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The production of triploid yellowtail tetra Astyanax altiparanae is a key factor to

obtain permanently sterile individuals by chromosome set manipulation. Flow cytometric

analysis is the main tool for confirmation of the resultant triploids individuals, but very

few protocols are specific for A. altiparanae species. The current study has developed a

protocol to estimate DNA content in this species. Furthermore, a protocol for long-term

storage of dorsal fins used for flow cytometry analysis was established. The combination

of five solutions with three detergents (Nonidet P-40 Substitute, Tween 20, and Triton

X-100) at 0.1, 0.2, and 0.4% concentration was evaluated. Using the best solution from

this first experiment, the addition of trypsin (0.125, 0.25, and 0.5%) and sucrose (74

mM) and the effects of increased concentrations of the detergents at 0.6 and 1.2%

concentration were also evaluated. After adjustment of the protocol for flow cytometry,

preservation of somatic tissue or isolated nuclei was also evaluated by freezing (at−20◦C)

and fixation in saturated NaCl solution, acetic methanol (1:3), ethanol, and formalin

at 10% for 30 or 60 days of storage at 25◦C. Flow cytometry analysis in yellowtail

tetra species was optimized using the following conditions: lysis solution: 9.53 mM

MgCl2.7H20; 47.67 mM KCl; 15 mM Tris; 74 mM sucrose, 0.6% Triton X-100, pH 8.0;

staining solution: Dulbecco’s PBSwith DAPI 1µgmL−1; preservation procedure: somatic

cells (dorsal fin samples) frozen at −20◦C. Using this protocol, samples may be stored

up to 60 days with good accuracy for flow cytometry analysis.

Keywords: yellowtail tetra, ploidy status, fish, flow cytometry, sample preservation

INTRODUCTION

The yellowtail tetra, Astyanax altiparanae, has been highlighted as a great model fish for laboratory
studies, aquaculture (Prioli et al., 2002; dos Santos et al., 2016), basics and applied research for
reproductive technologies, conservation of valuable genetic resources and establishment of gene
banks for endangered species using surrogate technologies (Yamaha et al., 2007).

Surrogate propagation permits a fish to produce gametes from another species, and in this
case, the yellowtail tetra is strategic because this species can be manipulated to produce gametes
from related endangered species. This technology requires sterile host individuals to ensure the
production of exogenous gametes. Some protocols established the sterilization of the yellowtail
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tetra by chronic exposure to high temperatures. However,
sterilization was maintained only for a few weeks (de Siqueira-
Silva et al., 2015). On the other hand, artificial induction of
triploid by chromosome set manipulation using temperature
shock has been promising in several fish species like tilapia and
yellowtail tetra may be an efficient method to obtain permanent
sterile individuals (Mair, 1993; Piferrer et al., 2009). In previous
work (Adamov et al., 2016; doNascimento et al., 2017), a protocol
was established to produce triploid yellowtail tetra, and the ploidy
status was confirmed by flow cytometry using a general protocol
for plants and other animal species, but several samples could not
be analyzed due to inaccurate analysis. It suggests that there is a
specific protocol needed for this fish species.

Identification of triploids can be achieved using different
methods including nuclear volume of fish erythrocytes (Allen
and Stanley, 1978, 1979) and chromosome counts by karyotype
(Allen et al., 1982). However, flow cytometry analysis is currently
the most effective, rapid, and accurate method to identify
the ploidy status. Flow cytometry analysis is a valuable tool
for chromosomal studies in fish species, including cell cycle
analysis, confirmation of the ploidy status, and determination
of genome size in different fish species including the loach
(Zhou et al., 2008), Atlantic salmon (Allen, 1983), Poecilia
formosa (Lampert et al., 2008), and other teleost species
(Ciudad et al., 2002; Zhu et al., 2012). However, the most
protocols used for those analysis employs especially propidium
iodide protocols and commercial kits that despite exhibit
successfully results are usually expensive and not tested for fish
species.

FIGURE 1 | Flow cytometric charts of fin samples using various lysing treatments and staining with DAPI. A combination of five solutions, and three detergents

(Triton-X, Tween-20, and Nonidet P-40 at 0.1, 0.2, and 0.4%) gave rise to 45 treatments. Additionally, a commercial kit was used as control group. Commercial kit

(A) produced the clear peaks. S2 associated with Tween-20 (B,D,E), Nonidet (C) and Triton-X (F) gave some unclear peaks, demonstrating some potencial for

analysis. Other treatments produced poor results including peak deviation (G), absence of particles (H), and low amount of particles (I).

