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Abstract The development process and morphology of
the microspores in Chinese kale and false pakchoi were
observed by using the whole stain-clearing technique. The
results showed that the morphological characteristics of
microspores were not only extremely similar, but were also
in their development processes. The microspores at tetrad
stage showed an arrangement of tetrahedral type, and after
being released and passing through two mitoses, they
developed gradually to form rotundly-shaped mature
pollen grains containing three nuclei, one bigger aliment-
ation nucleus and two smaller similar-sized generative
nuclei. Determination of bud sizes at four typical micro-
spore developmental stages revealed that the bud size had a
stable heredity at each development stage of the micro-
spores. The ratio of the bud length at the late uninucleate
stage to the largest bud length differed little between
Chinese kale and false pakchoi, ranging from 0.37 to 0.45
with an average of 0.41, though there was significant
difference among their cultivars. It was concluded that the
length of buds at late uninucleate stage can be estimated for
undetermined cultivars of these two Brassica crops by
multiplying the largest bud length with the following
coefficient or regression equation: Y = 0.3898X + 0.1503,
where X is the length of the largest bud.

Keywords Chinese kale, false pakchoi, microspore, late
uninucleate stage

1 Introduction

Chinese kale (Brassica alboglabra Bailey) and false
pakchoi (Brassica campestris L. ssp. chinensis var. utilis

Tsen et Lee), leafy vegetable crops, are native to Guang-
dong Province, China, and they play a quite important role
in the year-round vegetable supply in the area. Over the
past decades, however, the progress in the breeding of
these two Brassica crops has been relatively slow due to
their poor genetic backgrounds and less viable breeding
approach (Zhang, 1997; Li et al., 2006). In recent years, the
technique of isolated microspore culture has been widely
applied in innovation of germplasm and in shortening
breeding periods for many crops, therefore more attention
has also been given to these two vegetable crops (Li et al.,
1993; Cao et al., 1995; Zhu et al., 2003). Among the
factors affecting microspore embryogenesis besides geno-
type, the developmental stage of the microspore has been
considered as one of the determinants in successfully
obtaining the pollen plants (Sato et al., 1989; Cao et al.,
1993; Zhao et al., 2007b). Up to this date, however, no
detailed report has been found on microspore development
in either Chinese kale or false pakchoi. The objectives of
this study were to observe the microspore development
process and then perform analysis of size relationship
between the buds at late uninucleate stage and the largest
buds so as to provide a basis for establishing more efficient
microspore culture systems for the crops.

2 Materials and methods

2.1 Materials

Five Chinese kale cultivars, Cuibao, Lubao, Yuanyezhon-
ghua, Cuiroudaxinjie and Cuitian No. 35, and seven false
pakchoi cultivars, Sijiyouqing, Guangfuqing, Bilu, Hua-
luzaoshuyouqing, Hualuzhongshuyouqing, Youxuan No.1
and Sijiu, were used in this study. Their seeds were sown in
nursery seedling plates (84 cells: h � φ = 7 cm � 3 cm)
filled with a mixed medium of paddy soil and spent
mushroom composts (3∶1, volume/volume, hereinafter the
“v/v”) on September 21, 2007. The 28-day-old seedlings
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were transplanted into a green house in the Baiyun
Experimental Base of Guangdong Academy of Agricul-
tural Sciences, China. During the bolting or flowering
stage, the flower buds were sampled and their microspore
development status and bud sizes were observed and
measured as described below.

2.2 Methods

2.2.1 Staining and observation of microspore

Cuibao and Sijiyouqing, as the respective representatives
for Chinese kale and false pakchoi, were used for
cytological observation. Microspores at different develop-
mental stages were stained and optically cleared by
using the whole stain-clearing technique with some
modifications (Stelly et al., 1984; Zhang et al., 2007).
The main inflorescences were taken to the laboratory and
fixed in Carnoy’s solution (ethanol∶acetic acid = 3∶1, v/v)
for 48 h, and then all sepals and petals of each bud were
removed, with all intact anthers put into weighing bottles
(5 mL) according to their bud sizes. After being soaked in
solutions of 50% and 25% ethanol and distilled water
consecutively for 0.5 h each time, the anthers were dipped
in 10 times-diluted Ehrlich’s hematoxylin staining solution
for 24 h and washed 4–5 times with distilled water and 3
times with tap water, with the last dipping done for 8–12 h
till tissues were made full blue. All the blued tissues were
then dehydrated in anhydrous ethanol for 2 h and passed,
respectively, through three changes of 1∶1 anhydrous
ethanol and wintergreen oil (v/v), and wintergreen oil, in
which the tissues were cleared for more than 24 h at the last
pass. Afterwards, microspores were extruded on glass
slides and observed under a light microscope (Olympus
BH22) at 15�20 times of amplification and photographed.

