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ABSTRACT

In vitro organogenesis may provide a method to reduce the very large number of observations required for in planta studies on seed set in
Fagopyrum esculentum. Plants were regenerated from leaf petiole explant tissue of buckwheat seedlings. Maximum shoot regeneration
was induced on Murashige and Skoog (MS) medium containing Gamborg’s vitamins, 6-benzylaminopurine (BA), 6-y,y-dimethylallyl-
amino-purine (2iP) and 2,3,5-triiodobenzoic acid (TIBA) at 1 mg L™ each, and sucrose at 30 g L™'. Whole plants were obtained at high
frequencies (up to 98%) when the shooting explants were transferred to half-strength MS media without growth regulators for rooting and
then to vermiculate followed by soil mix in greenhouse conditions. Regenerated plants were studied for vegetative, floral and seed
characteristics in comparison with buckwheat plants developed from seeds. Plants regenerated by organogenesis were 33% shorter than
those developed from seeds, with lower pollination frequency and smaller seeds but the number of seeds per raceme and percentage of
seed set did not show any significant differences. In addition, the number of aborted seeds per raceme was significantly lower (by 40%) in
plants developed from in vitro organogenesis than those grown from seeds. This regeneration system may be valuable for studying the

problem of low seed set in common buckwheat.
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INTRODUCTION

Fagopyrum species are diploid (2n=16), but tetraploid
buckwheat either occurs spontaneously or can be induced.
Buckwheat has for centuries remained a crop with low seed
set due to certain characteristics which prevent the applica-
tion of conventional breeding methods (Kreft 1983). More
specifically, seed set is highly variable among individual
plants, from 2.8 to 52% of the flowers pollinated, a range of
18.7 fold (Obendorf et al. 1993). The causes of low seed set
are unknown but have been attributed to high temperature,
plant water stress (Slawinska and Obendorf 1993, 2001),
plant age, incompatibility caused by heterostylism, defec-
tive reproductive organs, failure of fertilization, and embryo
and/or endosperm abortion (Pomeranz 1983; Adachi 1990;
Guan and Adachi 1992; Obendorf et al. 1993; Taylor and
Obendorf 1993; Guan and Adachi 1994). Buckwheat flowers
are incomplete (lacking a corolla), perfect and heterostylous
(Marshall and Pomeranz 1982). Half of the plants have pin-
type flowers with long styles and short filaments, and the
other half have thrum-type flowers with short styles and
long filaments. Flowers within each type are self- and cross-
incompatible. Only legitimate cross-pollination, pin by
thrum or thrum by pin, results in fertilization in most
cultivars. About 20% of the flowers have defective mega-
gametophytes and are female sterile (Obendorf ef al. 1993;
Taylor and Obendorf 1993). A fertile flower can produce a

single seed — an achene — at maturity (Steadman et al. 2001).

Modern biotechnology may provide means to address
these problems (Neskovi¢ et al. 1990). The study of organo-
genesis provides a method to reduce the very large number
of observations required for in planta studies on seed set in
buckwheat. Regenerated plants from explants of a single
plant have identical genotypes and, therefore, could be used
to precisely characterize the influence of a single factor,

such as temperature, on seed set. By sampling a number of
plants ranging in response to temperature, a precise evalua-
tion of treatments is possible with a minimum number of
observations using matched sets of regenerated plants across
the experimental treatments.

In vitro organogenesis has been reported in buckwheat
and other plants (Kong et al. 1992; Miljus-Djukié et al.
1992; Rumyantseva et al. 1992; Zhang et al. 1992). Dif-
ferent types of explants of buckwheat have been tested for
organogenesis: pollen (Adikari and Campbell 1998), root
parts of young seedlings (Ttimova et al. 2007), cotyledon
tissue (Woo et al. 2000), hypocotyls and nodal segments
(Jin et al. 2002; KI¢ova and GubiSova 2008), and immature
inflorescence culture (Takahata 1988). In other plant spe-
cies, exogenous auxins and cytokinins affect organogenesis
in vitro, and levels of endogenous hormones in explants
also have a regulatory role in shoot and root formation
(Hempel 1979; von Arnold and Tillberg 1987). Shoot re-
generation in explants of other species have been achieved
previously using high cytokinin/low auxin media (Pack and
Yeung 1991). 2,3,5-Triiodobenzoic acid (TIBA) also may
control shoot initiation in other species, possibly by con-
tracting the presumably high level of endogenous auxins
(Genga and Allavena 1991).

