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Abstract. A number of privet species (Ligustrum spp.) that are important to the nursery
and landscape industry have escaped cultivation and become invasive or weedy in the
United States and other countries. Induced tetraploids in these species may produce new
selections or cultivars with reduced or eliminated invasive potential. Applying drops of
semisolid agar containing 0.1% to 0.3% colchicine and 0.2% dimethyl sulfoxide (DMSO)
to newly emerged seedlings of japanese privet (Ligustrum japonicum Thunb.) resulted in
15.6% to 22.6% tetraploid induction. The nuclear DNA content of tetraploids was 5.31
pg/2C, 101.9% higher than that of diploids. Compared with diploid plants, tetraploids
were more compact, with an average of 31.0% shorter plant height and 33.1% smaller
canopy width. Tetraploids had 29.2% thicker internodes, and their leaves were 39.5%
larger and 33.8% thicker, resulting in 42.1% to 24.1% greater fresh or dry leaf weights
(per leaf) in tetraploids compared with diploids. Without indole-3-butyric acid (IBA)
treatment, cuttings from tetraploids showed 28% lower rooting than diploids. IBA
treatments improved the rooting of tetraploid cuttings, resulting in 65% rooting success.
These results indicate that tetraploids can be readily induced in japanese privet and
induced tetraploids show significant changes in plant growth and size, shoot growth, leaf
morphology, and rooting of cuttings. The modified tetraploid induction method and the
induced tetraploids are expected to be useful for producing new selections or cultivars
with reduced invasive potential in japanese and other privets.

Exotic plant invasions are considered
one of the main causes of the degradation
of ecosystems and the loss of biodiversity
globally (Theoharides and Dukes, 2007).
Ornamental horticulture has been recog-
nized as the main source of plant invaders
(Bell et al., 2003; Niemiera and Von Holle,
2009; Reichard andWhite, 2001; Rejm�anek,
2014). The economic impacts of invasive

plant species in the United States are esti-
mated at nearly $35 billion (Pimentel et al.,
2005). To help mitigate this huge impact and
meet the nursery and landscape industry’s
need for plant materials, horticulturists have
been searching for cultivars with reduced
invasive potential (Knox and Wilson, 2006;
Trueblood et al., 2010; Wilson and Mecca,
2003; Wilson et al., 2004, 2012). Multiple

ornamental breeding programs in the United
States have initiated breeding projects to
develop new cultivars with reduced or elim-
inated invasive potential in major invasive
ornamental shrubs or trees (Anderson, 2007;
Czarnecki et al., 2012; Freyre et al., 2012;
Leonhardt and Shi, 2009; Olsen, 2007;
Phillips et al., 2015; Ranney et al., 2007,
2010; Thammina et al., 2011; Vining et al.,
2012). Developing genetic tools and gener-
ating germplasm resources that can be used
for this objective have become essential and
important for current and future ornamental
plant breeding (Anderson, 2007; Li et al.,
2004; Olsen, 2007; Thammina et al., 2011;
Vining et al., 2012).

Several species of Ligustrum L. (privet)
are commonly used as ornamentals in many
parts of the world (Dirr, 1998; Wilson et al.,
2014). In the landscape, these plants are
valued for their evergreen leaves, white
flowers, adaptability to a range of landscape
conditions, tolerance to pruning, resistance to
diseases, and wide availability (Dirr, 1998).
Some Ligustrum species have escaped culti-
vation and become naturalized in natural
areas (Munger, 2003). For example, 16 coun-
tries report naturalization of chinese privet
(Ligustrum sinense Lour.) (Morris et al.;
2002; Munger, 2003). In the United States,
chinese privet has escaped in 20 states and is
considered invasive in many states (FLEPPC,
2015; Munger, 2003). Glossy privet (Ligus-
trum lucidum W.T. Aiton) has escaped culti-
vation in 10 states in the United States
(Munger, 2003; Wilson et al., 2014) and is also
a weed in Australia (Panetta, 2000), New
Zealand (Miller and Henzell, 2000), and
Argentina (Hoyos et al., 2010). Japanese privet
(L. japonicum Thunb.) is native to Japan and
eastern Asia and was introduced to the United
States from Japan and Korea in 1845 as an
ornamental landscape plant (Munger, 2003;
Wilson et al., 2014). Since then, this species
has been widely used in the landscape in the
southeastern, southern, and western United
States. It has escaped cultivation and become
naturalized in 12 southeastern states in the
United States (Munger, 2003). Japanese privet
commonly forms dense thickets in the field or
forest understories, shading and displacing
many native species. Once established, it is
difficult to eradicate.

