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Abstract Although chromosome set manipulation

techniques including polyploidy induction and gyno-

gentic induction in flatfish are becoming increas-

ingly mature, there exists a poor understanding of

their effects on embryonic development. PAX3

plays crucial roles during embryonic myogenesis

and neurogenesis. In olive flounder (Paralichthys

olivaceus), there are two duplicated pax3 genes

(pax3a, pax3b), and both of them are expressed in

the brain and muscle regions with some subtle

regional differences. We utilized pax3a and pax3b

as indicators to preliminarily investigate whether

chromosome set manipulation affects embryonic

neurogenesis and myogenesis using whole-mount

in situ hybridization. In the polyploid induction

groups, 94 % of embryos in the triploid induction

group had normal pax3a/3b expression patterns;

however, 45 % of embryos in the tetraploid induc-

tion group showed abnormal pax3a/3b expression

patterns from the tailbud formation stage to the

hatching stage. Therefore, the artificial induction of

triploidy and tetraploidy had a small or a moderate

effect on flounder embryonic myogenesis and neu-

rogenesis, respectively. In the gynogenetic induction

groups, 87 % of embryos in the meiogynogenetic

diploid induction group showed normal pax3a/3b

expression patterns. However, almost 100 % of

embryos in the gynogenetic haploid induction group

and 63 % of embryos in the mitogynogenetic

diploid induction group showed abnormal pax3a/3b

expression patterns. Therefore, the induction of

gynogenetic haploidy and mitogynogenetic diploidy

had large effects on flounder embryonic myogenesis

and neurogenesis. In conclusion, the differential

expression of pax3a and pax3b may provide new

insights for consideration of fish chromosome set

manipulation.
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Introduction

The induction of triploidy and gynogenesis by chro-

mosome set manipulation plays more and more

important roles in modern fish breeding.Most artificial

triploid fish are sterile, promoting growth rate and food

conversion rate. Also, the production of sterile triploids

could prevent the interaction between farmed and wild

fish. In addition to inducing triploids through suppres-

sion of the second polar body release, they can also be

produced by intercrossing tetraploids with diploids.

The tetraploid fish are usually induced through

suppression of the first mitotic division by physical

methods (Xu et al. 2015). On the other hand, artificial

gynogenesis has been proven to be a valuable genetic

tool in the rapid establishment of inbred or pure lines,

the production of all-female stocks, the investigation of

sex determination mechanisms, and the mapping of

genes (Molina-Luzon et al. 2015). The gynogenetic

diploids are induced by first using irradiated sperm to

fertilize normal eggs and then suppressing the second

meiotic division of these eggs (meiogynogenetic

diploids) or the first mitotic division of the zygotes

(mitogynogenetic diploids) (Felip et al. 2001).

There are studies that show chromosome set

manipulation may have an effect on neurogenesis

and myogenesis. Artificially induced haploid embryos

of amphibians and fish developed the typical haploid

syndrome, displaying impaired neural development,

short myotomes and poor muscle differentiation

(Hamilton 1963, 1966; Purdom 1969; Uwa 1965). In

goldfish (Carassius auratus), some proteins correla-

tive with neural development were significantly dif-

ferent between haploid embryos and diploid embryos

(Huang et al. 2004). In Atlantic salmon (Salmo salar

L.), myogenesis and neuromuscular development

occurred at slightly earlier somite stages in triploids

than in diploids (Johnston et al. 1999). In juvenile

rainbow trout (Oncorhynchus mykiss), polyploidy

influenced the expression of genes critical to muscle

development and general growth regulation, which

may explain why triploid fish recovered from nutri-

tional insult better than diploid fish (Cleveland and

Weber 2014).

The olive flounder (Paralichthys olivaceus) is one

of the most economically important marine fish for

aquaculture on the northern coast of China due to its

high demand in the international and domestic market

(Li et al. 2015). To improve growth rates and shorten

culture periods, research on chromosome set manip-

ulation, including the induction of triploidy and

gynogenesis, has been performed. However, most

studies have focused on finding suitable methods to

induce triploidy or gynogenesis and have been limited

to morphological descriptions of their embryonic

development and early growth by direct observation

(Liu et al. 2008; Xu and Chen 2010; Yi et al. 2012;

You and Liu 1995; You et al. 2001). Thus, there is

considerable interest in the development of molecular

biology methods for detecting the effects of flounder

chromosome set manipulations on embryogenesis.

