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Abstract Blepharipoda liberate Shen is a commercially valuable seafood species that has important
ecological significance in Shandong Province, China. Although B. liberate is crustacean, its external
characteristics are not entirely those of shrimps or crabs. The question of whether B. liberate is a shrimp or
a crab has been debated in recent years. We studied the karyotype of B. liberate by light microscopy using
air-drying and spreading methods. We obtained mitotic chromosomal plates from B. liberate larvae, and
from adult B. liberate females subsequent to egg-laying. The results revealed that B. /iberate has 53 pairs
of chromosomes (i.e., =53 and 2n=106), a characteristic shared with four species of crab. The karyogram
of B. liberate consists of 25 metacentric, 14 submetacentric, 11 subtelocentric and 3 telocentric pairs. We
did not find any heteromorphosis sex chromosomes. Tissue from larvae, gills and ovaries can be used for
chromosomal investigations, and we found similar lampbrush chromosomes in ovary cells. Comparatively
speaking, larvae tissue is more practical, and ovary tissue is more suitable for the preparation of lampbrush
chromosomes. B. liberate is more closely related to crabs than to shrimps, based on the numbers of
chromosomes. The B. liberate karyotype reported here provides a basis for further comparative cytogenetic
studies of species populations.
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1 INTRODUCTION

Blepharipoda liberate Shen is a commercially
valuable seafood species that is highly popular in
Shandong Province, China. Blepharipoda liberate
cleans intertidal sand, which is ecologically
significant. However, there have been few biological
studies on B. liberate in recent years. Hou et al. (2017)
investigated fatty acid, amino acid, and cholesterol
levels in wild B. liberate. Ding et al. (2016) studied
the morphological characteristics and genetic
diversity of B. liberate and Lopoomastix japonica,
basing their studies partly on COI gene. Using a
particular COI gene segment for DNA barcoding, Liu
et al. (2016) identified the geographical grouping of
the germplasm of B. liberate Rizhao. Wang (2015)

studied the external characteristics of B. liberate and
reported that it is unisexual, and there are several
morphological differences between females and
males. The genital pores of female B. liberate are
located on the ventral base of pereopod II, whereas in
male B. liberate they are located on the ventral base
of pereopod IV. Moreover, females have four pairs of
endopodites on the abdomen, and males have none.
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To elucidate the variation of species composition,
biomass, and size distribution of the fishery resources
in the Uljin marine ranching area of Korea, Yoon et al.
(2014) investigated four stations between 2009 and
2010, based on dredge sampling, and the results

Fig.1 Lateral view of phase III zoea-larvae of Blepharipoda
liberate

Scale bar=200 pum.
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showed that B. liberate (37 714 ind./km?, 1.5%) was
one of the dominant species. There have been no
subsequent studies on the karyotype of B. liberate.

Externally, B. liberate resembles neither shrimps
nor crabs, because pereopod IV is located in the
abdomen (Wang, 2015), B. liberate is known as a sea
cicada. Chromosomes are the carriers of genetic
material. However, a lack of information about the
chromosomes found in B. liberate has discouraged
work on species identification and genetic breeding.

In the present study, we characterized the
karyotypes of B. liberate in two different
developmental stages by analyzing mitotic
chromosomal plates obtained from larvae, and from
adult females subsequent to egg-laying.

2 MATERIAL AND METHOD

To obtain a larger number of metaphases and
sharper centromere localization, we acquired phase
Il zoea-larvae (1 cm in length, Fig.1) and adult
female B. liberate subsequent to egg-layings (Fig.2)
from the Rizhao Ocean and Fisheries Research
Institute. To ensure that gender judgments were

Genital pore

Fig.2 Dorsal and ventral views of Blepharipoda liberate following egg-laying

The arrows indicates the genital pore. Scale bar=1 cm.
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Parasite clam

Fig.3 Ventral views of the abdomens of female and male
Blepharipoda liberate

a. adult female abdomen; b. adult male abdomen. The arrows indicate
the endopodites and a parasite clam respectively. Scale bar=500 um.