The purpose of this study was to investigate the res-
ponse of buckwheat explants to different concentrations and
combinations of 6-benzylaminopurine (BA), 6-y,y-di-
methylallylamino-purine (2iP) and TIBA. In addition, the
plant height, the number of seeds per raceme, the number of
seeds aborted per raceme, and the length, width and dry
weight of mature seeds (achenes) of plants regenerated by
organogenesis were compared to plants grown from seeds.
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Table 1 Percent of small leaf petiole explants forming shoots, number and length of shoots per explant, as a function of plant growth regulators in media,

and plantlet survival after transfer to vermiculite and then soil mix.

Plant growth regulator Explants plated Explants with shoots  Shoots per explant Length of longest shoot" Plantlet survival
(mg L™) (%) (Mean no. + SD") (Length in mm + SD) (%)

2iP(1) 26 4d° 1.8+04d 351+93a 68 cd

2iP(2) 26 4d 22+03cd 330+8.7a 87b

BA(1) 26 26¢ 2.8+0.3 bed 262+5.1a 86b

BA(2) 26 18¢ 3.1+0.4 abed 249+52a 87b

TIBA(1) + 2iP(1) 26 66 b 4.1+0.8ab 27.8+63a 98a

TIBA(1) + BA(1) 26 68 b 4.6+ 14ab 273+6.1a 63d
TIBA(1) + 2iP(1) + BA (1) 26 84 a 50+05a 26.0+59a 74 c

*SD = standard deviation
®Length of the longest shoot at 30 days after incubation
¢ a—d column wise comparison

All comparisons are done using the Tukey-Kramer’s test at the 5% level of significance

MATERIALS AND METHODS

Young, expanding leaves with about 6 — 8 mm leaf blade were re-
moved with petiole from upper nodes of primary branches or main
stems of plants grown in the greenhouse (Horbowicz and Oben-
dorf 1992) and used as explants. In the laboratory, these immature
leaves were thoroughly washed for 3 min under running tap water,
disinfected for 5 to 10 seconds in 80% ethanol, and surface steri-
lized for 15 min in a 0.5% (v/v) solution of NaOCI containing a
drop of the surfactant Tween 80. Explants tissues were rinsed three
times with sterile distilled water to remove the residual chlorine.
Young-expanding-leaf-petiole explants were re-cut near the junc-
tion of petiole and blade leaving about 3 mm of petiole attached to
the blade, and the blade was cut about 2 mm from the petiole to
form the explant.

After preparation, equal numbers of explants were placed on
medium containing MS (Murashige and Skoog 1962) basal salt
mixture (Sigma) supplemented with B5 vitamins (Gamborg et al.
1968), sucrose (30 g L") as a carbon source, and plant growth
regulators (PGRs). Seven combinations, as indicated in Table 1,
with varied concentrations of BA, 2iP and TIBA at 1 mg L™, were
tested for organogenesis efficiency. The pH was adjusted to 6.5
before autoclaving, and the media were solidified with agar at 7 g
L. The cultures were incubated at 25°C in a growth chamber with
fluorescent light at 20 to 60 pmol m>s™ with a photoperiod of 16
hrs. Cultured explants were checked weekly for organogenesis,
and the final observations were made 30 days after incubation.
Morphological changes were recorded on the basis of visual obser-
vations. When possible, the effects of different treatments were
quantified on the basis of the proportion of cultures showing the
response and the degree of response.

