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Abstract

Zebrafish (Danio rerio: Hamilton, 1822) is a well-known model organism of
biological research. Generally it is found in the fresh water ponds. However, the
culture, breeding and embryonic development of wild D. rerio of Bangladesh is
scarcely represented in the literature. Therefore, a laboratory experiment was
conducted to study these aspects of local zebrafish. Water quality parameters for
adult fish husbandry system were recorded. These were temperature (°C) 29.18 +
1.53, pH 7.55 + 0.144, TDS (ppm) 225 + 11.136, (ORP) 48.93 + 26.04, DO (ppm) 1.24 +
0.591, conductivity (mS/cm) 0.450 + 0.022, are resistivity (MQicm) 0.0026 + 0.00049
for adult fish tanks. The parameters obtained from larvae rearing ranks were
temperature (°C) 29.56 + 0.777, pH 7.73 + 0.421, TDS (ppm) 198.33 + 39.627, (ORP)
51.37 + 17.387, DO (ppm) 2.02 + 0.694, conductivity (mS/cm) 0.397 + 0.079,
resistivity (MQcm) 0.0026 + 0.00044. After one month of rearing, adult male and
female fishes were selected for natural breeding and spawning and obtained 87.5 +
7.72% spawning success, 96.83+0.81% fertilization rate and 94.89 + 0.27% hatching
rate. The embryonic development for zygote, cleavage, blastula, gastrula,
segmentation and pharyngula periods were observed and obtained proper
development for each state at 28.5°C. The survival rate of hatchlings was 10 - 20%
up to 20 days post fertilization. The higher spawning success, fertilization rate,
hatching rate and survival rate indicate the possibility and potentiality of culturing
zebrafish in laboratory conditions and could be established as a model animal for
Bangladeshi researchers.

Introduction

Zebrafish (Danio rerio: Hamilton, 1822) is a tropical freshwater fish, occurs in Bangladesh,
India, Pakistan, Nepal and Myanmar. Zebrafish are widely found in irrigation ditches,
rice fields, fish ponds, rivers, and fast flowing hill streams®.
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Since 1930s, the zebrafish has been used as a classical developmental and
embryological model. Subsequently, it has been widely used as a vertebrate research
organism primarily for developmental genetics, and increasingly for toxicological and
environmental monitoring, cancer, aging, neurophysiology, biomedicine and genetic
diseases®. A substantial amount of research has been conducted by using zebrafish
compared to other fish species like medaka, stickleback, tilapia, seabass, salmon, etc. (Fig.
1). Unfortunately, the scientific culture and breeding technique of this model animal is
poorly developed in Bangladesh. A few studies have been conducted on distribution,
habitat and population genomics of wild zebrafish of Bangladesh®4. Knowledge of
zebrafish reproduction and embryonic development is essential for designing standard
experiments involving this important model animal. However, culture, reproduction and
embryonic development of native zebrafish in laboratory condition are yet to be reported
from Bangladesh. So, the objectives of the current study were culture, breeding and
embryogenesis of wild zebrafish at laboratory condition.
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Fig. 1. The contribution of zebrafish in research in comparison with other fish
reported in Pubmed (NCBI) References in year 2015. The term like
'zebrafish' and the year "2015" were used for searching in Pubmed.

Materials and Methods

In June 2015, a total of 50 wild Zebrafish were collected from the ponds of Dhola,
Trisal upazila, Mymensingh, Pasmail, Dadar upazila, Rangpur district, and aguarium
shops of Kataban market, Dhaka. The collected zebrafish were housed in a 5 litres tank
filled with tap water in the Department of Fisheries, University of Dhaka for a period of
45 days. Density of fish was 10 adults per culture tank without counting males and
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females at this stage. The water parameters like temperature, pH, total dissolved solids
(TDS), oxidation reduction potential (ORP), dissolved oxygen (DO), conductivity and
resistivity were recorded once during the whole study by using a multiparameter kit (HI
9828 multiparameter, HANNA Instruments, Woonsocket RI-USA). Two third of the fish
tanks were filled with clean tap water. Condition of fishes was observed once daily.
Tanks (1200 cubic inches) were cleaned regularly by siphoning and replaced with new
water.

