
INTRODUCTION

Pacific abalone (Haliotis discus hannai) is one of the 

noticeable marine gastropods as a food source in east-

ern Asia (Wang et al., 2015). Thus, it has been subjected 

to a number of studies regarding an improvement of its 

productivity and quality through selective and genetic 

breeding technologies (Elliott., 2000). One example is the 

production of triploid abalone by artificial manipula-

tion of the fertilized eggs (Park et al., 2018). In triploid 

abalone, due to the presence of one additional haploid 

chromosome-set, homologous chromosome paring and 
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ABSTRACT    Karyotype analysis is a major work in the process of triploid abalone 
production for the purpose of productivity and quality improvement. However, the 
metaphase spreads for karyotype analysis have been prepared just from the larvae 
at trochophore stage, which has restricted the spectrum of sample correction 
inhibiting more efficient analysis. Here, we investigated the feasibility of preparing 
metaphase spreads from the larvae at veliger stage that is the next developmental 
stage of trochophore. For this, diploid and triploid larvae at trochophore and veliger 
stages from Pacific abalone (Haliotis discus hannai) were subjected to metaphase 
spread preparation and its efficiencies were measured and compared each other. 
As the results, although the efficiencies of metaphase spread preparation were 
significantly lower in the larvae at veliger stage compared to the ones at trochophore 
stage regardless of ploidy status, we found that the preparation of metaphase 
spreads, which showed the clear chromosomal images containing the normal number 
of chromosomes, was possible from the veliger stage larvae. On the other hands, 
all larvae used in this study regardless of developmental stage and ploidy did not 
show colchicine sensitivity. Moreover, no significant difference was observed in cell 
cycle distribution of the cells comprising larvae between two developmental stages 
regardless of ploidy status. These suggested that the details of protocol to prepare 
metaphase spreads from abalone larvae should be optimized depending on its 
developmental stages. Taken together, we demonstrated the feasibility of preparing 
metaphase spreads from H. discus hannai veliger stage larvae for karyotype analysis.
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equivalent segregation does not happen clearly during the 

meiosis of its germ cells, which finally causes infertility 

or sex maturation delay (Arai et al., 2001; Piferrer et al., 

2009; Dheilly et al., 2014). It makes triploid abalone con-

sume more energy in somatic growth instead of in sexual 

maturation, which eventually contributes to an increase 

of its value as a food resource (Allen and Downing, 1986).

In the process of this technology, karyotype analysis 

that analyzes the mechanical traits of chromosome sets 

is a major work with the ploidy identification using a 

flow cytometry, and it necessarily requires the prepara-

tion of metaphase spreads. Previously, many karyotype 

analyses were reported from various abalone species; H. 

discus hannai (Jee and Chang, 2012; Ryu et al., 2018), H. 

rufescens (Gallardo-Escárate et al., 2004), H. corrugate 

(Gallardo-Escárate and del Río-Portilla, 2007), and H. ful-

gens (Hernandez-Ibarra et al., 2004). Although metaphase 

spread preparation could be done from the cultured 

mantle tissue of adult abalone (Ryu et al., 2018), in most 

cases, metaphase spreads were prepared from the devel-

oping larvae, especially the ones at trochophore stage. 

Trochophore stage larvae, on the basis of the results from 

the previous studies, are accepted as a good ingredient 

for the preparation of metaphase spreads for karyotype 

analysis since using them was able to provide a sufficient 

number of metaphase spreads which had the clear chro-

mosomal images that are essential for accurate karyotype 

analysis (Gallardo-Escárate et al., 2004; Gallardo-Escárate 

and del Río-Portilla, 2007; Wang et al., 2015). This made 

the researchers conventionally use trochophore stage 

larvae for karyotype analysis in abalone and thus none 

of studies has demonstrated the feasibility of using the 

larvae at other developmental stages beside trochophore 

for the preparation of metaphase spreads. This has ham-

pered efficient karyotype analysis in this species by limit-

ing the spectrum of sample correction.

For this reason, we, in this study, evaluated the feasi-

bility of preparing metaphase spreads from the larvae at 

veliger stage and compared the efficiency of metaphase 

spread preparation between trochophore and veliger 

stage larvae. Considering that the karyotype analysis in 

abalone is usually used in triploid production, we pro-

duced diploid and triploid abalone by artificial insemina-

tion and artificial induction, respectively, and both were 

used for metaphase spread preparation at two different 

developmental stages. Furthermore, colchicine sensitiv-

ity of the larvae and cell cycle distribution of the cells 

comprising the larvae were examined to infer the reason 

of efficiency difference in metaphase spread preparation 

according to developmental stages of the larvae.