In such analysis, tissue sampling is critical since samples
rapidly loss the viability if they are fresh and quality if previous
fixatives was used for flow cytometry analysis. However, some
times such samples are usually obtained in field conditions
and have to be transported alive into the laboratory facilities
for subsequent analysis. Furthermore, it is usually necessary to
process large number of samples and such a situation require the
development of protocols for long-term storage of these samples
during the analysis. Some protocols are available for species such
as the grass carp (Brown et al., 2000), Chinese grass carp (Burns
et al., 1986), Atlantic salmon and shellfish (Allen, 1983), but there
is not a protocol for Neotropical species like the yellowtail tetra.

Therefore, the aim of this study was firstly to establish a
two-step protocol to estimate the DNA content in the yellowtail
tetra, A. altiparanae by flow cytometry. In addition, an efficient
protocol for long-term storage of tissue used for subsequent flow
cytometry analysis was established. The combination of both
procedures may give rise to a reliable determination of ploidy
status in the yellowtail tetra and other important related species.

MATERIALS AND METHODS

All the procedures were accepted by the Guide for the
Care and Use of Laboratory Animals of CEPTA (CEUA
#02031.000033/2015-11).

General Procedure for Flow Cytometry
Adult yellowtail tetra A. altiparanae were collected from
the Mogi-Guassu river, São Paulo State, Brazil (21.925706 S,
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TABLE 1 | Evaluation of solutions and detergent concentrations for flow

cytometry in fish.

Solution Detergent Concentration

(%)

Relative

DNA content

Number of Particles

Commercial

kit (Control)

