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Abstract

The aim of this study was to produce polyploid plants in section Hoarea of
Pelargonium as materials for breeding new commercial cultivars with desirable
characteristics. We selected Pelargonium rapaceum (section Hoarea) as the starting
material. Leaf explants of in vitro plantlets and regenerated diploid calli of
P. rapaceum were treated with colchicine at different concentrations for various
times, and then cultured in vitro to obtain regenerated plantlets. The DNA ploidy level
of individual plants was determined by flow cytometry, and the plants were classified
as diploid, mixoploid, or tetraploid. Three putative tetraploid plants were induced
when in vitro leaf explants were immersed for 48 h in liquid Murashige and Skoog
medium supplemented with 1000 mg L colchicine, and when diploid calli were
cultured on Murashige and Skoog medium supplemented with 1 mg L1 colchicine for
30 days. The putative tetraploid plants were propagated using the same protocol, and
their characteristics were evaluated. The guard cells and fertile pollen grains of
regenerated plants were significantly larger than those of the original diploid plants.
However, the flowers of the regenerated plants were the same size and color as those
of the original diploid plants, and the pollen fertility of the regenerated plants was
considerably lower than that of original diploid plants. Furthermore, when the
regenerated plants were self-pollinated, there was an incomplete fruit and seed set.
Consequently, no large flowers were produced by three tetraploid strains.
Nevertheless, we propose that the colchicine treatment should be used to induce
P. rapaceum tetraploid plants, and anticipate that when many more explants are
treated with colchicine at optimal concentrations and times, this will induce
tetraploid plants with larger flowers that could be useful for breeding new cultivars in
Pelargonium section Hoarea.

Keywords: Geraniaceae, section Hoarea, yellow flower, flow cytometry, a-naphthalene acetic
acid, 6-benzylaminopurine

INTRODUCTION

The genus Pelargonium (Geraniaceae) contains approximately 300 species in
13 sections (van der Walt and Voster, 1988). The large section Hoarea contains more than
70 species, including some that have great potential as breeding materials. These species are
stemless plants with dormant tubers, some have bright yellow flowers, and some produce
pea-shaped flowers, for example, Pelargonium rapaceum (L.) ‘L'Hérit’ Species in the section
Hoarea, however, are not among the ancestors of existing cultivars, possibly because species
in this section are difficult to cultivate and have long periods of dormancy. P. rapaceum
flowers resemble legume flowers, are pink or yellow, and often have red stripes on the lower
part of the upper petals. One of the main aims of Pelargonium breeding is to develop
cultivars with new flower colors and shapes, as well as early and continuously flowering
cultivars. Previously, we successfully obtained hybrids between P rapaceum and
Pelargonium crispum (section Pelargonium) via ovule culture (Kakihara et al, 2012). The
hybrids showed variations in several characteristics such as flower color, flower shape, and
fragrance of the leaf. Besides hybridization, polyploidization represents another useful
method for the commercial breeding of Pelargonium section Hoarea. Therefore, to develop
valuable breeding materials for Pelargonium section Hoarea, we used colchicine to induce
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polyploid-plants-using-P-rapaceunras the startmg material;
MATERIALS AND METHODS

Plant materials and culture conditions

Plants of P rapaceum were obtained from the University of Stellenbosch, South Africa.
We used the protocol described by Sukhumpinij et al, {2010) to regenerate in vitro plantlets
from explants of mature leaves of P rapaceum. To induce callus formation, explants
(5x5 mm) from mature leaves were placed adaxial side down on the surface of callus
induction medium (Murashige and Skoog (MS} medium supplemented with 0.1 mg Lt a-
naphthalene acetic acid (NAA), 0.1 mg Lt 6-benzylaminopurine, and 30 g L1 sucrose,
solidified with 6.5 g L-! agar). These expiants were then cultured in continuous darkness,
The regenerated calli were subcultured on fresh MS medium with the same composition
under a 16-h light/8-h dark photoperiod until shoots and plantlets regenerated. These calli
and the leaves of in vitro plantlets were treated with colchicine. For all media, the pH was
adjusted to 5.8 before autoclaving at 121°C for 20 min.