Neurogenesis and myogenesis are the processes

involved in neural and muscle development, respec-

tively. Pax3 is an evolutionarily conserved transcrip-

tion factor and has been proven to play roles in both

neurogenesis and myogenesis (Buckingham and

Relaix 2015; Lang et al. 2007). During mouse

embryonic development, Pax3 is expressed in the

dorsal neural tube, the neural crest and the presomitic

mesoderm as somites are formed, and progressively

restricted to the dermomyotome as somites mature.

Splotch (Sp) mice, in which a mutation disrupts Pax3

function, have defects in dorsal neural tube closure,

neural crest cell migration, and somitogenesis (Relaix

et al. 2004; Schubert et al. 2001; Tremblay et al. 1995).

Besides, during zebrafish embryogenesis, the expres-

sion patterns of pax3a and pax3b are very similar to

their murine homologues (Minchin and Hughes 2008;

Minchin et al. 2013; Seo et al. 1998). In flounder, there

are two duplicated genes, pax3a and pax3b, with

different expression patterns. Both of them are

expressed in the developing nervous system with

slightly regional differences during early neurogene-

sis. Moreover, their mRNA signals can also be

detected in the somite region, with pax3a scattered

in the somites and pax3b expressed in the newly

forming somites (Jiao et al. 2015). Thus, pax3a and

pax3b signals can be used as indicators of embryonic

neurogenensis and myogenesis.

In the present study, we mainly compared the

expression patterns of pax3a and pax3b genes in

artificially induced polyploid and gynogenetic olive

flounder during embryogenesis using whole-mount

in situ hybridization. From pax3a and pax3b expres-

sion, we preliminarily characterized the effects of

ploidy- and gynogenetic-manipulation on embryonic

neurogenensis and myogenesis, which provides a
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valuable reference for theoretical research on opti-

mizing these induced conditions.

Materials and methods

Ethics statement

Experiments involving flounder were conducted

according to the regulations of local and central

governments and approved by the Institutional Animal

Care and Use Committee of Institute of Oceanology,

Chinese Academy of Sciences.

Artificially induced polyploid and gynogenetic

flounder

The artificial induction of polyploid and gynogenetic

flounder were performed in Shenghang Fish Farm

(Weihai, China). The triploid inductionwas induced by

cold shock technique using previously described

methods (You et al. 2001), the tetraploid group was

induced by hydrostatic pressure shock under 60 MPa at

10 min before the first cleavage for 6 min, and a

diploid control was set to assess the fertilization

capability of the gametes. The meiogynogenetic

diploid and mitogynogenetic diploid groups were

induced, and a diploid control and a haploid control

were simultaneously set as previous reported (Wang

et al. 2008; You et al. 2008a). The cross was performed

using eggs and sperm from a single female and a single

male. The embryos of each group were obtained from

three different crosses. The produced progenies were

incubated in nets floating in a 16-m3 water pool under

controlled conditions (L:D, 14:10; 15.0 ± 1.0 �C;
30 %; aeration). The triploidy and tetraploidy were

determined in embryos by karyotyping of about 200

gastrulae (You and Liu 1995), and the gynogenetic

induction groups were determined in embryos by

morphologic observation (You et al. 2008b).

Sample collection and fixation

Six representative embryonic stages were randomly

and carefully selected for investigating pax3a and

pax3b expression by whole-mount in situ hybridiza-

tion. These six stages were kupffer’s vesicle (KV)

formation stage (no somite formation), blastopore

closure stage (4–6 somites), tailbud formation stage

(about 14 somites), 25 somites stage, embryo encir-

cling 4/5 of the yolk sac stage, and hatching stage,

which were sequentially named as stages 1, 2, 3, 4, 5,

and 6. About 300 embryos were fixed with 4 %

paraformaldehyde (Sigma, St Louis, MO, USA) in

PBS (4 % PFA) and then transferred into absolute

methanol for long-term storage.

Whole-mount in situ hybridization

One-color in situ hybridization was performed with

digoxigenin-labeled pax3a or pax3b antisense ribo-

probe as described previously (Jiao et al. 2015).

Images were captured with a Leica DFC420C camera

mounted on a Leica DMLB2 microscope (Leica,

Wetzlar, Germany). Embryos in the diploid control

group developed normally and had normal pax3a and

pax3b expression patterns. In this paper, we classified

normal or abnormal embryos based on pax3a and

pax3b expression patterns compared with their expres-

sion patterns in the diploid control group.

