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Abstract

The effect of abscisic acid (ABA) on callus growth and plant regeneration was studied in Four cultivars of durum
wheat considered to have a good ability for in vitro culture. calluses induced from immature embryos on MS
medium supplemented with 2 mg/1 2,4-dichlorophenoxyacetic acid (2,4-D) were transferred onto the same
medium supplemented with different concentrations of ABA (o, 1, 2, 4 and 10 uM). The regeneration medium
used was MS medium supplemented with 0.2 mg L-1 of 2,4-D, 10uM of benzylaminopurine (BAP) and 5uM of
naphthaleneacetic acid (NAA). callus growth decreased with increasing concentration of ABA in the medium.
Best regeneration rates were obtained from calli that were grown on media containing a low concentration of
ABA (1 puM).The best number of plantlets per regenerating callus was also obtained from cultures on media
containing 1uM ABA. Among the regenerated plants, some rare albino plants were obtained from calluses of

Karim and Anouar varieties.
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Introduction

In view of the economic importance of wheat, great
interest has been focused on applying cell culture
methods to the breeding program of this crop. One of
the prerequisites for the utilization of cell culture
techniques in plant breeding is the high frequency of
plant regeneration. In durum wheat, callus formation
and plant regeneration following somatic
embryogenesis have been widely reported (Bennici et
al., 1988; Bouiamrine et al., 1999, Benkirane et al.,
2000; Satyavathi et al., 2004). Previous studies had
showed that the response of wheat to callus induction
and plant regeneration in tissue culture were
commonly influenced by genotype (Mzouri et al.,
2001; Vendruscolo et al, 2008), explant source
(Ozias-Akins and Vasil, 1982; Redway et al., 1990),
physiological status of the source plant (Redway et al.,
1990; Hess and Carman, 1998) and medium
composition (Mzouri and Amssa, 2002; Tamas et al.,
2004, Ren et al., 2010). However, the influence of
nutrient composition and plant growth regulators of
the cultureis considered a major factor influencing
embryogenic response and regeneration. Auxins,
cytokinins, gib-berellins, abscisic acid and ethylene
are commonly known as naturally occurring plant
hormones. Among these, auxins and cytokinins have
been shown to play an important role in the induction
and control of morphogenesis for a large number of
cereals (Carman et al., 1987; Gaspar et al., 1996;
Mzouri and Amssa, 2002). However, other plant
hormones and a number of new natural growth
substances, such as polyamines, oligosaccharins,
jasmonates, brassinosteroids, sterols, salicylic acid
and phosphoinositosides, also have specific regulatory
roles which must not be ignored in culture systems
(Gaspar et al.,1996; Jimenez, 2005). The use of those
plant hormones in tissue culture also has possible
effects on morphogenesis. but most effects are
attributed to auxins and cytokinins because of a lack
of information regarding other hormone types and

their interactions.

ABA is one of the five classical growth regulating
substances that have not been extensively studied for

its application in callus induction and regeneration
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(Fazelienasab et al., 2012). However, it was reported
that this hormone plays an important role in inducing
the expression of maturation genes in wheat embryos
(Morris et al., 1990), in maturating somatic embryos
(Carman et al., 1987, Brown et al., 1989, Rai et al.,
2011) and in inhibiting early germination of cultured
embryos (Morris at al. 1986). In addition, application
of exogenous ABA improves in vitro conservation and
the adaptive response of plant cell and tissues to
various environmental stresses (Rai et al., 2011). The
exogenous ABA can also serve as antitranspirant
during the acclimatization of vitroplants and reduces
relative water loss of leaves during the ex vitro

transfer of plantlets (Pospisilova et al., 2007).

The phytohormone abscisic acid is mainly defined as
a stress hormone because of its rapid accumulation in
response to stresses and its mediation of many stress
responses that help plant survival over the stresses.
ABA regulates many important aspects of plant
growth and development and its main function is
to regulate plant adaptive responses to various
adverse environmental conditions (Kumari et al.,

2010)

ABA was also used as a selective agent for the
selection to detect useful variants for freezing (Sapina
et al., 1994) and drought tolerance (Lu, 1988).

