
INTRODUCTION

The development of seed coat patterns is success-
fully employed in the identification and classifica-
tion of taxa, and in establishing phylogenetic and
evolutionary relationships (Koul et al., 2000; Zeng
et al., 2004; Karcz et al., 2005). The seed coat or
testa is the interface between the embryo and its
exterior environment, and it has many important
functions (van Dongen et al., 2003). A large body of
literature describes the anatomy of mature seed
coats in Brassica species (Mulligan and Bailey,
1976; Iwanowska et al., 1994; Ren and Bewley,
1998). The developing seed coats of the family
Cruciferae have also been studied (Harris, 1991;
van Caseele et al., 1982; Beeckman et al., 2000;
Western et al., 2000; Windsor et al., 2000).
However, up to now there has been very little liter-
ature that takes a phylogenetic approach to the
comparative developmental anatomy of seed coat

to explore the evolutionary relationships between
polyploids and their putative parents.

Polyploidy is an important evolutionary process
in plants (Liu and Wendel, 2003). Angiosperms, and
even nearly all organisms, are polyploids to some
extent; many aspects of research on polyploids have
been reported (for review see: Soltis, 2005; Pires et
al., 2004). It is well known that the developmental
traits of polyploids are the product of gene expres-
sion and regulation. Therefore the comparative
developmental morphology of a trait that exhibits
great diversity on both evolutionary and human time
scales is an important area for study (Richardson et
al., 1999; Applequist et al., 2001). Brassica species
not only have great economic significance in agricul-
ture (Kumar, 1995) but also are regarded as the per-
fect material for studying evolutionary relationships
because of their abundant amphidiploids and par-
ent diploids (Schranz and Osborn, 2004). Based on
interspecific hybridization and cytogenetic evidence,
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U (1935) proposed interrelationships among six
Brassica species, a scheme known as the U triangle.
There are three amphidiploids, Brassica napus, 
B. carinata, and B. juncea, and their putative
diploid relatives, B. rapa, B. nigra and B. oleracea
(Warwick et al., 1993). Most seed coats of Brassica
are derived from the outer and inner integuments of
the ovule, composed of an epidermis layer which
sometimes is mucilaginous, a palisade layer, several
layers of crushed parenchyma cells and a single
layer of aleurone cells (Bouman, 1975; Corner,
1976; van Caseele et al., 1982), Although there is a
large body of literature describing seed coat sur-
face features in Brassica, little has been known
about the change of patterns in the three other lay-
ers of seed coat during all of seed development, and
there are few studies on the relationships between
amphidiploid and their putative diploid Brassica
relatives in terms of evolutionary developmental
biology. The present study aimed (i) to analyze the
changes of seed coat structure during all its devel-
opmental stages in diploid and amphidiploid
Brassica species, and (ii) to address the evolution-
ary implications of the anatomy of the developing
seed coat in amphidiploid Brassica species.

MATERIALS AND METHODS

PLANT MATERIAL

A list of species along with the accessions investigat-
ed is given in Table 1. Seeds of these accessions
were selected and planted in the field at Wuhan

University. The accessions of B. oleracea and 
B. napus were planted in the last decade of
September 2003, and the others in the last decade
of October 2003. They all began to flower at the end
of March 2004. During flowering stages, nylon net-
ting was used to cover the plants of each accession
in order to isolate them from each other and prevent
pollen transfer between accessions. 

Flowers were tagged on the days of full anthesis;
each accession had a hundred flowers tagged at the
same time. Seed production was ensured by hand-
pollination. Immature seeds were collected at 5, 10,
20 and 30 days after pollination (DAP), and mature
seeds were also examined. 

METHODS

Seeds for light microscopy were fixed in 2.5% glu-
taraldehyde buffered with 0.1 mol l-1 phosphate
buffer (pH 7.2) for 3 h at room temperature and then
fixed in 1% osmium tetroxide for 2 h. The material
was dehydrated in an acetone series. The acetone
was gradually replaced with Spurr's resin and the
samples were embedded in rubber pans and poly-
merized at 70°C for 16 h. Thick sections (1–2 μm)
were prepared with an MT-X microtome using glass
knives. Sections were stained with 0.5% toluidine
blue solution and photographed through a Leica
Dmirb microscope with a Digital 60675-DEI–750
camera. For uniformity, the areas of mid-seed at the
adaxial side according to the established seed coat
designations (Sumner and van Caseele, 1987; Ren
and Bewley, 1998) were studied, a minimum of five
seeds from each accession. 
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TABLE 1. List of Brassica accessions studied for seed coat anatomy

*B. oleracea 930 was supplied by the Vegetable Institute of Wuhan (VIW), China, B. oleracea 6111 was supplied by Wuhan University
(WU), China, and the other accessions were supplied by the Institute of Oil Crop Research, Chinese Academy of Agricultural Sciences
(IOCR, CAAS). The accession numbers mentioned are the same as used by the suppliers.



