Actes Inst. Agron. Vet. (Maroc) 1997, Vol. 17 (4) : 201-208 © Actes Editions, Rabat

Regeneration of haploid green plants through anther culture
in durum wheat (Triticum turgidum ssp. durum) using
liquid media
Souad CHERKAOUI*, Ouafae LAMSAOURI*, Najia SAIDI*,

Bouchra CHLYAH*t & Hassan CHLYAH*

(Received 31/01/1997 ; Accepted 09/06/1997)

T Jilwkay 4 (Triticum turgidum var. durum)oball readll yia g 3y Uonalss Ldsaall Bsall Tolad ol psd wbils gl -

25l L) S e S5 U i el el ool el Fhsnall il sl ot B e J g St Age e
BPTG: &l Ll bLeus¥ earionl el o bl ale s T oo S 3850 sy S5 g’ ilical il 3 i il
629,75 15158 s 6L e il e 0 AT ST 24D 0 3585 3 Sl e 50005 2S5 Lk s 5ims i34 132 BACT C17
5] G 5 Y1 (S5 o ST el BPTG 5 il ey L Lol Lo sk g cpdioatl 51 8 (w5) %5.3 5 (550)
chling BACT bagll 3ol . uia 5 S 315 aals juadiols e ¥ Jiaad ol C17 Loy 3 %7.9 sBPTG Lss 5 %6,9 il cbilul
S0 dtaeall Bl sl et B e 5 alall o (e s i) sl bl (e %18,2 Lo %30,3 1) bl g 5 v

’ s e JWSY aa cali(Double haploide)

85U disall Buall Lslal e yad bl — obilall g ) - Tl - il 5 3y — Lleall ol = Triticum turgidum var. durum- : Labill el

~Régénération de plantes vertes haploides par culture d’anthéres du blé dur (Triticum turgidum var. -
durum) en milieu liquide

Une nouvelle tentative d’obtention de plantes haploides vertes par culture d’anthéres du blé dur a été entreprise
en utilisant un milieu liquide et plusieurs génotypes marocains dont certains encore non testés. Neuf cultivars de
Triticum turgidum var. durum sont étudiés : ‘Sebou’, ‘Cocorit’, Marzak’, Karim’, ‘Sarif, ‘Oum Rabia’, ‘Massa’, Isly’
et ‘Tensift’. Les milieux liquides testés sont BPTG, C17 et BAC 1; ce dernier contenait du glucose en plus du
saccharose et une concentration plus élevée en 2,4-D que les autres milieux. La régénération de plantes s’est
produite pour cing cultivars & des taux variant de 29,7 % (‘Sebou’) & 5,3 % (‘Karim’) mais des régénérations vertes
n’ont été observées que pour des génotypes ‘Sebou’ et ‘Massa’. Le milieu BPTG adonnéun pourcentage de formation
d’embryons supérieur a ceux duC17 et du BAC 1. Les taux de régénération étaient faibles pour les milieux BPTG
(6,9%) et C17 (7,9 %) et seule une régénération verte a été observée, le reste étant albinos. Larégénération a atteint
30,3 % dans le cas du milieu BAC 1 et six plantes (18,2 %) étaient vertes. Cing plantes haploides doublées vertes
ont atteint la maturité et produit des graines.

Mots clés : Triticum turgidum var. durum - Blé dur - Culture d’anthéres- Embryons androgénétiques-
Régénération - Plantes vertes haploides doublées

rRegeneration of haploid green plants through anther culture indurum wheat (Triticum turgidum ssp. —
durum) using liquid media .

A new attempt has been made to obtain haploid green plants through anther culture in durum wheat, using liquid
media and some as yet untested genotypes grown in Morocco. Nine cultivars of Triticum turgidum ssp. durum were
studied: ‘Sebow’, ‘Cocorit’, ‘Marzak’, ‘Karim’, ‘Sarif, ‘Oum Rabia’, ‘Massa’, ‘Isly’ and ‘Tensift’. The liquid media
tested were BPTG, C17 and BAC 1, this last containing glucose as well as sucrose and a higher concentration of
2,4-D. Plant regeneration occurred in five cultivars at rates ranging from 5.3% (‘Karim’) to 29.7 % (‘Sebou’) but
green regenerations were only observed in ‘Sebou’ and ‘Massa’. BPTG gave a higher percent of embryo formation
than C17 or BAC 1. Although regeneration rates were 6.9 % and 7.9 %, respectively, for BPTG and C17 media, only
one green plant was obtained, the rest were albinos. For BAC 1 medium, regeneration attained 30.3 %, of which
six plants (18.2 %) were green. Five doubled haploid green plants were grown to maturity and produced seed.