accurate, and referring to the results observed by
Wang (2015), we identified four pairs endopodites on
the abdomen of each adult female (Fig.3).
Approximately thirty zoea-larvae and three adult
female B. liberate, which had laid eggs, were treated
with 0.04% colchicine for 30 min. Whole larvae, or
the gills or ovaries of adults were used for the
chromosomal investigations. The tissues were
subjected to hypotonic treatment in 0.075 mol/L
potassium chloride for 50 min at room temperature.
They were then transferred to pre-cooling Carnoy’s
fixative (3:1 methanol/acetic acid) with three changes
at intervals of 15 min. The metaphase chromosome
slides were prepared from the fixed tissue by
dissociation using 50% acetic acid, and three drops of
dissociated suspension were spattered onto each clean
hot slide(at approximately 65°C). After the slides had
been air-dried, they were stained with 10% Giemsa
solution in phosphate buffer at pH 6.8 for 30 min, and
the dye solution was rinsed with distilled water.
Photomicrographs of the thoroughly spread

Table 1 Mitotic metaphase cells number, chromosome
number, and percentage of Blepharipoda liberate

Gonad cells Gill cells Larva cells MMC Percentage (%) CN

0 0 27 27 12.39 <99
0 19 19 8.72 100
0 1 9 10 4.59 101
0 0 9 9 4.13 102
1 1 11 13 5.96 103
1 2 11 14 6.42 104
0 1 20 21 9.63 105
10 18 70 98 44.95 106
0 0 7 7 3.21 >107
Total 12 23 183 218 100

MMC=meiotic metaphase cells; CN=chromosome number. Modal diploid
chromosome number (21)=106.

metaphase plates were obtained using a Leica
Microsystem (TYPE DM4000B, Made in Germany).
A representative number of metaphases (20-50) from
each specimen were analyzed to determine the mode
number of the chromosomes. The morphometry of
the chromosome pictures was achieved using Adobe
Photoshop CS5 photographic software. For each
chromosome the average lengths of the short and long
arms, the total length, the relative length (RL; the
length of each chromosome relative to the sum of the
total length of the chromosomes, expressed as a
percentage), and the arm ratio (AR; the ratio of the
lengths of the long and short arms) were measured
and calculated. The chromosome pairs were classified
according to the procedure reported by Levan et al.
(1964) into metacentric, submetacentric,
subtelocentric, and telocentric, with AR ranges of
1-1.7, 1.7-3, 3-7 and 7-o0, respectively.

3 RESULT

A total of 218 well-spread mitotic metaphase
chromosome sets were examined to determine the
diploid chromosome mode number: 183 were from
zoea-larvae cells, 23 were from gill cells, and 12 were
from the gonad cells of adult females. The modal
diploid number (21) was 106, the numerical variations
in the chromosome numbers ranged from 81 to 113,
with a mode of 106. We found it easier to investigate
chromosomes from larvae cells than gill or gonad
cells of adult females, but larval chromosomes were
easily lost during preparation (Table 1). Eleven well-
spread metaphase chromosome sets were used for
karyotype analysis; the karyogram consisted of
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Table 2 Morphometric data of the chromosomes of Blepharipoda liberate (averages of 11-cell spreads)
Number leﬁ;’g?ﬁ;) Rf}l{a[t‘ijw:lsell)e%th ?Ar;: irgg; Classification ~ Number leﬁ;;r?ﬁ?n) R?ﬁ{z;ge?f‘)th I(AAT; ir ;;i)(; Classification