Coichicine treatment

Explants (5x5 mm) from leaves of in vitro plantlets were immersed in liquid MS
medium containing different concentrations of colchicine (0,10, 100, or 1,000 mg L-1} for 24,
48, or 72 h, in the dark with shaking at 100 rpm. Calli were inoculated onto solid MS medium
supplemented with different concentrations of colchicine {0, 1, 5,10, or 20 mg L'1) and then
cultured for 30 days in the dark. After these treatments, both leaf explants and calli were
transferred to fresh medium with the same composition, except that it lacked colchicine, and
subcultured to allow shoot elongation and plantlet regeneration. For root induction, healthy
plantiets were transferred to MS medium supplemented with 0.1 mg L-# NAA, The coichicine
treatment for leaf explants consisted of nine replicates, with five explants in each culture
bottle. Experiments were repeated twice. Statistical analysis was performed using Tukey-
Kramer tests,

Characteristics of plants

The ploidy level (DNA count) of original diploid plants and regenerated plants of
P rapaceum was estimated as described by Jadrna et al, (2009} using an Accuri C6 flow
cytometer (BD Biosciences, Tokyo, Japan). To reduce the amount of phenolic substances in
the tissues, the leaves were stored in the refrigerator (5°C) for 7 days before the analysis.
The propidium iodide (PI) dye was excited with a 488 nm (bhue) laser, and Pl emission was
collected with a 585+20 nm and pass filter (FL2). The results were acguired using Flow]o vX
10.0.7r2 software (Tree Star inc, Ashiand, OR) for ploidy analyses. The ploidy level was
determined by comparing with the major flow cytometry peak positions, using parsley as an
internal standard. Morphological characteristics such as the length of guard cells, the size of
fertile pollen grains, and flower size were also used to identify putative tetraploid plants.
Regarding flower color, we used the Royal Horticulture Saciety color chart, which is based on
measurement of human visual responses to color. The chromaticity of fresh petals was
measured with a colorimeter (Konica Minolta CM-2600d, Tokyo, Japan). Chromaticity is
expressed by the CIELAB (CIE 1976) method: L*, a* and b* values indicate lightness,
redness, and yellowness, respectively (Robertson, 1977). Pollen and seed fertilities were
also measured in original diploid plants and regenerated plants, Pollen grains were stained
with 1% aceto-carmine. The frequencies of stained (viable) and unstained (non-viable)
pollen were determined after evaluating at least 1000 mature pollen grains. Original diploid
plants and regenerated plants were self-pollinated, and the rates of fruit and seed set were
determined.
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RESULTS AND DISCUSSION

Regeneration of plants

The in vitro leaf explants treated with different concentrations of colchicine for
various times gradually changed from green to brown on solid medium, and formed white
calli after approximately 1 month in culture. These white calli immediately became green
after transfer to light conditions. The calli were then subcultured for approximately
2 months to allow regeneration of shoots and plantlets. As shown in Table 1, the rate of
callus regeneration ranged from 40-60%, whether or not the explants had been treated with
colchicine, In contrast, both shoot and plantlet regeneration was significantly reduced by
colchicine treatment. There was no clear relationship between colchicine treatment
time/concentration and the number of shoots and plants regenerated. Many plants
regenerated from in vitro leaf explants that were not treated with colchicine, and most of
them were estimated to be diploid in the flow cytometry analysis. In the case of leaf explants
treated with colchicine, there were a total of 13 surviving plants, of which nine were diploid,
two were mixoploid (chimera), and two were tetraploid, as determined by flow cytometry
analysis. Many plants were obtained when calli were treated with lower concentrations of
colchicine (1 and 5 mg L), but far fewer were obtained when calli were treated with higher
concentrations of colchicine (10 and 20 mg Lt; Table 2}. According to the flow cytometry
analysis, most regenerated plants were diploid. One mixoploid and two tetraploid plants
were induced only when the calli were cultured on medium containing 1 mg L1 colchicine.

Table 1. Effects of colchicine treatment on regeneration of calli, shoots, and plants from in
vitro leaf exp]ants of Pelargonium rapaceum.

Colchicine treatment i Shoot No of p!ants regenerated
Concentratlon Time : regeneratlon Totat L Ploidy level! - -
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‘Esumauon based on flow cytomelry analysis.

