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Abstract The quality of an oocyte can be defined by its
potential to produce a normal and viable embryo. In
Oncorhynchus mykiss (Walbaum), oocyte quality is
highly variable under both natural and aquaculture con-
ditions. To ensure the competitiveness and sustainability
of rainbow trout farming, new tools are needed to eval-
uate oocyte potential. Considering that the abundance of
certain maternal mRNAs incorporated during oogenesis
can determine egg quality, the aim of the present study
was to assess if significant differences existed in the
abundances of the maternal mRNAs pou2 and zorba
in low and high quality O. mykiss eggs. Analyses deter-
mined that survival until the end of gastrulation varied
significantly between high and low quality egg batches,
and significant correlations were established with pos-
terior early development events. The abundance of pou2
and zorba transcripts varied between high and low
quality groups, with higher relative expression recorded

in the low quality group. Additionally, the abundances
of these transcripts were significantly correlated with
survival until blastopore closure, the earliest ontogenetic
event evaluated as a quality attribute for this salmonid
species. This correlation is supported by participations
reported for both proteins in other teleost fish during
embryonic development. These results form a basis for
complementary studies and permit proposing maternal
pou2 and zorba mRNA as potential markers for
O. mykiss egg quality.
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Introduction

One of the limiting factors in the reproductive success of
rainbow trout Oncorhynchus mykiss (Walbaum) is gam-
ete quality, which is highly variable under natural and
culture conditions (Bobe and Labbé 2010). In salmo-
nids, embryonic survival and development can be ma-
ternally (Springate et al. 1984) and paternally (Aas et al.
1991; Babiak et al. 1998; Gile and Ferguson 1995)
influenced. Even females from the same stock that are
maintained in the same tank and kept under identical
culture conditions can produce eggs with variable sur-
vival rates (Bromage et al. 1992), with post-fertilization
mortalities at times reaching 100 % (Craik and Harvey
1984; Ridelman et al. 1984).

By tracking O. mykiss families originating from one
female and one male, it was found that variations in
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descendent survival until seven weeks post-fertilization
were principally influenced by the female gamete
(Nagler et al. 2000). Based on these results, the embry-
onic survival of O. mykiss could be directly linked to
egg quality. High quality eggs have the potential to
produce a viable alevin (Kjørsvik et al. 1990), or, in
other words, quality fertilized eggs survive to reach the
eye pigmentation, hatching, and first-feeding alevin
stages, which increases the likelihood of giving rise to
healthy, fast-growing juveniles (Bromage et al. 1992).
Determining and ensuring this attribute is a key factor
with considerable impact on the sustainability of fish
farming as breeding programs are dependent on fish
completing the lifecycle to maintain a broodstock
(Bobe 2015).

Variations in egg quality are primarily dependent on
the biological condition of the female, which can vary
based on diet composition and nutrient availability dur-
ing oocyte formation. It is during oogenesis that the
incorporation, synthesis, and processing of oocyte com-
ponents occurs, such as of amino acids, lipids, carbohy-
drates, vitamins, minerals, and metals required for en-
zymatic and other metabolic activities (Tata 1986;
Brooks et al. 1997). Specifically, there is a period of
intense messenger RNA (mRNA) synthesis during ini-
tial oocyte growth, and mRNA are stored in a non-
transduced state until posterior activation at specific
times during early embryonic development (Hake and
Richter 1997). These maternal mRNA are highly impor-
tant since embryos are initially transcriptionally inactive
and are entirely dependent on these maternal gene prod-
ucts (Schier 2007; Ramachandra et al. 2008). Indeed,
various processes are directed by maternally-derived
mRNA, including oocyte activation, fertilization
(Dosch et al. 2004), the formation of germinal cells
(Hashimoto et al. 2004), growth regulation (Yang et al.
1999), embryogenesis (Wagner et al. 2004), initiation of
zygotic transcription (Andeol 1994), formation of the
embryonic dorsal-ventral axis (Schier 2001), and tissue
morphogenesis (Abrams and Mullins 2009).
Considering developmental relevancy, many studies
have aimed to assess both egg and offspring quality by
establishing relationships between maternally-derived,
molecular-marker mRNAs and oocyte developmental
competence (Bobe 2015).