The invasiveness of many ornamentals is
attributed to a number of factors including
prolific production of viable seeds. Thus,
making plants sterile or seedless can reduce,
even eliminate, their invasive potential
(Anderson, 2007; Ranney, 2004, 2006). Sev-
eral genetic tools have been used to reduce
seed production, viability, and/or germi-
nation, including natural mutations, artifi-
cial mutagenesis, interspecific hybridization,
ploidy manipulation (Czarnecki et al., 2012;
Freyre et al., 2012; Trueblood et al., 2010),
endosperm culture (Thammina et al., 2011),
and transgenics (Li et al., 2004; Vining et al.,
2012). So far, ploidy manipulation has resulted
in considerable success and yielded multiple
sterile, noninvasive cultivars or breeding lines
in several important ornamental plants, such as
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Hypericum androsaemum L. (Trueblood et al.,
2010), Lantana camara L. (Czarnecki et al.,
2012), and Ruellia simplex Wright (Freyre
et al., 2012).

The key step in ploidy manipulation is
chromosome doubling and induction of sta-
ble tetraploids, which are the gateway to
obtain other ploidy levels (triploids, penta-
ploids, hexaploids, octoploids, etc.) through
interploid crosses. Several antimitotic agents
have been used to inhibit the separation of
chromosomes at the anaphase of cell division
and achieve chromosome doubling in orna-
mental plants (Contreras, 2012; Contreras
et al., 2010; Nadler et al., 2012; Vining
et al., 2012). Colchicine has been one of the
widely used agents to induce tetraploids in
numerous ornamental plants (Abdoli et al.,
2013; Henny et al., 2009; Lehrer et al., 2008;
Leonhardt and Shi, 2009). Several types of
plant tissues or organs, such as seeds, seed-
lings, axillary buds or shoot tips, embryos,
and cultured cells or tissues, have been used
as the target for colchicine treatment with
various rates of successful tetraploid induc-
tion and mixoploidy (Habbard et al., 2016;
Henny et al., 2009; Jones et al., 2007; Lehrer
et al., 2008; Leonhardt and Shi, 2009; Vining
et al., 2012). The availability of an effective
and efficient chromosome doubling and tet-
raploid induction protocol is critical for
successful ploidy manipulation and develop-
ment of sterile, noninvasive cultivars in in-
vasive ornamental plants.

Our literature searches and quick surveys
of privet cultivars indicated a lack of tetra-
ploids in glossy, chinese, and japanese privet.
Preliminary work on treating axillary buds of
privet plants with colchicine resulted in few
solid tetraploids. Thus, the main objectives
of this study were to use japanese privet as

a model to evaluate the effectiveness and
efficiency of the semisolid agar method for
induction of stable tetraploids in privet and to
characterize the effects of chromosome dou-
bling and tetraploidy on shoot growth and
leaf morphology.