Table 2. Estimation of ploidy level of plants regenerated from colchicine-treated diploid
calli of Pe!argomum rapaceum

Colchicine * g R No of plants regenerated

.concentration S :-"'-.'-'T'ot'él FlOileBVGI' '
A(mg L) S P 'Diptold = Mixoploid Tetraploid
1 : 18 s A 2
5.5 44 0 0

10 SER IS ) ‘0 0
20 R TS ' 4 ) 0

‘Estimation based on ﬂow cytometry aaalysxs

Characteristics of regenerated plants
The length of guard cells was measured for the mixoploid and tetraploid plants
(10 plants in total; Tables 3 and 4), The guard cells in three individual plants (A4, 7, and 11)
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were-significantly-longer{1-2-1-3-times)-than-those-of the-original-diploid-plants-Therefore;
we considered that these plants were tetraploid. These plants were propagated using the
same protocol, and their characteristics were evaluated to assess their ornamental values
(Table 5). The diameter of fertile pollen grains was significantly larger {1.4-1.6 times) in the
three putative polyploid plants than in the original diploid plants. Their flower color,
according to the RHS color chart, was 2D, the same as that of original diploid plants. Their
flowers were also the same size as those of the original diploids. The pollen fertility ranged
from 66 to 74%, which was considerably lower than that of the original diploid plants
{94%). Furthermore, there was incomplete fruit and seed set when these three plants were
self-pollinated. Thus, tetraploid regenerated plants appeared to possess no ornamentally
desirable characteristics, However, it should be noted that their tubers were small and they
were not yet fully grown. Indeed, a maximum of nine flowers was observed per peduncle in
regenerated plants compared with over 15 in original plants, resulting in a smaller number
of flowers pollinated (37-52 versus 127, respectively). All regenerated plants were observed
to be growing normally growing, and we propose to reevaluate their characteristics when
they have completed their growth in a few years’ time. Furthermore, the absence of
tetraploid plants with desirable characteristics may reflect the low rate of plant
regeneration, Thus, it is likely that when many more explants are treated with colchicine at
optimal concentrations and times, tetraploid plants with larger flowers will be induced.

Table 3. Length of guard cells in original diploid plants and plants regenerated from
colchicine-treated in vitro leaf explants of Pelargonium rapaceum.

o_[chiclne- . Length ofguard cells (pm)
S o(MeangSE)
- 26.940.20 cdt -
. 282:048bc -
S0 2644029¢d
2808055 be
. 2640.39cd.
- 35.9+0,26 a
0 293:072b
25.9+0.494d

Regenerated
-J?l_«'i.ﬂ%S_- i

~ = Length of guard cells (um)

il T (MeandSE) -
“Original planis T 269%020b

| T 32910478
Regenerated plants 1o oM 3452047

IL.etters indicate significant difference {Tukey-Kramer test, p<0.05),
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Table 5. Comparison of the characteristics between original plants and plants regenerated
from colchicine-treated explants of Pelargonium rapaceum.

[ R — T
ey code Lt b

D 886 - 212 233
1 880 145108
S e o QT6 48T 5.0
'No. of viable seeds/No. of flowers pal
Zhccording lo Royal Horliculture Socisty cotor chart.
3Determined vsing CIELAB (CIE 1976) method.

*Lefters indicate significant difference (Tukey-Kramer method, p<0,05).

CONCLUSIONS

Three strains were determined to be tetraploids based on flow cytometric analysis, the
guard cell length, and the pollen diameter, although they did not produce large flowers.

However, based on our results, we propose an initial protocol for colchicine treatment to
produce polyploids of P rapaceum.

Diploid plant Regenerated plant

Parsley

Parsley

0K 400K EOCK 200K 406K 600X

Channel (FL2-A)

Figure 1, Histograms generated from flow cytometry analysis of diploid plants (Peak 1),
regenerated plants (Peak 2) of Pelargonium rapaceum, and parsley.

Diplod plant Regenerated plant

Figure 2. Guard cells of original diploid plants and regenerated plants of Pelargonium
rapaceum (scale bar, 20 pm)
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Diploid plant  Regenerated plant

Figure 3. Pollen grains of original diploid plants and regenerated plants of Pelargonium
rapaceum (scale bar, 10 pm)

ACKNOWLEDGEMENTS

This work was supported by the Japan Society for the Promotion of Science (JSPS)
KAKENHI Grant Number 21580036.