While fertilization triggers a series of complex events
that finalize with the alevin reabsorbing its yolk sac and
feeding exogenously, there is evidence that the success
rate of this process is defined during the early stages of

embryonic development (Finch et al. 2009). One key
event during this developmental phase is gastrulation, a
process where harmonic movements establish and jux-
tapose the three primary germ layers that give rise to the
embryonic axis, the ectoderm, mesoderm, and endo-
derm (Kunz 2004). In fish, this process, which can occur
through epiboly and/or involution, culminates in blasto-
pore closure (Gilbert 2010). In rainbow trout, this pro-
cess can take between 9 and 10 days post-fertilization
and is highly complex as epiboly advancement occurs
simultaneously with the start of somitogenesis (Finch
et al. 2009). Due to this, rainbow trout production pro-
cedures indicate that eggs should not be perturbed or
moved until completing the eyed egg stage (Shelton
1994). For fish in general, gastrulation is a period highly
sensitive to environmental factors (Strahle and
Jesuthasan 1993; Steeger et al. 2001; Kjorsvik et al.
2004).

Among the maternal RNAs that could play a role in
the gastrulation phase are pou and orb, both of which are
involved in the process of epiboly. Pou2 is part of a
family of transcription factors homologous to Oct-3/4/
Pou5fl in mammals; these factors have been implicated
in the control of gene expression during early develop-
ment (Takeda et al. 1994), and its presence linked to
maternal origin in several models of teleost fishes
(Marandel et al. 2013). The functions of these factors
include regulating dorsoventral modeling and morpho-
genesis (Reim and Brand 2006), modulating the mor-
phogenetic process of epiboly, mediating the thinning
and spreading of the blastoderm over the yolk (Abrams
and Mullins 2009), and establishing the dorsoventral
pattern and the convergence and extension of blastula
(Khan et al. 2012). In zebra fish (Danio rerio), Pou2 is
maternally expressed, and its transcripts are present
from the one-cell stage until reaching 100 % epiboly
in the gastrulation period. Following this, mRNA levels
are undetectable, suggesting that this expression pattern
is required to maintain a high degree of undifferentiated
cells (Takeda et al. 1994). InO. mykiss, Pou2 is strongly
expressed in pre-vitellogenic ovary tissue, suggesting
the conservation of this gene in gonadal development
and function (Bellaiche et al. 2014). For its part, the Orb/
CEP-binding protein (CPEB) is a gene coding for a
maternally-derived protein that participates in multiple
stages of invertebrate and amphibian oogenesis (Lantz
et al. 1992) by regulating the processes of mRNA
polyadenylation and translation. Danio rerio presents a
homolog of Orb/CPEB denominated Zorba (Zebrafish
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orbA), which is present during the first oocyte stages
and which accumulates throughout development (Bally-
Cuif et al. 1998). Studies in Xenopus laevis, an amphib-
ian, have demonstrated the relation and participation of
Orb/CPEB in oocyte maturation through the
polyadenylation and translation of c-mos mRNA
(Stebbins-Boaz et al. 1996; Suzuki et al. 2009). In
invertebrates, mutations in this transcript result in eggs
without proteins, blocked development, and anomalies
in the localization of other mRNA involved in the
formation of the dorsal-ventral axis (Christerson and
Mckearin 1994; McKearin and Christerson 1994).
Despite the importance of these proteins in the early
stages of development, no reports currently exist for
expression levels in trout eggs or on possible correla-
tions between expression levels and the success of early
ontogeny.

Considering that the abundance of certain maternal
mRNAs could be significantly related with the quality
of Oncorhynchus mykiss eggs, the aim of the present
study was to determine if variations exist between dif-
ferent quality eggs in regards to the relative abundances
of maternal pou2 and zorba mRNA. Egg quality was
defined based on the survival during early-stage devel-
opment, including the end of gastrulation, during blas-
topore closure.