RESULTS

DEVELOPMENT OF EACH SEED COAT CELL LAYER 
IN DIPLOID BRASSICA SPECIES

In this paper, the terminology of Buth and Ara
(1981), Vaughan and Whitehouse (1971) was fol-
lowed, and some extra types were added to describe
the anatomical changes of each layer of seed coat
during the whole developmental process (Tab. 2).
Based on the seed coat sections, a total of five types
of epidermis layer were recognized: ellipse, flat-
tened, intestine-shaped-n, intestine-shaped-m, and
polygonal. The types of subepidermis layer could be
named giant size, flattened, polygonal, circular,
ellipse, and crushed. The palisade layer could be
separated into nine types: ladder-shaped, polygon-a,
polygon-b, polygon-c, U-shaped-a, U-shaped-b, U-
shaped-c, U-shaped-d, and threadlike (Figs. 1–5;
Tab. 3). 

There were six accessions of diploid Brassica
species in this study: three accessions of B. rapa,
one accession of B. nigra, and two accessions of 
B. oleracea. Seeds of all three accessions of 
B. rapa matured at 35 DAP. There were four types
of epidermis, two types of subepidermis and five
types of the palisade layer in this species. The
types of the epidermis layer in the three acces-
sions of B. rapa changed very similarly: ellipse at
5 DAP, polygonal at 10 DAP in B. rapa 0074 and
B. rapa 0113, but ellipse at 10 DAP in B. rapa
0265. Then the types changed to intestine-shaped-
n at 20 and 30 DAP, and finally to flattened at the
mature stage (Fig. 1a–e; Tab. 3). The development
of the subepidermis and palisade layer of seed
coat structure followed similar courses in the
three accessions of B. rapa; for example, the
subepidermis types were ellipse at 5, 10, 20, and
30 DAP, and flattened at the mature stage in all
three. The types of palisade layer were polygon-a
at 5 and 10 DAP, polygon-b at 20 DAP, polygon-c
at 30 DAP, and U-shaped-a at the mature stage in
this species (Fig. 1a–e; Tab. 3). 

The maturity time for B. oleracea seed was 40
DAP. Variation in the types of epidermis in the two
accessions of B. oleracea was almost the same: both
were ellipse at 5 DAP and 20 DAP, intestine-shaped-
n at 30 DAP and flattened at the mature stage; the
exceptions were that at 10 DAP the epidermis cell
type was ellipse for B. oleracea 930 and polygonal
for B. oleracea 6111 (Fig. 1f–j; Tab. 3). There was
no difference between the progressions of type of
subepidermis and palisade layer cells in the two
accessions of B. oleracea. For example, in the
subepidermis layer the cells of both accessions were
ellipse type at 5, 10, 20 and 30 DAP, and flattened
at the mature stage (Fig.1f–j, Tab. 3). The palisade
layer cell types in this species changed from poly-

gon-a at 5 and 10 DAP to ladder-shaped at 20 DAP,
polygon-b at 30 DAP and U-shaped-b at the mature
stage (Fig. 1f–j; Tab. 3). 
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TABLE 2. Terminology terms adopted to describe the
anatomical features of each testa layer during seed devel-
opment (modified from Buth and Ara, 1981; Vaughan and
Whitehouse, 1971)



Seeds of the wild diploid B. nigra matured at
30 DAP. Only four types appeared in the epider-
mis layer, two types in the subepidermis layer
and three types in the palisade layer during the
course of seed development: ellipse in epidermis
and subepidermis at 5 DAP; polygonal in epider-
mis and circular-shaped in subepidermis at 10
DAP; intestine-shaped-m in epidermis and giant
size in the subepidermis layer from 20 DAP to
mature stage; and in the palisade layer, polygon-a
at 5 and 10 DAP, polygon-b at 20 DAP, and
threadlike at 30 DAP and mature stage (Fig. 1k–o;
Tab. 3).

