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ABSTRACT

The regeneration process of the plants obtained from androgenetic embryos is
avery important stage in obtaining homozygotic lines from anther cultures. The
efficacy of regeneration depends above al on genotype. Another important factor
influencing the regeneration process is the composition of the medium. Different
authors recommend various modifications of the media used to regenerate plants from
androgenetic embryos. Some researchers obtain whole plants on the regeneration
media, while some others carry out this process in two stages: first regenerating
shoots, and then stimulating root formation.

In the present study, an effective method of plant regeneration from anther-
derived embryos was used to secure sufficient plant material for creating homozygous
lines. The experiments were carried out on two species. cabbage and carrots. The aim
was to determine the effect of genotype and medium composition on the efficiency of
the regeneration process.

The genotype was the factor which had the greatest impact on plant regeneration
from androgenic embryos in both cabbage and carrots. In cabbage, the highest
number of shoots regenerated from embryos was obtained with ‘ Kamienna Gtowa'. In
carrots, the highest number of plants were formed with ‘FeriaF;,’ and ‘Narbonne ;.

When B5 medium (Gamborg et a., 1968) with 20 mg/l sucrose without
hormones and and B5 with 20mg/l sucrose and 20 mg/l kinetine were used, shoot
production was more intensive in cabbage. B5 with 20mg/l sucrose and 20 mg/l
kinetine was useless for regenerating carrot embryos. In carrots secondary
embryogenesis took place during the regeneration of embryos on media without
hormones.

Key words: head cabbage, carrot, androgenesis, homozygous lines



D. Krzyzanowskaet al.
INTRODUCTION

The main advantages of F, cultivars are higher yield, better quality, and more
uniformity. Traditiona cultivars are being replaced on the market by new hybrid
cultivars. The initid stage in creating hybrid cultivars is developing homozygous
lines, which is difficult and very time-consuming with conventional breeding
methods. Obtaining homozygous lines from anther culture can shorten the long
inbreeding process. The first step in this kind of breeding program is obtaining
androgenetic embryos by means of anther culture. The next step is regenerating
plants. Difficulties with regenerating plant from androgenetic embryos have been
described by severa authors (Keller and Armstrong, 1977; Lichter, 1982; Pink et
al., 1995; Gorecka, 1998).

The aim of this work was to examine the effect of cultivars, and
regeneration media on the plant regeneration process from cabbage and carrot
embryos obtained in anther culture

MATERIAL AND METHODS

The experiments were carried out on two cultivars of head cabbage:
‘Kamienna Gtowa and ‘ Stawa z Enkhuizen’ and on three cultivars of carrot
FeriaF,, ‘Narbonne F;" and ‘ Splendid F,'.

With cabbage, anther cultures after embryo formation were maintained in
a growing room at 24°C under continuous light. In two or three days, the
green embryos were transferred to four regeneration media. Albinotic
embryos were discarded.

Regeneration medi a were based on either MS or B5 medium (Murashige
and Skoog,1962; Gamborg et al., 1968):

MS-1: MSwith10gL sucrose 10gL and 05gL L activated charcoal
MS-2: MSwith 20 gL sucrose, 1 mgL™ BA and 0.001 mgL NAA;
B5-1: B5 without amino acids and hormones with20gL™ sucrose

B5-2: B5 without amino acids with 20 gL sucrose and 20 mgL ™ kinetin.

With carrots, anther cultures after embryo formation were maintained at in
a growth chamber at 27°C under continuous light. When the embryos turned
green, they were transferred to five regeneration media. The same media were
used for regeneration of carrot androgenetic embryos as for cabbage but al
media contained 20 gL' of sucrose. In addition the medium MS without
hormones (MS-3) was used. All the mediawere a adjusted to pH 5.8.

With cabbage, embryos were checked after three weeks for normal
devel opment, organogenesis, and callus formation. Then the explants obtained
were transferred to fresh medium. Every type of growth was subsequently
cultured, including normally developing embryos, shoots, and abnormal
growths on the embryos. During the second passage, initias of rosettes, small
rosettes and callus were subcultured only on MS-2 and B5-2. Larger rosett%
were cultured on rooting medium (B5 + with 30 gL sucrose and 1 mgL
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IAA. If the shoots had not rooted in three weeks, the old callus and senescent
leaves were cut off, and the shoots were again cultured on rooting medium.

With carrots, embryos were checked during the first passage at twelve
weeks for callus aggregations, initial rosettes, initial shoots, rosettes, complete
plants and secondary embryos.

