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ABSTRACT

The study on the in vitro micropropagation of Robinia pseudoacacia L. shows the possibility of the rapid increase of 
the vegetative progeny using organogenesis. The culture system consists of sequential use of three media, namely, 
the initiation medium (MS medium supplemented with 0.6 mg · l-1 6-BA (6-benzylamino-purine), 0.1 mg · l-1 NAA 
(naphthalene acetic acid), proliferation medium (1/2 MS medium added with 1 mg · l-1 6-BA,) and root-induction 
medium (1/2 MS medium fortified with 0.2 mg · l-1 NAA). The resulting micropropagated plants, fully acclimatised 
to an in vivo environment, did not show any visually detectable morphological variation.

In addition, we investigated the genetic stability (vegetative progeny to the donor plant) of a sample of 30 plants 
randomly taken from ca. 1067 micropropagated plants, by using three microsatellites loci Rops 15, Rops 16, Rops 18. 
Our results suggest that DNA sequence variations may occur in micropropagated plants.
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INTRODUCTION

Black locust (Robinia pseudoacacia L.) is a drought-
resistant tree and, in symbiosis with Rhizobium, able to 
fix dinitrogen from the atmosphere. It is, therefore, an 
interesting species for marginal lands where soil ame-
lioration is sought in addition to economic gain. Robinia 
is widely planted due to its rapid growth and ecological 
plasticity, adaptability and good timber quality.

Several countries have started research programmes 
on improving black locust wood quality and/or increas-
ing production of biomass for energy purpose. Future 
directions for forestry research in Poland include this 

species suitable for production of the small-sized timber 
in short production cycles as an attractive, renewable 
energy resource. As a result of the latest study conduct-
ed by the Forest Research Institute, a few forest stands 
with black locust characterised by the unique, straight 
form of the stem have been localised. Therefore, root 
microcuttings from the selected straight stem trees were 
collected from those stands and these trees became the 
basis of the most valuable forest stands of the black lo-
cust in Poland. However, there are individual genotypes 
that are resistant to the efforts of propagation by the 
traditional methods. In this context, the black locust is-
sue demands the development of an effective method of 
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micropropagation to enable the production of vegetative 
microcuttings on a commercial scale.

Several reports have showed that in vitro propaga-
tion of R. pseudoacacia is a feasible method to produce 
large numbers of clonal plants (Enescu and Jucan 1985; 
Balla and Vértesy 1985; Barghchi 1987; Arrillaga 1993; 
Zhang et al. 2007; Rédei et al. 2013). To obtain effective 
procedures of in vitro propagation, authors have tested 
two main factors: the type of explants and the type and 
concentration of plant growth regulators. Unfortunately, 
it is well known that exogenous hormones and growth 
regulators useful for the micropropagation, especially 
the synthetic ones, have been a cause of genetic instabili-
ty (Martin et al. 2006). Even at optimal levels, long-term 
multiplication may often lead to somaclonal or epigenet-
ic variations in the micropropagated plants questioning 
the very fidelity of their clonal nature. Therefore, it is 
necessary to establish genetic uniformity of micropropa-
gated shoots by molecular techniques that would enable 
a highly sensitive detection of any mutations.

Random amplified polymorphic DNA markers 
(RAPDs) have been applied to determine the genetic 
homogeneity in a small sample of micropropagated 
4-year-old plants of R. pseudoacacia (Bindiya and Kan-
war 2003). The aim of this study was to assess the possi-
bility to apply microsatellite fingerprinting technology 
for checking genetic stability of black locust tissue-cul-
ture derived plantlets. Microsatellites, comprising tan-
demly repeated short nucleotide sequences, are found as 
ubiquitous, abundant and highly polymorphic in eukar-
yotic genomes. Mutation rates are estimated to occur 
between 10−2 and 10−6 events per locus per generation, 
which are very high compared to point mutation rates at 
coding gene loci (Li et al. 2002). Tree microsatellite loci 
(Rops 15, Rops 16, Rops 18) with a hypervariable dinu-
cleotide repeat locus (AG motif) and with an extraordi-
narily high mutation rate were used by Lian and cow-
orkers (2004), in study on mutational characteristics of 
black locust in different leaf samples from individual 
ramets, ramets within individual genets and seeds from 
individual mother ramets.

