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Abstract
Ulva linza is one of the species that causes green tides in the Yellow Sea, China. Due to the
diﬃculties in chromosomal preparation, the large numbers of chromosomes, and their relatively small sizes,
there have been no reported studies on Ulva macroalgae chromosomes. The karyotypes and chromosomes
in U. linza were observed after a series of treatments. The chromosomes were pretreated with 0.1%
colchicine for 12 h and then mixed with enzymes. The samples were dropped from 30 cm height onto glass
slides, which spread out the surface coat. These pretreatments were the optimal chromosomes preparation
treatments. The prepared chromosomes were stained with 4',6-diamidino-2-phenylindole (DAPI), which is
a ﬂuorescent probe sensitive and speciﬁc to DNA. The chromosome number in the haploid male and female
gametophytes was n=9, and was 2n=18 in the diploid sporophytes. The female gametophyte chromosomes
were between 0.804 and 2.292 μm in size, the male gametophyte chromosomes were between 0.917 and
2.916 μm, and the sporophyte chromosomes were between 0.912 and 2.167 μm. The relative sizes of the
chromosomes were used to analyze the karyotypes of the female and male gametophyte chromosomes. The
results provide a solid foundation for the basic technique that can be used to localize molecular markers of
Ulva chromosomes.
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1 INTRODUCTION
Karyological studies have provided basic
information about the number, size, and morphology
of chromosomes. The information is then used to
undertake chromosome manipulation experiments
(Khan et al., 2000; Xu et al., 2016). In macroalgae,
there are relatively few chromosome data, partially
because their chromosome sizes are very small
compared to chromosomes in higher plants (White,
1973). Macroalgae, commonly termed seaweeds, are
multicellular, macroscopic benthic algae that belong
to the green (phylum Chlorophyta), red (phylum
Rhodophyta), and brown (phylum Phaeophyta)
taxonomic groups (Kennish, 2016). However, to date,
most of the researches on algal chromosomes have
primarily focused on life cycles, genetic relationships,
and breeding. It has also largely concentrated on
species of economic importance, such as those within
the genera Pyropia and Laminaria. None of the
studies have focused on the karyological analysis of
Ulva macroalgae.

Green macroalgae species in the genus Ulva are
ubiquitous throughout the world in marine and
estuarine habitats. They show a considerable ability
to acclimate to adverse circumstances and are able to
grow rapidly in nutrient rich waters (Tan et al., 1999;
Zhang et al., 2015). Macroalgal blooms in the Yellow
Sea have broken out for 12 consecutive years since
2007, resulting in great damage to the marine
environment and ecosystem service functions (Liu et
al., 2013; Zhang et al., 2014; Zhou et al., 2016). Ulva
linza, a common species that is found around the
coastal areas of China, has been identiﬁed as one of
the causal species of macroalgal blooms during their
early stages (Han et al., 2013).
In this study, a reliable method for preparing
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metaphase chromosomes from U. linza is described.
The chromosomes are suitable for karyotype analysis
and gene mapping by ﬂuorescence in-situ
hybridization (FISH). The objective of this study was
to investigate the karyotype of this species. A
karyotype analysis is a key step towards stock
improvement
by
polyploidy
manipulation,
hybridization, and related genetic engineering. This
paper provides detailed information about the
chromosome number and karyotype of U. linza.