MATERIALS AND METHODS

Artificial fertilization and triploid induction
Three-years-old Pacific abalones (H. discus hannai), 

which were managed in Genetics and Breeding Research 

Center, National Institute of Fisheries Science, Geoje, 

Republic of Korea, were used as brood abalones in this 

study. Artificial fertilization was performed according 

to the method from Lee et al. (Lee et al., 2019). Briefly, 

mature abalone were induced to release eggs and sperm 

by the conventional method of air exposure followed by 

ultraviolet (UV)-treated seawater treatments. Sperms were 

stored in 14℃ water bath until fertilization, and the eggs 

collected were washed three times with 1 μm-filtered sea-

water at 18-19℃. For artificial fertilization, about 10,000 

eggs and 100,000 to 120,000 sperm were mixed and then 

washed with 1 μm-filtered seawater at 18℃ for 2 minutes. 

After that, the fertilized eggs were transferred to the bath 

containing 1 μm-filtered seawater at 20℃ for incubation. 

For triploid induction, the fertilized eggs at 11 minutes af-

ter fertilization were subjected to cold shock treatment at 

1℃ for 14 minutes to block the first polar body extrusion. 

After the cold shock treatment, the fertilized eggs were 

incubated in the bath containing 1 μm-filtered seawater 

at 20℃.

Metaphase spread preparation
The larvae at trochophore and veliger stages were re-

trieved at 16-18 hours post fertilization (hpf) and 28-30 

hpf, respectively. They were separately transferred in 40 

mL plastic containers (HistoplexTM Histology Containers; 

Thermo fisher scientific, Rockford, IL, USA) and treated 

with 0.05% (w/v) colchicine (Sigma-Aldrich, St. Louis, MO, 

USA) dissolved in 0.22 μm-filtered seawater at 20℃ for 

4 hours. The larvae treated with colchicine were trans-

ferred into 15 mL tubes (Corning Life Science, Corning, 

NY, USA) and anesthetized by placing them onto ice for 5 

minutes. They were washed two times with 5 mL filtered 

seawater to remove the rest of colchicine and then, im-

mersed in 3 mL 0.075M KCl (Sigma-Aldrich) for 1 hour. 

Finally, the larvae were fixed in 2 mL cold Carnoy solution 
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[methanol (Duksan, Ansan, Korea):acetic acid (Duksan) 

= 3:1] for 1 hour with the regular solution changes every 

20 minutes. After fixation, 1 mL acetic acid was added 

(final ratio of methanol and acetic acid = 1:1) and the 

fixed larvae were dissociated by gentle pipetting of about 

40 times. After that, the composition of Carnoy solution 

was adjusted again to the original one (methanol:acetic 

acid = 3:1) and the dissociated cells were dropped on the 

clean slide glasses, which were previously immersed in 

50% (v/v) acetic acid, wiped out with tissues and stored in 

70% (v/v) ethanol (Duksan) at 4℃, to prepare metaphase 

spreads. For staining chromosomes, the slide glasses were 

completely dried at room temperature and stained with 

Giemsa solution containing 10% (v/v) Giemsa stain (Gibco, 

Grand Island, NY, USA) in Gurr’s buffer (Gibco) for 7 

minutes at room temperature. After washing with distilled 

water and drying in air at room temperature, the slides 

were observed under a microscope. For calculation of 

percentage of metaphase spreads, first, the pictures of 30 

spots from three slides, which were randomly selected and 

non-overlapped, were taken at ×200 magnification using 

Motic image plus 2.0 software (Motic, Hong Kong, China) 

and the numbers of cells and metaphase spreads on the 

30 spot pictures were counted. Then, the percentage of 

metaphase spreads were calculated as follow: the number 

of metaphase spreads/the number of cells and metaphase 

spreads ×100. 

Measurement of colchicine sensitivity
To evaluate colchicine sensitivity, diploid and triploid 

larvae at two developmental stages, trochophore and 

veliger, were treated or not with 0.05% (w/v) colchicine 

dissolved in 0.22 μm-filtered seawater at 20℃ for 4 hours. 

After that, they were washed with the filtered seawater 

two times and the ciliary movement of the larvae was 

observed under the microscope as a parameter of colchi-

cine sensitivity. The number of larvae that showed ciliary 

movement were visually counted and the value was rep-

resented as the percentage of a total number of larvae in 

each treatment group.

