciences) were used as internal standards. Ap-
proximately equal aliquots (approx. 20 µl) of each fish and
human reference cells were suspended in 0.5 ml of the lysis-
staining buffer, mixed and filtered through a 20 µm nylon
mesh. Prior to analysis, samples were kept at +4 ◦C in the
dark for 15 min to ensure thorough staining of nuclei. In sea
bass, male and female blood samples were further analysed
as a mixture in order to rule out the possibility of instrumen-
tal and/or staining variability (technical variations) capable of
masking possible sex differences. For this purpose, additional
n = 8 mixed blood samples from 8 male and 8 female sea bass
fish were prepared as above, and run without internal reference
cells. The mean DNA content of at least 103 cells per sam-
ple was measured with a FACScan (Becton Dickinson) flow
cytometer and reported in arbitrary units expressed as fluores-
cence channel numbers (FL2-Area).

Nuclear DNA contents of target species were estimated in
relation to an assigned value of 7.0 pg DNA for male human
leukocytes (Tiersch et al. 1989a; Ciudad et al. 2002) according
to the formula, pg DNA = 7.0 X/H, where X is the fluorescence
channel number of the fish sample and H the one of male hu-
man leukocytes.

Prior to data acquisition, a generic procedure was used
to monitor the optical alignment and instrument linearity by
use of stabilised chicken erythrocytes (Sigma, R0504) pro-
viding peaks for single nuclei, doublets, triplets and a few
larger aggregates. Flow cytometer’s sensitivity and range were
analysed using reference fluorescent beads (FuoresbriteTM,
Polysciences Inc., Warrington, PA, USA). Instrumental and
staining variability were determined by repeated analysis of
a single sample held on ice over a 1-hour period.

Grubbs’ test was used to detect outliers in the data sets
in Exploratory Data Analysis (EDA). Hartley’s test was em-
ployed to test homogeneity of variances between groups.
Single-factor analysis of variance (ANOVA) was performed to
determine if there were differences in DNA contents between
species or between male and female fish within a species.
The Scheffe’s test was employed to point out differences in

mean values. Differences were accepted as significant when
p < 0.05. All means were expressed as values ±95% confi-
dence interval (CI). Statistical analyses were performed using
Statview software.

3 Results

Coefficients of variation (CV) of fluorescence peaks from
nuclei were routinely 2−4% when stained with PI. All flow
cytometric sample cell distributions were normally distributed
and unimodal at all times. The repeated analysis of a single
sample held on ice over a 1-hour period revealed a variation of
less than 0.1%.

The mean nuclear DNA content was 1.55 ± 0.02 pg in
D. labrax, 1.90 ± 0.03 pg in S. aurata, 1.57 ± 0.02 pg in
L. ramada, and 2.43 ± 0.04 pg in A. anguilla (Table 1). The
nuclear DNA content of D. labrax and L. ramada were not
significantly different from one another and 35% lower than
the one of S. aurata, itself being 28% lower than the one of
A. anguilla (F = 887.1; p = 0.0001; n = 3 and 46). A
graphic representation of typical fluorescence histograms ob-
tained from target fish erythrocytes and human leukocytes are
reported in Figures 1a–d. Intraspecific individual nuclear DNA
content variations ranged from 0−9% and averaged around 4%
in all taxa (Fig. 2).

For sea bass, no significant differences in DNA content
were found between male and female fish (F = 0.512; p =
0.487; n = 1 and 13). Mean DNA content in both male and
female mullet was 1.57 pg (F = 0.009; p = 0.925; n = 1
and 12). The supplementary analysis of mixed blood samples
in sea bass yielded single fluorescence peaks at all times (mean
channel number ±CI = 206.6 ± 6.2). European eel specimens
were juvenile forms and could not be sexed. Seabream spec-
imens were not considered since the species is a protandrous
hermaphrodite.

4 Discussion

Comprehensive reports on the genome size of teleost
fish have been published in the past (Hinegardner 1968;
Hinegardner and Rosen 1972). Recently, Hardie and Hebert
(2003) observing the relationships between nucleus, cell and
genome size in fish reported the DNA content of 22 cartilagi-
nous and 201 ray-finned species. Despite this amount of data,
information is still lacking concerning the four teleosts anal-
ysed in the present study.

The four species hereby examined had a nuclear DNA con-
tent ranging from 1.56 pg/nucleus, in sea bass and thinlip mul-
let, to 2.43 pg/nucleus in the European eel. Generally, all these
values are common among Perciformes and other ray-finned
teleosts including different species of Moronidae, Mugilidae
and Anguillidae (Hardie and Hebert 2003). These last authors
reported values of 1.90 pg/nucleus in Morone saxatilis, 1.55
and 1.68 pg/nucleus in two species of mullets (Liza vaigiensis
and Myxus elongatus), and 2.03 pg/nucleus in Anguilla ros-
trata measured using Feulgen stain preparations. Finally, Cano
et al. (1981) reported the DNA content of 6 species of Sparidae
resulting in values from 1.04 to 1.30 pg/nucleus.
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Fig. 1. Flow cytometric DNA content distribution of D. labrax (a), S. aurata (b), L. ramada (c), A. anguilla (d) erythrocytes (first peak), and
standard human leukocytes (H). DNA values are reported in arbitrary units expressed as fluorescence channel numbers (FL2-Area).

Fig. 2. Intraspecific DNA content variations in D. labrax (n = 15),
S. aurata (n = 10), L. ramada (n = 14) and A. anguilla (n = 10).
Median, upper and lower values, and interquartile ranges are shown.
Asterisks indicate mild outliers (n = 1 in L. ramada and n = 2 in
A. anguilla).