Literature cited

Jadrnd, P, Kobza, F, and Plavcova, 0. (2009). Polyploidization of Pelargonium x hortorum L.H. Bailey in
greenhouse conditions. Hort. Sci, 36, 31-37,

Kakihara, F, Honde, K, and Kate, M. (2012). Production of interspecific hybrids between Pelargonfum crispum
and P. rapaceum through ovule culture and their characteristics. Acta Hortic, 937, 697-702 http:/ /dx.doi.org/
10.17660/ActaHortic.2012,937.84.

Robertson, AR. (1977). The CIE 1976 color-difference formulae, Color Res. Appl. 2, 7-11 http://dx.doi.org/
10.1002/}.1520-6378.1977.1b00104.x.

Sukhumpinij, P, Kakihara, F., and Kato, M. (2010). In vitro regeneration from mature leaf explants of
Pelargonium rapaceum (L) L'Hérit. Sci. Hortic. (Amsterdam} 126, 385-389 http:/fdx.doi.org/10.1016/
j.scienta.2010.07.028,

van der Walt, ] 1A, and Voster, P.j. (1988}, Pelargoniums of South Africa, Vol. 3 (Ann. of Kirstenbosh Botanic
Gardens vol.16).

254



oA ISHS Acta Horticulturae 1104

‘-':7 XXIX International Horticultural Congress on

Horticulture: Sustaining Lives, Livelihoods
ISHS  and Landscapes (IHC2014): International

P Symposium on Ornamental Horticulture in
s the Global Greenhouse
Login

Logout Listprice €112 mr-yrorargwes

S .
tatus : This title is available both in print and
Help ActaHort CD-rom format

e Conveners R.A. Criley, V. Loges, D.M.

it Marcsik, E. Morgan, M. Serek
ISHS Contact Editor R.A. Criley
Consultation Publication 1 December 2015
statistics date
i ISBN 978-94-62610-90-3
akch | ISSN 0567-7572 (print) 2406-6168
(electronic)
Number of 75
articles
Volumes 1
Place Brisbane, Australia

Online articles:

=] Past progress and future potential for research of
Australian natives and Proteaceae (A. Gerber)

[E) Phosphorus-restriction as a potential technique to
control Impatiens stem elongation (A. Justice,
J.E. Faust)

Evaluation of morphological and chemical
composition of seed geranium ‘Florever Deep Red’
F4 grown in substrate containing municipal sewage
sludge and potato pulp (A. Zawadzinska, P.
Salachna, J. Wilas)

El Sunflowers drive acid dissolution of rock
phosphate when banded with ammonium zeolite
(R. Fujinuma, M. Hunter, N. Menzies)

) The effects of pH and phosphorus concentrations
on the growth potential of medicinal Salvia
chamelaeagnea in hydroponic cultivation (K.
Lefever, C.P. Laubscher, P.A. Ndakidem:i)

Evaluation of water saving practices for myrtle pot
plant production (M. Militello, G. Talluto, G.
Gugliuzza)

Effects of salinity and irrigation management on
Poinsettia (M.P.N. Gent, W.H. Elmer, K.
Macherla, R.J. McAvoy)

Automating irrigation scheduling in production
nurseries using a weight-based irrigation controller
(D.S. Hunt, J. McDonald)

FHIB



Acta horticulturae. - NLM Catalog - NCBI

NLM Catalog V| "Acta Hortic"[ta]

Full

Acta horticulturae

http:/!www.ncbi.n]m.nih.gov/nlmcatalog‘?t61111:%22Acta+H01'tic%22%5Bta%SD

Author(s):

NLM Title Abbreviation:
ISO Abbreviation:
Title(s):

Publication Start Year:
Country of Publication:
Publisher:

Description:

Language:

ISSN:

Coden:
LCCN:
In:

Current Indexing Status:

Version Indexed:
Notes:

Other ID:
NLM ID;

International Society for Horticultural Science

Acta Hortic

Acta Hortic.

Acta horticulturae.

1963

Netherlands

The Hague, International Saciety for Horticultural Science.
no. ill. 25 cm.

English, French, Multiple languages

0567-7572 (Print)
0567-7572 (Linking)

AHORA2
sn 79005714

MEDLINE: Selected citations only
PubMed: Selected citations only

Not currently indexed for MEDLINE. Only articles related to space life
sciences were indexed.

Print

"Technical communications of the International Society for
Horticultural Science."

No. 12 never published.

In English, French and various other languages.