Key words : Triticum turgidum ssp. durum- Durum wheat - Anther culture - Androgenic embryos - Regeneration
- Doubled haploid green plants
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INTRODUCTION

Androgenesis throughin vitro anther culture is the
method the most often used to obtain haploids and
doubled haploids in cereals (Picard et al., 1994).
The bread wheat ‘Florin’, obtained using this
method, was registered in the French catalogue
many years ago (De Buyser et al., 1987).
Progressive improvements in this technique have
brought about higher rates of haploid embryo and
plant formations (Foroughi-Wehr & Zeller, 1990 ;
Picard et al., 1994).

Androgenesis in wheat species has been shown to
be dependent on genotype (El Haddoury et al.,
1993), physiological state of the donor plant (Lazar
et al., 1990 ; Lu et al., 1991), microspore stage of
development and culture conditions (Ouyang,
1986; Henry & De Buyser 1990). Among many
physical and chemical factors, a cold pretreatment
of wheat spikes has been shown to have a positive
effect on androgenesis (Ouyanget al., 1987).

The tetraploid durum wheat has been shown to
produce few embryosfrom anthers and very few or
no green plants (Foroughi-Wehr & Zeller 1990).
This species is particularly prone to albinism with
a rate approaching 100% in most cultivars
(Cattaneo et al., 1991) compared with aestivum
wheats often producing over 30 % green plants.

The first results on androgenesis indurum wheat

obtained in our laboratory were achieved on agar
media (Chlyah & Saidi, 1991). In spite of the
culture of over 60000 anthers and the high rates of
embryo formation (up to 22.4 %) and regeneration
obtained (up to 37.5 %), only one green plant was
regenerated, the rest being albinos. The positive
effect on androgenesis of liquid medium, with the
addition of ficoll as supporting agent, has been
shown by Lettre et al. (1990) and Trottier et al.

(1993) for bread wheat. The latter authors also
showed the beneficial effect of adding amino acids
to the induction medium.

In this study, we have attempted to improve the
rate of haploid green plant formation in durum
wheat using three liquid induction media
containing starch as supporting agent, and several
as yet untested genotypes grown in Morocco.

MATERIAL & METHODS

Nine genotypes of durum wheat varieties grown in
Morocco were provided by the Guich Station,
IN.R.A., Rabat: ‘Cocorit’, ‘Isly’, ‘Karim’, Marzak’,
‘Massa’, ‘Oum Rabia’, ‘Sarif’, ‘Sebou’ and ‘Tensift’.

Seeds were sown from November to January.
Spikes were excised when the tip of the growing
head reached the upper third of the sheath:
microspores were then at the mid-uninucleate,
vacuolized stage. Spikes were usually kept at 4°C
for 2 to 8 days. After the cold pretreatment, spikes
were surface sterilized with a 4 % sodium
hypochlorite solution for 7 mn, and rinsed 3 times
in sterile distilled water. Anthers were excised and
placed at the surface of the liquid induction
medium.

Three basal media, defined in the following
references, were used: C17 (Wang & Chen, 1986),
BPTG (Chuanget al., 1978) and BAC 1 (Marsolais
& Kasha, 1987; Trottieret al., 1993). C17 contains
macro and microelements as well as biotin and 2,4-
dichlorophenoxyacetic acid (2,4-D) at 2 mg.I'. The
BPTG medium does rtot contain microelements and
is supplemented with potato extract, vitamins,
particularly inositol, as well ag 2,4-D (2 mg.II), and
kinetin (0.5 mg.1") except for medium 6 (Table 1)
which contains 0.2 mg.I" 2,4-D, 1mg.I" naphtalene
acetic acid (NAA) and 2 mg.l’1 benzyladenine (BA).
The BAC 1 medium is composed of macro and micro
nutrients enriched with inositol, vitamins, organic
acids, and a relatively high concentration of 2,4-D
(8 mg.l"l). The first two induction media contain 9 %
sucrose (except medium 6 which contains 9 %
glucose) whereas BAC 1 contains 6 % sucrose and
1.75 % glucose. Casein hydrolysate and a few amino
acids were also added in various combinations to
some of these three media: 17 variants were tested
in all (Table 1). Starch (2.8 %) was used as support
agentinthe case of C17 and BAC 1 media. When no
starch was present, the produced embryos
generally sank into the medium and browned.
Since the BPTG medium containing potato extract
was quite buoyant, variants of this medium were
tested without starch.

