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Abstract
Main conclusion Cucumber fruit trichomes could be classified into eight types; all of them are multicellular with
complex and different developmental processes as compared with unicellular trichomes in other plants.

Abstract The fruit trichomes or fruit spines of cucumber, Cucumis sativus L., are highly specialized structures originating
from epidermal cells with diverse morphology, which grow perpendicular to the fruit surface. To understand the underly-
ing molecular mechanisms of fruit trichome development, in this study, we conducted morphological characterization and
classification of cucumber fruit trichomes and their developmental processes. We examined the fruit trichomes among 200
cucumber varieties, which could be classified into eight morphologically distinct types (I-VIII). Investigation of the organo-
genesis of the eight types of trichomes revealed two main developmental patterns. The development of glandular trichomes
had multiple stages including initiation and expansion of the trichome precursor cell protuberating out of the epidermal
surface, followed by periclinal bipartition to two cells (top and bottom) which later formed the head region and the stalk,
respectively, through subsequent cell divisions. The non-glandular trichome development started with the expansion of the
precursor cell perpendicularly to the epidermal plane followed by cell periclinal division to form a stalk comprising of some
rectangle cells and a pointed apex cell. The base cell then started anticlinal bipartition to two cells, which then underwent
many cell divisions to form a multicellular spherical structure. In addition, phytohormones as environmental cues were
closely related to trichome development. We found that GA and BAP were capable of increasing trichome number per fruit
with distinct effects under different concentrations.
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Introduction

Cucumber (Cucumis sativus L.) is an economically impor-
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specialized structures originating from the epidermal
cells. Like those in many other plant species, the cucum-
ber fruit trichomes are diverse in shape, size, structure,
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important roles in protecting plants from environmental
stresses such as heat, low temperature, high UV, and insect
herbivory (Wagner 1991; Werker 2000). Cucumber fruit
spines are fruit-quality attributes important for fruit com-
mercial value (Li et al. 2013). For example, fruits of most
fresh market cucumbers cultivated in China have dense
and large, white spines preferred by the consumers. The
North American processing cucumbers (pickles) usually
have a few large spines on each fruit, whereas European
greenhouse (English) or Mediterranean (beit alpha or
mini) cucumbers have no visible trichomes, which may
be easy for cleaning, packing, or keep less pesticide resi-
dues (Wang et al. 2007; Yang et al. 2009; Pan et al. 2015).
As such, it is of both theoretical and applied interests to
understand the organogenesis, development, and genetics
of trichome development in cucumber.

In cucumber, fruit trichome morphology varies widely
between varieties or even individual plants, but limited stud-
ies have been conducted. By examining one cucumber vari-
ety, Chen et al. (2014) identified two types (I and II) of fruit
trichomes. Several glabrous (gl) mutants have been iden-
tified in cucumber including csgll (syn. mict, tbh), csgl2,
and csgl3 (syn. tril), and the respective genes play impor-
tant roles in trichome initiation or development (Yang et al.
2011; Chen et al. 2014; Li et al. 2015; Zhao et al. 2015; Pan
et al. 2015; Cui et al. 2016; Liu et al. 2016; Wang et al. 2016;
Zhang et al. 2016;). However, a systematic investigation of
fruit trichomes is lacking.