Data handling

Two hundred embryos from each group were incu-

bated in an incubator under controlled conditions to

calculate the fertilization rate and hatching rate.

Differences between experimental groups were ana-

lyzed using Student’s t test. The calculation formulas

are as follows (ref):

Fertilizationrateð%Þ¼Embryonicbuoyanteggsat

theblastulastage/Initialbuoyanteggs

after induction�100%:

Hatching rate ð%Þ ¼Newly hatched larvae/Initial

buoyant eggs after induction

� 100%:

The gynogenetic induction rate ð%Þ
¼ The number of successfully induced embryos ðor larvaeÞ=
Total embryos ðor larvaeÞ number� 100%:

The polyploidy induction rate ð%Þ
¼ The number of karyotypeswith expected

chromosome number/The number of total karyotypes

� 100%:
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Results

Localization of pax3a and pax3b mRNA

in embryos of the diploid control, and triploid,

tetraploid induction groups

The mean artificial fertilization rates of triploid,

tetraploid induction groups, and diploid controls were

28.26, 48.15, and 62.22 %, respectively. Their corre-

sponding mean hatching rates were 8.76, 10.59, and

46.67 % (Table 1). At hatching stage, the induction

rate of the triploid group reached 100 %, and that of

the tetraploid group was about 70–80 %. Then, we

performed whole-mount in situ hybridization for

analysis of pax3a and pax3b expression during

embryogenesis.

Figure 1 showed the expression patterns of pax3a

mRNA in diploid, triploid, and tetraploid groups

during embryogenesis. The results revealed that the

pax3a gene was expressed in the neural plate, the brain

region, and was also scattered in the somites in the

diploid control group (Fig. 1a1–a6). A similar expres-

sion pattern was observed in 90.47 % of embryos in

the triploid group (Fig. 1b1–b6), and 82.28 % of

embryos in the tetraploid group (Fig. 1c1–c6). Few

embryos in these two groups showed abnormal or

delayed expression of pax3a (Fig. 3b0, c0). For the

tetraploid induction group, after correction of its

induction rate (70–80 %), the percentages of normal

pax3a-expressing embryos from stages 1 to 6 were

about 70–80, 70–80, 43.75–50, 53.53–61.18,

54.45–62.22 and 53.84–61.54 % sequentially.

To further confirm the results from pax3a signals,

we also detected pax3bmRNA signals in these groups

and got consistent results (Fig. 2). The pax3b gene

expression was detected in the neural plate, the brain

region, and the newly forming somites in the diploid

control group (Fig. 2a1–a6). In the triploid and

tetraploid induction groups, 96.54 and 77.59 % of

embryos displayed normal signals for the pax3b gene,

respectively (Fig. 2b1–b6, c1–c6). Also, few embryos

in these two groups showed abnormal or delayed

expression of pax3b (Fig. 3b00, c00). For the tetraploid

induction group, after correction of its induction rate

(70–80 %) the percentages of normal pax3b-express-

ing embryos from stages 1 to 6 were 63.64–72.73,

60–68.57, 42–48, 54.45–62.22, 54.45–62.22 and

51.33–58.66 % sequentially.

Localization of pax3a and pax3b mRNA

in embryos of the diploid control, and gynogenetic

haploid, meiogynogenetic diploid,

mitogynogenetic diploid induction groups

The mean artificial fertilization rates of gynogenetic

haploid, meiogynogenetic diploid, mitogynogenetic

diploid groups, and their diploid control groups were

81.23, 48.90, 81.03, and 67.80 %, respectively. Their

corresponding mean hatching rates were 0, 20.97,

26.44, and 51.76 % (Table 2). At hatching stage, the

induction rates of gynogenetic haploid, meiogyno-

genentic diploid, and mitogynogenetic diploid groups

reached 100 %.

The pax3a mRNA signals were detected by whole-

mount in situ hybridization during early development

(Fig. 4). In the diploid control group, pax3a mRNA

displayed normal expression patterns in the brain and

trunk regions (Fig. 4a1–a6). However, in the gyno-

genetic haploid group, almost all embryos showed

typical haploid syndrome with abnormal expression of

pax3a in the brain and trunk regions (Fig. 4b1–b6).