2.2.2 Determination of bud size at various microspore
development stages

Because the two mitoses in the microspores were relatively
difficult to distinguish, as a substitute, we determined the
bud size in the two crops of Chinese kale (Chuibao and
Lubao) and false pakchoi (Sijiyouqing and Hualu-
zaoshuyouqing) at the four typical microspore develop-
mental stages of tetrad, mid uninucleate, late uninucleate,
and binucleate stages. Since the development status of
microspores in a given bud was somewhat unsynchro-
nized, the length of buds seen in over 80% of the
microspores that developed into the same stage was
considered as the judging standard for bud sizes at that
stage, as observed on four individual inflorescences in each
cultivar. Microspore staining was performed as described
above.

2.2.3 Size relationship between the bud at late uninucleate
stage and the largest bud

In our experiment, microspores were dyed using the rapid
staining method with acetic acid magenta as described by
Hong (2007). To define the size relationship between the
bud at the late uninucleate stage and the largest bud, the
length of the bud at this stage and the largest bud for each
cultivar was measured randomly from the inflorescences
that blossomed out 0–15 buds. Their ratios were then
calculated and assessed by analysis of variance (ANOVA)
using the Statistical Analysis System (SAS) software.

3 Results

3.1 Development of microspores

Results in Fig. 1 showed that the development process and
morphology of microspores were extremely similar
between Chinese kale and false pakchoi. In tetrad phase,
the microspore cells were encapsulated by callose walls
and arranged almost tetrahedrally. The microspores
released from the tetrads were irregular and soon became
subround, with less evident nuclei and cell walls (Fig. 1 A,
J and K). With development, microspores entered the mid
uninucleate stage, showing a typical trilobation shape with
thickened walls (Fig. 1 B, C and L). During this stage,

Fig. 1 Microspore developments of Chinese kale and false
pakchoi
Note: A–I stand for Cuibao, a Chinese kale cultivar, and J–Q for
Sijiyouqing, a false pakchoi cultivar; A, J and K are tetrads; B, C
and L are at mid uninucleate stage; D and M are at late uninucleate
stage; E and N are in uninucleate mitosis; F and O are at binucleate
stage; G and P are in generative nucleus division; H and Q are
trinucleate mature pollens; I is the abortivemicrospore; Bar = 5 μm.
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abortive microspores without inclusion were observed at
times (Fig. 1 I). With further development and until the late
uninucleate stage, the number of vacuoles in the cytoplasm
increased and became more obvious, and the nuclei
moved, with some coming up close to the edge of the
cells (Fig. 1 D and M). Afterwards, microspores continued
expanding, the cytoplasm became denser, and trilobation
disappeared progressively; subsequently, this was fol-
lowed by one mitotic division which produced one bigger
alimentation nucleus and one smaller generative one
(Fig. 1 E, F, N and O). Then, as cells further enlarged, the
microspores that developed more round and generative
nuclei near the cell walls underwent the second mitosis
(Fig. 1 G and P), producing two same-sized sperm nuclei.
Finally, round-shaped mature pollen grains were formed
with 3 nuclei and dense plasma, except that Chinese kale
had less big ones than did false pakchoi (Fig. 1 H and Q).

3.2 Difference and stability of bud size at different
microspore development stages

The length of the largest bud at the four typical microspore
development stages is shown in Table 1. It is obvious that
the length of the largest bud remained unchanged during
the early flowering period, and averaged 9.35 cm and
7.56 cm for the two Chinese kale cultivars of Cuibao and
Lubao, and 4.56 cm and 4.06 cm for the two false pakchoi
cultivars of Sijiyouqing and Guangfuqing, respectively,
showing a considerable difference between these two crops
and these cultivars. Additionally, the length of the buds at
the four typical microspore developmental stages showed
no variance during the early flowering period, but had a
marked difference between species or cultivars. These
results suggested that the size of the largest buds was
dependent on crop species and cultivars at different

development stages, and these parameters had good
genetic stability during flowering.

3.3 Size relationship between buds at late uninucleate stage
and the largest bud

Correlation analysis of twelve cultivars of five Chinese
kale and seven false pakchoi plants indicated that the bud
length at the late uninucleate stage was positively
correlated with that of the largest bud (Fig. 2). The
regression equation, Y = 0.3898X + 0.1503, was developed
with a correlation coefficient of r = 0.9774** (P≤0.01).
Figure 3 shows the ratios between bud length at late

uninucleate stage and the largest buds in the twelve
cultivars. The statistical analysis indicated that there was
no significant difference in the ratios between Chinese kale
and false pakchoi (P≤0.05), with average values of 0.41

Table 1 Size of the largest buds and buds at four typical microspore development stages

species cultivar blooming bud
number

bud length/mm

the largest bud
(trinucleate)

binucleate late uninucleate mid uninucleate tetrad

Chinese kale Cuibao 1 9.30 ± 0.24 6.58 ± 0.10 3.43 ± 0.43 2.70 ± 0.18 1.94 ± 0.11