2 MATERIAL AND METHOD
2.1 Specimen collection
The U. linza in this study was originally collected
from Pyropia aquaculture rafts in the intertidal zone
of the Jiangsu coast, China on April 8, 2018. Live
samples were brought back to the laboratory and the
periphyton and surface impurities were removed
using sterilized seawater and a soft brush. The identity
of the collected samples was conﬁrmed using
molecular methods (Wang et al., 2018). Then the
identiﬁed strains were kept as unialgal cultures in an
incubator at 20 °C, under 20–30 μmol/(m2·s) light,
and with a light꞉dark regime=12 h꞉12 h. Their life
histories were determined from the size, phototactic
response, and the zooid ﬂagella number of at least two
successive generations (Cui et al., 2018). Flagella
numbers and the phototactic response of zoids were
observed using the method suggested by Hiraoka et
al. (2003). This method identiﬁed the sporophytes and
gametophytes of U. linza, which were then used in the
chromosome analysis.
2.2 Chromosome preparation of Ulva linza
Known U. linza sporophyte and gametophyte
generations were selected and used in the chromosome
analysis. Fresh sporophyte and gametophyte tissues
were separately treated with 0.1% colchicine. Diﬀerent
processing times were used (4, 8, 12, 16, or 20 h) so
that the best processing time could be determined.
Then the samples were washed three or four times in
deionized water. The samples were ﬁxed in freshly
prepared Cannoy’s ﬁxative solution (100%
ethanol꞉acetic acid, 3꞉1, v/v) for 24 h (Schweizer,
1976; Liu et al., 2012a, b), which ﬁxed the algal cells
at the metaphase stage of the cell cycle. They were
then washed in distilled water three times. The ﬁxed
gametophytic or sporophytic tissues were digested by
gently stirring them in an enzyme mixture (cellulose,
pectinase, and macerozyme R-10, 2꞉1꞉1, v/v) for
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4–24 h at 37 °C. Diﬀerent enzymatic hydrolysis times
were used (4, 8, 12, 16, 18, 20, or 24 h) so that the
optimum time for enzymatic hydrolysis could be
determined. Finally, enzymatic hydrolysis was
terminated by adding 70% ethanol. Then the samples
were washed three times in distilled water and
centrifuged at 12 000 r/min for 3 min to remove the
supernatant. The pellets were re-suspended in 60 μL
acetic acid and the cell suspensions were dropped onto
slides (6–10 μL per slides). Then they were stored in a
humid chamber. The chromosomes were counterstained
with 15-μL DAPI (Lin et al., 1977; Yabu, 1991; Liu et
al., 2012a), and the slides were stored in the dark for
10 min before microscopic analysis. The slides were
screened under a phase contrast microscope for
chromosomes that had reached the mitotic metaphase
stage. The images were captured with a Leica
DM4000B digital camera using the LAS V4 controller
program and the chromosomes were measured using
Image-Pro Plus software. The karyotypic patterns of
the gametophytes and sporophytes, which were based
on the size of chromosomes, were edited using Adobe
Photoshop software. Color contrast and brightness
uniformity were also analyzed using this software (Liu
et al., 2012a).

3 RESULT AND DISCUSSION
3.1 Species veriﬁcation of Ulva linza
The transverse section of the U. linza type had a
special structure that contained two layers of cells that
were separated at the margin, but had adhered together
in the middle (Fig.1). The thalli of most Ulva
macroalgae change their morphology in response to
diﬀerent environmental conditions (Tan et al., 1999;
Zhang et al., 2015). Six algal samples were identiﬁed
as most likely belonging to U. linza, based on
morphology, ITS, and the 5S sequence. The yellowgreen or dark green thallus has long linear to lanceolate
or obovate bands with mostly wavy edges. It grows
into long, narrow, ruﬄed blades that are two cell
layers thick and up to 10–50-cm tall. The cells are
10–15 μm in diameter. Additionally, each cell
contained one pyrenoid, but could occasionally
contain 2–3 pyrenoids. The six samples had the
highest sequence similarity with U. linza
(AB298685.1, HM031140.1), and 100% 5S sequence
identity. This information, when combined with its
morphological characteristics, conﬁrmed that the
samples were U. linza. The six U. linza thalli were
also conﬁrmed as having a typical sexual life history,
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Fig.1 Morphological characteristics of U. linza
a. U. linza thalli; b. surface view; c. transverse section.
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Fig.2 Eﬀect of diﬀerent colchicine pretreatment times on chromosome preparation
a–c. immersion for 6, 12, and 18 h.

which was isomorphic with biﬂagellate anisogametes
and quadriﬂagellate meiospores. Four thalli were
sporophytes and two were gametophytes.
3.2 Eﬀects of various colchicine treatment times on
chromosome preparation
Numerous early botanists/cytogeneticists, who
attempted to reﬁne karyological techniques,
demonstrated that colchicine was a mitotic inhibitor
that could be applied as a pretreatment to shorten
plant chromosomes and thus allow superior
visualization of the somatic chromosomes prior to
staining (Burrell, 1939; Nichols, 1941; Kindiger,
1994). However, the colchicine treatment time has a
considerable impact on chromosome preparation.