Based on cell numbers, trichomes can be classified as
either unicellular or multicellular. There is evidence that dif-
ferent types of trichomes are formed by different develop-
mental programs with multiple evolutionary origins (Serna
and Martin 2006). For example, Arabidopsis trichomes and
cotton fibers are unicellular, while the trichomes of cucum-
ber, tobacco, tomato, and snapdragon belong to multicellular
types. In Arabidopsis, trichome development undergoes sev-
eral stages including expansion of committed precursor cell,
stalk growing perpendicular to the epidermal plane, forma-
tion of branches, expansion of stalk and branches, emerging
of pointed tips, and numerous papillae appearing on outer
surface (Hiilskamp et al. 1994; Szymanski et al. 1998). Cot-
ton fiber development has four overlapping stages: initiation,
elongation, secondary wall deposition, and maturation (Qin
and Zhu 2011; Yang and Ye 2013). Tobacco leaves have
two discrete types of multicellular trichomes with different
lengths of stalk (Akers et al. 1978). Tomato has seven types
of multicellular trichomes that are glandular (types L, IV, VI,
and VII) or non-glandular (types II, III, and V) (Luckwill
1943; Kang et al. 2010; Tissier 2012). In cucumber, Chen
et al. (2014) examined the development of non-glandular
cucumber trichomes in a North China type variety. Overall,
our knowledge on the developmental processes of multicel-
lular trichomes is still very limited.
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Plant trichome initiation and morphogenesis are influ-
enced by diverse developmental and environmental cues.
Phytohormones such as gibberellins (GA), salicylic acid
(SA), jasmonic acid (JA), and cytokinin (CTK) have been
shown to modulate trichome development. For example, in
Arabidopsis, GA, CTK, and JA have positive effects on tri-
chome production, whereas SA influences trichome produc-
tion negatively (Chien and Sussex 1996; Telfer et al. 1997;
Perazza et al. 1998; Traw and Bergelson 2003; Maes et al.
2008; Gan et al. 2006, 2007). In tomato, cytokinin (6-ben-
zylaminopurine, BAP). GA; and JA were shown to stimulate
trichome initiation with distinct effects on different types of
trichomes (Boughton et al. 2005; Maes and Goossens 2010).
However, the effects of those phytohormones on trichome
formation in cucumber have not been examined. Whether
the effect of phytohormones on cucumber fruit trichome is
conserved or not will enrich our knowledge about trichome
formation in diverse plant species.

Thus, the objectives of the present study were to exam-
ine fruit trichomes among diverse cucumber varieties and
conduct systematic classification, which will provide a start
point in understanding the molecular mechanisms of fruit
trichome development in cucumber. We investigated the
fruit trichome micromorphology of 200 cucumber varieties,
which could be grouped into eight types. For each group, we
investigated the organogenesis of fruit trichomes and found
two main types of trichome development patterns in cucum-
ber. We also examined the effect of GA and BAP on fruit
trichome development.

Materials and methods
Plant materials and microscopic investigations

Two hundred cucumber varieties including two glabrous
mutants, csgll and csgl3, with different morphological struc-
ture of fruit trichomes were used for the initial observation
and classification (Li et al. 2015; Zhao et al. 2015; Chen
et al. 2014; Pan et al. 2015). Information of these varieties is
provided in Suppl. File S1 and typical images are shown in
Fig. 2. Five plants per variety and four fruits per plant were
used for investigation. Cucumber plants were grown in the
greenhouse under natural photoperiodic condition. The tem-
perature in the greenhouse was 25-30 °C during the day and
18-25 °C during the night with 30-85% relative humidity.
A light microscope or a scanning electron microscope
(SEM) was employed to examine trichomes at different
developmental stages when the ovary or pollinated young
fruits were 0.2, 0.4, 1.8, 3, 4.3, and 6.5 cm in length. For
SEM, epidermis including trichomes from each sample
were fixed, washed, post-fixed, dehydrated, coated, and,
finally, observed using a Hitachi S-4700 scanning electron
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microscope following Chen et al. (2014). For light micros-
copy, epoxy resin semi-thin sectioning was performed to
observe trichomes that were not visually discernable to a
naked eye. Similar to SEM, the epidermis including tri-
chomes of young fruit with 0.2, 0.4, 1.8, 3, and 4.3 cm in
length was fixed in glutaraldehyde and rinsed with phosphate
buffer, post-fixed with Hungry acid, washed in phosphate
buffer, dehydrated through an acetone series, and, finally,
embedded in Spurr’s resin. Thin sections were prepared with
a LEICA UC6I microtome (Chen et al. 2014).

Treatments with phytohormones

One variety 6102 (Fig. 2), which is a South China fresh mar-
ket type cucumber with moderate number of Type II fruit tri-
chomes, was used to investigate the effects of two phytohor-
mones on trichome development. For each hormone, three
concentrations were tested: O (water, control), 250, 500, or
2000 pM for GA; 0 (water, control), 25, 50, and 100 pM for
BAP. When the cotyledons were fully expanded and the first
true leaf was just emerged, each seedling was sprayed every
other day until it reached 5-true-leaf stage. Then, each plant
was sprayed twice per week until fruit set. There were four
replications (plants) for each treatment.

For each treatment, the number of Type II trichomes was
counted on the ovary on the day of anthesis or on the young
fruits 4 days after pollination. Duncan’s test (P <0.05) was
performed to determine if the means were significantly dif-
ferent between the control and the treatment.