Adult fish, 2.77 £ 0.19 cm (mean = Sd) were fed commercial dry pellet (TetraBits®
Complete, Tetra GmbH, Germany) twice per day, occasionally supplemented with de-
capsulated live brine shrimp. The nutrients composition of the commercial dry pellet was
protein 47.5%, oil 6.5%, ash 10.5%, moisture 6%; additives: vitamin A 29770 1U/kg,
vitamin D 31860 1U/kg, vitamin E 200 mg/kg, L-ascorbyl-2-polyphosphate 137 mg/kg
(TetraBits® Complete, Tetra GmbH, Germany). GSL (USA) brine shrimp cysts were
incubated at 30 ppt salinity in the laboratory with proper oxygenation for the de-
capsulation. Fish were monitored daily for signs of distress, with extra water changes
being performed when required.

After one month rearing, the maturity of zebrafish was confirmed by their external
reproductive characteristics and breeding was performed in the laboratory. Firstly one
litre capacity breeding tanks were prepared for each pair of breeders. At first a perforated
plate was placed on the bottom of the plastic tank to prevent eggs from the cannibalism
by the fish. The transparent separation sheet was also set up vertically at the middle
position of the tank for the separation of male and female in the same tank. Then, the
tank was filled with filtered tap water to maintain the quality of eggs. In the evening, a
female and male in the ratio of 1 : 1 was kept in the breeding tank. They were kept
separate by the separation sheet in the breeding tank. The tank was filled with about 2/3
of filter water. The prepared tanks were kept in a safe place in a dark room with 14 hrs
dark and 10 hrs light period because zebrafish breeding is strongly regulated by
photoperiod. Finally, in the next morning the separation sheet was removed from the
tank. The male and female (Fig. 2) came close to each other and the female then went
under breeding mood. The eggs were dropped by the female and the male fertilized
them by releasing milts. Since the zebrafish would consume eggs, the bottom was
prepared by under plate to protect the future fertilized eggs from the cannibalism of the
adults. The fertilized eggs were deposited on the floor of the breeding tank.

The breeding technique was repeated four times in a 8 to 10 days interval for each
pair and the breeding performance indicators like spawning success, fecundity,
fertilization rate, hatching rate and the survival rate of larvae up to 20 days post
fertilization were calculated by using following formula®:

No. of succeed spawning events per pair
Spawning success (%) = x 100%.
No. of observation per pair established
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No. of fertilized eggs

ili i 04) = 0,
Fertilization rate (%) Total no. of eggs produced during a x 100%.

spawning event

. No. of hatched eggs
Hatching rate (%) = x 100%.
Total no. of fertilized eggs produced

during a spawning event

) Final no. of larvae
Survival rate (%) = x 100%.

Initial no. of larvae

Fig. 2. Matured male (A) and female (B) zebrafish. Scale =1 cm.

Fecundity was calculated by counting the number of good eggs released by a female
in a spawning event. Good eggs were determined by the observation of their external
and internal morphology. The fertilized eggs were kept in an incubator (KB 53, Binder
Inc USA) at 28.5°C where development time is abbreviated by the letter "h" and hours
post fertilization is abbreviated as "hpf". A trinocular-microscope (MBL2000, Kruss,
Germany) was used to study the embryogenesis of zebrafish at different developmental
stages generally with transmitted illumination and high magnification (40x). The
following stages were observed under microscope and photographs were taken: zygote
period (0 - 3/4 hrs), cleavage period (3/4 - 2 ¥4 hrs), blastula period (2% - 5¥4 hrs), gastrula
period (5 ¥ - 10 hrs), segmentation period (10 - 24 hrs), pharyngula period (24 - 48 hrs),
hatching period (48 - 72 hrs)®).

The data of spawning success, fecundity, fertilization, hatching success and survival
rate are presented as mean + standard error of the mean (SEM). Water quality parameters
data are shown as mean * standard deviation (Sd). A one-way analysis of variance
(ANOVA) was performed to detect significant differences (p < 0.05) between the pairs by
using SPSS software (Version 20.0. Armonk, NY : IBM Corp).

Results and Discussion

Water quality parameters were almost in acceptable range throughout the culture
period. Table 1 shows the water quality parameters of adult and larval rearing tanks
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where temperature 26.18 + 1.53°C was recorded for adult tank and 27.56 + 0.777°C for
larvae tank. The highest temperature (30.90°C) was recorded and the lowest (27.97°C)
was found when rearing adult fish. Matthews et al.» recommended that the appropriate
wider range of temperature for zebrafish as 24 - 30°C. But the maintenance temperature
of zebrafish at laboratory condition is 28.5°C recommended by Westerfield®.
Cortemeglia et al.® indicates that zebrafish have a maximal thermal tolerance range of 6.7
- 41.7°C. The pHwas 7.55 + 0.144 and 7.73 + 0.421 for adult and larval tanks, respectively
where TDS was 225 + 11.136 and 198.33 + 39.627, respectively. Timmons et al. @9 stated
that most teleost fish can tolerate a wider pH range from 6 to 9.5, it is normally practical
to maintain most freshwater fish at a pH in the 7 - 8 range to promote better condition of
filters and stable water quality.