Materials and Methods

Plant materials.Open-pollinated seedswere
collected from mature shrubs of L. japonicum
‘Texanum’ grown at the University of Florida
(UF) North Florida Research and Education
Center, Quincy, FL, in Feb. 2010 and
shipped to the UF Gulf Coast Research and
Education Center (GCREC), Wimauma, FL.
Dry seeds were sown onto a commercial
potting mix (Metro Mix 200; Sun Gro Horti-
culture, Agawam, MA) in plastic containers
(15 cm in diameter) in Feb. 2011. Seeds were
covered with a layer of horticultural grade
vermiculite (�1 cm thick) and germinated in
a growth room at �24 �C with 16 h of light
(120 to 150 mmol·m–2·s–1) and 8 h of dark.
About 5weeks after sowing, seedlings emerged
with fully expanded cotyledons.

Induction, identification, and confirmation
of tetraploids. The semisolid agar method of
Jones et al. (2007) was used with some
modifications. Colchicine was applied to the
growing points of newly emerged seedlings at
the cotyledonary stage to induce tetraploids.
A 1% colchicine stock solution was made by
dissolving colchicine power (Sigma-Aldrich,
St. Louis, MO) in water. The colchicine stock
solution was added to melted semisolid agar
containing one-fourth-strength Murashige and
Skoog (MS) basal salts, 0.55%agar, andDMSO
(Sigma-Aldrich; final concentration 0.2%) to
a final concentration. Three colchicine concen-
trations were used: 0.1%, 0.2%, and 0.3%. The
colchicine-containing agar solution was kept at
40 �C and then 30 mL were pipetted onto the
growing point of each privet seedling. Treat-
ed seedlings were placed in a high humidity
(�100% relative humidity) growth chamber at
24 �C in dark to minimize colchicine degra-
dation by light. Control seedlings received
semisolid agar without colchicine. All treat-
ments were repeated during three consecu-
tive days.

After treatment, seedlings were grown in
a greenhouse, and fertigated with 50 to 100
ppm nitrogen as needed. Seedlings were kept
in community containers until they produced
shoots with several true leaves and later trans-
planted individually into new containers (10 to
15 cm in diameter). Seedlings were grown in
these containers for �1 year, and then trans-
planted into ground beds at the UF’s GCREC
in Mar. 2013. All transplanted plants were
grown in full sun, irrigated through drip tapes,
and fertilized with 15 g of 15N–3.9P–12K
controlled-release fertilizer (Osmocote; Scotts,
Marysville, OH).

To identify tetraploids, multiple fully ex-
panded young leaveswere collected from each
plant, and each leaf was analyzed separately
for ploidy level in Jan. and Feb. 2013. The
Partec PA Ploidy Analyzer (Partec, M€unster,
Germany) was used as described by Czarnecki

and Deng (2009). The CyStain Ultraviolet
Ploidy Precise P dye (Partec) was amended
with 1.25% (w/v) polyvinylpyrrolidone (PVP)
and 0.125% (v/v) b-mercaptoethanol (ME) to
improve the sharpness of the peaks indicating
ploidy levels. Nontreated seedlings (controls)
were used as the diploid reference. Identified
tetraploids were confirmed by analyzing ad-
ditional leaves on �4-year-old plants in Mar.
2015 using a CyFlow� Cube 6 flow cytometer
(see below).

Nuclear DNA content determination and
ploidy confirmation. Nuclear DNA contents
of identified tetraploid plants were deter-
mined on a CyFlow� Cube 6 flow cytometer
(Sysmex; Partec GmbH Otto-Hahn-Strasse
32 D-48161, M€unster, Germany) using the
procedure described by Dole�zel et al. (2007)
andmodified by Cao et al. (2014). Four plants
with known nuclear DNA contents (Dole�zel
et al., 2007) were tested as potential internal
references. Radish (Raphanus sativus ‘Saxa’)
with a nuclear content of 1.11 pg/2C was
selected as the internal reference for use in
this study. Using a sharp razor blade, fresh
tender leaves were cochopped with a similar
amount of leaf tissue of radish in 1mL of cold
LB01 lysis buffer to release the nuclei. The
lysis buffer contained 15 mM Tris, 2 mM