1 4.32 1.59+0.15 1.30+0.20 m 28 4.27 1.41+0.13 1.97+0.24 sm
2 3.90 1.46+0.09 1.33£0.20 m 29 3.53 1.3140.07 2.024+0.31 sm
3 3.79 1.3940.08 1.31+0.23 m 30 3.05 1.244+0.06 1.98+0.30 sm
4 3.64 1.32+0.07 1.2940.18 m 31 2.7 1.184+0.06 2.124+0.37 sm
5 3.23 1.27+0.04 1.27+0.19 m 32 2.57 1.12+0.04 2.08+0.47 sm
6 3.05 1.23+0.04 1.30+0.15 m 33 3.27 1.06+0.06 2.08+0.37 sm
7 2.94 1.20+0.03 1.26+0.20 m 34 2.40 1.01£0.07 2.07+0.36 sm
8 2.77 1.18+0.03 1.32+0.18 m 35 2.18 0.93+0.04 2.22+0.41 sm
9 2.62 1.15+0.03 1.33+0.18 m 36 1.87 0.86+0.05 2.09+0.30 sm
10 2.55 1.13+£0.03 1.33+0.20 m 37 1.85 0.82+0.07 2.294+0.33 sm
11 2.51 1.10+0.03 1.33+0.19 m 38 1.57 0.74+0.07 2.29+0.37 sm
12 2.42 1.08+0.03 1.34+0.22 m 39 1.48 0.66+0.04 2.57+0.77 sm
13 2.35 1.06+0.03 1.27+0.18 m 40 2.09 0.93+0.05 4.09+1.67 st
14 2.33 1.04+0.03 1.30£0.15 m 41 1.67 0.74+0.09 3.67+0.71 st
15 2.27 1.014+0.04 1.37+0.26 m 42 1.33 0.68+0.11 4.22+1.06 st
16 2.18 0.98+0.03 1.35+0.23 m 43 1.26 0.62+0.05 4.18+1.08 st
17 2.07 0.94+0.03 1.31+0.17 m 44 1.24 0.60+0.04 4.08+0.98 st
18 2.01 0.90+0.04 1.2940.19 m 45 1.2 0.57+0.04 4.244+0.70 st
19 1.98 0.86+0.04 1.33+0.22 m 46 1.16 0.55+0.04 4.15+0.75 st
20 1.96 0.83+0.04 1.34+0.21 m 47 1.13 0.52+0.03 4.26+0.84 st
21 1.94 0.80+0.04 1.32+0.16 m 48 1.00 0.50+0.03 4.52+0.99 st
22 1.85 0.77+£0.04 1.32+0.23 m 49 0.98 0.46+0.03 4.72+1.33 st
23 1.72 0.73+0.04 1.36+0.19 m 50 0.85 0.42+0.04 5.12+£2.07 st
24 1.61 0.71£0.03 1.32+0.20 m 51 1.05 0.46+0.05 9.16+2.62 t
25 1.46 0.65+0.04 1.33+0.20 m 52 0.96 0.41+0.04 9.1242.08 t
26 4.97 1.83+0.18 2.11+0.36 sm 53 0.92 0.36+0.04 8.89+1.76 t
27 4.53 1.63+£0.15 2.04+0.36 sm

m: metacentric; sm: submetacentric; st: subtelocentric; t: telocentric. Metacentric and submetacentric were considered as two-armed and subtelocentric and

telocentric as a single-armed (NF=184).
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Fig.4 Mitotic metaphase of Blepharipoda liberate

Scale indicates 10 pm.

25 metacentric, 14 submetacentric, 11 subtelocentric,
and 3 telocentric pairs, and we found no
heteromorphosis sex chromosomes. The arm number
was 184, and the chromosomes varied in size from
0.85 to 4.97 um (Table 2). A well-spread metaphase
plate, and the karyogram of the 106 chromosomes
from a larvae cell are shown in Fig.4 and Fig.5,
respectively. A well-spread metaphase plate from gill
cells is shown in Fig.6.

The arms of the chromosomes in the metaphase
plate from the adult female gonads were markedly
flufty (Fig.7), reminiscent of lampbrush chromosomes,
indicating active gene transcription, whereas there
were no lampbrush chromosomes in the gill or larvae
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Fig.5 Karyotype of Blepharipoda liberate with 2n=106

Scale indicates 10 pm. m=metacentric; sm=submetacentric; st=subtelocentric; t=telocentric.

Fig.6 A metaphase plate from Blepharipoda Liberate gill Fig.7 Fluffy chromosomes on a metaphase plate from a
cells Blepharipoda liberate ovary

Scale indicates 5 um. Scale indicates 10 pm.
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cells, the chromosome arms of which were relatively
dense and round.