Table 1. Water quality parameters of adult zebrafish tanks and larval rearing tanks (mean * Sd).

Tank Temp. pH TDS ORP DO Conductivity  Resistivity
(°©) (ppm) (ppm) (mS/cm) (MQcm)
Adult 26.18 7.55 225 48.93 1.24 0.450 0.0026
+153 +0.144 +11.136 + 26 +0.501 +0.02 +0.00049
Larva 27.56 7.73 198.33 51.37 2.02 0.397 0.0026
+0.777  +0421 +39.62 +17.3  +0.694 +0.08 +0.00044

The mean DO was 1.24 + 0.591 and 2.02 + 0.694 ppm for adult and larval tanks,
respectively. DO is very important water quality parameter for fish culture because low
levels of DO are responsible for higher fish mortalities in culture than any other water
quality parameters-11), The DO requirements of zebrafish have not been calculated yet.
Popma and Masser@? said that a number of tropical fish species, such as tilapia are
tolerant of lower levels of dissolved oxygen, and it may likely that zebrafish fall into this
group, given that they are likely to encounter poor-oxygen habit in nature2. The TDS of
adult fish tanks (225 + 11.136 ppm) was higher than that of larval tanks (198.33 £ 39.627).
This is because the adult fish releases more waste products than larvae. Another cause
may be the wastage of commercial feed in adult fish tanks. The conductivity and
Resistivity of adult fish tank were (mS/cm) 0.450 + 0.02 and (MQcm) 0.0026 + 0.00049
respectively whereas for larval tank (mS/cm) 0.397 + 0.08, and (MQcm) 0.0026 + 0.00044
respectively recorded. Wooton@3 stated that growth rate, quality, number of offspring
and survival rate will be decreased in captive or sub-optimal condition where more
energy is necessary to maintain homeostasis rather than gamete production, growth and
immune system. So, the determination of water quality is necessary in captive condition
and the recorded parameters were in almost acceptable range throughout the culture
time.
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Breeding performance indicator is shown in Table 2 where spawning success,
fecundity, fertilization rate, hatching rate and survival rate of larvae were calculated as
87.5+7.72(%) , 307.5 + 45.87, 96.83 + 0.81(%), 94.89 + 0.27(%) and 15 + 4.5 (%), respectively.
A preliminary evaluation on the effects of feeds on the reproductive performance of
zebrafish (Danio rerio) was conducted by Gonzales® and he found that highest 94.44%
spawning success for (krill-flake mix) feed and lowest 61.11% spawning success for (krill-
flake mix + AP hatch 300) feed. He also received highest (340) and lowest (191) fecundity
whereas this experiment obtained highest (450) and lowest (265) fecundity. Growth and
reproductive performance mainly depends on the nutrient digestibility and nutritional
composition of different diets of cultivated fish4).

Table 2. Reproductive performance of zebrafish.

Breeding performance Mean + SEM (n = 16) P value
Spawning success (%) 87.5+7.72 -
Fecundity 307.5 + 45.87 0.728
Fertilization rate (%) 96.83+0.81 0.839
Hatching rate (%) 94.89 + 0.27 0.789

Goolish et al. @ showed that the survival of larva was 84.3% in a daily three times
feeding with dried egg yolk in controlled way. Average survival among treatment
groups in the study by Onal and Langdon®® ranged from 40 - 98% for a similar time
period, with the most excellent performance resulting from a diet of 40% GAB
(commercial larval feed encapsulated in a gelatin-alginate bead) and 60% Artemia nauplii.
The present study observed the rate of survival of larva 15 + 4.5 (%). Lower rate of
survival could be due to feeding frequency. In the present study, larval feeding
frequency was twice daily whereas feeding frequency was reported thrice daily®.

Initial attempts to rear zebrafish fry following laboratory protocols detailed in 'The
Zebrafish Book'® proved very time consuming and resulted in extremely high larval
mortality (90 - 100%). So the result was similar, with this protocol. The fertilized eggs
were incubated at 28.5°C. Kimmel et al.® described that fertilized eggs develop normally
at the temperature between 25 and 33°C, but mortality and abnormality occurs below or
higher level of these temperatures.