The aim of the present work is to study the effect of
different concentrations of ABA in the -culture
medium on growth and regeneration in four
genotypes of durum wheat with a high potential of in
vitro morphogenesis. This work is undertaken as part
of a breeding program initiated in vitro in our
laboratory to improve the tolerance to water stress in

durum wheat using ABA.

Material and methods

Plant materials and explant preparation

Four durum wheat (Triticum durum Desf.) cultivars
with high ability for somatic embryogenesis and plant
regeneration were used (Bouiamrine et al., 2012a).
These varieties were: Anouar, Karim, Sebou and
Ourgh. The seeds were provided by INRA (National

Institute for Agricultural Research (Morocco)).The
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explant source consisted of immature embryos (about
0.5-1.5 mm long), collected from seeds in the milky
phase, approximately 14-16 days after anthesis. The
caryopses were surface sterilized for 1 min in 90%
ethanol and rinsed three times in sterile distilled
water. Caryopses were disinfected again with 20%
commercial bleach for 20 min followed by three

rinses with sterile water.

Preparation of media, and cultivation

The basal medium used was that of Murashige and
Skoog (1962) modified for callogenesis (MC), for
regeneration (MR1) and for rooting (MR2) (Table 1).
Prepared media were sterilized by autoclaving at 120
°C for 20 minutes. Abscisic acid was added aseptically
into autoclaved media by filtration through a sterile

0.5 um porous membrane.

Immature embryos collected under a binocular
microscope were placed skullcap face up in Petri
dishes (10-cm diameter) containing callogenesis
medium MCT (Table 1). The cultures were then
incubated in the dark inside an air conditioned room
maintained at 25+2 °C. 3-week old Calluses were then
subcultured on media containing different
concentrations of ABA. After 4 weeks of culture, calli
were then subcultured on regeneration medium MR1
and placed in a growth chamber under a photoperiod

of 16 hours of light/24 hours.

After 5 weeks of culture on regeneration medium
MR1, calli with shoots were transferred to the rooting

medium MR2.

Parameters Evaluation

The parameters studied were calculated for each
genotype using the following methods:

« Relative growth of callus fresh material: 2 grams of
3-week old calluses initiated on an MCT medium are
subcultured on media containing different
concentrations of ABA. After 4 weeks of culture, the
relative growth of the fresh material is determined
using the formula: FCW = [(PFF (final fresh matter
weight)-PFI (initial fresh matter weight)] / PFL.

« Callus relative growth (CRG): 2 grams of 3 week old

calli initiated on MCT medium were transferred to
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media containing various concentrations of ABA.
After 4 weeks of culture, the CRG is calculated by the
following formula CRG = [(FFW (final fresh weight)-
IFF (initial fresh weight)] / IFF.

» Percentage of regeneration = (number of
regenerated calli / total number of calli) x 100.

« The number of plantlets per regenerating callus
(NPRC) was estimated by counting regenerated
plantlets after five weeks of culture on MR2. Counting
was done during the transfer of plantlets to soil for
acclimatization

« The percentage of calli regenerating roots =
[(number of calli regenerated with roots / total

number of calli)] x 100.

Acclimation of regenerated plants

Plantlets with at least five well-developed roots were
subjected to acclimation, transplanted to potting soil
under high humidity by covering the plant with
plastic envelopes. Pots were placed in a growth
chamber at 25+1°C under a 16-h photoperiod. After
acclimation, plantlets were transplanted to field

conditions.

Statistical analysis

Statistical analysis of data was carried out using the R
statistical environment (R Development Core Team,
2012). Data were analyzed using the analysis of
variance technique and comparison of means was
done by LSD test (Steel et al., 1997). Means were also
separated using Duncan’s Multiple Range Tests at

0.05 level.