Analysis of cell cycles
DNA contents of the cells comprising larvae were ana-

lyzed with CyStain® PI Absolute T (Partec, Münster, Ger-

many) according to manufacturer’s instructions. In brief, 

the larvae stored at -70℃ were transferred in a new 1.5 

mL tube containing 500 μL extraction buffer. After ho-

mogenization with handy tissue homogenizer (Biofact, 

Daejeon, Korea), the homogenized sample was filtered 

through CellTrics® 30 μm (Partec) equipped to the top of 

3.5 mL sample tube and the filtered sample was stained 

with 2 mL PI staining solution for 40 minutes in the dark. 

After staining, DNA contents of the sample were analyzed 

with CyFlow® Cube 6 (Partec). The ratios of the cells at 

each of three major cell cycle phases including G0/G1, 

S and G2/M were determined by partitioning the cellular 

DNA content frequency histograms using CyFlow® (Partec) 

software program with a slight reference to a previous re-

port (Pozarowski and Darzynkiewicz, 2004). 

Statistical analysis
The data regarding percentage of metaphase spreads, 

colchicine toxicity test and cell cycle analysis were ex-

pressed as mean ± standard deviation of at least three 

independent experiments. Statistical analyses were per-

formed with SPSS program (SPSS, Chicago, IL, USA). 

When analysis of variance (ANOVA) detected a significant 

main effect, the Duncan method was used to compare the 

treatments. Significant differences were determined when 

p < 0.05.

RESULTS

Efficiency of metaphase spread preparation according 

to developmental stages of larvae
To evaluate quantitatively the availability of veliger 

stage larvae for preparing metaphase spreads, we per-

formed metaphase spread preparation using both diploid 

and triploid larvae at trochophore and veliger stages and 

compared the efficiencies of metaphase spread prepa-

ration among one another. As the results, we observed 

significant differences in the efficiency of metaphase 

spread preparation by developmental stages of larvae (Fig. 

1). Percentages of metaphase spreads were significantly 

higher in trochophore stage larvae than in veliger stage 

ones regardless of ploidy status [32.7 ± 4.4% (27.0 to 

37.7% in raw data) and 32.7 ± 6.1% (25.8 to 40.1% in raw 

data) in diploid and triploid trochophore larvae, respec-

tively vs. 19.3 ± 9.0% (11.5 to 29.6% in raw data) and 17.1 

± 8.0% (10.2 to 28.2% in raw data) in diploid and triploid 

veliger stage larvae, respectively, p < 0.05]. This indicated 

that the preparation of metaphase spreads from veliger 
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stage larvae was possible even though its efficiencies were 

relatively low compared to those from trochophore stage 

larvae.

Normality of metaphase spreads in regard to the 

number of chromosome sets
The number of chromosome sets was confirmed as 

36 and 54 chromosomes in diploid and triploid larvae, 

respectively, and the representative images of the chro-

mosome sets were presented in Fig. 2. To evaluate the 

normality of metaphase spreads in regard to the number 

of chromosome sets by developmental stages of larvae, 

we counted the number of chromosomes in 30 metaphase 

spreads from each group and calculated the percentage 

of the cells that had the normal number of chromosomes. 

As shown in Fig. 3, the normality in chromosome number 

was similar between two developmental stages in both 

diploid and triploid larvae but the difference by ploidy 

was significant regardless of developmental stage of larvae 

(54.3% and 48.6% in diploid larvae at trochophore and 

veliger stage, respectively vs. 32.9% and 30.0% in triploid 

larvae at trochophore and veliger stage, respectively). 

Trochophore 2N = 36 Trochophore 3N = 54

Veliger 2N = 36 Veliger 3N = 54

Fig. 2. Representative images of the chromosome sets derived from diploid and triploid Haliotis discus hannai larvae at two develop-
mental stages, trochophore and veliger. Homologous chromosome sets were arranged based on the morphology of each chromo-
somes. The number of chromosomes was 36 and 54 in diploid and triploid larvae, respectively, regardless of developmental stage. 
Square box in the picture of metaphase spread from triploid trochophore larvae indicates the chromosome that got out of a single 
picture and thus were added artificially.