The first stage of embryogenesis is called zygote period and lasted for 45 minutes. In
this stage the chorion or egg shell swelled and lifted away from the newly fertilized egg
(Fig. 3A). Fertilization also induced cytoplasmic activities. Yolk free cytoplasm began to
segregate toward the animal pole and this process continued up to early cleavage stages
(1 hr).

Cleavage period started just after finishing zygote period and lasted for 2.15 hrs.
Total 64 cells formed during this period. According to Kimmel et al.® cleavage stage is
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divided into several substages like 2-cell, 4-cell, 8-cell, 32-cell and 64-cell stages.
According to Kimmel and Law(®7), the cytoplasmic divisions are meroblastic; on the basis
of stage, it incompletely undercut the blastodisc, and the blastomeres, or a specific subset
of them.

Fig. 3A. The zygote period (a newly fertilized egg). B: Dorsal views of embryo during the blastula
period: Dome shape at 4.3 hpf (arrow); C: The Gastrula period. Eighty per cent epiboly stage at
8.4 hpf (arrow). Scale = 250 pum.

Cleavages ended after completing the sixth cycle (64-cell stage). The multiplication of
the cell occurred in the animal pole of egg. The term blastula refer to the period when
the blastodisc begins to look ball-like, at the 128-cell stage, or eighth zygotic cell cycle,
and until the time of onset of gastrulation, cell cycle 14. Important processes occurred
during this blastula period (Fig. 3B); the embryo entered mid-blastula transition (MBT),
the yolk syncytial layer (YSL) formed, and epiboly began. Epiboly continued during the
gastrulation period.

After blastula period, gastrula stage started at 5.15 hrs. Gastrula stage includes
morphogenetic travel of involution, 50%-epiboly stage, germ ring formation, embryonic
shield stage, 75 to 90%-epiboly stage and finally formation of tail bud (Fig. 3C).
According to Strahle and Jesuthasan,@® epiboly becomes visible due to functional
microtubules and this process might be controlled by early-acting zygotic genes. Gastrula
period continued up to 10 hrs of fertilization. Formation of somites has started during
segmentation period and appear successively in the trunk and tail region (Fig. 4A, B, C).
Anterior somites formed earlier than posterior ones and a few somites developed more
rapidly than later ones). Kimmel et al.® described this stage as tail bud stage because tail
bud appears in the caudal end of the lengthening axis during whole period. Four somite
stage, 17 and 25 somite stage are shown in Fig. 4A, B and C, respectively.

Pharyngula period started from 24 hrs of fertilization when embryo becomes
phyolotypic stage. Ballard®® defined the term “pharyngula” to refer to the embryo that
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has developed to the phyolotypic stage, when it holds the classic vertebrate bauplan. The
heart beat is visible is pharyngula state. This period with a clear notochord and a newly
developed set of somites that expand to the end of a anal fin. Pharyngula period at 24, 32
and 44 hpf are shown in Fig. 5A, B and C, respectively.

Fig. 4. Development during the segmentation period. A: Four-somite stage (11.5 hpf), tail bud (arrow).
B: Seventeen-somite stage (18 hpf). C: Twenty-five somite stage (24 hpf). Scale = 250 um.

Fig. 5A. Pharyngula stage at 24 hpf. B: Pharyngula stage at 32 hpf. C: Pharyngula stage at 44 hpf.

D: Development during the hatching period of embryogenesis, protruding-mouth stage (72

hpf). Scale = 250 um.

The larvae started to hatch from 46 hrs of fertilization. The chorion bursts and the
larvae came out into the surrounding water. Morphogenesis is almost finished in this
stage. Mouth and pectoral fin development occurred in hatching stage (Fig. 4D).

Fujimura and Okada® also reported total 18 stages for Nile tilapia (Oreochromis
niloticus), which were grouped into seven periods named the zygote, cleavage, blastula,
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gastrula, segmentation, pharyngula and hatching. However, the difference was found in
larval hatching. In the present study, larval hatching started after 46 hpf whereas, in their
study, after 90 hpf.

Findings of the present study indicate that the spawning success, fertilization rate
and developmental stage were satisfactory under laboratory condition and may play role
as an important vehicle of culture, breeding and embryogenesis studies of zebrafish.
Hence, the data might be useful in future study of zebrafish as a model animal in
laboratory research in Bangladesh.
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