Materials and methods

Experimental design

Rainbow trout eggs were obtained from an artisan fish
farm (Piscicultura Salmones Pangue) located in central
Chile (36.8°S, 72.8°W). During the sampling periods,
adult rainbow trout were maintained in a flow-through
system under water temperature and photoperiod con-
ditions characteristic to the fall-winter months
(10° ± 2 °C; LD 12:12). Three experiments were per-
formed during each annual reproductive cycle between
2010 and 2012. For each experiment, spawning females
in their 4th to 6th day post-ovulation were used, accord-
ing to recommendations by Springate et al. (1984).

Males and females were first anesthetized via bath
emersion in benzocaine (BZ-20®, Veterquimica,
Santiago, Chile) for approximately 10 min. Prior to
obtaining gametes, the length and weight of each female
were recorded to obtain Fulton’s condition factor. After
female spawning, two aliquots of ten unfertilized eggs

were taken. These were stored in sterile tubes and kept at
−80 °C until use in molecular analyses.

Eggs from each female were inseminated with pool
of sperm from least three males. Following fertilization,
two aliquots were taken from each of 100 eggs, which
were separately incubated at an approximate tempera-
ture of 10 ± 2 °C and under constant water flow. Each
replicate with 100 eggs was monitored daily to evaluate
embryonic development, and dead embryos were peri-
odically removed. In the first experiment (2010), the
stage specific survival rates were estimated by develop-
mental stage, quantifying the number of embryos to
survive each of the following events: blastopore closure
(survival rate from fertilization to blastopore closure);
eyed egg (survival rate from blastopore closure to eye
pigmentation); hatching (survival rate from eye pigmen-
tation to hatching); and sac reabsorption (survival rate
from hatching to yolk sac reabsorption).

During the second (2011) and third (2012) experi-
ments, embryo survival was quantified only until blas-
topore closure. At experimental temperature this event
occurs close to 9th day post fertilization between 80 or
100 C Temperature Units (CTU, Roberts and White
1992).

Molecular analysis

RNA was extracted from unfertilized eggs using the
TRIzol® Reagent (Thermo Fisher, Waltham, MA,
USA) according to the manufacturer’s instructions.
Briefly, ten eggs were homogenized with 6 ml of
TRIzol® until obtaining a homogenous solution that
was incubated for 15 min at room temperature. This
solution was then centrifuged at 5000 rpm for 15 min
at 4 °C; the upper phase was transferred to a new tube,
and 150 μL of chloroform per 6 mL of TRIzol® were
added. The sample was agitated in a vortex for 20 s,
incubated for 3 min at room temperature, and centri-
fuged at 12,000 rpm for 10 min at room temperature.
The upper aqueous phase was recovered, to which
375 μL of isopropyl alcohol were added, followed by
incubation for 10 min at room temperature, and centri-
fugation at 12,000 rpm for 10 min at room temperature.

The obtained pellet was washed with 800 μL of 75%
ethanol and centrifuged at 7500 rpm for 5 min at room
temperature. The supernatant was then discarded, and
this process was repeated three times. Finally, the ob-
tained RNA pellet was resuspended in nuclease-free
water. Due to the high vitellogenic content of eggs, the
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total RNAwas purified in the E.Z.N.A.® Total RNAKit
(Omega Bio-tek, Norcross, GA, USA) according to the
manufacturer’s instructions. RNA concentration and
purity were estimated using a Nanodrop™ 2000
Spectrophotometer at optical density (Thermo
Scientific, Waltham, MA, USA). The quality of extract-
ed RNA was evaluated by electrophoresis (100 V,
45 min) on 1 % agarose gel stained by 5 mg/mL
ethidium bromide.