85.29 % of embryos in the meiogynogenetic diploid

group had normal expression of pax3a as in the diploid

control group (Fig. 4c1–c6). In the mitogynogenetic

Table 1 Fertilization rates and hatching rates of diploid control and polyploid induction groups

2n 3n 4n

Fertilization rate (%) 62.22 ± 7.93 28.26 ± 8.58** 48.15 ± 4.63*

Hatching rate (%) 46.67 ± 3.62 8.76 ± 1.46** 10.59 ± 1.18**

The results were subjected to t test analysis, values are presented as mean ± SD (n = 3)

2n diploid control, 3n triploid induction group, 4n tetraploid induction group

* Significant different from diploid control, P\ 0.05

** Extremely significant different from diploid control, P\ 0.01
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diploid group, 66.66 % of embryos had abnormal

expression of pax3a, similar to the gynogenetic

haploid group despite displaying less severe symp-

toms (Fig. 4d1–d6). Besides, the abnormal pax3a-

expressing embryos of the gynogenetic haploid group

and mitogynogenetic diploid group had specific

abnormal expression patterns of pax3a, showing

cross-shaped signals in the brain and bilateral signals

in the trunk (Fig. S1).

Figure 5 showed the expression of pax3b mRNA

in these groups and the result was similar. In the

diploid control group, pax3b was expressed nor-

mally in the brain and trunk regions despite very

few embryos (12.5 %) showing abnormal pax3b

signals at the fourth stage (Fig. 5a1–a6). In the

gynogenetic haploid group, all embryos showed

typical haploid syndrome with abnormal expression

of pax3b (Fig. 5b1–b6). 87.94 % of embryos in the

meiogynogenetic diploid group had normal expres-

sion of pax3b as in the diploid control group

(Fig. 5c1–c6). In the mitogynogenetic diploid group,

58.97 % of embryos had abnormal expression of

Fig. 1 Detection of pax3a mRNA expression in the diploid

control, and the triploid, and tetraploid induction groups during

embryogenesis by whole-mount in situ hybridization. Head to

the left, dorsal view. a1–a6, diploid control (2n). b1–b6, triploid
induction group (3n). c1–c6, tetraploid induction group (4n).

1–6, embryos at stages 1 to 6 in sequence. 30 embryos from each

stage were scored, and data are shown as a percentage in the

right corner. Black arrowhead indicates isthmus of decreasing

pax3a expression that separates midbrain and hindbrain

boundary. Black arrow indicates the primordial cerebellum.

Black asterisk indicates the lateral neural plate. White asterisk

indicates cranial neural crest (NC). A black bracket indicates a

somite. Bars 100 lm
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pax3b, similar to the gynogenetic haploid group

despite displaying less severe symptoms (Fig. 5d1–

d6). Besides, the abnormal expression patterns of

pax3b in the embryos of the gynogenetic haploid

group and mitogynogenetic diploid group were both

specific (Fig. S2). In the abnormal pax3b-expressing

embryos of the gynogenetic haploid group, pax3b

showed cross-shaped signals in the brain region and

strong bilateral signals in the somites. Similarly, in

the abnormal pax3b-expressing embryos of the

mitogynogenetic diploid group, abnormal expression

of pax3b was also found in the brain region and

somites, although with microcephaly in the late

stages.

Discussion

Here we compared the expression patterns of the

pax3a and pax3b genes in polyploid induction groups

and their diploid controls during embryogenesis by

whole-mount in situ hybridization. The results showed

that the artificial induction of triploidy had a small

Fig. 2 Detection of pax3b mRNA expression in the diploid

control, and the triploid, and tetraploid induction groups during

embryogenesis by whole-mount in situ hybridization. Head to

the left, dorsal view. a1–a6, diploid control (2n). b1–b6, triploid
induction group (3n). c1–c6, tetraploid induction group (4n).

1–6, embryos at stages 1 to 6 in sequence. 30 embryos from each

stage were scored and, data are shown as a percentage in the

right corner. Black arrowhead indicates isthmus of decreasing

pax3b expression that separates midbrain and hindbrain

boundary. Black arrow indicates the primordial cerebellum.

Black asterisk indicates the lateral neural plate. White arrow

indicates the newly forming somites. White asterisk indicates

cranial neural crest (NC). Bars 100 lm
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effect on pax3a and pax3b gene expression patterns;

however, the artificial induction of tetraploidy caused

45 % abnormal pax3a/3b-expressing embryos from

stages 3 to 6.