Approximately 90 anthers obtained from 2 or 3
spikes of the same genotype were placed in petri
dishes (5 ¢m) containing three ml of autoclaved
culture medium.

After 3 to 6 weeks incubation at 27°C in the dark,
the androgenic embryos which appeared were
transferred to the agar regeneration medium R9
(M3 medium in Picard & De Buyser, 1977) in petri
dishes and kept at 22°C under 16h of light per day.
After about a month, young green plants were
transferred to tubes containing R9 medium
supplemented with 1 mg. 1 * indole acetic acid
(IAA). When plants reached approximately 10 cm
and had a good root system, they were placed in
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individual pots containing organic soil, sand and
peat.

Table 1. Composition of media with starch (%) and
amino acid (mg.l") additives for anther

culture
Basa  Medium Starch Cas.  Glu. Cyst. Gly. Am.
medium N° % hydr. mgl" mgl"  mgl" mgl’
BPTG 1 -
2 - 20
3 500 -
4 - - 500 20 - -
5 - - - 20 - 60
6 - - -
C17— 7 2,8 - -
8 28 - 1000 -
9 2,8 - - 20 -
10 28 - - 20
11 2,8 1000 20 - -
12 2,8 . 1000 20 20 20
BAC1 13 2,8 300 - - - -
14 2,8 300 2000 20 - 20
15 2,8 300 20

2000 20 20 20
2000 20 20 20

16 2.8 -
17 28 300

Cashydr:Casein hydrolysate;

Glu : Glutamine;

Cyst: Cysteine;

Glyc: Glycine; Arg:  Arginine

*Differentfrommediumn  °1byits hormone content (see text)

Chromosome doubling took place 2 or 3 weeks later
when tillering had started. Roots were immersed
for 4h in a 0.2 % colchicine solution and rinsed
three times with water before replanting. When
plants attained 20-25 cm, they were placed in
bigger pots and kept in a glasshouse until seed
maturation.

Since all genotypes were cultured on the three
basal media, all results related to genotype effect
are presented as means of all media. Results
relating to media effects are compounded from all
genotypes.

The X’ test (p = 0.05) was used to appreciate the
statistical significance of the genotypic effect on
androgenetic embryo formation. A test of
comparison of percentages was employed to
compare different media, two by two, as to their
relative effects on androgenetic embryo formation.
The variable between two percentages (P1 and P2)
from independant samples was calculated using
the following formula :

When d/ § d< 2, the difference is significant
(p = 0.05); ifd / 6 d>2, the difference 1s not
significant.

RESULTS & DISCUSSION
1. Morphogenic observations

After 3 or 4 weeks of culture on the induction
medium, rounded androgenic embryos could be
seen under a microscope emerging from the
anthers (Figure 1). After transfer to the
regeneration medium, varied responses were
recorded. Some produced only roots or callus which
was occasionally accompanied by green, leafy
structures. Others continued their development
forming either albino plantlets (Figure 2), or
chimera regenerations with green and white
striped leaves. Others still turned green during
embryo development (Figure 3) and formed green
plantlets (Figure 4). Only green plantlets
developed into adult plants after chromosome
doubling (Figure 5) and produced seeds (Figure 6).

2. Genotypic effects

The important effect of genotype (genetic capacity)
was confirmed in our experiments. The percentage
of embryos (embryos per 100 anthers) obtained
varied from 7.1 % for ‘Sebou’ to 0.5 % for the cultivar
‘Tensift’ (Table 2). These differences due to
genotype were highly significant (P = 0.01 level
using the chi-square test). All varieties showed
some androgenic capacity. This genotypic effect
was even more marked concerning regeneration
(Table 2). Apart from four cultivars which showed
no regeneration, the rate of regeneration varied
from 29.7 % for ‘Sebou’ to 5.3 % for ‘Karim’. Given
the small numbers of embryos involved,
regeneration values must be taken with
precaution. Only two cultivars gave green
regenerations: ‘Sebou’ and ‘Massa’. Of the seven
green plants formed by the ‘Sebou’ cultivar, four
survived and grew into adult plants, as did the one
formed by the cultivar ‘Massa’.