Shoot organogenesis medium contained modified MS basal
salt mixture, Gamborg BS5 vitamins, 30 g of sucrose L 1.0 mg of
TIBA L', 1.0 mg of 2iP L', 1.0 mg BA L' and agar at 7 g L™".
Groups of adventitious shoots, without separation into individual
shoots, were excised and transferred to fresh shoot organogenesis
medium, without BA in culture tubes. After 3 weeks, individual
shoots were separated and transferred to root organogenesis
medium. Root organogenesis medium contained PGR-free half-
strength MS basal salt mixture, B5 vitamins, and agar at 7 g L™
Each shoot was inserted into root organogenesis media and incu-
bated at 25°C under continuous fluorescent light at 20 to 60 pmol
m?s™. After 2 to 3 weeks when roots were well-developed, plant-
lets were transferred to vermiculite medium in Styrofoam cups
covered with perforated polytene bags to maintain a humid envi-
ronment for 14 days. The vermiculite medium was wetted with
half-strength Hoagland’s nutrient solution No. 1 (Hoagland and
Arnon 1950) which was continuously supplied through a cotton
wick connecting a reservoir of nutrient solution in a beaker to the
vermiculite in the Styrofoam cup above. When the roots perme-
ated the vermiculite medium, young plants were transplanted to a
greenhouse potting soil-mix for growth to plant maturation in the
greenhouse (Horbowicz and Obendorf 1992).

The experiment was conducted as a completely randomized
design with seven treatments and 26 replicates per treatment. The
results were expressed as percentage of explants that initiated
shoots, mean number of shoots per explant and mean length of
longest shoot. The data were analyzed by one-way ANOVA fol-
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Fig. 1 Formation of adventitious shoot buds on the proximal end of
young leaf petiole explants at 4 weeks after culture on MS + B5
medium supplemented with hormones.

lowed by the separation of mean values with the Tukey-Kramer
HSD test on the SAS JMP 8 statistical software program. In ad-
dition, means comparisons for plant height, number of flowers
pollinated per raceme, number of seeds per raceme, % of seed set
per raceme, number of aborted seeds per raceme, seed length and
width, and dry weight per seed among plants that were developed
from seeds and from organogenesis were tested for all pairs (from
seeds vs. from organogenesis) for all treatments using the Tukey-
Kramer HSD test on the SAS JMP 8 statistical software program.

RESULTS

Petiole explants from small expanding leaves were placed
on solidified MS+B5 vitamins media with BA, 2iP or TIBA
(1 or 2 mg L) either singly or in combination and shoots
formed on the cut end of the petiole of young-expanding-
leaf-petiole explants (Fig. 1). Of the seven different media
tested, media supplemented with BA, 2iP and TIBA (each at
1 mg L") were found to be the most suitable for shoot
induction (Table 1) given that 84 % of the explants formed
shoots which grew rapidly and increased in vigor within 2
to 3 weeks of culture. This percentage was significantly dif-
ferent from those observed for the other media combina-
tions tested. It is worth noticing that BA appeared to be a
more important PGR for shoot formation than 2iP and that
increased or decreased levels of BA had no significant ef-
fect on shoot initiation. Also, TIBA was probably the cata-
lytic growth regulator for shoot formation when it was com-
bined with BA and 2iP.

To evaluate the growth rate on shoot forming media, the
number of shoots per explant and the length of shoots were
measured. The results indicate that a combination of PGRs
enhanced shoot development since the number of shoots per
explant is higher for media containing TIBA with BA and
2iP than for media that contained either BA or 2iP alone.
The length of the longest shoot was not significantly dif-
ferent among any of the media combinations and ranged
from 26.0 mm (£ 5.9) to 35.1 mm (+ 9.3). To promote
rooting in buckwheat, half-strength MS without PGRs was
used (Fig. 2). A vigorous root system was observed by 2-3
weeks, and the frequency of root regeneration was almost



Buckwheat leaf petiole organogenesis.

Fig. 2 Elongated shoot regenerated from callus and rooted on half-
strength MS + B5 medium. Lower portion of regenerated shoot showing
rooting.

Fig. 3 Regenerated plant in the reproductive stage.

100%. After 3 weeks in PGR-free media, well-rooted plant-
lets were separated, washed and transplanted to vermiculite
medium in Styrofoam cups in which the survival rate
ranged from 63 to 98% (Table 1).

After acclimation, the hardened plants were transferred
to soil mix under greenhouse conditions (Fig. 3). The rege-
nerated plants were morphologically normal (Fig. 4) com-
pared to plants grown from seeds (Table 2). Seed-grown
plants formed flowers from 4 weeks after seeding until
plant senescence at 10 to 12 weeks after seeding. Plants re-
generated by organogenesis started flowering at 2 weeks
after transfer to soil mix, but these plants senesced at 6
weeks after transfer to soil mix. Plants regenerated by or-
ganogenesis were significantly shorter, with lower pollina-
tion frequency and smaller seeds that those obtained from
seeds (Table 2). On the other hand, it is interesting that the
number of seeds per raceme and percentage of seed set did
not show any significant differences between plants grown
from seeds and those developed through organogenesis. The
number of aborted seeds per raceme was significantly lower
(by 40%) in plants developed from in vitro organogenesis
than those grown from seeds.
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Fig. 4 Morphologically normal flowers and seeds produced on a
regenerated plant.