4 DISCUSSION

There have been few karyological studies of crabs
because their chromosomes are numerous, very small,
and have indistinct centromeres. Therefore, karyotype
analysis is very difficult in many crab species. Lee et
al. (2004) reported that it was not possible to
distinguish between two species of crab using
karyotype analysis because the centromeres of some
chromosomes could not be located, and the number of
chromosomes could not be used to distinguish
between species. Based on our findings, we created a
relatively accurate karyotype formula:
2n=50m+28sm+22st+6t, 2n=106, NF=184. However,
it was impossible to determine whether the smallest
eight pairs of chromosomes were type st or t, and we
did not identify the sex chromosome. We aim to carry
out restriction site-associated DNA sequencing
(RAD-seq) to investigate the sex determination
mechanism reported by Mathers et al. (2015).

In the present study, we determined the diploid
chromosome number (2n) of B. liberate to be 106.
This agrees with the diploid chromosome numbers
obtained for Portunus trituberculatus (Zhu et al.,
2005), Hippa talpoides, Ranina ranina, and
Macrocheira kaempferi (Wang et al., 2005), which
are all crabs. The diploid chromosome numbers of
most shrimps range from 60 to 90. This implies that
B. liberate is more closely relatedly to crabs than
shrimps.

Larvae, gills, and gonad tissue can all be used for
chromosomal investigation. However, in the present
study, we found that the number of metaphase plates
from the gills and gonads was low, and the
chromosomes did not readily spread out, whereas the
larvae tissue yielded more metaphase plates but the
chromosomes were easily lost during the dissociation
step. Therefore, the dissociation method needs to be
improved.

Lampbrush chromosomes (LBCs) are
transcriptionally active in various animals during
oogenesis, and are also found in the giant single-
celled alga Acetabularia (Gall, 2012). The LBCs of
lower vertebrates and invertebrates often appear in
the diplotene and dictyate phases, and are probably
sites of active gene transcription (Gwatkin, 1977).
These chromosomes produce large amounts of RNA
for the oocyte (Piprek et al., 2014), and may be
encountered during all stages of oocyte development.

Vol. 37

We also found LBCs in a metaphase plate from
adult female B. liberate gonads, which implies that
oogenesis is continuous regardless of ovulation, and
the LBCs produced by ovaries are presumed to be
homologous in the zygotene phase of oocytes. The
microchromosomes lampbrushes has been exquisitely
structured, which revealed many fundamentally
significant features of the karyotype of Bipes
canaliculatus more clearly, and also confirmed that
the period of maximum extension of the lampbrush
loops occurs well before the start of the major phase
of vitellogenesis and oocyte growth (Macgregor and
Klosterman, 1979). Moreover, LBCs appear to work
synergistically structuring the dynamic growth of the
oocyte (Montezol et al., 2018). A comparison of the
C-banded karyotypes and the maps of LBCs shows
thatsome oftheregions of constitutive heterochromatin
seem to correspond to the structures inserted on the
LBCs in Triturus species (Schmid et al., 1979).
Therefore, the researchers deduced that only the
experiments with in situ hybridization of Triturus-
DNA could be used to determine whether these
structures were really identical to the C-bands.
Fluorescent in situ hybridization (FISH) investigations
of chicken and Japanese quail LBCs yielded high
resolution gene maps (Galkina etal., 2006). Therefore,
the lampbrush chromosomes of B. liberate warrant
further investigation.

5 CONCLUSION

The number of chromosomes in B. liberate is
2n=106. Larvae, gills, and ovary tissue can all be used
for chromosomal investigation, but larvae are more
practical, and ovary tissues are suitable for the
preparation of lampbrush chromosomes.
Heteromorphosis sex chromosomes have not yet been
dioscovered. Based on the chromosome numbers, it
appears that B. [iberate is more closely related to
crabs than to shrimps. The B. liberate karyotype is
reported here providing a basis for further comparative
cytogenetic studies of the species.
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