The results indicated that if the colchicine treatment
time was insuﬃcient (6 h) (Fig.2a), then chromosomes
were still in the chromatin state and it was diﬃcult to
clearly distinguish individual chromosomes. If the
treatment time was too long (18 h) (Fig.2c), then the
chromosomes could become too short or tiny round
dots, which meant that it was also diﬃcult to see any
chromosome diﬀerences. However, there were more
metaphase cells if the colchicine treatment time was
about 12 h (Fig.2b). Furthermore, the chromosomes
were well distributed, and the morphology was clear.
Pretreatment with colchicine can destroy and
inhibit the formation of microtubules in the spindle,
which increases the number of cells at the metaphase
stage. It also induces the chromatin superhelix to
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Fig.3 Eﬀects of diﬀerent enzymatic hydrolysis times on chromosome preparation
a–c. immersion in enzyme solution for 4, 18, and 24 h.

become chromosomes, which improves chromosome
distribution (Oliveira et al.,1980; Peterﬁ and Manton,
1986). The extent of the colchicine pretreatment
inﬂuence on cells was evaluated by determining the
number of metaphase cells using microscopy. This
can then be used to detect the eﬀects of the pretreatment
after various treatment times. Many researchers have
pretreated cells with colchicine to improve
chromosome
distribution
and
morphology
(Namboodiri et al., 1973; Liu et al., 2012a). However,
numerous studies have shown that it is necessary to
determine the optimum colchicine concentration and
pretreatment time for chromosome preparation
because it varies depending on the plant (Oliveira et
al., 1980; Peterﬁ and Manton 1986). In this study, the
experiments were repeated more than 85 times, and
the results showed that 0.1% colchicine and a 12-h
treatment time led to relatively clear chromosomes in
Ulva metaphase cells.
3.3 Eﬀects of diﬀerent enzymatic hydrolysis times
on chromosome preparation
The dissociation ﬂuid from the diﬀerent plant
materials was pretreated for various lengths of time
so that the chromosomes could be isolated from
single cells (Zhao et al., 2008; Chamani et al., 2012).
In this study, a mixture of enzymes was used to obtain
the Ulva chromosomes. The enzyme mixture digests
the cell walls, and the protoplasts of the meristem
cells are separated by enzymatic hydrolysis and
tablet pressing. This means that there is little or no
cytoplasm around the chromosome, the background
is clean, and the chromosomes are well dispersed
(Oliveira et al., 1980; Berends et al., 2015). It is
important to select the correct enzyme for cell
hydrolysis. Cellulase, pectinase, and segregation
enzymes are widely used in chromosome preparation.

The cellulase acts as a biocatalyst in the decomposition
of cellulose and can digest cellulose into
oligosaccharides or monosaccharides. Pectinase is
extracted from Rhizopus. It can break down pectin
and separate the cells from the tissue. The main
function of macerozyme R-10 is to separate cells
from the tissues into single cells (Teasdale and Rugini
1983; Dipakkore et al., 2005; Raikar et al., 2008).
The degree of enzymatic hydrolysis directly aﬀects
the quality of the chromosomes. In this study,
cellulase, pectinase, and segregation enzymes were
used to obtain high-quality chromosomes. The
enzymolysis results were clearly inﬂuenced by
treatment time (Fig.3). The results show that if the
enzyme digestion time was 4 h (Fig.3a), the cell wall
was not completely removed, the intracellular
substances were not totally digested, and cell
dispersion was uneven, which meant that the
morphology of the chromosome was hard to discern.
When the enzymatic hydrolysis time was 24 h
(Fig.3c), the chromosomes were too degraded and it
was diﬃcult to determine the morphology of the
chromosomes. The results show that enzymolysis for
20 h (Fig.3b) eﬀectively removed the cell wall, cell
membrane, and polysaccharides; the cells were evenly
dispersed; and the chromosomes were clearly
punctured or rod-like.
3.4 Eﬀects of applying droplets from diﬀerent
heights on chromosome preparation
In this study, high quality chromosomes were
obtained by dropping prepared suspended
chromosomes onto clean glass slides. Dropping
suspended chromosomes onto a slide broke down the
enzyme lysed extracellular envelope and the nuclear
membrane, which led to well dispersed chromosomes
(Liu et al., 2012a, b). The results showed that at a
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Fig.4 Eﬀects of diﬀerent drop heights on chromosome preparation
a–c. samples dropped from heights of 10, 30, and 50 cm.
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Fig.5 Chromosome images of the gametophytes, and analysis of the sporophytes karyotypes of U. linza
a & d. female gametophyte; b & e. male gametophyte; c & f. the sporophytes.