The genotypic effect on androgenesis has already
been shown in a previous study on twenty
Moroccan cultivars of durum wheat (four of which
are included in the present study) on solid media
(Chlyah & Saidi, 1991). In Triticum aestivum, fifty
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Figure 1. Androgenic embryos formed in anther  Figure2.Albino plant (cv.‘Cocorit’) on R9medium,
culture after 5 weeks of culture on BAC after 9 weeks of culture. Bar: 2 cm

1 medium. Bar : 1 mm

Figure 3. Early embryo development and greening Figure 4. Green plant (‘Sebou’) on R9 medium after
on medium R9 (cv. ‘Massa’). Bar : 1 mm 10 weeks culture. Bar: 2 ecm

Figure5.Green plant (‘Sebou’) after transfer tosoil  Figure 6. Tillering and seed formation in doubled
and chromosome doubling. Bar: 5 cm haploids of cultivar ‘Sebouw’. Bar : 5 cm
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spring cultivars showed large differences in
androgenic capacity with a clear superiority of
cultivars carrying the 1BL/1RS wheat-rye
translocation known for its positive effect on the
rate of androgenesis (Foroughi-Wehr & Zeller,
1990). Another study on nine cultivars of 7.
turgidum ssp.durum showed that only one of these,
into which the 1BL/IRS translocation had been
introduced, produced 2 green plants from 124
embryos formed (Cattaneoet al., 1991).

In durum wheat, the induction of haploid embryo
formation in anther culture is relatively easy to
achieve whereas green regeneration remains a
major problem. Except for ‘Sebow’, almost 100 % of
the plants obtained were albinos. These results
support the idea of separate genetic capacities for
regeneration in general and for green regeneration
indurumwheat as Henryet al., (1994) have already
shown.

Table 2. Genotypic effects on embryogenesis and regeneration in anther culture on liquid media

(all media grouped)
Genolype Number Number %emb.? Regenerations %regen. % Qreen
ofanthers ofembryos regen. ©
Sebou 519 37 7.1 7greenplants 29.7 18.9
3albinoplants
1chimera
1greencallus
2roots
Marzak 1190 41 3.4 4roots 0 0
Cocorit 2380 52 2.2 8albinoplants 17.6 0
1chimera
10roots
Karim 1098 22 20 1albino plant 5.3 0
1root
Sarif 859 17 2.0 2albinoplants 11.8 0
1root
Massa 3291 64 1.9 1 greenplant 43 1.4
1albino plant
1 chimera
1root
Isly 1069 8 0.8 0 0 0
OumRabia 2097 15 0.7 0 0
Tensift 1071 , 5 0.5 2roots 0 0

dembryos per 100anthers;

3. Effect of culture medium

Embryo induction on three different basal liquid
media showed that BPTG was the most favorable
with a significantly superior yield (3.1 %) followed
by C17 (1.2 %) and BAC 1 (1.1 %) (Table 3). These
results are low when compared with those obtained
on the former two media when solidified with agar
(15.5 and 23.8 % respectively) (Chlyah & Saidi
1991). '

After transfer to solid R9 medium, the highest
percent regeneration was obtained when the
induction medium was BAC 1: 30.3 % of which 18.2
% were green regenerations. With the two other
induction media, total regeneration was

btotal plants (green, albino, chimera) formed per 100 embryos;

¢greenplants formed per 100embryos

significantly lower with 6.9 % for BPTG and 7.9 %
for C17. Only one green plant (0.5 %) was observed
in BPTG and one non viable plant (not surviving
the 4 leaf stage) was obtained in C17 (2.6 %). Our
results confirm the beneficial effect of BAC 1
medium, which result has also been obtained in the
case of aestivum wheat (Trottier et al., 1993).

More detailed results showing the effects of various
amino acid additives are presented in Table 4.
Among the BPTG variants, medium 6 with no
amino acids (but with a richer hormonal
composition and sucrose replaced by glucose) gave
the highest rate of embryo formation (16.6 %). The
five other BPTG variants, including medium 1
which was also lacking in amino acids, gave much
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lower percentages (0.6 - 3.3 %). Medium 3,
containing only glutamine, gave the highest total
regeneration in this group but none were green
plants. Medium 6 was the only BPTG medium in
which a green plant was regenerated.

For C17 variants, medium 7, lacking in amino
acids, gave the highest percentage embryos (16.9%)
but no green plants. Medium 8, containing only
glutamine, gave one green regeneration which did
not develop. The other C17 variants containing one
to four amino acids, gave few embryos and no
regenerations.