To obtain cDNA, 3 μg of extracted RNAwere treated
with DNase I (Thermo Scientific, Waltham, MA, USA)
for 30 min at 37 °C. After digestion, the reaction was
stopped by adding 1.5 μL of EDTA followed by 15 min
of incubation at 65 °C. The purified and DNase I-treated
(approximate concentration of 5 ng/μL) RNA was hy-
bridized with 100 ng of Oligo dT until a final volume of
14 μL. The hybridization solution was incubated for
5 min at 70 °C and, immediately thereafter, for 1 min
at 4 °C. The reverse transcription (RT) reaction mixture
contained 5 μL of 5X MMLV buffer, 10 mm of each
dNTPs, and 200 IU of the RevertAid™ H Minus M-
MuLV Reverse Transcriptase (Promega, Madison, WI,
USA) in a final volume of 11 μL. This reaction mixture
was added to the RNA/Oligo dTsolution until obtaining
a final volume of 25 μL. Following this, the solution
was incubated for 60 min at 42 °C, and the cDNAwas
obtained by heating the solution for 15 min at 65 °C.
The resulting cDNA was stored at –20 °C until qPCR
amplification.

Primer design and qPCR

Specific primers were designed to amplify the
mRNA of pou2 and zorba. From the paralogous
sequence for Pou2 in D. rerio (Pou5f1; GenBank
Accession Number: NM_131112.1), six homolo-
gous EST sequences were found in O. mykiss
(GenBank Accession Numbers: BX876054.3,
CX030782 .1 , CX037963 .1 , BX911359 .3 ,
CX031087.1, and CX038135.1). From the
paralogous sequence for Zorba in D. rerio
(Zorba; GenBank Accession Number: AF076918),
three homologous EST sequences were found in
O. mykiss (GenBank Accession Numbers :
CX030865, CX031846, and CX041710). All EST
sequences used in this study, excepting the pou2
sequences BX876054.3 and BX911359.3, were ob-
tained from the O. mykiss oocytes library. Single-
unit transcriptional sequences obtained for pou2

(BX876054.3; CX030782.1; CX037963.1) and
zorba (CX030865; CX031846; CX041710) were
aligned, and specific primers were designed using
the Vector NTI v.10.0 software (Invitrogen,
Carlsbad, CA, USA) (Table 1).

The primers used for amplifying the RNA of the
housekeeping genes EF1-α and ubiquitin were de-
scribed by Aegerter et al. (2005). Primer specificity
was evaluated using the BLAST tool (http://www.ncbi.
nlm.nih.gov/blast/). The amplifications were performed
using 20 μL in a Rotor-Gene™ 6000 real-time system
(Corbett Life Sciences, Qiagen, Venlo, Netherlands) for
40 cycles, followed by two cycles at 94 °C for 30 s, and
alignment/extension at 60 °C for 30 s. The amplification
efficiency for each of the studied mRNA was deter-
mined from a serial standard curve of cDNA synthe-
sized from a pool of total RNA isolated from eggs with
previously quantified distinct survival qualities.
Relative abundance estimates of maternal mRNA in
each of the eggs were determined through the ΔΔCt
method, using EF1-α first and second experiments and
ubiquitin (third experiment) as housekeeping genes.

Statistical analysis

Prior to statistical analysis, the survival rates were arc-
sine transformed, and normality (chi-squared) and ho-
mogeneity of variance (Bartlett) were checked. To com-
pare among survival by developmental stage (experi-
ment I) an analysis of variance nonparametric (Kruskal-
Wallis test) followed by an Ba posteriori^ test of multiple
comparisons, were applied. To determine possible cor-
relations between the biological stages and between
mRNA expression levels and the survival rate, the
Pearson correlation coefficient was calculated. For the
three experiments, the criteria used to classify eggs
as high or low quality corresponded to the values of
the first and final quintile of survival rates calculated
for blastopore closure. Therefore, rates less than
20 % were low quality and rates greater than
80 % were high quality, which are values within
the ranges described by other authors when classify-
ing rainbow trout eggs (Aegerter et al. 2003; Bonnet
et al. 2007a). To evaluate differences in the abun-
dance of mRNAs in regards to variations in the
quality of oocyte (high/low), a Mann-Whitney U test
or a t-test were used, depending on data normality
and homogeneity of variance. All statistical analyses
were performed with the Statistica 7.0 software.
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Results

In the three experiments, the conditions of the females
were adequate, with Fulton’s condition factor values
greater than 1.3 (Table 2). In each of the experiments,
there was high variability in the degree of offspring
survival from each female (batch), with extreme values
between 0 and 100 %.