Fig. 1. Comparison of the efficiency of metaphase spread prepa
ration from Haliotis discus hannai larvae between two different 
developmental stages. Metaphase spreads were prepared from 
diploid or triploid larvae at trochophore or veliger stage and the 
ratios of metaphase spreads out of total cells were measured. 
Percentage of metaphase spreads was significantly higher in 
trochophore compared to veliger stage larvae regardless of 
ploidy status. All values are expressed as mean ± standard de-
viation of five independent experiments. abDifferent letters indi-
cate significant differences (p < 0.05). 
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Colchicine sensitivity
As an effort to find the reason why the efficiency of 

metaphase spread preparation was different depend-

ing on developmental stage of abalone larvae, colchicine 

sensitivity of the larvae at two different developmental 

stages was examined. As shown in Fig. 4A, diploid larvae 

did not show any difference in ciliary movement accord-

ing to colchicine treatment regardless of developmental 

stage. In trochophore, 90.8 ± 8.3% and 78.9 ± 10.2% lar-

vae showed ciliary movement in control and colchicine-

treated larvae, respectively, and in veliger, 87.1 ± 2.0% 

and 86.0 ± 5.3% larvae showed. Likewise, no significant 

difference was observed in the results from triploid larvae 

(Fig. 4B). The percentage of trochophore stage larvae that 

showed ciliary movement was 100% and 90.1 ± 5.3% in 

control and colchicine-treated ones, respectively, and in 

veliger, those were 91.1 ± 1.1% and 90.0 ± 4.9% in the 

same order. No other phenotypic side effects were ob-

served during and after colchicine treatment.

Cell cycle distribution of the cells comprising the 

larvae
As an another approach to infer the reason of efficiency 

difference of metaphase spread preparation by develop-

mental stage of larvae, cell cycle distribution of the cells 

comprising the larvae was investigated and compared be-
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tween two different developmental stages in both diploid 

and triploid larvae. Moreover, the effects of colchicine 

treatment on the cell cycle distribution of larvae were 

also examined. As the results, a large portion of the cells 

comprising the larvae corresponded to G0/G1 phase of 

cell cycle and relatively-small portions corresponded to 

S or G2/M phase regardless of developmental stage and 

colchicine treatment in both diploid and triploid larvae. 

As shown in Fig. 5, no significant difference was detected 

in the percentages of the cells at each cell cycle phases 

according to developmental stage regardless of ploidy and 

colchicine treatment. In contrast to this, colchicine treat-

ment induced significant changes in cell cycle distribution 

of the cells comprising the larvae. After colchicine treat-

ment, the ratios of the cells at G0/G1 phase were signifi-

cantly decreased in all larvae regardless of both develop-

mental stage and ploidy (64.1 ± 4.0% vs. 57.5 ± 1.5% and 

66.7 ± 1.6% vs. 56.4 ± 1.9% at trochophore and veliger, 

respectively, in diploid; 69.3 ± 0.8% vs. 61.7 ± 2.3% and 

72.1 ± 2.7% vs. 60.4 ± 3.7% at trochophore and veliger, 

respectively, in triploid). On the other hand, the ratios of 

the cells at G2/M phase were significantly increased by 

colchicine treatment in all larvae regardless of both de-

velopmental stage and ploidy (13.8 ± 2.5% vs. 22.8 ± 1.1% 

and 14.7 ± 2.9% and 27.0 ± 2.4% at trochophore and ve-

liger, respectively, in diploid; 12.0 ± 2.0% vs. 22.9 ± 4.2% 

and 10.1 ± 2.2% vs. 21.0 ± 1.4% at trochophore and veli-

ger, respectively, in triploid). In case of S phase, the ratios 

of the cells were not influenced by colchicine treatment 

in all larvae tested.

DISCUSSION

In this study, we confirmed that metaphase spreads for 

karyotype analysis could be prepared from H. discus han-

nai larvae at veliger stage. In abalone, the veliger stage, as 

the next developmental stage of trochophore, has a lon-

ger developmental period compared to trochophore stage 

(Chung et al., 2011). This will allow the researchers to use 

the veliger stage larvae to verify the karyotype normality 

at the prolonged time when artificial breeding technolo-

gies including triploid production are performed. In this 

regard, it will be useful to test the availability of the ve-

liger stage larvae at the other developmental time points 

beside 28-30 hpf tested in this study for the preparation 

of metaphase spreads.