RESULTS

With cabbage, some embryos grew, forming cotyledons and shoots.
Others formed severa shoots or callus. However, many died. Out of 194
cabbage embryos cultured on regeneration media, 31 grew and produced
shoots, 73 formed callus, and 68 died. In ‘Kamienna Gtowa, during first
passage, 17.1% of the embryos formed shoots, 40.0% formed calus, and
34.7% died. I n the moderately late cultivar * Stawa z Enkhuizen’, only 8.3% of
the embryos devel oped shoots (Tab. 1).

Table 1. The influence of the cultivar on the regeneration of head cabbage
embryos obtained in anther culture on MS-2 and B5-2 medium’

Embryos
) producing producing ) non
Cultivar | Placed on the callus shoots died developed

regeneration
medium(No.)) No. | % | No. | % |[No.| % | No. | %

Stawa z
Enkhuizen 24 5 20.8 2 8.3 9 |375| 8 33.3
amienna
Glowa 170 68 40.0 29 171 |59 347 14 8.2

Shoot formation was best on B5-2. The proportion of embryos forming callus
was highest on MS-2. The proportion of embryos which formed shoots was the
lowest and the proportion of embryos which died wasthe highest on MS-1 (Tab. 2).

Table 2. Regeneration of head cabbage embryos obtained in anther cultures on
different media

Embryos
Producing producing ) non
.+ | placed onthe died
Medium regeneration callus shoots developed
medium(NO)| No. | % | No. | % |No.| % |No.| %
MS-1 36 12 33.3 4 | 111 | 18 |[50.2| 2 55
MS-2 73 35 47.9 11 15.1 16 21911 |15.1
B5-1 40 12 30.0 6 150 [ 17 [425] 5 125
B5-2 122 38 | 311 20 | 164 | 52 |426]12 | 9.8

* MS-1-MS (Murashige and Skoog 1962) without aminoacids and hormones

+ sucrose 10 gL + activated charcoal 0.5 gL*

MS-2 —MS without aminoacids + sucrose 20 gL* + BA 1 mgL* + NAA 0.001 mgL*
B5-1 —B5 (Gamborg et al.1968) without aminoacids and hormones + sucrose 20 gL
B5-2 — B5 without aminoacids + sucrose 20 gL' + kinetin 20 mgL*
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During the second passage, the shoots, callus and fragments of developing
embryos produced new shoots intensely only on B5-2 and MS-2. Larger
shoots formed usually roots on the rooting medium, although there were
differencesin rooting between genotypes.

Table 3. The influence of the cultivar on the regeneration of carrot embryos
obtained in anther culture

Embryos
placed . . roducin roducin
. onthe | producing | producing F(J:ompletg gecondarg died
ration
medium
(No.) [No.| % |No.| % No.| % | No. | % |No.| %
FeriaF, 65 4 |62 |15 (231 |28 | 43.1 2 3.1 | 16 [24.6
Narbonne F1 29 O /00| 4 138 | 13 | 448 1 34 |11 379
Splendid F; 32 4 125 | 0 |00 | 6 | 188 1 3.1 | 21 |65.6

With carrots, the efficiency of shoot production on regeneration medium
depended on the genotype. In ‘Feria F;" and ‘Narbonne F;’, over 40% of the
embryos produced complete plants. This was more than twice as many as in
‘Splendid F1'. The proportion of embryos forming rosettes was 23.1% in ‘Feria
F," and 13.8% in ‘Narbonne F;'. In ‘ Splendid F;’, 12.5% of the embryos formed
calus and 65.6% of died (Tab. 3).B5-2 was the worst medium for regenerating
carrot embryos; al of the embryos died on B5-2. On MS-2, which contained BA
and NAA, carrot embryos regenerated shoots which formed roots on specid
media containing auxins. Root formation was very dow. The efficiency of shoot
production was not high on MS-2, and neither was the efficiency of root
production.

Table 4.Regeneration of carrot embryos obtained in anther cultures on different media

Embryos
placed on : : producing | producing
Medium* the prggllfﬁ;ng p:gggt(t:gg complete | secondary died
regeneration plants embryos
medium
(No) |No.| % No.| % [No.| % | No. % |No.| %
MS-1 40 2 |50 1 25/ 121300 O 0.0 |25 | 62.5
MS-2 20 4 00| 5 |250] 1) 50| 4 |200| 6300
MS-3 17 0 |00 1 59| 7411 | 2 118 | 7412
B5-1 26 1 /38| 0 | 00 24923 | 1 38| 0| 00
B5-2 28 0 0] 0 | 00 O 0| O 0 | 28 100.0