The following work covers the results of trying to 
obtain planting stock of R. pseudoacacia using vegeta-
tive reproduction in the in vitro tissue cultures. We have 
also monitored the genetic stability of long-term micro-
propagated shoots of black locust clones using microsat-
ellite loci Rops 15, Rops 16, Rops 18. Our results suggest 

that microsatellite technique can be successfully used to 
assess genetic variations in micropropagated plants.

MATERIAL AND METHODS

Plant material

As the starting material for micropropagation, the frag-
ments of shoots from plus trees, and from clones origi-
nating from seed orchard were used (Tab. 1). The young 
shoots that sprouted from the lower trunk were collect-
ed in spring, before budding.

Table 1. List of propagated clones of Robinia pseudoacacia

Name Clones number No of seedlings  
from in vitro 

1 PN 9733 (root cuttinngs) 2
2 PN 9755 ( grafted) 265
3 PN 9759 ( grafted) 68
4 PN 9757 ( root cuttinngs) 247
5 PN 9733 ( grafted) 43
6 PN 9735 ( grafted) 80
7 PN 9758 ( grafted) 212
8 PN 9759 (grafted) 11

10 DM 9755 (plus tree) 139

Culture medium and incubation conditions

In order to initiate the cultures, the sterilised material 
was laid out on the MS culture medium (Murashige 
and Skoog 1962) for initiation. The composition of the 
initiation medium was as describer in Table 2. The 
first week after the cultures initiation, they were kept 
in phytotron in the darkness and then exposed to the 
16-hour photoperiod of the daily temperature of 25°C 
and the night temperature of 20°C. To keep the cultures 
in vigorous growth, the subcultures were laid out on 
the fresh culture medium every 14 days. The emerg-
ing adventitious shoots about 1.5–3 cm long were cut 
and allocated up to rooting or secondary propagation 
(secondary explants).

Proliferation and rooting

Secondary explants were put on the MS culture medium 
diluted by half (½ MS), supplemented with higher con-
centration of cytokines – 1 mg · l−1 BAP. Shoots allocat-
ed up to rooting were first kept for 1 week on the culture 
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medium enhanced with auxins and then for 4–5 weeks 
laid out to root on the ½ MS culture medium without 
the growth hormones and supplemented with activated 
carbon 2 g · l-1 (Tab. 2).

Table 2. The composition of the culture medium 
for vegetative propagation of Robinia pseudoacacia

Compounds Initiation Prolife-
ration 

Induction 
of roots

MS medium full 
strength*

half 
strength*

half 
strength*

Sucrose (g · l-1) 30.0 30.0 20.0
Agar (g · l-1)   5.5   5.5   5.5
BAP (mg · l-1)   0.6   1.0 –
NAA (mg · l-1)   0.1 – (0.2)
activated charcoal (g · l-1) – –   2.0
pH   5.8   5.8   5.8

* Half strength means the concentration of major element salts is 
halved.
NAA: naphthalene acetic acid; 6-BA: 6-benzylamino-purine;  
IBA: 3-indolebutyric acid.

Greenhouse transfer

Acclimation of the black locust clones occurs under 
greenhouse conditions. Adaptation of the plantlets 
grown in vitro to the growth in natural conditions re-
quired keeping the low intensity of light, high humidity 
of air and the temperature about 15–20ºC. In order to 
attain these conditions, jars with the rooted shoots were 
moved for 1–2 weeks to the greenhouse and afterwards, 
the plantlets were planted in the pots filled with the mix-
ture of peat and perlite in the ratio 1:2 and covered with 
foil. After 7–10 days, the humidity of the air was gradu-
ally lowered. The microcuttings were cultivated in 
these conditions for about 3 months in the greenhouse 
and then put outside.