Na2EDTA, 0.5 mM spermine tetrahydrochlo-
ride, 80 mM KCl, 20 mM NaCl, and 0.1% (v/v)
Triton X-100. The buffer was adjusted to pH
7.5 and filter-sterilized. Before use, ME was
added to the lysis buffer to a final concentra-
tion of 15 mM. The collected nuclei (in�1 mL
of lysis buffer) were stained with 50 mL of
DNA fluorochrome propidium iodide stock
solution (1 mg·mL–1) (Sigma-Aldrich) and
50 mL of RNase stock solution (1 mg·mL–1)
(Sigma-Aldrich) for 2 to 5 min at ambient
temperatures and in dark conditions. The
stained nuclei suspension was then analyzed
by flow cytometry. At least three runs were
performed for each privet sample, and at
least 3000 nuclei were counted in each run.
The nuclear DNA content of the japanese
privet samples was calculated according to
Dole�zel et al. (2007): sample nuclear DNA
content (pg/2C) = internal reference nuclear
DNA content (1.11) · (mean fluorescence
value of sample/mean fluorescence value of
internal reference).

Morphological characterization. Four tet-
raploid and four diploid plants (�4 year old)
were selected in Feb. 2015 for morphological
characterization. Plant heights were measured
from the ground level vertically to the highest
point of the plant canopy; plant widths were
measured by projecting the canopy of individ-
ual plants to the ground and measuring the
widths of the projected area on the ground in
two perpendicular directions. Four straight
terminal shoots (�40 cm in length) on each
of the selected tetraploid and diploid plants
were selected for determining shoot charac-
teristics. The selected shoots were cut off the
plants and all leaves were removed from the
shoots at the base of the leaves. The bare
shoots were used to measure the internode
length, internode diameter, and shoot fresh
weight. The shoots were then oven dried at
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70 �C to a constant mass before shoot dry
weight determination.

To measure relative stem elongation
rates (RSER), branches with expanding leaf
buds (�1–2 cm) were selected at random
and labeled in Mar. 2015. The lengths of the
selected branches were measured weekly
for 5 weeks during March and Apr. 2015
from the bud scale scars to the tip of the
branches when the shoots were elongating.

RSERs were calculated according to Morris
et al. (2002).

RSER =
loge L2 – loge L1

t2 – t1

where L1 is the shoot length at the start of the
time interval t1, L2 is the shoot length at the
end of the time interval t2, and RSER is
expressed as cm·week–1.

To determine leaf characteristics, mature
leaves were harvested from each of the ran-
domly selected stems, and the number, area,
thickness, and fresh weight of leaves were
recorded. The harvested leaveswere then oven
dried at 70 �C to a constant mass to obtain dry
weights. Leaf areas were measured according
to Matthew et al. (2002); digital images of
individual leaves were obtained from a flatbed
scanner at a resolution of 300 dots per inch
and then their area was determined using
Scion Image (version 4.0.2; Scion Corp.,
Frederick, MA). Leaf area and dry mass data
were used to derive the specific leaf area
(SLA) and specific leaf mass (SLM). SLA
was calculated according to Cornelissen
et al. (2003): leaf area was divided by the
dry mass of the leaves and expressed in
mm2·mg–1. SLMwas calculated according to
Larcher (2003): leaf dry mass was divided
by the one-side area of fresh leaves and
expressed in mg·mm–2 (thus SLM is the
inverse of SLA).