Previous studies have focused on methods to

produce polyploidy, identify polyploidy, and deter-

mine growth characteristics of polyploid fish using

the phenotype observation method (Liu et al. 2008;

Xu and Chen 2010; Yi et al. 2012; You and Liu

1995; You et al. 2001). In this work, we found that

most embryos of the triploid induction group

developed morphologically normal compared with

the diploid control. More importantly, 94 % of

embryos had normal expression patterns of pax3a

and pax3b mRNA during embryogenesis. Thus, the

induction of triploidy by chromosome set manipu-

lation had a small effect on neurogenesis and

myogenesis in flounder embryos. However, induc-

tion of tetraploidy had a moderate effect on the

embryonic neurogenesis and myogenesis, causing

45 % abnormal pax3a/3b-expressing embryos.

Compared with pax3a, pax3b displayed more

evident expression signals in the brain and somite

regions with some subtle regional differences. As

shown in Fig. 3, in the tetraploid induction group,

pax3b signals in the brain region remained in the

cranial neural crest and lateral neural plate which

may impede the normal development of the neural

tube and brain. Besides, the body length became

shorter with abnormal expression patterns of pax3b

in the somites, indicating that myogenesis may be

affected. The stability of polyploids depended on

rapid genome recombination and changes in gene

expression after formation (Song et al. 2012).

Genome sequencing and related molecular system-

atics and bioinformatics studies on polyploids will

be a new way to identify the involved genes and

signal transduction pathways.

Fig. 3 Abnormal expression of pax3a/3bmRNA in the ploidy-

manipulated groups during embryogenesis by whole-mount

in situ hybridization. Head to the left, dorsal view. In order to

keep in line with Figs. 1 and 2, b and c indicate triploid and

tetraploid induction groups, respectively. 1–6, embryos at stages

1 to 6 in sequence. The prime symbol (0) and double prime

symbol (00) indicate pax3a and pax3b mRNA in situ hybridiza-

tion results, respectively. 30 embryos from each stage were

scored, and data are shown as a percentage in the right corner

Table 2 Fertilization rates and hatching rates of diploid control and gynogenetic induction groups

2n n MeG2n MiG2n

Fertilization rate (%) 67.80 ± 16.68 81.23 ± 0.49 48.90 ± 14.61 81.03 ± 1.45

Hatching rate (%) 51.76 ± 14.60 0 20.97 ± 4.40** 26.44 ± 12.50*

The results were subjected to t test analysis, values are presented as mean ± SD (n = 3)

2n diploid control, n gynogenetic haploid induction group, MeG2n meiogynogenetic diploid induction group, MiG2n

mitogynogenetic diploid induction group

* Significant different from diploid control, P\ 0.05

** Extremely significant different from diploid control, P\ 0.01
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Research showed nutrient regulatory mechanisms

in skeletal muscle, including those affecting proteol-

ysis, differed between diploid and triploid juvenile

rainbow trout (O. mykiss) during recovery from feed

deprivation. Since the rate of protein accumulation in

skeletal muscle largely determined growth rate, chro-

mosome set manipulation might affect the growth rate

through this process (Cleveland and Weber 2013).

Also in juvenile rainbow trout, polyploidy influenced

the expression of genes critical to muscle development

and general growth regulation, which may explain

why triploid fish recover from nutritional insult better

than diploid fish (Cleveland and Weber 2014). So it

stands to reason that the muscle development will be

affected in the polyploid juvenile flounder, and further

studies are needed to assess this benefit.

In this study, we also compared the expression

patterns of pax3a and pax3b genes in gynogenetic

induction groups and their diploid control during

embryogenesis by whole-mount in situ hybridization.

Almost 100 % of embryos in the gynogenetic haploid

induction group and 63 % of embryos in the mitog-

ynogenetic diploid induction group showed abnormal

pax3a and pax3b expression patterns, with impaired

Fig. 4 Detection of pax3a mRNA expression in the diploid

control, and the gynogenetic haploid, meiogynogenetic diploid,

and mitogynogenetic diploid induction groups during embryo-

genesis by whole-mount in situ hybridization. Head to the left,

dorsal view. a1–a6, diploid control (2n). b1–b6, gynogenetic
haploid induction group (n). c1–c6, meiogynogenetic diploid

induction group (MeG2n). d1–d6, mitogynogenetic diploid

induction group (MiG2n). 1–6, embryos at stages 1 to 6 in

sequence. 30 embryos from each stage were scored, and data are

shown as a percentage in the right corner. As the in situ

hybridization signals at stage 1 were difficult to identify, we did

not count the results of the period. Black arrowhead indicates

isthmus of decreasing pax3a expression that separates midbrain

and hindbrain boundary. Black arrow indicates the primordial

cerebellum. Black asterisk indicates the lateral neural plate.