Results

Observations made during callus growth phase
enabled us to distinguish different evolutions of the
callus texture depending on the medium ABA
concentration. Calluses from MC1 media were more
compact and more nodular. Under a binocular
microscope we were able to clearly observe embryoids
undergoing maturation and well developed somatic
embryos (Figure 1 a, b). Conversely, calluses from
high ABA concentrations media are more brittle and
show a development of whitish mucilaginous-texture

secondary calluses.
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Effect of ABA concentration

Table 2 presents the results concerning the evolution
of callus fresh weight (FCW), callus relative growth
(CRG), regeneration rate, the average number of
plants per regenerating callus and the percentage of
calli regenerating roots. FCW decreased significantly

with increasing medium ABA concentration. The
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highest weight (10.87 g) was obtained on control
medium (MCT) without ABA and the lowest (3.37 g)
in the middle MC4 highest

concentration. Likewise, the highest relative growth

containing the

(4.43) was observed in calluses grown on control
medium without ABA and gradually decreased to

reach 0.65 in medium MC4 containing 10 uM ABA.

Table1. Composition of callogenesis (MC) and regeneration (MR) Media.

Medium Callogenesis media MC Regeneration media MR
Components MCT MC1 MCz2 MC3 MCa Caulogenesis Rhizogenesis
medium MR1 medium MR2
Macroelements MS MS MS MS MS MS/2 MS/2
2,4-D (mg L) 2 2 2 2 2 0.2 -
ABA (uM) - 1 2 4 10 - -
BAP (M) N - - - 10 -
ANA (uM) - - - - 5 -

2,4-D = 2,4-Dichlorophenoxyacetic Acid. ABA: Abscisic Acid. BAP = benzylaminopurine. NAA = naphthalene-

acetic acid.

Table 2. Effect of different concentrations of ABA on the studied characters.

Characters
Culture medium FCW (g) CRG % regeneration NPRC %CRR
MCT 10.87+ 0.47 a 4.43 £ 0.23a 88.73+1.42a 19.08 + 0.63 ab 1.16+056d
MC1 8.75+0.28 b 3.37+ 0.14b 88.90+1.31a 20.91 + 0.66 a 8.83+1.16¢
MC2 6.72 + 0.26 ¢ 2.35+ 0.13 C 83.21+1.82b 17.66 +1.01b 16.75+1.69b
MC3 4.15 £ 0.15d 1.07+£0.07d 65.25+2.79¢ 11.91 £ 0.69 ¢ 20.50+2.42b
MC4 3.375 + 0.12¢e 0.65 + 0.06 € 52.16+2.76d 5.41+0.60d 29.58+4.27a

Means, within the same column, followed by the same letter are not statistically different according to the LSD
test (P <0.05)
FCW: Fresh callus weight. CRG: callus relative growth. NPRC = Number of plantlets per regenerating callus.

CRR: callus regenerating roots

CFW : LSD = 0.4897605
CRG: LSD = 0.2236413

% de regeneration : 4.22404

NPRC: LSD = 1.750303
CRR: LSD = 4.667474

The germination of somatic embryos began after 4-6
days of culture on regeneration medium MR1 (Figure
1 ¢). This germination was sometimes accompanied
by rooting. Different types of calli obtained on
different media responded differently to culture
conditions of the regeneration phase. Calli that lost
their embryogenic capacity because of high ABA
concentrations sometimes regenerated only roots that

are sometimes with chlorophyll (Figure 1 d). The

obtained regeneration percentages significantly
decreased with increasing concentrations of ABA in
The highest

percentages were obtained in calluses grown in media

the growth medium (Table 2).

containing 1 uM ABA (88.91%) or control medium
(88.73%). Calluses from medium MC4 containing the
highest concentration of ABA showed a lower

regeneration rate (52.17%).
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Table 3. Effect of genotype on the studied characters.

Character
Variety FCW (g) CRG 9% regeneration NPRC %CRR
Anouar 7.34+0.75a 2.64+0.38a  76.83%14.41b 16.2+1.55a 19.00+4.50a
Karim 6.38+0.71b  2.19+0.35b 71.79+5.23 C 15.80+2.01ab 16.60+2.40a
Sebou 7.08+1.00a 2.53+0.50a  72.32+3.44¢C 14.46+1.42bc 17.33+3.56a
Ourgh 6.3+0.58b  2.15+0.29 b 81.66+3.44 a 13.53+1.42¢C 8.53+1.29 b

Means, within the same column, followed by the same letter are not statistically different according to the LSD
test (P <0.05)
FCW: Fresh callus weight. CRG: callus relative growth. NPRC = Number of plantlets per regenerating callus.
CRR: calluses regenerating roots
CFW : LSD = 0.4380551 NRPC: LSD =1.565518
CRG: LSD = 0.2236413 CRR: LSD = 4.174715
regeneration% : LSD = 3.778096

Table 4. Effect of variety x ABA interaction for all studied characters.