In Experiment I, in which early rainbow trout
development was followed until yolk sac absorp-
tion, survival was evaluated at distinct ontogenetic
stages, revealing important variations between the
progeny of distinct females (and/or batches,
Fig. 1). Extreme survival rates were from 0 to
100 %. However, the magnitude of survival be-
tween each ontogenetic stage varied significantly
(K-W(3, N=98) = 16.9 p = 0.0007). Average values
were higher between hatching and yolk sac ab-
sorption (> 80 %), a rate statistically different
from early stages (blastopore closure 52.9 % and
e y e d e g g 47 . 7 % ; p < 0 . 0 5 ; F i g . 1 ) .
Coincidentally, there was a positive correlation
between survival at blastopore closure and posteri-
or events (eyed egg r = 0.820, p < 0.005; and
hatching r = 0.532, p = 0.016, n = 28), whereas
survival at the end of early development (yolk sac
absorption) was only correlated with survival at
hatching (r = 0.521, p = 0.018, n = 28).

When classifying batches as high or low quality
as based on survival rate until blastopore closure

(i.e. < 20 % low quality and >80 % high quality),
the number of batches to analyze was reduced.
Nevertheless, the significant differences between
the high and low quality groups were maintained
when evaluating the remaining early stages (Mann-
Whitney U test, p < 0.05; Fig. 2). This result
suggests that probably atend of blastopore closure,
the trajectories for early development are already
defined, therefore survival of this phase could be a
valid criterion for initially classifying each batch.

Between experiments, the greatest survival rates until
blastopore closure were recorded in Experiment III, in
which the majority of eggs reached this stage (> 70 %;
Table 2). Due to this, when classifying batches from
each experiment as high or low quality, the number of
batches (female) to consider in molecular analyses were
reduced (N Exp I = 6, N Exp II = 8, and N Exp III = 6).

To relate the mRNA expression of pou2 and zorba
with the quality of the previously selected eggs, specific
primers were designed and expression levels were mea-
sured through qPCR. For analyses, batches from each
experiment were grouped according to quality. For both
pou2 and zorba transcripts, significant differences were
found between expression levels in high and low quality
eggs (Mann-Whitney U test, p < 0.005; Fig. 3). The
observed tendency was that of greater expression of
both messengers in low quality eggs, or, in other words,
the expression levels were negatively and significantly
correlated with survival until blastopore closure (Pou2
r = −0.50, p < 0.05; and Zorba r = −0.62, p = 0.001).

Table 1 Forward and reverse primer sequences use for mRNA amplification through qRT-PCR

mRNA Forward primer sequence Reverse primer sequence

Pou2 5′- CTGGCGTTTGGACATTTTCT −3’ 5′- ATGTGGTTCAGGCACTTGGT −3’
Zorba 5′- CTGTCATGGCAACACTCCAG −3’ 5′- CTGTTGAGGGGGATAACAGG −3’
EF1- α 5′- AGCGCAATCAGCCTGAGAGGTA −3’ 5′– GCTGGACAAGCTGAAGGCTGAG −3’
Ubi 5′- CAACTGTGACAAAATGATCTGC −3’ 5′- TACTTCAGCTTCTTCTTGGGG −3’

Table 2 Date, batch number, Fulton’s condition, and survival by the end of gastrulation in the three experiments performed

Experiment Date Batch N° Fulton’s Condition Index Survival (%) until blastopore closure

Mean S.D. Mean S.D.