* MS-1-MS (Murashige and Skoog,1962) without aminoacids and hormones

+ sucrose 20 gL + activated charcoal 0.5 gL

MS-2 — M S without aminoacids + sucrose 20 gLt + BA 1 mgL?® + NAA 0.001 mgL*
MS-3 — M S without aminoacids and hormones + sucrose 20 gL*

B5-1 —B5 (Gamborg et al.1968) without aminoacids and hormones + sucrose 20 gL
B5-2 — B5 without aminoacids + sucrose 20 g'L™* + kinetin 20 mgL*
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On media without hormones, secondary embryogenesis took place,
followed by conversion to complete plants. The formation of secondary
embryos and direct regeneration into plants were very intense, especially on
B5-1 (Tab. 4). In ‘Feria F;’, an average of 102 plants from one embryo were
obtained on B5-1.

DISCUSSION

Different researchers have used different media for regeneration plants
from androgenetic embryos. Keller et a. (1975) used B5 and MS media
without hormones with 2%sucrose Brassica campestris and Brassica napus.
Takahata and Keller (1991) used B5 medium without hormones for Brassica
oleracea embryo culture and obtained either direct development of embryos
into plants or shoot induction after several passes. Similar results with these
media were also obtained by Lelu and Bollon (1990) for Brassica oleracea
var. capitata and Brassica oleracea var. gemmifera. In our experiments on
media without cytokinins, MS-1 and B5-1, we obtained only a few shoots
from cabbage embryos.

Nateczynska (1991) obtained numerous shoots from androgenetic
embryos of Brassica napus on B5 medium supplemented with 20 g/I sucrose
and 20 mg/I kinetin. In our experiments with head cabbage, the best out of the
four media tested proved to be B5-2, which also contained 20 g/l sucrose and
20 mg/I kinetin. With cabbage, the highest number of shoots was obtained on
B5-2. However, with carrots, all the embryos died on B5-2.

In our research on plant regeneration from androgenetic carrot embryos,
we observed intensive formation of secondary embryos on media without
hormones, especially in ‘Feria F1'. Induction of secondary embryogenesis and
conversion of secondary embryos into plants shortens and simplifies the
process of producing plants from androgenetic embryos. Andersen et a.
(1990) reported that single plants formed from androgenetic carrot embryos
without secondary embryogenesis on B5 without hormones and 20 gL*
sucrose. Tyukavin et al. (1999) placed carrot embryos obtained from anther
culture on MS with 0.1 mgL™ kinetine and observed secondary embryo-
genesis. They also reported that secondary embryos appeared even on plants
developing from embryos. They also obtained many plants from a single
embryoid.

Lelu and Bollon (1990) stated that the predisposition for regeneration in
Brassica oleracea var. capitata and Brassica oleracea var. gemmifera
depended upon genotype. This supports the experiments with head cabbage
(Gorecka and Krzyzanowska et al., 1997), with Brussels sprouts
(Krzyzanowska et a., 1996) and with carrots (Andersen et al., 1990). In the
recent experiments, we also observed this tendency.
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CONCLUSIONS

— In cabbage and in carrots, the efficiency of plant regeneration from
androgenetic embryos depended on the genotype.

— The composition of the medium influenced the regeneration process of
androgenetic cabbage and carrot embryos.

— Incarrots, secondary embryogenesis took place during the regeneration of
androgenetic embryos.

REFERENCES

Andersen S.B., Christiansen ., Farestveit B. 1990. Carrot (Daucus carota L.): In vitro
production of haploids and field trials. BIOTECH. AGRICUL. FORESTRY 12:
393-402.

Gamborg O.L., Miller R.A., Ojima O. 1968. Nutrient requirements of suspension
cultures of soybean root cell. EXP. CELL RES. 50: 151-158.

Gorecka K., KrzyzanowskaD. 1997. Plant regeneration from anther-derived embryos
of cabbage (Brassica oleracea L. var. capitata). ACTA HORT. 447: 335-337.
Gorecka K. 1998. Obtaining of homozygous lines of head cabbage (Brassica oleracea
L. var. capitata L.) with aid of anther culture. Habil. Thesis (Polish with English

summary) pp. 14: 1-71

Keller W.A., Rajhathy T., Lacapra J. 1975. In vitro production of plants from pollen
in Brassica campestris. CAN. J. GENET. CYTOL. 17: 655-665.

Keller W.A., Armstrong K.C. 1977. Embryogenesis and plant regeneration in
Brassica napus anther cultures. CAN. J. BOT. 55: 1383-1388.