Rooting of tetraploid cuttings and effect of
IBA concentration. Semi-hardwood terminal
shoots,�10 cm long and consisting of four to
five nodes, were taken from tetraploid and
diploid plants on 1 Mar. 2015 and brought
back to the laboratory. Shoots were re-cut at
�0.5 cm below the third node (from tip) at
a 45� angle. Then, leaves at the lower two
nodes were removed, and the leaf at the
apical tip was kept. Prepared cuttings were
arranged in groups of 40 with a rubber band
and completely soaked in water for 24 h to
leach out potential rooting inhibitors (Wang
and Zhong, 2012). Soaked cuttings were then
briefly immersed in a fungicide solution
(Banrot 40WP, Everris NA, Inc., Dublin,
OH; 0.53 g·L–1) followed by a 5-s dip of their
lower ends in a root-promoting solution to
a depth of 2 cm. Three different concentra-
tions of IBA were used (1000, 2500, or 5000
mg·L–1) for the root-promoting solution. The
control was water without any IBA. Cuttings
were then stuck into 40-cell propagating trays
(cells 3 · 3 · 3 cm) filled with potting mix
(Fafard� 3B; Sun Gro Horticulture). Trays
were placed on a metal bench in a glasshouse
under an automatic mist system run for 3 s at
5-min intervals during the day. Air tempera-
tures in the glasshousewere 18 to 28 �C, relative
humidity was 70% to 90%. After 8 weeks,
cuttings were harvested and the number and
fresh weight of roots on each cutting, the length
(cm) and diameter (mm) of the longest root on
each cutting, and the percentage of cuttings
rooted were recorded. The rooting experiment
was repeated in May 2015.

Statistical analysis. Plant, shoot, and leaf
morphological data were analyzed using a ran-
domized complete block designwith the ploidy
level as the main factor. The rooting experi-
ment was analyzed using a completely ran-
domized design with ploidy level as factor A

Fig. 1. Seedlings of ‘Texanum’ japanese privet
shortly after their growing points between
cotyledons were exposed to colchicine (final
concentration 0.1% to 0.3%) in droplets of
semisolid agar containing 0.2% dimethyl sulf-
oxide and one-fourth-strength Murashige and
Skoog basal salts.

Table 1. Effect of colchicine concentrations on seedling survival and tetraploid induction in japanese privet
(Ligustrum japonicum).

Colchicine
concn (%)

Individuals
treated (no.)

Survival
(%)

Tetraploids
(no.)

Avg tetraploid
induction rate ± SD (%)

Mixoploids,
no. (%)

Control 10 100.0 0 0 0
0.1 67 64.2 9 20.9 ± 6.5 8 (11.9)
0.2 49 71.4 10 22.6 ± 12.0 8 (16.3)
0.3 66 68.2 7 15.6 ± 10.6 7 (10.6)

Fig. 2. Flow cytometry histograms of (A) a typical diploid and (B) an introduced tetraploid) of japanese privet generated by a CyFlow� Cube 6 flow cytometer.
Diploid and tetraploid leaf cells were stained with propidium iodide and the relative fluorescence of individual nuclei was observed on a CyFlow�Cube 6. The
horizontal axes (Channels FL2) show the relative fluorescence of individual nuclei and the vertical axes show the number of nuclei.
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and IBA concentration as factor B. The rooting
experiment was replicated four times and with
10 cuttings treated per combination of ploidy
level and IBA concentration. The experiment
was repeated once and similar results were
obtained. Thus, both results were combined
and analyzed using the MSTAT-C program
(Michigan State Univ., East Lansing, MI) for
variance andmean differences (least significant
difference test at P = 0.05).

Results

Induction of tetraploids.Seeds of ‘Texanum’
japanese privet germinated readily with an
average of 42% emergence within 5 weeks.
By this time, the majority of seedlings (�80%)
had two cotyledons with a very small growing
point in between them, which is the ideal stage
for the semisolid agar method. After three
applications of the semisolid agar-containing
colchicine, the growth of some seedlings was
inhibited, but others resumed growth and pro-
duced shoots (Fig. 1). Multiple leaves were
collected from each of the treated seedlings for
ploidy analysis. On average, 16% to 23% of
treated seedlings were solid tetraploids, and
11% to 16% were mixoploids containing
diploid and tetraploid cells, or tetraploid and
octoploid cells in the same plants (Table 1).
Mixoploid plants were discarded before trans-
plant to the ground beds. Two years after the
initial analysis, all solid tetraploids were con-
firmed by analyzing the ploidy levels of leaves
from multiple new shoots. There were no
significant differences among the three col-
chicine concentrations used (0.1%, 0.2%,
and 0.3%) in terms of survival rate, tetraploid
induction rate, and frequency of mixoploids
(Table 1).