Unknown Unknown 1.0 ± 0.0a 9058.3 ± 9238.0a

S1 Nonidet

P-40

0.1 0.7 ± 0.6a 217.0 ± 271.2abc

0.2 1.1 ± 0.0a 451.7 ± 254.5abc

0.4 0.0 ± 0.0b 0.0 ± 0.0c

Triton-X 0.1 0.7 ± 0.6a 114.3 ± 125.1abc

0.2 0.7 ± 0.6a 275.3 ± 396.7abc

0.4 1.0 ± 0.0a 43.3 ± 27.3bc

Tween 20 0.1 0.0 ± 0.0b 0.0 ± 0.0c

0.2 0.0 ± 0.0b 0.0 ± 0.0c

0.4 0.7 ± 0.6a 116.7 ± 108.3abc

S2 Nonidet

P-40

0.1 1.0 ± 0.0a 235.0 ± 193.0abc

0.2 1.0 ± 0.0a 980.0 ± 1249.7abc

0.4 1.0 ± 0.0a 565.3 ± 298.1abc

Triton-X 0.1 1.0 ± 0.0a 1342.3 ± 261.2abc

0.2 1.0 ± 0.0a 389.0 ± 374.2abc

0.4 1.0 ± 0.0a 43.7 ± 23.4bc

Tween 20 0.1 1.0 ± 0.0a 820.3 ± 542.3abc

0.2 1.0 ± 0.0a 1249.3 ± 978.6abc

0.4 1.0 ± 0.0a 1555.0 ± 604.6abc

S3 Nonidet

P-40

0.1 1.0 ± 0.0a 205.0 ± 120.2abc

0.2 1.0 ± 0.0a 222.7 ± 107.6abc

0.4 0.9 ± 0.0a 652.0 ± 275.0abc

Triton-X 0.1 0.3 ± 0.6a 125.3 ± 217.1abc

0.2 0.7 ± 0.6a 127.3 ± 145.6abc

0.4 0.0 ± 0.0b 0.0 ± 0.0c

Tween 20 0.1 1.0 ± 0.0a 1501.3 ± 827.4ab

0.2 1.0 ± 0.0a 203.7 ± 203.0abc

0.4 0.3 ± 0.6a 317.3 ± 148.1abc

S4 Nonidet

P-40

0.1 0.4 ± 0.6a 155.3 ± 269.1abc

0.2 1.1 ± 0.0a 594.7 ± 53.5abc

0.4 1.0 ± 0.0a 820.3 ± 931.3abc

Triton-X 0.1 0.7 ± 0.6a 176.7 ± 172.2abc

0.2 0.7 ± 0.6a 538.0 ± 589.4abc

0.4 0.7 ± 0.6a 596.3 ± 525.4abc

Tween 20 0.1 0.3 ± 0.6a 294.3 ± 509.8ab

0.2 0.7 ± 0.6a 741.3 ± 657.5abc

0.4 1.0 ± 0.0a 352.7 ± 128.7abc

S5 Nonidet

P-40

0.1 1.1 ± 0.0a 220.0 ± 86.3abc

0.2 1.0 ± 0.0a 295.7 ± 213.3abc

0.4 1.0 ± 0.0a 327.0 ± 350.9abc

Triton-X 0.1 1.0 ± 0.0a 201.0 ± 170.6abc

0.2 1.1 ± 0.0a 161.3 ± 78.1abc

(Continued)

TABLE 1 | Continued

Solution Detergent Concentration

(%)

Relative

DNA content

Number of Particles

0.4 1.0 ± 0.0a 130.7 ± 154.7abc

Tween 20 0.1 1.1 ± 0.0a 671.3 ± 469.8abc

0.2 0.7 ± 0.6a 959.0 ± 1239.8abc

0.4 1.0 ± 0.0a 590.7 ± 481.8abc

Pieces of fin (∼2 mm2 ) were treated with the solutions and detergents combinations

below, stained with DAPI, and analyzed by flow cytometry. Different letters within the

columns indicates significant differences by Tukey test (P < 0.05).

47.369496 W). Males and females were used for the analysis, but
no differences in DNA content between sexes were found for
this species (Martinez et al., 2012). A small piece of dorsal fin
(∼2 mm2) was clipped from the fish and then placed in a 1.5
mL microtube containing 120 µL of lysing solution. This lysing
solution was prepared using detergents and other components
(see following experiment sections). The samples were incubated
at room temperature for 30 min with occasional mixing. Staining
was achieved by addition 800µL of Calcium-Free Dulbecco’s PBS
(Sigma #D5773) containing DAPI at 1 µg mL−1. The samples
were then filtered by a 30-µm mesh (Celltrics, Partec GmBH,
Germany). Stained samples were then analyzed by a Partec
CyFlow Plody Analyzer (Partec GmBH, Germany) with a specific
filter set for DAPI excitation (358 nm). As a control group,
a commercial kit specific for aquaculture and plants (Partec
CyStain DNA 2-step, Partec GmBH, Germany) was used.

Solutions and Detergents for Cell Lysing
In this study, five (1–5) solutions (S) for cell lysing based on
plant flow cytometry were compared: S1 (Dpoolezel et al., 1989):
15 mM Tris, 2 mM Na2EDTA, 80 mM KCl, 20 mM NaCl;
S2 (Arumuganathan and Earle, 1991): 9.53 mM MgCl4, 47.67
mM KCl, 15 mM Tris; S3 (Galbraith et al., 1983): 45 mM
MgCl2, 30 mM sodium citrate, 2 mM NaHCO3; S4 (Marie and
Brown, 1993): 50 mM glucose, 15 mM KCl, 15 mM NaCl, 5
mM Na2EDTA, 50 mM sodium citrate; S5 (Pfosser et al., 1995):
200 mM tris, 4 mM MgCl2.6H2O. In each solution mentioned
above, three detergents (Tween-20, triton-X, and nonidet P-40
substitute) were added at three concentrations each: 0.1, 0.2, and
0.4%. The combination of five solutions, three detergents at three
concentrations, and the control group (commercial kit) gave rise
to 46 lysing treatments. Dorsal fin samples were processed in
each solution as mentioned above and then were checked for the
best results according to the peak quality. This experiment was
performed in triplicates.

Evaluation of High Concentrations of
Detergents, Trypsin, and Sucrose Additions
Using the best combination of detergents and the solution
obtained above (i.e., Arumuganathan and Earle, 1991), detergent
concentrations at 0.15, 0.3, 0.6, and 1.2% were evaluated with or
without the addition of sucrose (74 mM). Using the best result,
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the effects of trypsin addition (at 0.125, 0.25, and 0.5%) were also
evaluated on peak quality.