There was less difference between the acces-
sions of B. rapa or B. oleracea in the change of
subepidermis and palisade layer cell types during
the whole developmental process. Some interest-
ing types were observed during the development of
each layer of seed coat. The ellipse was the main
type in these diploids in the development of the
epidermis and subepidermis layer. The intestine-
shaped-n type was a very important one in B. rapa
at the middle and later stages, and the flattened
type at the mature stage in B. rapa and B. oler-
acea. The intestine-shaped-m type characterized
the epidermis layer in B. nigra for all of its later
development, and circular and giant size were
important types for its subepidermis layer. For the
palisade testa layer, polygon-c and U-shaped-a
were characteristic types during the development
of seed in B. rapa, whereas threadlike was the
special type in B. nigra, and ladder-shaped and U-
shaped-b in B. oleracea.

DEVELOPMENT OF EPIDERMIS AND SUBEPIDERMIS
IN AMPHIDIPLOID BRASSICA SPECIES

Seed coat development was studied in the nine
accessions of amphidiploid Brassica species: three
accessions of each amphidiploid Brassica species.
B. napus matured at 40 DAP, as did B. oleracea.
The seeds of B. juncea and B. carinata matured at
35 DAP; for B. juncea that was the same time as one
of its ancestral parents, and the maturity time of 
B. carinata was intermediate between its ancestral
parents, B. oleracea and B. nigra.

For B. napus, the epidermis cell type was
ellipse in accessions 2685 and 1256 but polygonal
in 1219 at 5 DAP; later, it was polygonal in acces-
sion 2685 but ellipse in 1256 and 1219 at 10 DAP.
They were all typified by ellipse at 20 DAP and flat-
tened at maturity, but varied markedly at 30 DAP:
polygonal in B. napus 2685, intestine-shaped-n in B.
napus 1256, and ellipse in B. napus 1219 (Fig.
2d,i,n). The type of subepidermis in the three acces-
sions of B. napus had the same developmental
process: ellipse shape at 5, 10, 20 and 30 DAP, and
distinctly crushed at the mature stage (Tab. 3).

For the three accessions of B. juncea, the types
of epidermis cells changed very similarly. They all
had ellipse patterns at 5 DAP and 10 DAP, and intes-
tine-shaped-n at 30 DAP. At 20 DAP, however, intes-
tine-shaped-n appeared in accessions 2194 and
2316, but the ellipse type in 0857. Similarly, at the
mature stage the type of epidermis in accessions
2194 and 2316 was ellipse, but intestine-shaped-n
type in B. juncea 0857 (Fig. 3e,j,o; Tab. 3). The
subepidermis layer changed similarly in the three
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TABLE 3. Overview of the variation of seed coat cell type in Brassica species at different DAP. E – epidermis; S – subepi-
dermis; Pal – palisade layer; El – ellipse; Po – polygonal; Poa – polygon-a; Pob – polygon-b; Poc – polygon-c; Ci – circu-
lar; Fl – flattened; Gi – giant size; Inn, Inm – intestine-shaped-n, intestine-shaped-m; Th – thread-shaped; La v ladder-
shaped; Cr – crushed; Usa – U-shaped-a; Usb – U-shaped-b; Usc – U-shaped-c; Usd – U-shaped-d
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Fig. 1. Transections of developing seed coat structure of diploid Brassica species. (a–e) B. rapa 0074. (a) At 5 DAP, 
(b) At 10 DAP, (c) At 20 DAP, (d) At 30 DAP, (e) At mature stage. (f–j) B. oleracea 930. (f) At 5 DAP, (g) At 10 DAP, 
(h) At 20 DAP, (i) At 30 DAP, (j) At mature stage. (k–o) B. nigra 3518. (k) At 5 DAP, (l) At 10 DAP, (m) At 20 DAP, (n,o)
At 30 DAP. E – epidermis; S – subepidermis; Pal – palisade layer; Par – parenchymatous layer; Pi – pigmented layer; 
Al – aleurone layer. Bars = 25 μm.
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Fig. 2. Transections of developing seed coat structure of B. napus. (a–e) B. napus 2685. (a) At 5 DAP, (b) At 10 DAP,
(c) At 20 DAP, (d) At 30 DAP, (e) At mature stage. (f–j) B. napus 1256. (f) At 5 DAP, (g) At 10 DAP, (h) At 20 DAP, (i) At
30 DAP, (j) At mature stage. (k–o) B. napus 1219. (k) At 5 DAP, (l) At 10 DAP, (m) At 20 DAP, (n) At 30 DAP, (o) At
mature stage. E – epidermis; S – subepidermis; Pal – palisade layer; Par – parenchymatous layer; Pi – pigmented layer;
Al – aleurone layer. Bars = 25 μm.
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Fig. 3. Transections of developing seed coat structure of B. juncea. (a–e) B. juncea 2194. (a) At 5 DAP, (b) At 10 DAP,
(c) At 20 DAP, (d) At 30 DAP, (e) At mature stage. (f–j) B. juncea 2316. (f) At 5 DAP, (g) At 10 DAP, (h) At 20 DAP, 
(i) At 30 DAP, (j) At mature stage. (k–o) B. juncea 0857. (k) At 5 DAP, (l) At 10 DAP, (m) At 20 DAP, (n) At 30 DAP, 
(o) At mature stage. E – epidermis; Em – embryo; S – subepidermis; Pal – palisade layer; Par – parenchymatous layer;
Pi – pigmented layer; Al – aleurone layer. Bars = 25 μm.
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Fig. 4. Transections of developing seed coat structure of B. carinata. (a–e) B. carinata 3529. (a) At 5 DAP, (b) At 10
DAP, (c) At 20 DAP, (d) At 30 DAP, (e) At mature stage. (f–j) B. carinata 3534. (f) At 5 DAP, (g) At 10 DAP, (h) At 20
DAP, (i) At 30 DAP, (j) At mature stage. (k–o) B. carinata 3524. (k) At 5 DAP, (l) At 10 DAP, (m) At 20 DAP, (n) At 30
DAP, (o) At mature stage. E – epidermis; S – subepidermis; Pal – palisade layer; Par – parenchymatous layer; Pi – pig-
mented layer; Al – aleurone layer. Bars = 25 μm.