Nuclear DNA contents. Sharp histograms
of relative fluorescence and small coefficients
of variation were obtained for the samples
analyzed (Fig. 2). Based on ‘Saxa’ radish as an
internal reference, the average nuclear DNA
contents of diploid and tetraploid japanese
privet were 2.63 and 5.31 pg/2C, respectively
(Table 2). Induced tetraploids contained 102%
more nuclear DNA than the diploids.

Morphological comparisons. Significant
differences were observed between tetraploid
and diploid japanese privet seedling in a number
ofmorphological characters (Table 3). Themost
obvious difference was the smaller stature of the
induced tetraploids. On average, the induced
tetraploid plants were 31.0% shorter and their
canopy width was 33.1% smaller than the
diploid plants. The internodes of the tetraploids
were significantly thicker (29.3% increase).
Tetraploids and diploids had similar fresh and
dry shoot weights. During the growing season,
the shoots of tetraploids and diploids elongated
by an average of 0.32 to 0.44 cm per week.

Leaves of tetraploids were much larger and
thicker, with 39.5 and 33.8% increase in leaf
area and leaf thickness, respectively, compared
with the leaves of diploids (Fig. 3; Table 1).
These larger and thicker leaves also resulted in
greater leaf fresh and dryweights in tetraploids.
The average fresh and dry weight of individual
leaves were 1.11 and 0.35 g in tetraploids,

42.1% and 24.1% greater than the fresh and dry
leaf weight of diploids, respectively.

Rooting of tetraploid cuttings. When IBA
was not applied to cuttings, 45.0% of the
tetraploid cuttings rooted within 8 weeks after
they were stuck into the rooting substrate,
whereas 62.5% of the diploid cuttings rooted
(Fig. 4A). Tetraploid cuttings appeared to
exhibit 26.5% to 35.5% lower rooting rates than
diploid cuttings when IBA was applied at 1000,
2500, or 5000 ppm, although the differences
between diploid and tetraploid cuttings in root-
ing percentage were not statistically significant.

When IBA was not applied, tetraploid
cuttings produced new roots of 40.2% greater
diameter or thickness than the roots produced
by diploid cuttings (Fig. 4D and F). Diploid
cuttings developed thicker roots when IBA
was applied and the diameter of new roots
appeared to increase with the increase of IBA
concentration. On the other hand, the diameter
of roots from tetraploid cuttings did not change
significantly with the application of IBA or the
change of IBA concentration. Thus, when 2500
and 5000 ppm of IBA were applied, tetraploid
and diploid cuttings did not showany significant
differences in root diameter.

In terms of the number, length, and fresh
weight of roots per cutting, tetraploid and
diploid cuttings did not show significant
differences when IBA was not applied
(Fig. 4B, C, and E). IBA treatments increased
the root length of diploid cuttings (2500 and
5000 ppm) and the fresh root weight of
tetraploid cuttings (Fig. 4C).

Discussion

This study reveals that the semisolid agar
method of Jones et al. (2007) can be readily
applied to japanese privet and relatively high
frequencies of solid tetraploids can be induced

within several months using colchi-
cine. Newly emerged privet seedlings each
had a growing point between two relatively
large cotyledons. This structure allowed for
easy placement of droplets of colchicine-
containing semisolid agar onto the growing
point, and privet seedlings were tolerant of
the applied colchicine. This method has been
applied to two other privet species, and dozens
more tetraploids have been obtained in these
species (Fetouh and Deng, unpublished data).
The availability of these tetraploids will make
it possible to create other polyploidy levels
in privets. Multiple polyploidy levels will be
valuable for developing new privet cultivars
or breeding lines with sterility and reduced
invasive potential and for understanding the
effects of polyploidy on privet growth, devel-
opment, and fecundity.