Fixatives and Preservation Strategies
In this experiment, two kinds of samples (fish fin or isolated
nuclei) were evaluated. For each of them, five procedures were
evaluated: freezing at −20◦C, ethanol 70%, acetic methanol (1
part of acetic acid:3 parts of methanol), saline solution (saturated
NaCl solution), and formalin at 10%. For preservation of tissue,
about ∼2 mm2 of dorsal fin from the A. altiparanae were placed
in 1.5 mL microtubes containing 1 mL of each of fixatives and
maintained at 25◦C in a BOD incubator under dark conditions.
For freezing, the sample was placed in a 1.5 mL microtube
containing 200 µL of 0.9% NaCl and then directly frozen at
−20◦C in a biomedical freezer. Isolated nuclei were obtained
from dorsal fins (∼2 mm2) using 100 µL of lysing solution
obtained in previous experiment. For preservation of nuclei, 1
mL of each fixative was added to each nuclei suspension and
then maintained at 25◦C. Nuclei suspensions were also frozen
at −20◦C. Flow cytometry analysis were performed at 30 and
60 days of storage. Fixed tissue was collected and washed in
Dulbecco’s PBS and then processed in lysing solution before
staining. Nuclei suspensions were centrifuged at 12,000 G for
2 min, and the fixatives were removed by pipetting. The nuclei
pellet was re-suspended in staining solution and then analyzed
on flow cytometer. As control groups, fresh (non-fixed) samples
from day 0, 30, and 60 were used. For each of the 21 treatments,
10 replications were used.

Statistical Analysis
Data are shown as mean ± SD. Data were checked for normality
using the Liliefor test and also compared using ANOVA followed

by Tukey’s multiple range test (P < 0.05). Statistica version 11
were used for statistical analysis.

RESULTS

Solutions and Detergents for Cell Lysing
In the control group that used commercial kit, two clear peaks
arose: one with 2C content and the other with 4C, originating
from dividing cells (Figure 1A). On the other hand, none of the
combinations of the solutions and detergents evaluated generated
clear peaks. Problems included noisy peaks (Figures 1B–F),
deviation in the DNA content (Figure 1G), absence of peaks
(Figure 1H), and in most cases, low amounts of particles were
found (Figure 1I). As observed in Table 1, the only solution
that kept the same relative DNA content in comparison to the
control, independent of the detergent or concentration, was the

TABLE 2 | Evaluation of trypsin additions for flow cytometry in fish.

Solution DetergentConcentration

(%)

Trypsin

addition

(%)

Relative

DNA

content

Number of

Particles

S2 + 74

mM

sucrose

Triton-X 0.6 0 1.00 ± 0.01a 715.0 ± 318.2a

0.125 1.04 ± 0.01a 400.7 ± 358.5ab

0.25 1.03 ± 0.02a 139.7 ± 86.6ab

0.5 0.99 ± 0.03a 74.3 ± 24.0b

S2 with 0.6% Triton-X was combined with trypsin at 0.125, 0.25, and 0.5% and 74 mM

Sucrose and measured the relative DNA content and number of isolated particles. Pieces

of fin (2 mm2 ) were treated with the solutions, stained with DAPI and analyzed by flow

cytometry. Different letters within the columns indicates significant differences by Tukey

test (P < 0.05).

FIGURE 2 | Flow cytometric charts of fin samples using various lysing treatments and staining with DAPI. Solution S2 was combined with three detergents (Triton-X,

Tween-20, and Nonidet P-40 at 0.15, 0.3, 0.6, and 1.2%). Trypsin additions at 0.125, 0.25, and 0.5% was also evaluated. Triton-X at 0.6% gave some noisy peaks

(A). Trypsin additions produced reduced peaks (B–D).
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S2. Furthermore, the S2 solution with Triton at 0.1% presented
a good number of particles isolated and the best peak quality in
terms of the histograms (Table 1). All other solutions presented
poor results in regards to quality of peaks, DNA content, and
number of particles. Considering the quality of peaks, DNA
content, and the number of particles, S2 presented the best results
and was used in later experiments.