The only published report on DNA content in the species
under examination is found for A. anguilla by Sola and co-
workers (1984). These authors reported a mean value of
3.20 pg/nucleus for a limited number of erythrocytes (n = 40)
measured by histophotometry in this species. This represents a
difference of 32% compared to our results obtained by flow
cytometry on 10 000 cells/individual. Similar variability in
results between the traditional fluorometry and photometry
methods and current flow cytometric techniques has been re-
ported for other species by Ciudad et al. (2002). These last au-
thors point out also the variability induced by the use of pref-
erential binding dyes (e.g. DAPI for AT-rich DNA sequences)
or DNA intercalating dyes such as PI, and the use of differ-
ent species as reference standards in flow cytometric measure-
ments. Finally, they privileged the use of a single standard (e.g.
human blood leukocytes) as a mean to limit the variability in-
duced by the addition of a second reference, like chicken ery-
throcytes, for which the mean DNA content reports are not
always consistent (Ciudad et al. 2002).

In our work, a comparison of chromosome numbers among
the analysed fish cannot explain any of the observed differ-
ences in nuclear DNA values. The three Perciformes species
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Table 1. Nuclear DNA content of D. labrax, S. aurata, L. ramada,
A. anguilla and reference male human cells.

Species Sex Mean DNA CV
content

(pg/nucleus)
Dicentrarchus M 1.55 3.89
labrax M 1.59 3.68

M 1.54 3.67
M 1.53 3.08
M 1.53 3.69
M 1.53 3.80
M 1.63 3.45
M 1.58 3.06
F 1.59 3.73
F 1.53 4.01
F 1.61 3.20
F 1.55 3.25
F 1.55 2.89
F 1.46 2.46
F 1.53 3.01

Mean value ± CI 1.55 ± 0.02

- 1.96 3.13
Sparus aurata - 1.89 3.56

- 1.99 3.16
- 1.88 3.25
- 1.88 3.39
- 1.94 3.98
- 1.88 3.41
- 1.86 4.20
- 1.89 3.43
- 1.86 3.68

Mean value ± CI 1.90 ± 0.03

M 1.50 3.96
Liza ramada M 1.58 3.92

M 1.58 2.53
M 1.57 2.47
M 1.60 2.59
M 1.59 2.98
M 1.62 2.37
M 1.55 3.61
M 1.56 3.60
F 1.58 3.63
F 1.58 3.52
F 1.52 2.46
F 1.59 3.88
F 1.60 2.38

Mean value ± CI 1.57 ± 0.02

- 2.38 3.39
Anguilla anguilla - 2.39 3.42

- 2.38 3.99
- 2.38 3.93
- 2.39 3.36
- 2.55 2.31
- 2.40 3.49
- 2.56 2.04
- 2.40 3.30
- 2.44 3.78

Mean value ± CI 2.43 ± 0.04
Human leukocytes M 7.00 ± 0.03

hereby examined posses a diploid number of 2n = 48 chro-
mosomes (Cataudella et al. 1973; Sola and Cataudella 1978).
This is not surprising as these and many other marine teleosts
belonging to this group show little divergence in both chromo-
some number and structure (Galetti et al. 2000). The European
eel’s karyotype is instead composed of 2n = 38 chromosomes
(Chiarelli et al. 1969).

In this work, intraspecific individual nuclear DNA content
variations ranged from zero to 9% in all taxa. Such level of
genome size variation between individuals within populations
has been reported for other fish species in the past (Cui et al.
1991; Lockwood and Derr 1992; Carvalho et al. 1998). The
presence of few outliers partially responsible for the observed
variation in L. ramada and A. anguilla did not affect the overall
results. These values could be the related to natural variation
within the analysed species, as well as to technique-related
factors. Nevertheless, instrumental and methodological shifts
were not observed during any of the technical verifications.

Flow cytometric analysis has proved to be a sensitive
method for detecting sex-related differences in various organ-
isms, including fish (Tiersch et al. 1989b; Alfei et al. 1996).
In the present work, no measurable sex differences in DNA
content were found in either sea bass or mullet specimens.
European eel specimens revealed to be sexually immature and
their sex could not be assessed with certitude. Despite the care-
fully controlled and standardized conditions of sample prepa-
ration, our analysis did not reveal significant gender-like vari-
ations. In sea bass, male and female blood samples were first
compared individually and then as a mixture in order to rule
out the possibility of instrumental and/or staining variabil-
ity (technical variations) capable of masking possible differ-
ences. As expected, this further analysis only confirmed the
absence of instrumental and methodological shifts. Overall,
this is in agreement with previous reports reviewed by Zanuy
et al. (2001) showing also the lack of sex-specific DNA se-
quences or morphologically differentiated sex chromosomes in
sea bass. To date, only the work by Cano et al. (1996) suggests
the presence of sex-chromosome variations in this species in-
volving the amount and pattern of heterochromatin distribution
(C-bands). In A. anguilla, Wiberg (1983) reported the absence
of cytological evident sex-chromosomes and sex-specific nu-
cleolar organizer regions (NORs). Lack of cytogenetics dif-
ferences between male and female fish were also reported for
L. ramada by Rossi et al. (1997).

In conclusion, this work fills a gap in the literature provid-
ing information on the genome size of four important teleosts
using a single and standardized technique. Finally, it shows the
absence of measurable nuclear DNA variations between male
and female fish in D. labrax and L. ramada supporting other
results obtained at molecular or cytogenetics level.
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