Krzyzanowska D., Gorecka K., Glaps T. 1996. Plant regeneration from Brussels
sprouts. Proc. of 6" All- Poland Meeting of Hort. Breeders, Cracow, pp. 436-439.

Lelu M.A., Bollon H. 1990. Cabbage Brassica oleracea var. capitata and Brussels
Sprout Brassica oleracea var. gemmifera. In vitro Production of Haploids.
BIOTECH. AGRICUL. FOREST 12 Haploids in Crop Improvement |/ed. by
Y .P.S. Bajg/Springer-Verlag Berlin Heidelberg

Lichter R. 1982. Induction of haploid plants from pollen of Brassica napus. Z.
PFLANZENPHY SIOL 105: 427-434.

Murashige T., Skoog F. 1962. A revised medium for rapid growth and bioassays with
tobacco tissue cultures. PHY SIOL. PLANT 15: 473-497.

Naleczynska A. 1991. Application of doubled haploids in breeding of rapeseed. Part I.
Obtaining of homozygous lines. Habil. Thesis. HOD. ROSL. AKLIM. 35 1/2: 3-28.

Pink D.A.C,, Ellis P.T., Gray A.R. 1995. Proc. of 5™ All-Poland Meeting of Hort.
Breeders, Skierniewice, pp. 261-267.

Takahata Y, Keller W.A. 1991. High frequency embrypgenesis and plant regeneration
in isolated microspore culture of Brassica oleracea L. PLANT. SCIENCE 74(2):
235-242.

Tyukavin G.B., Shmykova N.A., Monakhova M.A. 1999. Cytologicd sudy of
embryogenessin cultured carrot anthers. FIZIOLOGIY A RASTENII 46(6): 876-834.

126 J. Fruit Ornam. Plant Res. vol. 14 (Suppl. 1), 2006: 121-127



The effect of genotype and medium on plant regeneration...

WPLYW GENOTYPU | SKLADU POZYW’KI NA
REGENERACJE ROSLIN Z ZARODKOW
ANDROGENETYCZNY CH

Dorota Krzyzanowska, Krystyna Gorecka,
Waldemar Kiszczak i Urszula Kowalska

STRESZCZENIE

Waznym etapem technologii uzyskiwania linii homozygotycznych z zastoso-
waniem kultur pylnikowych jest regeneracja roslin z zarodkéw androgenetycznych.
Sprawia on czesto duze trudnosci i wiele zarodkéw zamiera nie wytwarzajac roslin.
Efektywnos¢ regeneracji zalezy miedzy innymi od genotypu. Innym bardzo waznym
czynnikiem wptywajacym na proces regeneracji jest sktad pozywki. Rézni autorzy
zalecaja rozmaite modyfikacje pozywek do regeneracji zarodkdw androgenetycznych.
Niektorzy badacze otrzymuja cale rosliny na pozywkach do regeneracji, inni
prowadza ten proces dwustopniowo regenerujac z zarodkOw pedy, a nastgpnie je
ukorzenigja.

Prezentowana praca dotyczy poszukiwania efektywnych metod regeneracji roslin
kapusty glowiastej i marchwi z zarodkéw androgenetycznych, ktére pozwola na
otrzymanie wystarczajacel liczby rodin do wyprowadzenia linii homozygotycznych
tych warzyw. Zbadano wplyw genotypu i pozywki na efektywnos¢ procesu
regeneracji.

Genotyp wptywat w znaczacy sposdb na regeneracje zarodkéw androgene-
tycznych zaréwno kapusty, jak i marchwi. Z zarodkéw kapusty odmiany ‘Kamienna
Glowa zregenerowano wiecej pedéw niz z zarodkéw odmiany ‘ Stawa z Enkhuizen’.
Znacznie wigcej kompletnych rodlin zregenerowano z odmian marchwi ‘Feria Fy’
i ‘Narbonne F;’ niz z zarodkéw odmiany ‘Splendid F;'.Wiece pedbéw powstawato,
gdy zarodki androgenetyczne kapusty wykitadano na pozywke regeneracyjna B5
(Gamborg i in., 1968) zawiergjaca 20 g/l sacharozy, bez hormonéw oraz B5
zawiergjaca 20 g/l sacharozy i 20 mg/l kinetyny. Ta ostatnia okazata si¢ zupetnie
nieprzydatna do regeneracji roslin z zarodkdéw marchwi. Podczas regeneracji
z zarodkow androgenetycznych marchwi na pozywkach bez hormonéw stwierdzono
wtorna embriogeneze.

Stowa kluczowe: kapusta, marchew, androgeneza, linie homozygotyczne
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