Results

Morphological classification of cucumber fruit
trichomes

A trichome is a distinct feature of plant species. Trichomes
vary considerably in number, color, and size (length, width).
By investigating the fruit trichomes of 200 cucumber vari-
eties from different regions and market classes (Suppl.
File S1), we found that all cucumber fruit trichomes were
multicellular, but they could be classified in eight types: I
through VIII (Fig. 1), each of which had unique structure
and morphology.

Among the eight types of fruit trichomes, two (I and VI)
were glandular and six (IL, III, IV, V, VII, and VIII) were
non-glandular (Fig. 1). Type I trichomes were found on the
fruits of all cucumber varieties examined except the two gla-
brous mutants (csgl/ and csgl3). Type I trichomes were fre-
quently distributed all over the fruit surface which were con-
sisted of a short uniseriate stalk with 3—4 cells and a four- or
five-celled head region with glandular functions. This glan-
dular trichome (named bloom trichome) was believed to be

associated with production of mineral elements and cuticle
formation on the surface of the cucumber fruits (Yamamoto
et al. 1989; Samuels et al. 1993). Type II trichomes were
also identified in most cucumber varieties examined which
had a spherical multicellular base and a long trichome stalk
composed of 6-8 cells, and ended with a pointed tip (Fig. 1).
As compared with Type II trichomes, a Type III trichome
contained a much shorter stalk that was composed of 3-6
cells and ended with a pointed tip above a conical trichome
base. Type IV trichomes were similar to Type II ones in their
appearances, but each had a shorter stalk and a smaller base.
Type V trichomes had the appearance of a pyramid without
noticeably slender stalk and swollen base (Fig. 1). Type VI
glandular trichomes were rarely observed; each contained
similar four- or five-celled gland on the head, but had longer
stalk cells as compared with Type I trichomes. Trichomes of
Type VII and VIII were only found on the glabrous mutant
csgll (syn. mict, tbh) (Chen et al. 2014; Li et al. 2015; Zhao
et al. 2015) that were invisible to naked eyes. Under a scan-
ning electron microscope (SEM), these trichomes did not
have flattened multicellular bases. A Type VII trichome was
comprised of 6-10 cells stacked vertically without a pointed
tip, and a Type VIII trichome had some irregular branches
without a pointed cell (Fig. 1).

The fruit trichomes varied widely in the number and size
of cells. We measured the horizontal maximum width (the
diameter of the base or the widest section of the trichome),
and the length of the whole trichome in the longitudinal
direction of the different types of trichomes. The data are
presented in Table 1.

Trichomes were not only formed on fruits, but also on
other organs. Interestingly, fruit trichomes were morpho-
logically diverse compared to those on other organs such as
the leaf, stem, and tendril. Among the almost 200 varieties
examined, the leaf, stem, and tendril only had three types of
trichomes: one non-glandular and two glandular which were
morphologically similar to types I, II, and VI, respectively
(Suppl. Fig. S1). This may suggest that trichome develop-
ment may be organ specific.

The classification of the eight types of fruit trichomes
among the 200 varieties seemed to be associated with vis-
ible fruit epidermal features, but showed no correlation with
fruit length, size, or fruit skin color. It was worth noting that
trichome type had distinct relationship with the existence
of tubercules. Tubercules are derived from several layers of
cells that lie near the trichome base with an expanded struc-
ture (Yang et al. 2014, 2018) (Fig. S2). Typically, if a fruit
had smooth appearance without tubercules, the fruit had
mainly types I, IV, or V trichomes; if a fruit had tubercules,
it had mainly types I, IL, or III trichomes (Fig. 2, Fig. S2 and
Suppl. File S1). Type I trichomes were the most abundant
that were found in almost all the 200 cucumber varieties
examined. Most fruits had two types of trichomes on the
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Fig. 1 Morphological char-
acterization of eight (I-VIII)
types of trichomes on cucumber
fruits. Fruit surface: Type I (a),
fruit transverse section: Type

1I (b); Type III (c); Type IV
(d); Type V (e); Type VII and
VIII (f). Bar=500 pm (II-IV);
100 pm (V); 20 pm (VI); or

5 pm (I, VII, and VIII)

Table 1 Size of eight types of fruit trichomes in terms of maximum longitudinal length and horizontal width)

Trichome types 1 1I I v v VI VII VIII

Length (pm) 48.52+11.9 2666.2+3524 2661.8+171.3 1377.4+153.9 657.2+85.6 170.3+20.0 20.0+6.7 32.6+8.8
Width (pm) 32.0+4.8 694.8 +84.3 345.9+20.5 159.7+£9.7 59.8+5.5 382+3.9 158+14 17.6+32