Effect Character
variety culture media FCW CRG % regeneration NPRC %CRR
Anouar MCT 10.9a 4.45 a 9.66 a 19.66 a od
MC1 9.50b 3.75b 90.30 a 22.00 a 5.00 c¢d
MCz2 8.06¢ 3.03¢ 88.20 a 19a 18.00 be
MC3 4.53d 1.26d 59.66 b 14b 30.33 ab
MC4 3.70d 0.71e 55.33 b 6.33 ¢ 41.66 a
Karim MCT 9.9a 3.75a 90.30 a 21.33a 1.66 c
MC1 8.53b 3.26 b 91.33a 23.00 a 13.00b
MC2 6.46 ¢ 2.23¢ 78.00b 20.00 a 22.00 a
MC3 4.00d 1.00d 56.00 ¢ 11.00 b 20.66 a
MC4 3.00d o.50d 43.33d 3.66 ¢ 25.66 a
Sebou MCT 13.16 a 5.58 a 82.30a 17.33a 1.33¢
MC1 9.33b 3.66 b 82.66 a 19.00 a 10.00 bc
MCz2 6.16 C 2.05¢ 77.00 ab 18.33 a 17.00 b
MC3 3.66d 0.83d 70.00 b 12.33b 19.66 b
MC4 3.06d o53d 49.66 ¢ 5.33 ¢ 38.66 a
Ourgh MCT 9.5a 3.75a 91.66 a 18.00 ab 1.66 b
MC1 7.66 b 2.83b 91.33a 19.66 a 7.33 ab
MC2 6.20b 2.10b 89.66 a 13.33 be 10.00 a
MCs 4.40 ¢ 1.20¢ 75.33 b 10.33 cd 11.33 a
MC4 3.73 ¢ 0.86¢c 60.33 ¢ 6.33d 12.33a

Within columns, means followed by the same letter are not significantly different at the 0.05 probability level,
according to the Duncan Multiple Range test.

FCW: Fresh callus weight. CRG: callus relative growth. NPRC = Number of plantlets per regenerating callus.
CRR: calluses regenerating roots.
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The transfer of regenerating calluses to the hormone-
free medium MR2 has enabled the development of
roots and a healthy growth of the regenerated green
plants (Figure 1 e, f). Few albino seedlings were also
observed among varieties Anwar and Karim (Figure 1
g). After five weeks of culture on rooting medium

MR2, and just before the transfer of plantlets to soil,

the average number of plantlets per regenerating
callus (NPRC) was also affected by the concentration
of ABA in the medium (Table 2). The best yields of
regenerated plantlets were obtained in calluses
derived from MC1 medium containing 1 uM ABA
(20.91) followed by those from the control medium

(19.08).

Table 5. Analysis of variance (Mean square) for all studied characters from four durum wheat varieties.

Character
Source of variance DF FCW CRG % regeneration NRPC %CRR
Cultivar (A) 3 3.97 *¥¥ 0.909 *** 318%** 22,6 ** 326.4 ***
medium (B) 4 117.39%** 29.690%** 3192%** 480.4%**%  1424.1 ***
AB 12 2.41 *** 0.620 *** 81** 9.2% 127.2 *¥*
Residuals 40 0.35 0.092 26 4.5 32.0

(***) Significatif a 0,1%, (**) a1%, (*) a5%

FCW: Fresh callus weight. CRG: callus relative growth. NPRC = Number of plantlets per regenerating callus.

CRR: calluses regenerating roots.

High concentrations of ABA in the growth medium
significantly reduce the NPRC down to 5.41 in
calluses from medium MC4. Transfer of plantlets to
the field was made after an acclimatization period of
about 15 days. The transferred plantlets generally
showed normal growth and maturity phenotype
(Figure 1 h).