Two modifications were made to the origi-
nal semisolid agarmethod of Jones et al. (2008),
including 0.2% DMSO and one-fourth-strength

Table 3. Morphological comparison between diploid and induced tetraploid plants of japanese privet
(Ligustrum japonicum).

Samples
analyzed (no.) Traits Diploids

Tetraploids (percent
change over diploids)

Trees 8 Plant height (cm) 155.63 107.33 (–31.0%)*
8 Canopy width (cm) 122.00 81.67 (–33.1%)

Shoots 60 Internode length (cm) 2.52 3.17 (+25.8%)NS

60 Internode diameter (mm) 3.57 4.62 (+29.3%)*
60 Fresh weight (g) 6.95 7.20 (+3.6%)NS

60 Dry weight (g) 3.49 3.59 (+3.0%)NS

32 RSER (cm·week–1) 0.44 0.32 (–27.7%)NS

Leaves 240 Leaves per shoot (�40 cm long) 32.50 25.25 (–22.3%)NS

240 Leaf area (cm2) 12.81 17.88 (+39.5%)*
240 Leaf thickness (mm) 0.62 0.82 (+33.8%)*
240 Fresh leaf weight (g) 0.78 1.11 (+42.1%)*
240 Dry leaf weight (g) 0.28 0.35 (+24.1%)*
240 Specific leaf area (mm2·mg–1) 45.43 51.19 (+12.7%)NS

240 Specific leaf mass (mg·mm–2) 0.02 0.02 (0.0%)NS

RSER = relative stem elongation rate (cm·week–1).
NS, *Nonsignificant or significant at P # 0.05, respectively.

Fig. 3. Typical leaves and transverse sections of
(A) diploid and (B) tetraploid japanese privet
plants showing changes in leaf size and thickness.

Table 2. Nuclear DNA contents of japanese privet (Ligustrum japonicum) diploids and induced tetraploids
determined by flow cytometry.

Ploidy
level

Individuals
analyzed (no.)

Nuclear DNA
contents (pg/2C)

Mean nuclear DNA
content ± SD (pg/2C)

2x 7 2.52–2.77 2.63 ± 0.06
4x 5 5.07–5.43 5.31 ± 0.13
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MS basal salt mixture. DMSO has been
commonly used to facilitate the penetration
of chemical mutagens such as colchicine into

targeted tissues and cells and increase the
effectiveness of colchicine treatments (Sanders
and Hull, 1970). The one-fourth-strength MS

salts added in the semiagar was intended to
provide some nutrients to promote cell division
in the growing point. However, specific effects

Fig. 4. Rooting and root characteristics of diploid and tetraploid cuttings with and without indole butyric acid (IBA) application. (A) Rooting percent, (B) number
of roots per cutting, (C) total length of all roots per cutting (cm), (D) diameter of roots (mm), and (E) the fresh weight of all roots per cutting (g). Boxes show
the interquartile ranges including 25% to 75% of the data, and squares indicate the mean values of the data. Boxes headed by different letters differ
significantly for each other according to the least significant difference at P = 0.05. (F) Roots generated from diploid (left) and tetraploid cuttings (right).
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of thesemodifications remain to be determined
for the induction of tetraploids in privets. In
tetraploid induction experiments, the concen-
tration of colchicine was considered to be
critical. Up to 2% colchicine was used in
previous reported experiments (Habbard
et al., 2016). Higher concentrations of colchi-
cine resulted in high mortalities of treated
seedlings, buds, or shoots, and deformed new
growth, and/or high frequencies of mixoploids
(Henny et al., 2009; Thao et al., 2003). In this
study, the three concentrations of colchicine
(0.1%, 0.2%, and 0.3%) used were equally
effective and resulted in similar tetraploid
induction rates as well seedling survival and
mixoploids. To minimize the quantity of col-
chicine needed,we recommend the use of 0.1%
colchicine and three consecutive applications
to young (�5-week old) privet seedlings over
a period of 3 d.