Data are means + SD (standard deviation) of 30 trichomes from the surface of different fruits at anthesis
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3542 520 Baiyu 2 3541 Tanggiul 6102 csgll  DeltaStar 575
Cucumber
varieties
With tubercules Yes Yes Yes Yes Yes Yes No No No
I I I I I I VI I I
Trichome type [T nm I m o 11 Vil v Vv
VI VI

Fig.2 Classification of fruit trichome types in representative cucum-
ber varieties with diversity in fruit color or length. The types of tri-
chomes seem to be correlated with visible fruit epidermal features
(the existence of tubercules, Suppl. Fig. S2). Typically, tuberculated
fruits (3542, 520, Baiyu 2, 3541, Tangqiu 1, 6102) have Types 1, II,
or III trichomes; fruits with smooth appearance without tubercu-

cuticular layer of the fruit, but, interestingly, we found some
possessed three types of trichomes including two glandular
types and one non-glandular type (Fig. 2).

Comparative analysis of multicellular fruit trichome
development

The multicellular cucumber fruit trichomes have different
developmental patterns from unicellular trichomes in other
plant species. We examined the developmental processes
of all eight types of fruit trichomes under a microscope,
and the results for Type I (glandular trichome) and Type II
trichomes are illustrated in Figs. 3 and 4, respectively; those
for the rest are provided as supplemental data (Fig. S3 a-r).
Type I trichome development was initiated from a trichome
precursor cell protuberating on the surface of the epidermis
(Fig. 3a) followed by expansion (Fig. 3a, b) which under-
went a periclinal bipartition to two cells (Fig. 3¢). This was
followed by cell divisions to form the head region and the
stalk (Fig. 3d—g). The developmental pattern of the Type VI
glandular trichomes was similar to Type I ones with some
minor differences in the stalk length.

les (DeltaStar, 575) have mainly types I, IV, or V trichomes. Type
I fruit trichomes are the most abundant that are found in almost all
cucumber varieties examined. Some varieties possess three types of
trichomes including two glandular types (I and VI) and one non-glan-
dular type (II)

During the development of the non-glandular Type II
trichomes, the precursor cell expanded perpendicularly to
the epidermal plane followed by cell periclinal divisions to
form a stalk consisting of 5—7 rectangle cells and a pointed
apex cell (Fig. 4a). The base cell started anticlinal bipartition
to two cells (Fig. 4b), and then, the base underwent multi-
ple rounds of cell divisions to form a multicellular spheri-
cal structure (Fig. 4c—i). Similar patterns were observed in
the development of the non-glandular Type III trichomes,
which included shorter stalk and longer base. An especially
noticeable feature of the Type III trichomes was the divi-
sion of base cell to form a conical structure (Suppl. Fig.
S3 a—g). Type IV trichomes underwent initiation and divi-
sion to form a multicellular stalk, and then, the base cell
divided into multicellular structure that was similar to but
smaller than Type II trichomes (Fig. S3 h—j). Type V tri-
chomes eventually developed into a unique pyramid struc-
ture without noticeable slender stalk and swollen base (Fig.
S3 k—n). Type VII trichomes started with one trichome cell
expansion followed by several cell periclinal divisions, and
multiple cells stacked together in line without a pointed tip
(Fig. S3 0—q). The developmental processes of Type VIII
trichomes were largely similar to those of Type VII, but
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Fig.3 Development of type I
glandular trichomes. Trichome
development starts with a
trichome precursor cell that
protuberates on the surface of
epidermis (a). After cell expan-
sion of the precursor cell (b), it
bipartition to two cells (c) fol-
lowed by cell division to form
the head region and the stalk
(d-g). Scale bar=10 pm

Type VIII trichomes had an additional branch formation at
the late stages (Fig. S3 o, p, 1).

All non-glandular fruit trichomes had a senescence phase
in which the apical region turned white or brown first fol-
lowed by other parts of the trichome in the order from the
top to bottom to lose the green color and turn to white or
brown in color.