accessions of B. juncea, such as ellipse at 5 and 10
DAP, giant size at 20 and 30 DAP, and completely
crushed at the mature stage (Tab 3). 

There were four types of epidermis layer cell in
the three accessions of B. carinata. The type was
ellipse at 5 DAP, and intestine-shaped-m at 30 DAP
and mature stage. There were differences in epider-
mis cell types between the three accessions of B. car-
inata at 10 and 20 DAP. At 10 DAP the ellipse type
appeared in B. carinata 3529, but polygonal in
accession 3534 and intestine-shaped-n in 3524 (Fig.
4b,g,l; Tab. 3). At 20 DAP, B. carinata 3529 showed
intestine-shaped-m cell type in the epidermis layer,
and accessions 3534 and 3524 showed intestine-
shaped-n. Two types of subepidermis layer were
observed in B. carinata during the course of devel-
opment: ellipse and giant. Here there were no differ-
ences between the three accessions of B. carinata.
They all had ellipse type at 5 and 10 DAP, and giant
size at 20 and 30 DAP and mature stage (Tab. 3). 

DEVELOPMENT OF PALISADE IN AMPHIDIPLOID
BRASSICA SPECIES

The palisade layer occurs next to the subepidermis
and is the most characteristic layer of the Brassica
seed coat. There was no difference between the three
B. napus accessions in early developmental stages
but distinct differences in the middle and later
stages. For B. napus 2685, four types of cell in the
palisade layer were observed: first the polygon-a
type at 5 and 10 DAP, followed by ladder-shaped,
polygon-c and U-shaped-c (Fig. 2a–e; Tab. 3). The
types of palisade layer cells in B. napus 1256 were
polygon-a type at 5 and 10 DAP, polygon-b at 20 and
30 DAP, and U-shaped-c at the mature stage (Fig.
2f–j; Tab. 3). B. napus 1219 was completely consis-
tent with B. rapa, one of its ancestral parents, with
changes from the polygon-a type to polygon-b, poly-
gon-c and U-shaped-a (Fig. 2k–o; Tab. 3). 