Evaluation of High Concentrations of
Detergents, Trypsin and Sucrose Additions
As observed in Figure 2, the addition of trypsin at 0.125
(Figure 2B), 0.25 (Figure 2C), and 0.5% (Figure 2D) presented
detrimental effects on the flow cytometry analysis, and lower
peaks arose with increasing concentrations of trypsin. Such data
coincided with lower amounts of particles (Table 2), although it
was significantly decreased only at 0.5% (74.3± 24.0, P= 0.0491).
The DNA content did not present any statistical differences
(P = 0.0578) and ranged from 0.99 ± 0.03 (at 0.5% trypsin) to
1.04± 0.01 (at 0.125% trypsin).

Flow cytometry using S2 solution associated with triton-X
at 0.15, 0.3, and 0.6% gave rise to noisy peaks (Figures 3A–C).
The addition of sucrose at 74 mM associated with triton-X at
the same concentrations produced clearer peaks, and at 0.3%
(Figure 3E) and 0.6% (Figure 3F), but not at 0.15% (Figure 3D),
two clear 2 and 4C peaks arose. Relative DNA content (Table 3)
was decreased in Triton-X at 1.2% (0.85 ± 0.03 C, P = 0.0155),
and sucrose with Triton-X at 0.15% (0.87 ± 0.02 C, P = 0.0492),
0.3% (0.85 ± 0.01 C, P = 0.0155), and 0.6% (0.84 ± 0.02 C; P =

0.1054). The number of particles from treatment S2 with triton-
X at 0.125% was 927.0 ± 132.4 and did not present statistical
differences (P = 0.0538) when compared with the control
(2,716.3 ± 1,822.2). However, other treatments had a significant
decrease and ranged from 194.7± 37.1 (S2 and triton-X at 0.6%)
to 826.3± 67.0 (S2 with 0.3% triton X and 74 mM sucrose).

As there were promising results with 0.6% triton-X, higher
concentrations of other detergents at 0.6 and 1.2% were also
evaluated. The results using S2 and sucrose presented good
results and Triton-X, Tween-20, and Nonidet P-40 presented

similar results, both at 0.6 and 1.2% (Figure 4), with a main
peak at 2C and a secondary peak at 4C. The DNA content did
not present significant differences (P = 0.0779) within all the
detergents and concentrations evaluated in this study and ranged
from 0.99 ± 0.01 C (1.2% Nonidet P-40) to 1.03 ± 0.01 C
(1.2% Tween-20). Similarly, all the treatments did not present
significant differences regarding the number of particles (P =

0.0602), and this parameter ranged from 725.3 ± 119.0 (0.6%
triton) to 1095.3± 183.4 (1.2% Tween-20).

Based on the results above, Triton-X at 0.6% gave better results
on nuclei isolation (Table 4) and subsequent flow cytometric
analysis (Figure 4C) and, thus, was then chosen for later
experiments.

Fixatives and Preservation Strategies
After 30 and 60 days of fixation, only frozen dorsal fin samples
maintained the ability for flow cytometric analysis (Figure 5).

TABLE 3 | Evaluation of sucrose addition for flow cytometry in fish.

Solution Detergent Concentration

(%)

Relative

DNA content

Number of

Particles

Commercial

kit (Control)

Unknown Unknown 1.00 ± 0.08a 2716.3 ± 1822.2a

S2 Triton-X 0.15 0.92 ± 0.04ab 927.0 ± 132.4ab

0.30 0.88 ± 0.02ab 343.3 ± 209.2b

0.60 0.88 ± 0.04ab 194.7 ± 37.1b

1.20 0.85 ± 0.03c 176.0 ± 257.3b

S2 + 74 mM

Sucrose

Triton-X 0.15 0.87 ± 0.02c 369.3 ± 337.8b

0.30 0.85 ± 0.01c 826.3 ± 67.0b

0.60 0.84 ± 0.02c 776.3 ± 100.2b

1.20 0.93 ± 0.09ab 341.7 ± 139.5b

S2 was associated Triton-X at 0.15, 0.30, 0.60, 1.20% and sucrose at 74 mM and

measured the DNA content and number of particles. Pieces of fin (2 mm2 ) were treated

with the solutions, stained with DAPI and analyzed by flow cytometry. Different letters

within the columns indicates significant differences by Tukey test (P < 0.05).