Accurate, efficient ploidy analysis is es-
sential for rapid identification of polyploids
among chemically treated plants or shoots
or polyploids from interploid crosses. When
CyStain Ultraviolet Ploidy Precise P dye was
used directly, privet diploid and tetraploid
leaf samples yielded broad peaks on
the ploidy analyzer and large coefficients of
variation among samples. The inclusion of
PVP andME to the dye significantly improved
the sharpness of the fluorescence peaks with
excellent reproducibility among replicates.
So far, there was only one record of nuclear
DNA content for Ligustrum in the Plant
DNA C-value Database (http://data.dew.org/
cvalues; Bennett and Leitch, 2012), whichwas
from Ligustrum vulgare L. (1.57 pg/1C;
Siljak-Yakovlev et al., 2010). Data from
this study provided the first record of nu-
clear DNA contents for japanese privet. The
somatic chromosome number of L. vulgare
is 2n = 46 (Missouri Botanical Garden, 2016),
whereas the somatic or gametic chromosome
number of L. japonicum is not available in
literature. Although the nuclear DNA content
of japanese privet appears to be lower than that
of L. vulgare, it remains to be determined if
japanese privet has the same or a smaller
somatic chromosome number. Several lysis
buffers have been used for determination of
plant nuclear DNA contents (Dole�zel et al.,
2007). The lysis buffer LB01 of Dole�zel et al.
(2007) worked well with several other orna-
mental plants in our program (Cao et al.,
2014), and it worked well with japanese privet
samples. In recent analysis, this buffer also
worked well with chinese and glossy privet
samples. Among the four plant species with
known nuclear DNA contents that were tested
as internal references for japanese privet
samples, R. sativus ‘Saxa’ worked best for
japanese privet leaf samples.

Due to the lack of privet tetraploids
(natural or induced), the effects of tetraploidy
on privet plant growth and ornamental value
have not been examined previously. Results
from this study showed that japanese privet
tetraploids were more compact with lower
plant heights and smaller canopy than dip-
loids. Tetraploid shoots were thicker, and tetra-
ploid leaves were larger, thicker, and greener,

similar to morphological changes observed in
induced autotetraploids in several other woody
plants including crape myrtle (Lagerstroemia
indica L.), rose (Rosa L.), and London plane
[Platanus acerifolia (Aiton) Willd.] (Kermani
et al., 2003; Liu et al., 2007; Ye et al.; 2010).
With these morphological changes, japanese
privet tetraploid plants seemed to have higher
ornamental values. Studies have been initiated
to further assess the beneficial effects of tetra-
ploidy on japanese plant performance and
tolerance to severe pruning in the landscape.
Several studies have shown that autotetraploids
tend to exhibit better tolerance to droughts or
water deficits (Allario et al., 2013; Liu et al.,
2011). It will be of interest to explore whether
these japanese privet tetraploids show any in-
crease in drought tolerance.

It is expected that future sterile polyploid
privet cultivars or breeding lines with re-
duced or eliminated invasive potential will
depend on cuttings for commercial propaga-
tion and production. Thus, cuttings’ rootability
will be important to nurseries. Few previous
studies have assessed the effects of tetraploidy
on the rootability of cuttings. Results from this
study indicate that tetraploid cuttings have
lower rootabilities, and treating tetraploid cut-
tings with IBA (2500 or 5000 ppm) could
improve their rootability to an acceptable level.
Other factors, such as light intensity and
shading, are known to affect the rooting of
privet cuttings (Knox and Hamilton, 1982).
Manipulating these factors in propagation beds
or houses may lead to higher rooting percent-
ages from japanese privet tetraploid cuttings.
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