Effects of exogenous hormones on development
of Type Il fruit trichomes

We examined the effects of two plant hormones: 6-ben-
zylaminopurine (BAP, a synthetic cytokinin) and gibberellin
(GA;) on epidermal differentiation and fruit spine develop-
ment. In our preliminary study, no effects were found by
the application of the two hormones on the size (length or
width) of fruit trichomes (Fig. 5b, d), but we, indeed, found
that they affected trichome numbers per fruit. Thus, plants
were treated with three concentrations of GA; or BAP, and
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the number of Type II trichomes was counted on the ovary
on the day of anthesis or on the young fruits at 4 day post-
anthesis (Type I trichomes were also present on the fruit but
not counted due to difficulty in visual counting). The results
are illustrated in Fig. 5a, c. As compared with the control
(no GA;), application of 250 pM GA; markedly increased
the trichome numbers (Fig. 5a). On the other hand, trichome
number increased progressively with the increase of BAP
concentrations, by up to 33% and 57%, respectively, which
remained almost unchanged with low concentration of
25 pM (Fig. 5¢). This suggested that both BAP and GA are
able to stimulate cucumber fruit trichome formation, which
is concentration-dependent.
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Fig.4 Development of type

II multicellular non-glandular
trichomes. a Trichome precur-
sor cell experienced: expand
perpendicular to the epidermal
plane, cell periclinal division,
with a structure of about eight
cells uniseriate line. b Single
basal cell began bipartition to
two cells. c—i Base undergoes
many cell division to form
multicellular spherical structure.
Scale bars =50 pm (a—e),

500 pm (f-i)

Discussion

In the Cucurbitaceae family, fruit trichomes, like many other
morphological features, are very diverse, which vary from
unicellular to multicellular, glandular or non-glandular, con-
ical to elongated, and with or without a flattened base (Ali
and Al-Hemaid 2011). In the present study, we examined
the fruit trichomes from 200 cucumber varieties of different
market classes, geographic regions, or with different taxo-
nomic status (Suppl. File S1). Based on the morphological
features, eight types of trichomes, types I-VIII, were rec-
ognized (Fig. 1). Most varieties had two types of trichomes
(types I+1I) (Fig. 2), which was also described in the pre-
vious studies (Chen et al. 2014; Liu et al. 2016). For the
first time, we identified a few cucumber varieties with three
types of fruit trichomes including one non-glandular and
two glandular trichomes (I+11+ VI or I+1II + VI) (Fig. 2).
This is also the first report of Type VI glandular trichomes
with a multicellular stalk (7-8 cells), a neck cell, and a mul-
ticellular head (4-5 cells), which was different from Type I
glandular trichomes. Moreover, tubercules as fruit epidermal
feature were found to be correlated with trichome types. If a
fruit had smooth appearance without tubercules, there were
mainly types I, IV, or V trichomes; if fruit covering with
tubercules, there were mainly types I, II, or III trichomes.

Of the eight types of fruit trichomes, types I and VI were
glandular and the rest were non-glandular. The type I glan-
dular trichomes may be responsible for the accumulation of
mineral elements and cuticle formation (Yamamoto et al.
1989; Samuels et al. 1993), but the secretory process and the
mechanisms of secretion are not clear yet. In some cucurbit
crops such as the Styrian oil pumpkin and melon, there are
studies on the dynamic process of secretory release from
their glandular trichomes (Kolb and Muller 2004; Sarria
et al. 2010). These secretory trichomes have similar mor-
phology and structure as the cucumber type I glandular
trichomes of cucumber. Thus, it is possible that the secre-
tory process of type I cucumber glandular trichomes may
be similar.

We examined the organogenesis of all eight types of
fruit trichomes, which seemed to be complex for the mul-
ticellular trichomes. Nevertheless, all trichomes could be
classified into two groups based on the developmental pro-
cesses (Figs. 3 and 4, Suppl. Fig. S3). For the first group that
included types II, IIL, IV, and V non-glandular trichomes, the
trichome started from a precursor cell undergoing trichome
cell initiation and expansion, followed by cell periclinal divi-
sion to form a stalk that was consisted of many cells ended
with a pointed apex cell; then, the base cell from bipartition
to many cell divisions to form a multicellular structure. For
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Fig.5 Effects of gibberellin (GA;) and cytokinin (6-benzylaminopu-
rine or BAP) on the Type II fruit trichomes. Effects of GA; on num-
ber per fruit (a) and the size of fruit trichomes either length or width
(b). Effects of BAP on number per fruit (c¢) and the size of fruit tri-