FIGURE 3 | (A–F) Flow cytometric charts of fin samples using various lysing treatments and staining with DAPI. A combination of Triton-X 0.15, 0.3, and 0.6% was

associated with sucrose at 74 mM. Triton-X produced noisy peaks at all concentrations. The addition of sucrose improved the results, giving rise to clear peaks.
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Very clear peaks arose (Figures 5B,C), like samples from the
control groups with fresh tissue (Figure 5A). Preserved dorsal
fin using 70% ethanol produced peaks after 30 and 60 days
(Figures 5D,E), but deviation of the peak occurred in both cases.
Other fixatives gave rise to noisy peaks or, in most cases, did not
show any peak (Figure 5F). The preservation of isolated nuclei as
a new strategy failed in all cases giving rise to noisy or very few
particles.

After preservation in 70% ethanol, fin samples presented
increased DNA content in flow cytometry analysis after 30 days
(1.14± 0.04; P= 0.0001) and 60 days (1.21± 0.06 C; P= 0.0001)
when compared with control group (1.00 ± 0.02 C) (Table 5).
Nucleus preserved in formaldehyde after 30 days presented
decreased DNA content (0.86 ± 0.04; P = 0.0001). A similar
result was observed for fin samples preserved with formaldehyde
for 60 days (0.80 ± 0.07; P = 0.0001) and nucleus preserved for
60 days with salt (0.89± 0.10 C; P= 0.0011), formaldehyde (0.78
± 0.04 C; P = 0.0001), ethanol (0.72 ± 0.03 C; P = 0.0001), and
methanol (0.72± 0.05 C; P= 0.0001).

The number of particles was reduced in all cases when
compared with fresh samples (2215.6 ± 1015.9; P = 0.0001).
However, the best results were achieved with frozen dorsal fins
after 30 days (892.9± 357.9) and 60 days (862.2± 467.8).

DISCUSSION

Successful flow cytometry analysis depends on several aspects
including the interaction of the sample and the components of
lysing solutions (Loureiro et al., 2007). An adequate combination
of osmolality, buffers, stabilizers, and detergents is then required
to achieve good results. A two-step procedure with cell lysing
and nuclear staining, solubilization of cell membrane and
subsequent preservation of nuclear envelope is the key point for
flow cytometry, and combination of detergents, solutions, and
membrane stabilizer was successful for the studied species. The
current results indicates that solutions containing magnesium,
presented better results during flow cytometry analysis. This is
assumed to be the case because of magnesium ions work as a

cromatin stabilizer (Galbraith et al., 1983) and then we conclude
that this component is important in order to preserve nuclear
membrane of the yellowtail tetra. Similarly, sucrose additions
presented good results. Sucrose affects osmolality and presents
membrane stabilizer ability and is also widely used in several
process including cell lysis and cryopreservation ir order to
maintain the membrane characteristics (Medina-Robles et al.,
2005). Furthermore, sucrose is important for the maintenance of
nuclear integrity (Marie and Brown, 1993). Non-ionic detergents
used in this study efficiently solubilized cell membrane, but the
nuclei were kept intact, indicating that lysing and stabilizing
process is membrane-specific.

In this work, a protocol for sample storage and subsequent
flow cytometry analysis was achieved. Such a procedure
is applicable for long-term preservation for future analysis.
The preservation of marine bacteria under fixation with
paraformaldehyde and storage in liquid nitrogen reduced the cell
count and generated multiple peaks in flow cytometry analysis
(Kamiya et al., 2007). Similar decrease in quality was observed
in marine bacteria and algae (Troussellier et al., 1993). In this
study, when sub-zero temperatures at−20◦ C were used the peak

TABLE 4 | Evaluation of S2 solution associated with high concentrations of

detergents (0.6 and 1.2%) regarding the relative DNA content and number of

isolated particles.

Solution Detergent Concentration

(%)

Relative

DNA content

Number of

particles

S2 Nonidet P-40 0.6 0.99 ± 0.01a 829.0 ± 45.9a

1.2 0.99 ± 0.01aa 763.0 ± 175.3a

Triton-X 0.6 1.02 ± 0.02a 725.3 ± 119.0a

1.2 0.99 ± 0.03a 805.3 ± 189.6a

Tween 20 0.6 1.01 ± 0.01a 1090.7 ± 228.7a

1.2 1.03 ± 0.01ac 1095.3 ± 183.4a

Pieces of fin (2 mm2 ) were treated with the solutions, stained with DAPI, and analyzed

by flow cytometry. Different letters within the columns indicates significant differences by

Tukey test (P < 0.05).