I May to June 2010 17 1.79 0.216 63.08 35.72

II April to July 2011 19 1.69 0.41 52.00 37.94

III April to May 2012 23 1.37 0.17 79.50 28.77
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Discussion

Considering that the abundance of the certain maternal
mRNA incorporated during oogenesis can significantly
affect the quality of O. mykiss eggs, the aim of the
present study was to evaluate if there were significant
differences in the relative expression levels of the ma-
ternal mRNAs pou2 and zorba in eggs of different
qualities. The early ontogenetic events used to deter-
mine egg quality included survival until blastopore clo-
sure, one of the key stages in vertebrate embryogenesis.

Early development monitoring in rainbow trout
over three consecutive reproductive periods re-
vealed high variability in the survival of this phase
of the lifecycle, which is consistent with that de-
scribed by various other authors in this species
(Springate et al. 1984; Aegerter et al. 2004;
Aegerter et al. 2005). Experiment I, which tracked
eggs until yolk sac absorption, showed that surviv-
al until the eyed egg stage was less than that of
later stages analyzed, reinforcing the importance of
early ontogenetic events to posterior survival.
Likewise, there was a significant positive correla-
tion between survival until blastopore closure and
survival of posterior events, which is similar to the
positive relationship described for trout between
fertilization and subsequent developmental stages,
including eye pigmentation, hatching, and yolk sac
absorption (Springate et al. 1984). While prior
studies have not considered gastrulation success
an indicator for egg quality, the present data do

suggest gastrulation success indicative of egg qual-
ity. In other words, the present observations sup-
port initial batch classifications (i.e. high and low
quality) according to survival until blastopore
closure.

These data highlight the relevance of gastrulation in
early ontogeny, especially for rainbow trout. In fish, the
complex process of gastrulation culminates with blasto-
pore closure, which occurs through the elongation of
embryonic cells (blastoderm) from the animal to the
vegetal pole until completely covering the yolk. Until
now, there were no reports in O. mykiss that specifically
quantified embryonic mortality during the gastrulation
process; however, it has been found that this process
lasts for various days due to the temperatures at which it
occurs as well as to characteristics of the egg (abundant
yolk). Nevertheless, this prolonged epiboly time over-
laps with other processes, such as tail formation and the
start of somitogenesis, suggesting that trout undergo a
heterochronic process (Finch et al. 2009).

The expression levels of pou2 and zorba were sig-
nificantly different between the high and low quality
egg groups, with higher expression in the low quality
eggs. A highly significant, negative correlation between
transcript abundance and egg quality was previously
reported in O. mykiss eggs for the maternal mRNA
prohibitin 2 under conditions of natural ovulation
(Bonnet et al. 2007b). This protein is a negative regula-
tor of the cell cycle, impeding its progression and
exerting antiproliferative functions (Manjeshwar et al.
2003). Considering these findings, the differential
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expression of prohibitin 2 in rainbow trout eggs of
various qualities could act as an indicative molecular
marker for the potential developmental success of eggs
(Bonnet et al. 2007b). This negative correlation it has
been described for others 5 transcripts during post -
ovulatory ageing, where egg quality is diminished
(Aegerter et al. 2004, 2005). In this way, another 4
transcripts increased their expression in eggs from fe-
males hormonally induced to ovulate and in response to
photoperiod manipulation, artificial conditions that de-
crease eggs quality (Bonnet et al. 2007b). To evaluate if
the negative correlation determined for pou2 and zorba
occurred in other transcripts, maternal RNA expressions
for PHB2 and IGF-1 were also assessed (Aegerter et al.
2005; Bonnet et al. 2007b). The expression levels for
both transcripts did not evidence significant differences
between high and low quality groups (Exp1 PHB2

p = 0.4233; Exp2 PHB2 p = 0.373; IGF-1
p = 0.4093). Furthermore, no statistically significant
differences were found for correlations between expres-
sion levels and survival at blastopore closure (Exp1
PHB2 r = −0.39, p = 0.215; Exp2 PHB2 r = 0.262,
p = 0.410; IGF-1 r = −0.303, p = 0.292). These results
indicate that the determined correlations do not reflect
overall egg responses or an effect influenced by the used
housekeeping genes.