the second group (types I and VI glandular trichomes), the
developmental process included protuberating of one tri-
chome precursor cell, expansion, bipartition followed by cell
divisions to form the head region and the stalk. The genetic
basis of morphological variations of various types of fruit
trichomes in cucumber is largely unknown. The fruits of
wild-type cucumber line of the tril/csgl3 mutant (completely
glabrous) had types I and IV fruit trichomes (Pan et al. 2015;
Cui et al. 2016; Wang et al. 2016; Fig. 2). On the other hand,
the wild-type plants of the spontaneous glabrous mutant
csgll set fruits with types I and II trichomes, which were
changed to types VII and VIII in the mutant (Li et al. 2015;
Zhao et al. 2015). Overexpression of the gene CsTTG] that
regulates fruit wart formation resulted in changes in the den-
sity of types I and II trichomes (Chen et al. 2016). Different
mechanisms may be involved in the formation of different
types of fruit trichomes in cucumber. More mutants of each
type of fruit trichomes are needed for a better understanding
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Trichome Size

Trichome Size

b 300 , mlength = Width
2.50 A
2.00 -
1.50
1.00
0.50 -
0.00 - T T T
control 250uM 500puM  2000uM
30071 alength = width
2.50 A
2.00 -
1.50 -
1.00 -
0.50 -
0.00 - T T T
control 25uM 50uM 100uM

chomes either length or width (d). Data are the means of three rep-
licates with standard errors shown by vertical bar. Different letters
shown in the error bars indicate significant differences among control
and treatments according to Duncan’s test (P <0.05)

of the genes and underlying regulatory network in trichome
organogenesis and development.

During the ovary stage, trichomes experienced their
period of rapid development and reached a nearly mature
form. At this stage, trichomes were densely covering the
fruit surface as the first line of defense to protect against
insect and pathogen attack. After ovary stage, trichome
shape and size were maintained as relatively constant and
gradually began to enter senescence phase, whereas fruit
started rapid elongation and expansion. Based on our
observations, senescence phase of non-glandular trichomes
started from apical region to the bottom base, along with
losing light green color and turning to white or brown. Since
the tip cells were formed first followed by the base cells, we
speculate that the order of trichome senescence should be
from the top to the bottom and eventually falling off the fruit.

Plant hormones (GA, BR, ethylene, JA, SA, and CTK)
and their cross talks play critical roles in various biological
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processes of plant growth including the initiation and devel-
opment of plant trichomes (Greenboim-Wainberg et al.
2005; Gan et al. 2007; Pattanaik et al. 2014). In the pre-
sent study, we found that cucumber fruit trichomes were
influenced by GA and BAP, but the effects were concen-
tration-dependent. The application of GA showed a posi-
tive effect on fruit trichome initiation when the concentra-
tion was below 250 pM (Fig. 5a). On the other hand, BAP
had a more gradual increasing effect on trichome number
per fruit/ovary (Fig. 5c). Similar concentration-dependent
effect of GA on trichome development was also observed in
Arabidopsis (e.g., Gan et al. 2007). The differential effects
of different concentrations may be related with homeosta-
sis of the phytohormones within the plant. The involvement
of GA in trichome development has been well documented
by investigating Arabidopsis mutants in GA biosynthesis
and signaling pathways. For example, the GA biosynthesis
mutant gal-3 has glabrous leaves; trichome development of
the mutant could be restored with exogenous GA applica-
tion (Perazza et al. 1998). SPINDLY (SPY) is a repressor of
GA signaling and the SPY mutant plant exhibited increased
trichome formation (Chien and Sussex 1996; Perazza et al.
1998). Our finding that BAP acted as a positive regulator in
trichome development was consistent with the early stud-
ies in Arabidopsis (e.g., Maes et al. 2008). In Arabidop-
sis, similar to GA, plants treated with BAP produced more
trichomes per leaf, and many genes involved in trichome
development or transcription factors with regulatory roles in
these processes were upregulated following BAP treatment
(e.g., Gan et al. 2007; Zhou et al. 2013). In Arabidopsis,
likely, both GA and CTK regulate trichome formation which
may be achieved through modulating the expression of key
regulatory genes (e.g., Maes et al. 2008; Qi et al. 2014).
Since there are some differences in trichome organogenesis
and development (e.g., Liu et al. 2016), the mechanisms of
phytohormones signaling on the induction of cucumber tri-
chomes await further investigations.

Conclusion

Among 200 cucumber varieties examined, eight types of
fruit trichomes (spines) were recognized. This differs from
other cucumber organs with only three types of trichomes.
The development of multicellular trichomes in cucumber
is complex, which differs from that of unicellular tri-
chomes, and can be classified into two groups. Moreover,
the positive effect of phytohormones (GA and BAP) on
fruit trichome formation is conserved in cucumber.
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