White asterisk indicates cranial neural crest (NC). A black

bracket indicates a somite. Bars 100 lm
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neural development and short myotomes. In spite of

this, about 87 % of embryos in the meiogynogenetic

diploid group showed normal expression patterns of

the pax3a and pax3b genes.

Flounder embryos of the gynogenetic haploid

group developed the typical haploid syndrome (im-

paired neural development, short myotomes, micro-

cephalic, lordosis, and poor muscle differentiation) as

described in the literature (Hamilton 1963, 1966;

Purdom 1969). There were some explanations of the

development of the haploid syndrome, such as nucle-

ocytoplasmic imbalance, unmasked recessive lethal

genes, and lack of heterozygosity (Hamilton 1966). In

goldfish, some differentially expressed proteins were

found between diploid embryos and haploid embryos,

in which some proteins were related with eye devel-

opment, nerve development, developmental regula-

tion, cell differentiation, and signal transduction

(Huang et al. 2004). But, the predictions need to be

confirmed in the future.

Fig. 5 Detection of pax3b mRNA expression in the diploid

control, and the gynogenetic haploid, meiogynogenetic diploid,

and mitogynogenetic diploid induction groups during embryo-

genesis by whole-mount in situ hybridization. Head to the left,

dorsal view. a1–a6, diploid control (2n). b1–b6, gynogenetic
haploid induction group (n). c1–c6, meiogynogenetic diploid

induction group (MeG2n). d1–d6, mitogynogenetic diploid

induction group (MiG2n). 1–6, embryos at stages 1 to 6 in

sequence. 30 embryos from each stage were scored, and data are

shown as a percentage in the right corner. As the in situ

hybridization signals at stage 1 were difficult to identify, we did

not count the results of the period. Black arrowhead indicates

isthmus of decreasing pax3b expression that separates midbrain

and hindbrain boundary. Black arrow indicates the primordial

cerebellum. White arrow indicates the newly forming somites.

Black asterisk indicates the lateral neural plate. White asterisk

indicates cranial neural crest (NC). Bars 100 lm
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Our data were consistent with previous results

showing that meiogynogenetic diploids develop nor-

mally comparedwith the diploid control group from the

gastrula stage to the hatching stage. There were no

significant differences in the growth of the meiogyno-

genetic diploid experimental group larvae and the

control group larvae (You et al. 2001). Moreover, our

data further demonstrated that the early neural and

muscle development were not affected by artificially

inducedmeiogynogenesis. On the contrary, embryos of

the mitogynogenetic diploid induction group displayed

severely aberrant neural and muscular development.

The possible reasons for these phenomenamight be: (1)

embryos of meiogynogenetic diploid induction group

retain significant levels of heterozygosity depending on

the degree of crossing-over between homologous

chromosomes during meiosis I, whereas embryos of

mitogynogenetic diploid induction group are theoreti-

cally homozygous at every loci, which include domi-

nance of recessive lethal genes leading to a significant

reduction in the survival rate (Felip et al. 2001); (2) the

timing of diploidization of chromosome set in mitog-

ynogenesis is later than in meiogynogenesis, which

might cause the asynchrony of embryonic development

during mitogynogenetic induction, and more severe

damage to embryogenesis (Chen et al. 2012).

In conclusion, the expression patterns of pax3a and

pax3b during embryogenesis were comparatively

analyzed in the artificially induced polyploidy and

gynogenesis in flounder. Differential expression pat-

terns were discovered. The abnormal ratios of pax3a/

3b expressing embryos in the triploid induction group,

tetraploid induction group, gynogenetic haploid

induction group, meiogynogenetic diploid induction

group, and mitogynogenetic diploid induction group

were 6, 40, 99, 13, and 63 % in sequence. The

abnormal expression patterns of pax3a/3b in the

tetraploid induction group were not specific, showing

delayed or abnormal expression in the brain, and

disordered signals in the trunk. The abnormal expres-

sion patterns of pax3a/3b in the gynogenetic haploid

induction group and mitogynogenetic diploid induc-

tion group were both specific, mainly showing cross-

shaped signals in the brain and abnormal bilateral

signals in the trunk. Therefore, we preliminarily

considered that the pax3a and pax3b could be used

as molecular markers to assess normal or abnormal

embryonic neurogenesis and myogenensis in flounder.

Our findings will have both important theoretical

significance and valuable applications.
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