Table 2 Plant heights, number of flowers pollinated per raceme, number
of seeds, percent of seed set per raceme, number of seeds aborted per
raceme, and length, width and dry weight of mature seeds (achenes) from
seed-grown plants and plants regenerated by organogenesis.

Parameter Plants from

Seeds Organogenesis

(Mean = SD?)  (Mean £ SD)
Plant height (cm) 153.0+£20.0a° 102.0+15.0b
No. of flowers pollinated per raceme 47.4+3.0a 257+19b
No. of seeds per raceme 9.7+1.0a 72+13a
Seed set per raceme (%) 20.5+3.8a 28.0+39a
No. of aborted seeds per raceme 22+04a 1.3+£03b
Seed length (mm) 75+0.1a 6.1+0.1b
Seed width (mm) 50+0.1a 43+0.1b
Dry weight per seed (mg) 346+1.1a 38.1+34a

*SD = standard deviation

®a-b row wise comparison

All comparisons are done using the Tukey-Kramer’s test at the 5% level of
significance

DISCUSSION

This study tested the responsiveness of buckwheat explants
to the PGRs in the culture medium. Organogenesis of F.
esculentum was achieved on media containing different
PGR combinations. This occurred with relatively high fre-
quency (84%) on media containing TIBA (1 mg L™), 2iP (1
mg L") and BA (I mg L™). In the presence of auxin, the
meristem of other species responds by maintaining a small
cytoplasmic zone and retarding leaf formation (Paek and
Yeung 1991). Cytokinins generally reduce rhizome growth
but can induce shoot formation in vitro. For other dicotyle-
donous plants (Saka et al. 1980; Mangat and Roy 1986), a
low amount of auxin promoted callus formation, but shoot
differentiation was totally suppressed. This tendency for
callus and root formation suggests the presence of a high
level of endogenous auxin that might interfere with shoot
regeneration (Cambecedes ef al. 1991). Addition of TIBA or
ABA to the medium increased the effectiveness of embryo-
genesis in Phaseolus (Genga and Allavena 1991). Effective-
ness of BA on direct shoot organogenesis from explants has
been reported previously in other species (Economou and
Maloupa 1995). Variation in the activity of different cyto-
kinins can be explained by their differential uptake rate
reported in different genomes (Blakesey 1991), and varied
translocation rates to meristematic regions and metabolic
processes in which the cytokinin may be degraded or con-
jugated with sugars or amino acids to form biologically
inert compounds (Kaminek 1992). In the present research,
TIBA and 2iP stimulated shoot organogenesis on buckwheat
young-expanding-leaf-petiole explants. This treatment
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would be expected to inhibit endogenous auxins and en-
hance the exogenous cytokinin/auxin balance. TIBA may
control shoot initiation, possibly by contracting the presu-
mably high level of endogenous auxins. The correct hor-
monal balance to achieve such a goal must also involve a
control of the endogenous auxin level in explant tissues.

Another interesting result of this study was that the
plants taken from in vitro organogenesis showed a signi-
ficantly reduced rate of seed abortion than those developed
from seeds. This observation indicates that modern biotech-
nology may provide a method to address the problem of
low seed set in buckwheat.

CONCLUSIONS

The procedure developed in this work allowed regeneration
of buckwheat plants from leaf petiole explants by organo-
genesis in a simple three-step process. First, shoot initiation
was induced on basal medium supplemented with TIBA,
2iP and BA. Second, root organogenesis on individual
shoots was readily induced on growth-regulator-free basal
medium. Finally, regenerated plantlets were transferred to
vermiculite and then to soil mix for morphologically normal
plant growth, seed development and maturation. It is expec-
ted that this biotechnological approach will be an alterna-
tive to reproduce F. esculentum in order to satisfy the need
of reducing the large number of observations required for in
planta studies on seed set in buckwheat.
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