Both Pou2 and Zorba are maternally-derived mRNA
fundamental for early embryogenesis in diverse organ-
isms (Suzuki et al. 2009; Skjærven et al. 2011; Liu et al.
2015; O’Connell et al. 2014), but these have not previ-
ously been studied in rainbow trout during develop-
ment. A recent study did evaluate the expression of
pou2 in various O. mykiss tissues, with results showing
significantly higher expression of transcripts in ovarian
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Fig. 2 Mean survival of Oncorhynchus mykiss by developmental stage in oocytes classified as high and low quality based on blastopore
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tissue as compared to other evaluated tissues. This sug-
gests that this protein would participate in the growth of
this tissue as well as of synthesized oocytes (Bellaiche
et al. 2014). Similarly, D. rerio temporally and spatially
expresses pou2 mRNA from the one-cell stage until the
gastrulation phase uniquely in the epiblast, which sug-
gests the participation of this protein in the epiboly event
and posterior blastopore closure (Takeda et al. 1994;
Reim and Brand 2006). Moreover, defects in the expres-
sion of this gene impact the formation of the dorsal-
ventral axis and stop the epiboly process, thereby affect
correct thinning and spreading of the blastoderm over the
yolk (Reim and Brand 2006; Abrams andMullins 2009).

Additionally, induced overexpression of this mRNA re-
sults in delayed zebrafish development, principally due
to incomplete gastrulation (Takeda et al. 1994).

Regarding Zorba, no previous studies have report-
ed on its expression in O. mykiss eggs or tissues.
However, studies on the function of this protein have
been performed in D. rerio. In this model, Zorba is
a CPEB protein specific to eggs, with expression
restricted to the early blastula stages. The function
of Zorba is to bind to other maternally-derived
mRNAs and modulate their storage/repression or
translation in a spatial-temporal manner through
polyadenylation (Richter 2007; O’Connell et al.

Fig. 3 Relative expression levels
for mRNA in high and low
quality oocytes (a) Pou2 (EF1-α
and ubiquitin normalized) (b)
Zorba (EF1-α and ubiquitin
normalized)
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2014). For example, Zorba is able to regulate the
spatial-temporal translation of genes fundamental for
zebrafish embryogenesis and the formation of the
dorsal-ventral axis. This function suggests a critical
role of Zorba in the embryonic development of
different vertebrate species, including fish.
Considering this and the present results, it is possible
that increased Zorba levels in rainbow trout eggs
would lead to a dysregulation in the translation/
storage of some maternal transcripts, such as has
been demonstrated for the maternal RNA ElrA
(O’Connell et al. 2014). ElrA is able to translate
other maternal mRNAs, such as hnRNPab, homolog
to the Drosophila gene squid (Kelley 1993), which
itself is fundamental for establishing dorsoventral
patterning in flies (Norvell et al. 2005).

The increased expression of some transcripts
under conditions that diminish egg quality suggest
that poor egg quality is not a simple product of
mRNA degradation, but rather arises from complex
transcript regulations (Sullivan et al. 2015).
Furthermore, the present results, together with pri-
or knowledge in other species, suggest that not
only is the presence of maternal pou2 and/or zorba
mRNA necessary, but that expressions should also
follow a defined spatial/temporal pattern. To date,
such a pattern has not been described in
O. mykiss. The current experimental approxima-
tions do not eliminate this possible expressional
dynamic or that alterations between fertilization
and blastopore closure could influence embryonic
viability. Due to these points, further studies are
required for clarification.

Finally, the present results regarding abundances of
maternally-derived pou2 and zorba in O. mykiss eggs
form a basis for complementary studies, in addition to
suggesting that these maternal mRNA could serve as
potential quality indicators. Indeed, these expressions
could be used in combination with other molecular
markers to develop a predictive tool for identifying eggs
with the qualities needed for sustainable O. mykiss
production.
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