On medium MR1, the of callus

regenerating roots

percentage
significantly increased with
increasing concentrations of ABA in the growth
medium (Table 2). The highest percentage of calluses
with roots (29.58) was observed in calluses from
medium MC4 containing 10 uM ABA. Calluses from
the control medium without ABA MCT showed a very

low percentage (1.16%).

Genotype effect

Significant differences were observed among
genotypes for all parameters considered (Table 3).
Calli of Anouar and Sebou varieties, for example,
showed superior growth compared to other varieties
(callus weight of respectively 7.34g and 6.38g), and
superior relative growth (2.64 and 2.53 respectively).

About the morphogenetic capabilities, Ourgh variety
highest (81.66%)

regeneration. The lowest percentages were recorded

showed the percentage of

in Karim (71.79%) and Sebou (72.32) varieties. NPRC
also differed among the four genotypes in the
different media. It was highest in Anwar (16.2) and
Karim (15.80), and lowest in Ourgh (13.58).

Rooting induced by high concentrations of ABA was
also affected by genotype. Calli of varieties Anouar,
Sebou and Karim showed percentages of calluses with
roots of respectively 19, 17.33 and 16.60%. The lowest

percentage (8.53%) was recorded in Ourgh variety.

Effect of variety x ABA interaction
The response of the four varieties to ABA
concentration in the growth medium was

substantially similar (Table 4).

The increase in concentration of ABA in the culture
medium affected the response of the varieties in the
same manner by a decrease in the growth of the
callus, the percentage of regeneration and NPRC and
by an increase in root regeneration. On growth, the
highest results were observed in calluses from media
without ABA (MCT) and lowest in the medium MC4
containing 10 pM in the four varieties studied. Also,
the percentage of regeneration and NPRC decreased
progressively in four varieties, reaching its lowest

level in the medium MC4.



Regarding calli regenerating roots, the increase in the
concentration of ABA enhanced the induction of roots
on regeneration medium in the four varieties. In fact,
the highest percentages of root regeneration were
observed for the four genotypes at 10 uM ABA, and

lower on the medium without ABA.

Par ailleurs des différences génotypiques ont été

enregistrées par rapport a la réponse aux
concentrations de '’ABA dans le milieu de culture.
L’analyse de la variance (Table 5) montre en effet une
interaction significative génotype/ milieu de culture

pour I'ensemble des caracteres étudiés.

Moreover, genotypic differences were recorded in
relation to the response to concentrations of ABA in
the culture medium. Analysis of variance (Tables)
shows a significant interaction effect genotype /

culture medium for all the characters studied.

Discussion
Growth regulators and their interactions are often
considered important factors in in  vitro
morphogenesis (Gaspar et al., 1996). However, the
which

morphogenesis depend on several factors including

optimal  concentrations allow proper
genotype and nature of explant (Liu et al, 1990). A
proper hormonal balance in the culture medium is
necessary to promote the induction of somatic
embryogenesis and subsequently stimulate the
regeneration of plants. The addition of ABA, a key
component of plant adaptation to abiotic stress, in the
culture medium appears to interact with other
regulators such as cytokines and auxins (Gaspar et
al., 1996). Its use in the induction medium inhibits
zygotic germination and at the same time promotes

the maturation of embryoids (Querschi et al., 1989).

The study we undertook clearly showed the effect of
ABA on callus growth and in vitro morphogenesis in
four varieties studied. The results showed that high
concentrations are detrimental to callus growth and
regeneration. Our results are in agreement with those
reported by Fazelienasab et al. (2012). These authors

showed that the increase of ABA in the callogenesis
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medium significantly reduced callus growth and rate

of regeneration from mature soft wheat embryos.

Adding low concentrations of ABA in the medium
improved the yield in plants regenerated per callus.
This improvement may be explained by the role
played by this hormone in stimulating embryoids
development and maturation. Indeed, the beneficial
role of this hormone in the maturation of somatic
embryos has been reported both in Dicots (Li and
Wolyn, 1996) and in Monocots (Carman et al., 1987,
Brown et al., 1989; Rai et al., 2011).