For B. juncea, the developmental types of pal-
isade layer cells in the three accessions were largely
similar in the early and middle stages: polygon-a at
10 DAP and polygon-b at 20 DAP, and polygon-a in
B. juncea 2194 and 0857, but ellipse in B. juncea
2316 at 5 DAP. The palisade layer cell types differed
markedly in later stages. For example, accession
2194 had the polygon-c type at 30 DAP and thread-
like at the mature stage, but 2316 and 0857 shared
polygon-b at 30 DAP and U-shaped-a at the mature
stage (Fig. 3d,e,i,j,n,o; Tab. 3). In B. carinata, all
three accessions had polygon-a at 10 DAP and poly-
gon-b at 30 DAP. (Fig. 4b,d,g,i,l,n). However, B. car-
inata 3529 and 3534 had polygon-a at 5 DAP and
polygon-b type at 20 DAP, but accession 3524 fea-
tured ellipse and ladder-shape types in the respec-
tive stages. The differences were conspicuous at the
mature stage: U-shaped-d type for accession 3529,

threadlike for 3534 and U-shaped-b for 3524 (Fig.
4e,j,o).

In summary, complicated changes in testa layer
cell types each appeared during seed development in
amphidiploid Brassica species. The ellipse type was
the main one in the epidermis and subepidermis
layer at early developmental stages, while intestine-
shaped-n, intestine-shaped-m and flattened types
played important roles in the epidermis at middle
and mature stages. The giant size and crushed types
were important ones in the subepidermis layer at
middle and mature stages. Furthermore, the three
accessions of each amphidiploid did not show dif-
ferences in variation of the palisade layer at early
developmental stages, but distinct changes appeared
at middle and later developmental stages.

DISCUSSION

COMPARISON OF EPIDERMIS AND SUBEPIDERMIS
LAYER DEVELOPMENT BETWEEN AMPHIDIPLOIDS

AND THEIR PUTATIVE PARENTS

Vaughan and Whitehouse (1971) remarked that the
testa is probably of the greatest value in determining
relationships among the Cruciferae, and distin-
guished fifteen basic types in mature epidermis
cells. In the present study, the changes of cell type in
the epidermis layer varied little between the three
amphidiploids at early developmental stages, but
there were obvious differences between them at mid-
dle and later developmental stages. At 30 DAP, for
example, the polygonal type appeared in B. napus
2685, and intestine-shaped-n in B. napus 1256, but
ellipse type in B. napus 1219. Intestine-shaped-n
appeared in B. juncea and intestine-shaped-m in 
B. carinata at that same stage. Intestine-shaped-m
appeared in B. carinata at middle and later devel-
opmental stages, but not in the other two
amphidiploid Brassica species. Among the diploids,
therefore, the intestine-shaped-m type characteristic
of the epidermis layer in B. nigra at those stages
should draw special attention.

Mucilage is commonly found in the epidermal
cell layer of Cruciferae during seed maturation
(Buth et al., 1987; Vaughan and Whitehouse 1971;
Windsor et al., 2000; Western et al., 2000), forming
a gel-like capsule surrounding the seed upon imbi-
bition (Western et al., 2001). Some Brassica species
such as B. campestris (van Caseele et al., 1981), 
B. nigra (Bouman, 1975) and B. juncea (Setia and
Richa, 1989) were reported to produce epidermal
mucilage, but there are conflicting findings. Vaughan
and Whitehouse (1971) reported that B. campestris,
B. juncea (Indian and European materials), B. oler-
acea and B. napus did not produce mucilage. Our
results were completely consistent with the observa-
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tions of Vaughan and Whitehouse (1971). Of the
three diploid Brassica, only B. nigra had a
mucilaginous epidermal cell layer; the intestine-
shaped-m type of epidermis cell was observed only
in B. nigra but not in the other two diploids. The
three accessions of B. carinata also produced
mucilage at middle and later developmental stages.
Apparently this amphidiploid inherited the charac-
teristic of one of its putative parents, B. nigra.

In a study of seed coat anatomy of mature seed,
Buth and Ara (1981) found the subepidermis layer
cells of B. napus to be crushed, and flattened in 
B. juncea. Our observations were consistent with
that result for B. napus, but not for B. juncea;
Vaughan and Whitehouse (1971) also found crushed
type for that species. There was little difference in
the types of subepidermis layer among these
amphidiploids at early developmental stages. For
example, all amphidiploid accessions had the ellipse
type of cell shape at 5 and 10 DAP, like five of the six
diploids at those stages. However, distinct differ-
ences appeared at the middle and later stages: 
B. napus had the same type as that of B. rapa and
B. oleracea at 20 and 30 DAP, but B. juncea and 
B. carinata had giant size type at 20 and 30 DAP,
like that of B. nigra, one of their putative parents. B.
napus accessions had their own particular type at
the mature stage which did not appear in their cor-
responding parental ancestors at the same stage,
but B. carinata shared the giant size type with B.
nigra at the mature stage. 