height of about 10 cm (Fig.4a), the chromosome
background was blurred and the cells had not
dispersed well, which meant it was diﬃcult to
distinguish individual chromosomes. When the drop
height was about 30 cm (Fig.4b), the cells were well
dispersed and the chromosomes could be easily
observed. However, when the height was greater than
50 cm (Fig.4c), the cells and chromosomes were
excessively dispersed, which made it diﬃcult to
distinguish the cell chromosomes.
3.5 Preliminary analysis of the Ulva linza karyotype
Chromosomes are the carriers of genetic material
in biological organisms (Wang and Yu, 2016).
Chromosome preparation is a basic technique in
cytogenetic studies. In this study, we describe a basic
protocol for U. linza metaphase chromosome
preparation. A clear division phase for the U. linza
chromosome was obtained by continuous optimization
of the U. linza chromosome preparation method. The
chromosomes were dispersed evenly and their

morphology was clear (Fig.5). A total of 100 female
and male gametophytes, and sporophyte cells were
selected and used to determine the number of
chromosomes in U. linza. The chromosome number
of 89% of the female and male gametophyte cells was
n=9 (Fig.5a & b), and the sporophyte was 2n=18 in
more than 85% of the cells (Fig.5c). The karyotype
index of the chromosome was based on the absolute
length of the chromosomes from large to small
(Fig.5d, e & f).
The average absolute length (Table 1) of the
chromosomes shown in the 20 images taken from the
female slides was 0.804 μm to 2.292 μm, whereas the
male length ranged from 0.917 μm to 2.916 μm. The
size of the male chromosomes was larger than the
corresponding females, but there was no signiﬁcant
diﬀerence between their relative lengths, both of
which approximately represented 6% to 22% of the
total chromosome length (Table 1). The gametophytes
and sporophytes in a karyogram can be ranked
according to their sizes (Fig.5a, b & c).
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Table 1 Karyotype index for U. linza
Number of
chromosome*

Length of chromosomes from the female gametophytes
(means±SD, n=20)

Length of chromosomes from the male gametophytes
(means±SD, n=20)

Absolute (μm)

Relative (% of total ones)

Absolute (μm)

Relative (% of total ones)

1

2.292±0.131

17.67

2.916±0.126

22.01

2

1.767±0.122

13.62

1.725±0.074

13.02

3

1.574±0.038

12.13

1.583±0.025

11.95

4

1.496±0.137

11.53

1.485±0.086

11.21

5

1.417±0.126

10.92

1.250±0.101

9.44

6

1.167±0.097

12.46

1.213±0.185

9.16

7

1.033±0.079

7.96

1.141±0.097

8.61

8

0.974±0.064

7.51

1.017±0.084

7.68

9

0.804±0.157

6.20

0.917±0.085

6.92

*: according to the decreasing size only.

4 CONCLUSION
Chromosome number and size is an important
basis for species identiﬁcation and genetic
relationships. U. linza is the dominant species in
green tides, but there have been few studies on its
chromosomes. In this study, a reliable method for
preparing metaphase chromosomes from U. linza is
described. The karyotypes and chromosomes in
U. linza were observed after a series of treatments,
including pretreatment with 0.1% colchicine for about
12 h, Carnoy’s ﬁxative, and a mixture of enzymes.
The samples were then dropped from 30 cm height
onto glass slides to spread the surface coat. The
prepared chromosomes were stained with
4′,6-diamidino-2-phenylindole (DAPI), and the
results showed that there were n=9 chromosomes in
the haploid male and female gametophytes, and
2n=18 chromosomes in the diploid sporophytes. The
results from this study provide a good technical
foundation for karyotype analysis and gene mapping
using molecular markers.

5 DATA AVAILABILITY STATEMENT
The datasets generated and/or analyzed during the
current study are available from the corresponding
author on reasonable request.
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