Although we confirmed the availability of veliger stage 

larvae on metaphase spread preparation, its efficiencies 

were significantly low compared to those from trocho-

phore stage larvae. Previously, one report regarding fish 

demonstrated that the efficiency of metaphase spread 

preparation was altered according to species and devel-

opmental stages of larvae (Karami et al., 2015) but, to our 

knowledge, no report on this subject has been published 

yet in the gastropods. To reveal the reason of this result, 

we first tested colchicine sensitivity of the larvae on the 
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basis of ciliary movement. Colchicine, which blocks the 

assembly and polymerization of microtubules, is gener-

ally used for metaphase spread preparation (Leung et al., 

2015) but its use at high concentration is able to reduce 

the survival rate of developing embryos (Ferm, 1963; Yang 

et al., 2006). Thus, we assumed that the efficiency dif-

ference of metaphase spread preparation by larval stage 

was caused by the different sensitivity of the larvae on 

colchicine exposure depending on developmental stage 

and thus more cell death in veliger stage larvae relative 

to trochophore by colchicine exposure might draw less 

efficiency of metaphase spread preparation. However, 

all larvae tested in this study did not show any colchicine 

sensitivity at least in terms of ciliary movement indicat-

ing that colchicine did not contribute significantly to the 

efficiency difference of metaphase spread preparation 

by developmental stage. Nevertheless, additional studies 

regarding this point need to be performed at cellular and 

molecular levels since the ciliary movement of a develop-

ing larva may not directly reflect the death of individual 

cells comprising it as the apoptosis of individual cells 

comprising an embryo did not surely cause death of the 

embryo (Park et al., 2020). As an another reason of ef-

ficiency difference of metaphase spread preparation by 

larval stage, we considered that there might be a differ-

ence of cell cycle distribution of the cells comprising lar-

vae according to developmental stage since a higher por-

tion of G2/M phase cells is eventually able to draw higher 

efficiency of metaphase spread preparation (Nkongolo 

and Klimaszewska, 1994; Yao et al., 2020). This hypoth-

esis was tested by measuring DNA contents of the cells 

from trochophore and veliger larvae and as a result, we 

confirmed that there was no significant difference on 

the ratios of cells at each cell cycle phases between two 

developmental stages in both diploid and triploid lar-

vae. This indicated that cell cycle distribution of the cells 

comprising larvae was not related to the efficiency differ-

ence of metaphase spread preparation by developmental 

stage. Collectively, the efficiency difference of metaphase 

spread preparation between trochophore and veliger 

stage larvae was obviously observed in this study even 

though a correctable cause about this has not been veri-

fied yet. Our results that both colchicine sensitivity and 

cell cycle distribution were not involved in such efficiency 

difference may indicate that the current protocol for 

metaphase spread preparation is not optimal to the cells 

from veliger stage larvae. Although a sufficient number 

of metaphase spreads for analysis could be obtained from 

veliger stage larvae even in the current efficiency, it needs 

to be increased for more universal use of them for karyo-

type analysis by optimizing the details of the protocol for 

metaphase spread preparation. Furthermore, considering 

the gravity of the environmental factors like the tempera-

ture for animal cells on the cellular physiological char-

acteristics (Padilla-Gamiño et al., 2013; Choi and Gong, 

2018), those also need to be experimentally optimized to 

increase the efficiency of metaphase spread preparation. 

On the other hands, we confirmed that the ratio of G0/

G1 and G2/M phases were altered by colchicine treat-

ment. The role of colchicine in karyotype analysis is to 

arrest cell cycle progression of the cells at metaphase by 

inhibiting the formation of mitotic spindles so that much 

more cells that have metaphase chromosomes can be ac-

cumulated within the sample (Leung et al., 2015). In this 

regards, our results are very reasonable since those indi-

cate that the colchicine treated to developing larvae oper-

ated appropriately.

Significant difference in the normality based on chro-

mosome number was observed between diploid and trip-

loid larvae regardless of developmental stage. Comparing 

with diploid larvae, triploid ones showed low chromo-

somal normality (48.6-54.3% and 30.0-32.9% normality in 

diploid and triploid, respectively). The cause of this can 

be deduced from the previous reports that showed the 

characteristics of triploid organisms (Henry et al., 2005; 

Park et al., 2018). A large amount of genome in the cells 

of triploid abalone larvae might increase aneuploidy by 

disturbing harmonious chromosome segregation. Howev-

er, a sufficient number of metaphase spreads that have a 

normal chromosome number (3N = 54) could be obtained 

in spite of low chromosomal normality suggesting its 

availability to analyze the karyotype of triploid abalone.

CONCLUSIONS

From this study, we confirmed that H. discus hannai 

veliger stage larvae are able to be used for karyotype 

analysis by demonstrating the feasibility of metaphase 

spread preparation from them. This indicates that the 

spectrum of sample collection for karyotype analysis can 

be expanded, which eventually increases the efficiency of 

analysis. Furthermore, it makes possible a stepwise evalu-
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ation of karyotype by developmental stage of the abalone, 

in which artificial breeding technology is applied.
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