Although there was some information implying
the relationship between amphidiploids and their
putative diploids, such as B. carinata and B. nigra
having the characteristic of producing mucilage (or
intestine-shaped-m type in the epidermis layer), and
B. carinata and B. juncea sharing the same type of
subepidermis with B. nigra, one of their putative
ancestors, at 20 and 30 DAP, the type of epidermis
and subepidermis layer probably changed in the
accessions (such as in the conflicting reports above).
Thus, in this study it was difficult to determine the
relationships between amphidiploids and their
ancestors based on the variation of types of epider-
mis and subepidermis cell layers.

EVOLUTIONARY IMPLICATIONS OF THE PALISADE
LAYER IN AMPHIDIPLOIDS

The type of epidermis and subepidermis testa layer
had no significance for the phylogenetic and evolu-
tionary relationships in Brassica. The palisade
layer, on the other hand, is the prominent cell layer
of the mature seed coat (Rahman et al., 2001), and
its variations have often been utilized in taxonomic
studies (Vaughan and Whitehouse, 1971). Some
characteristics of this layer at the mature stage, such
as cell type, have played an important role in ana-

lyzing the relationships among Brassica species
(Buth and Ara, 1981). Very interestingly, the types of
palisade layer in amphidiploid Brassica were very
similar at corresponding early and middle develop-
mental stages. In later development, however, the
palisade layer in the three amphidiploids displayed
cell types either intermediate between the two puta-
tive parents or resembling only one of them. For 
B. napus 1219, the types of palisade layer matched
those of one of its ancestral parents, B. rapa, during
the whole developmental process (Tab. 3).
Similarly, the palisade cell patterns of B. juncea
2316 and 0857 resembled one of their putative
ancestors, B. rapa; they shared the same 
U-shaped-a type at the mature stage (Figs. 1e, 3j,o).
B. carinata 3524 resembled one of its putative par-
ents, B. oleracea, not B. nigra; it had the same lad-
der-shape at 20 DAP and U-shaped-b at the mature
stage as B. oleracea (Figs. 1h,j, 4m,o). On the
other hand, B. carinata 3534 was more similar to
B. nigra during the whole developmental process.
For example, it shared threadlike type at the
mature stage, regarded as the characteristic type of
B. nigra (Figs. 1o, 4j). These cases suggest that the
accessions showed the characteristics of only one
of their ancestral parents.

The palisade layer of some accessions of
Brassica amphidiploids showed an intermediate
pattern between the two putative parents. For exam-
ple, B. napus 2685 had the ladder-shaped pattern at
20 DAP, like B. oleracea at the same developmental
stage (compare Figs. 1h and 2c), but shared the
characteristic pattern of B. rapa at 30 DAP (com-
pare Figs. 1d and 2d). The palisade cell type at the
mature stage was U-shaped-c, intermediate between
B. rapa and B. oleracea, its two ancestral parents.
The palisade types of B. carinata 3529 and 
B. juncea 2194 also resembled those of both their
putative ancestors. B. carinata 3529 had the 
U-shaped-d type, synthesizing the characteristics of
the palisade layer in B. nigra and B. oleracea at the
mature stage (Figs. 1j,o, 4e). The above results are
generally consistent with Zeng et al.'s (2004) obser-
vations of seed coat microsculpture in Brassica.

Seed coat microsculpture and seed coat struc-
ture in mature dry seeds are useful taxonomic fea-
tures of the family Cruciferae. In the present study
we comparatively analyzed the development of the
three outer layers of seed coat testa in amphidiploid
and diploid Brassica species, and found that the
type of epidermis and subepidermis cells had little
significance for evolutionary relationships. The
developmental type of palisade layer, however,
showed characteristic diversity among the studied
Brassica species, suggesting that the dynamic devel-
opment of the palisade layer can serve as a new
parameter for examining the relationships between
amphidiploids and their ancestral diploids.
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