Concerning BAC 1variants, media 15 and 13 (with
casein hydrolysate and respectively one or no other
amino acid) gave higher rates of embryo formation
than variants with three or more amino acids.
Highest total regeneration was achieved in media
13 (30.8 %) and 14 (55.5 %) which produced

respectively one and five green regenerations. On
medium 14, containing casein hydrolysate and
three amino acids, four viable green plants were
recovered. This result seems to show a positive
effect of amino acids in the BAC 1 medium on green
regeneration. However, the genotype might be an
important interacting factor since all five plants
obtained are of the ‘Sebou’ cultivar.

Despite the fact that yields of embryos were
generally lower on the liquid induction media
compared with our earlier results fordurum wheat
on agarmedia, the number of green plants obtained
was higher. Eight green plants were recovered
from approximately 12400 cultured anthers
whereas only one had been obtained after agar
culture of about 60000 anthers (Chiyah & Saidi,
1991). Five of these green plants have grown to
maturity and produced seed after chromosome
doubling.

Table 3. Action of three culture media on regeneration in anther culture (all genotypes grouped)

Medium Number Number % Total % Numberof green % green Numberregemeration
of anthers  ofembryos  embryos  regeneration  regeneration  regenerations regenerations  viable greenplants

BPTG 6058 189 3.1 13 6.9 . 0.5 1

Cc17 3299 38 1.2 3 79 1 26 0

BAC1 3046 33 1.1 10 30.3 6 18.2 4

BPTG-C17:d/ 8d=5.92 2. The differenceis significant at 0.05. ;
C17-BAC1:d/ 8d=0.312. Thedifference is not significant.

BPTG-BAC1:d/ &d=5.97 2. The difference is significant at 0.05.

Table 4. Results of anther culture for three basic media containing various combinations of amino acids

Basal Medium Numberof ~ Number % Totainuberof % % green Number of viable
N° anthers ofembryos embryos regeneration® regeneration greenregenerations

medium plants

BPTG 1 1425 43 3.0. 2 47 0.0 0
2 877 29 33 2 6.9 0.0 0
3 1167 25 21 6 24.0 0.0 0
4 1331 37 28 2 5.4 00 0
5 963 6 06 0 0.0 0.0 0
6 295 49 16.6 1 2.0 20 1

C17 7 89 15 16.9 2 13.3 0.0 0
8 412 13 32 1 77 77 0
9 225 0 00 0 0 0.0 0
10 378 1 03 0 0 0.0 0
11 316 5 1.6 0 0 0.0 0
12 1879 0 00 0 0 0.0 0

BAC1 13 519 13 25 4 30.8 7.7 0
14 451 9 2.0 5 555 7 555 4
15 327 10 3.1 1 10.0 .00 0
16 851 0 0.0 0 0.0 0.0 0

0 0.0 0.0 0

17 : 898 5 0.6

*Green, chimeraoralbino plants
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According to Lettre et al. (1990), liquid media
increases the number of viable embryos by avoiding
the presence of toxic impureties contained in agar.
The low survival rate of microspores in anther
culture of wheat would be the cause of low rates of
embryo formation (Tuvessonet al., 1991) and these
tended to improve in liquid media.

The support agent used can also affect the obtained
results: Lettre et al. (1990) showed that ficoll was
consistently better than agar and Trottier et al.
(1993) found that a liquid ficoll medium was
superior to a gelatinous one (ficoll and gelrite) or an
agar medium. Our results showed that starch can
also be effective as support agent.

In spite of the efforts of many research groups, the
numbers of green plants of durum wheat
regenerated through anther culture remain
relatively low, except in very specific genotypes,
such as those carrying the 1BL/1RS translocation.
Work is presently being carried out in our
laboratory on transferring this translocation from
aestivum to durum wheat through intraspecific
crosses (Chlyah et al., in press).

Another promising technique for obtaining
haploids in durum wheat is wide crossing with
Hordeum bulbosum or with maize to induce
haploidy after chromosome elimination. This
technique, already successfully applied toaestivum
wheat (Snapeet al., 1979 ; Laurie & Bennett, 1988
; Laurie & Reymondie, 1991), has shown promise in
durum wheat (O’Donoughue & Bennett, 1994 ;
Chlyahetal., in press). All plants produced through
this technique were green . ‘
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