(OCoLC)01772773
100955313 [Serial]

Page 1 of |

24/12/2558



lONE1SULUTMEUsNA

a = o el o v oy o
nsninnsiiduldnuvdnmnasii ne. fvum i yasiiddeedlu

d = o ) - v a w &
4 EJafdi‘ul‘u?SG]U?J’WLLﬁS‘SSﬂUU’]u'VmF\ ﬂﬁmalﬂu

=h
o)
=
=
D
]
2
)
=
ca
=
=

. FrudoyasRuInR
V- Academic Search Premier (htip://vww.ebsco.com/home)

(select ebscohost and then academic search premier)

- Agricola (http:/aericola.nal.usda.eov)
- BIOSIS (htip/Avvean biosis.ore)

i v .
- CINAHL  (http://wawvw.ebscohost.com/acadernic/cinahl-plus-with-full-text)
- EICOMPENDEX (http://www.el.ore
/- BRIC (httou//vwwweeric.ed.eov/)

- HW.Wilson (http:/Avwww.ebscohost.com)

(select ebscohest and then H.W.Wilson)
- infotrieve (http:/Avww.infotrieve.com)
- Ingenta Connect (http://www.ineentaconnect.com)
- INSPEC (http:/Awww.thejet.ore/publishineg/insnec)
- MathSciNet (http.//www.ams.org/mathscinet)
- MEDLINE/Pubmed (hitp/Awav.nchinlm.nih.eov/oubmed/)
- PsycINFO (httpe/Avwvaw ana.ore/pubs/databases/psycinfo/indey. aspx)

- Pubmed " (http://www nehintm . nih.eov/pubmed/)

.~ ScienceDirect (http://wwww.sciencedirect.com).

- SciFinder (https://scifinder.cas.org/)

- Scopus (hitp:/Awwwinfo.scopus.corn)

- Socizl Science Research Network

(htip//papers.ssrn.com/sol3/DisolavAbstractSearch.cfim)
- Web of Knowledge (hitp//wokinfo.com)

. grudoyassduyd 1dun qudfviinmedradensanslne (Thai Journal
.. . o e o e VoA
Citation Index -- TCI) s IETNTERY lUNEUN @ wasnaun b
(htto/Avwvew kmutt.ac th/iif/public_htmilist%20journal.php)

o L

VLI nstlffimswasundasiegudeya nwe. aglinmsusemedindiudaly



Acta Horticulturae - Page 1 0f 3

SChnago LRPRGDLS M SE R0
Joumal & Countiy
Rank

Home Journal Search

Journat Rankings Search guery

Journal Search . L —l in [Joumnal ‘I’llIeEH Search

Country Rankings DOexact phrase

Country Search Acta Horticultyrae

Compare
Country: Belgium
Map Generator
Swbject Area: Agricultural and Biolegical Sciences
Help
Subject Category:
About Us

Quartile {Q1 means highest values and €4 lowest values)
1999 2000 2001 2007 2003 2004 2605 2006 2007 2008 2009 2010 2011 2012 2013 2014

ZE

Publisher: International Society for Horticultural Science, Publication type: Book Series. 1SSN: 05677572

Category
Shew this informatianin

your own website Horticulture & @

Coverage: 1976, 1988, 1996-2014

H Index; 39

Charts Data

SJR indicator vs, Cites per Doc {Zy)

L o (RS P B S ) 6%
b Display journat title »
33
Just copy the code below and .
aste within your html page: C.2e
l<a href="hip:/ .Scimagoj
re p:/ivrww scimagajr -
g2z
Related product
£.21
v
cig
T T T T 1 T T T

1 I I 1

I i
1888 2000 2001 2002 2000 200¢ 2065 2007 2008 2C6¢  201C 2001 Mz 2 Ims

SCIMAGO

B ciesperCoc izyearsy 5 sim

INSTITUTIONS
_ RANKIN:GS_ _

The SIR indicator measures the scientific influence of the average article in a Journal, it
expresses how central to the global scientific discussion an average article of the Jjournal is.
Cites per Doc. (2y) measures the scientific impact of an average article putlished in the
Journal, it is computed using the same farmula that journat impact factor ™ {Thomson
Reuters).

SIR is developed by: Citation vs, Self-Citation

Scimago

woil

Scopus

How to cite this websita?

http://www.scimagojr.comy/j ournalsearch.php?q=26209&tip=sid 24/12/2558