FIGURE 4 | (A–F) Flow cytometric charts of fin samples using various lysing treatments and staining with DAPI. A combination of solution S2 with Triton-X, Tween-20,

and Nonidet P-40 at 0.6 and 1.2% and 74 mM sucrose was evaluated. All treatments gave rise to clear peaks.
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FIGURE 5 | Flow cytometric charts of fin samples and isolated nuclei preserved using various procedures at 0, 30, and 60 days of storage. Frozen fins at −20◦C gave

the best results and storage at 30 days (B) and 60 days (C) did not differ from fresh samples (0 days) (A). Fixation of fin in 70% ethanol gave peaks with low amount of

particles and peak deviation at 30 days (D) and 60 days (E). Other treatments did not generate any data (F).

TABLE 5 | Preservations strategies (Salt, Formaldehyde, Ethanol, Methanol, and

Freeze) for flow cytometry in fish.

Storage Sample Treatment RelativeDNA

content

Number of

particles

0 days Fin Control 1.00 ± 0.02cde 2215.60 ± 1015.94a

30 days Fin Salt 0.98 ± 0.10def 13.80 ± 17.27c

Formaldehyde 0.94 ± 0.03efgh 32.00 ± 21.58c

Ethanol 1.14 ± 0.04ab 13.30 ± 18.96c

Methanol 1.07 ± 0.02bc 8.10 ± 8.32c

Freeze 1.01 ± 0.02cde 892.90 ± 357.95b

Nucleus Salt 0.99 ± 0.06cdef 8.90 ± 11.11c

Formaldehyde 0.86 ± 0.04hi 48.20 ± 24.50c

Ethanol 1.03 ± 0.03cd 102.80 ± 27.47c

Methanol 0.94 ± 0.05efgh 222.90 ± 207.72c

Freeze 0.99 ± 0.05cdef 42.90 ± 60.24c

0 days Fin Control

60 days Fin Salt 0.96 ± 0.03defg 0.60 ± 0.70c

Formaldehyde 0.80 ± 0.07ij 15.30 ± 9.45c

Ethanol 1.21 ± 0.06a 25.70 ± 28.86c

Methanol 0.98 ± 0.08def 4.90 ± 8.84c

Freeze 0.98 ± 0.02def 862.20 ± 467.83b

Nucleus Salt 0.89 ± 0.10gh 3.50 ± 4.33c

Formaldehyde 0.78 ± 0.04ij 36.90 ± 15.15c

Ethanol 0.72 ± 0.03j 146.20 ± 44.50c

Methanol 0.72 ± 0.05j 21.20 ± 10.67c

Freeze 0.91 ± 0.06fgh 5.40 ± 4.17c

Pieces of fin (2 mm2 ) and isolated nuclei were fixed with different procedures. The

samples were analyzed at 0 (control), 30 and 60 days by flow cytometry and obtained the

relative DNA content and number of isolated particles. Different letters within the columns

indicates significant differences by Tukey test (P < 0.05).

quality and cell concentration was maintained for 60 days of
storage providing the good results in flow cytometry. Such a new
procedure for preservation of fish samples may be used in many
fields including aquaculture and biomedicine.

A new procedure for fixation of samples for flow cytometry
was evaluated, including isolated nuclei instead of tissue,
however, further work is required to improve the method, results
as well as the alternative comparisons of different fixatives and
ways of storage. However, such an approach of preserving an
isolated nucleus may be interesting because fixation and storage
of tissue may affect membrane characteristics (Suganuma and
Morioka, 1979). It can also reduce the efficiency of lysing and
staining procedures, and, thus, the nucleus cannot be isolated in
some cases. Nuclear isolation and preservation may be applicable
as a preservation procedure for flow cytometry analysis.

In conclusion, a simple and inexpensive protocol for
DNA content analysis by flow cytometry in yellowtail tetra
A. altiparanae and sample preservation was established, as
follows: lysing solution for fish samples composed by 9.53 mM
MgCl2.7H2O, 47.67 mM KCl, 15 mM Tris, 74 mM sucrose, and
0.6% Triton-X. Tissue samples of fish may be preserved at−20◦C
for 60 days for future analysis using such a protocol.
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