5 9.35 ± 0.24 6.50 ± 0.16 3.50 ± 0.41 2.73 ± 0.17 1.93 ± 0.10

15 9.38 ± 0.25 6.65 ± 0.17 3.50 ± 0.41 2.78 ± 0.21 1.90 ± 0.08

Lubao 1 7.63 ± 0.48 5.33 ± 0.25 3.38 ± 0.35 2.30 ± 0.14 1.43 ± 0.10

5 7.55 ± 0.35 5.38 ± 0.17 3.28 ± 0.15 2.38 ± 0.13 1.48 ± 0.13

15 7.50 ± 0.25 5.35 ± 0.21 3.28 ± 0.38 2.33 ± 0.24 1.50 ± 0.08

false pakchoi Sijiyouqing 1 4.60 ± 0.24 2.98 ± 0.33 1.98 ± 0.13 1.35 ± 0.13 0.68 ± 0.10

5 4.43 ± 0.30 2.90 ± 0.27 1.98 ± 0.17 1.38 ± 0.26 0.73 ± 0.17

15 4.73 ± 0.22 2.95 ± 0.13 2.03 ± 0.13 1.40 ± 0.18 0.70 ± 0.18

Guangfuqing 1 4.05 ± 0.21 2.38 ± 0.26 1.58 ± 0.22 1.00 ± 0.16 0.50 ± 0.08

5 4.05 ± 0.10 2.58 ± 0.10 1.50 ± 0.08 0.95 ± 0.13 0.50 ± 0.08

15 4.08 ± 0.10 2.60 ± 0.08 1.58 ± 0.10 0.98 ± 0.13 0.53 ± 0.10

Note: Data are mean ± SE, n = 4.

Fig. 2 Correlation between bud length at late uninucleate stage
and the largest bud length
Note: ** means significantly correlated at P≤0.01.
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and 0.42, respectively, but a significant difference existed
among their cultivars. The ratios of these twelve genotypes
tested ranged from 0.37–0.47, with an average of 0.41, and
a low variance of 7.05%.

4 Discussion

Although Chinese kale and false pakchoi differed greatly
in the characteristics of vegetative organs such as stem
diameter, leaf type and color as well as bud size etc., their
development processes and microspore morphologies were
extremely similar. In these two crops, the tetrads were
irregularly shaped, and showed the tetrahedral arrange-
ment in most cases. After being released, accompanied by
cell wall thickening, the microspores underwent two
mitoses and developed gradually into rotundly-shaped
mature pollen grains, which is similar to that of some other
cruciferae crops (Zhao et al., 2007a; Zhang et al., 2007).
Inflorescences of Chinese kale and false pakchoi are

racemes, and their flowering habits are characterized by
blossoming progressively in order from the base to the top.
According to our observations, the largest buds of these
plants would blossom the next day in normal cases, and
they contain almost 100% of mature pollen grains and
hence could be considered as a representative of the
trinucleate stage. In the present study, the size of the largest
buds had significant differences between Chinese kale and
false pakchoi or among their cultivars, but for the buds at
four typical microspore development stages, there
appeared no variation during the early period of flowering,
indicating an inheritance stability. Therefore, those buds

suitable to microspore culture in Chinese kale and false
pakchoi can be selected without care for flowering at their
early blossoming stages.
In many cruciferae crops, it has been well documented

that a higher frequency of embryogenesis can be obtained
from late uninucleate microspores (Kott et al., 1988; Sato
et al., 1989; Hansen and Svinnset, 1993; Cao et al., 1995;
Chen et al., 1995; Prem et al., 2005). It has been reported
that bud length (Thurling and Chay, 1984; Hansen and
Svinnset, 1993), anther length and color (Li et al., 2003)
and ratio of petal length to anther length (Sato et al., 1989;
Zhao et al., 2007b) could be used as the indexes to judge
the microspore development stage. Our results, using five
and seven cultivars of Chinese kale and false pakchoi
respectively, indicated that the size of buds at late
uninucleate stage was positively correlated with that of
the largest buds, and the regression equation had a high
correlation coefficient of 0.9774. As to the ratio of the bud
length at late uninucleate stage to the largest bud length,
although there was a significant difference among the
cultivars tested, variance was at a relatively narrow range,
from 0.37 to 0.45, with an average of 0.41, and the
variation coefficient was low, at 7.04%. According to our
findings, it seems possible that the size of buds at late
uninucleate stage can be calculated directly for an
undetermined cultivar by the largest buds. To validate if
so, we speculated for several other Brassica crops such as
broccoli (Brassica oleracea var. italica Planch) and rape
(Brassica napus L.) on the sizes of the late uninucleate
stage by this value or the regression equation, and the
results revealed that all the expected buds contained at least
75% of the microspores at the late uninucleate stage (data
not shown). Thus, these parameters are probably common
or have little difference in Brassica crops, but will need
further studies.
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