The ABA also enhances the ability of embryogenesis
by reducing the rate of abnormal embryoids while
promoting normal embryonic development (Carman
et al., 1987; Querschi et al., 1989). The increase in the
number of plants regenerated per callus by adding
low concentrations of ABA can be interpreted by the
increase in the number of somatic embryos produced.
In fact, Brown et al. (1989) reported that the addition
of low concentrations of ABA (0.4 to 4 uM) increased
the callus embryogenic surface in soft wheat. ABA
promotes embryoids maturation probably through
LEA proteins accumulation. The correlation between
the accumulation of these proteins and the
development of somatic embryos was indeed reported

(Wurtel et al., 1993; Kiyosue et al., 1993).

The results revealed that the addition of ABA at high

concentrations in the medium increases the
percentage of callus root regeneration. The works of
Abou-Mandour and Hartung (1986) have indeed
indicated that treating calluses with ABA increases
the percentage of root induction from calluses in
maize. Also, in soybean young shoots, the application
of ABA at low concentrations inhibited shoot growth,
whereas root elongation was slightly stimulated

(Creelman et al., 1990).

The effect of ABA on callus growth and regeneration
is substantially similar in all four varieties. This
observation has also been reported in wheat from
mature embryos (Fazelienasab et al., 2012). The
observed Genotypic differences with respect to callus

growth and morphogenesis may be explained by the
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variation in endogenous tissue levels of this hormone may also be explained by genotypic differences in

in the different varieties studied. These differences

tissue sensitivity to exogenous ABA.

Fig. 1. Somatic embryogenesis and regeneration from calluses on different media.

(a) and (b) maturation of embryoids on MC1 medium. se: somatic embryo (c) Germination of somatic embryos on
MR1 medium. (d) Calli regenerating only roots on MR1 medium. (e) Regeneration on MR2 from calluses of MC1
medium (f) Regeneration of green plantlets from calluses of MC3 medium. (g) Regeneration of albino and green

plantlets on MR2 medium. (h) Mature plants of normal phenotype after ex vitro transfer.

It is also known that the content of endogenous ABA
in explants differs with their age. This content
decreases and they develop (Morris et al., 1988). A
correlation between the age of the embryo and the
endogenous levels of growth regulators, particularly
ABA, was reported by Qureshi et al. (1989). In fact,

their work showed that embryos at early stages

enough ABA, which

stimulates somatic embryogenesis and decreases the

synthesize consequently
ability of early embryo germination. Mature embryos,
on the contrary, contain less ABA, which promotes

germination in culture medium.
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In addition, it was reported that the level of
endogenous ABA in zygotic embryos decreases during
embryonic development whereas the sensitivity to
this hormone increases (Finkelstein et al, 1985).
Studies have shown that the levels of ABA in somatic
embryos are much smaller than in zygotic ones
(Gawronska et al., 2000, George et al., 2008). The
explanation of the effects of ABA on morphogenesis
in vitro, however, remains limited due to the
complexity of this hormone. Indeed, ABA is involved
in a number of physiological processes during the
plant life, including the adaptation of plants to
various stresses, such as dehydration, salinity, cold or
injury. Its use as a selective agent is poorly

documented.

Furthermore, chlorophyll deficiency or albinism is a
standard marker of variation in the cytoplasmic
genome. This variation is common in androgenesis in
durum wheat and is a major problem for the
application of haplodiploidisation in breeding
programs of this species (Ghaemi and Sarrafi, 1994).
In somatic embryogenesis, conversely, few reports
have mentioned regeneration of albinos (Maddock et
al., 1983; Bouiamrine et al., 1999; Bouiamrine et al.,
2012b). In our culture conditions, the number of

albino plantlets regenerated remained very low.

Conclusion

MCT media (without ABA) and MC1 (containing 1 uM
ABA) are favorable for callus growth and regeneration
in the varieties studied. The medium MC1 proved
beneficial for plant regeneration by allowing the
increase of both the percentage of regeneration and
the number of plantlets per regenerating callus. The
gradual increase of ABA in the growth medium has a
negative effect on all the studied parameters. The low
concentration of ABA (1 uM) will be chosen to be
combined with PEG (polyethylene glycol) in our

future work.
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