Plant material for DNA extraction

The fresh leaves from the mother plants (from clones 
and plus trees) were used as a source of DNA. For test-
ing the long-term effects, 30 plantlets obtained after 
repeatedly sub-culturing in MS medium for 24 and 
48 times (approximately 1 and 2 years) after 2-week pe-
riod were used. The DNA was extracted by using the 
DNeasy Plant Mini Kit (250) supplied by Qiagen.

DNA amplification

According to Lian et al. (2004), three microsatellites 
loci Rops 15, Rops 16, Rops 18 were used to describe 
genotypes of propagated black locust plant. The char-
acteristics of these three microsatellites are listed in Ta-
ble 3. Based on the observations of optimal annealing 
temperature for these markers, we composed the multi-
plex PCR. For the multiplex reaction, we used the Mul-
tiplex PCR kit (Qiagen). Concentrations of the primer 
pairs in the primer premix were 0.2–0.3 μM of each de-
signed primer pair. The cycling conditions for the mul-
tiplex were as follows: an initial step at 95°C for 15 min; 
then 30 cycles at 94°C for 30 s, 55°C for 30 s and 72°C 
for 30 s; and a final incubation at 70°C for 10 min. The 
reaction products were fractionated using an CEQ 8800 
(Beckman-CoulterR), sequencer.

RESULTS

The breeding cycle, from the initiation of the cultures, 
to the obtainment of the microseedlings capable of 
growth and development in the natural conditions and 
the growth of their first shoots, took 5–6 months (from 
April to September). However, the first microseedlings 
were planted only 4 months after the initiation of the cul-

Table 3. List of primers their annealing temperature (Ta), sequences and size of the amplified fragments

Locus Repeat Primer sequence(5′–3′) Ta (°C) Size range 
(bp)

No. 
of alleles

GenBank 
accession no.

Rops 15 (CT)20
GCCCATTTTCAAGAATCCATATATTGG

54 112–254 43 AB120731
TCATCCTTGTTTTGGACAATC

Rops 16 (CT)13
AACCCTAAAAGCCTCGTTATC

56 195–223 15 AB120732
TGGCATTTTTTGGAAGACACC

Rops 18 (AC)8
AGATAAGATCAAGTGCAAGAGTGTAAG

54 135–219 13 AB120733
TAATCCTCGAGGGAACAATAC
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tures. The difficulty of rooting of microcuttings caused 
the differences between the vegetative progeny obtained 
from the individual clones (Tab. 1). The most resistant 
clones were 1PN and 8 PN. The clones 2PN, 4PN, 7PN 
proliferated at a similar high rate. From 8 to 30, some-
times even more (uncountable) developing adventitious 
shoots on one explant were observed. 

Figure 1. Multiplantlets of Robinia pseudoacacia

They formed so called multiplantlets (Fig. 1) from 
which the shoots for rooting were obtained. Rooting 
of the emerging shoots in June was very effective for 
the majority of clones, 89.5%. The process of rooting 
of the adventitious shoots has taken about 4–5 weeks 

(Fig. 2). At the end of July, the seedlings 
were put outside the greenhouse to lignify 
before the winter period. We also observed 
characteristic root nodules on the roots of 
the grown seedlings. They grew as a result 
of overgrowth of the plant tissue invigorated 
by the nitrogen-fixing bacteria (mainly Azo-
tobacter) (Fig. 3). Those nodules grew inde-
pendently, after planting the microcuttings 
in the mixture of peat and perlite.

Micropropagated plantlets of black lo-
cust that developed from axillary shoot 
bud explants over 1 and 2 years ago were 
screened for genetic variation. In order to 
confirm the genetic fidelity, a comparison of 

Table 4. Genotypes observed among seedlings obtained after repeated 
sub-culturing

Clone 
name

Genotypes (after 1 or 2 years)
Rops 15 Rops 16 Rops 18

1PN 126/162 162/204 204/218 (1,2) 134/204
2PN 126/144 204/218 134/210
3PN 126/144 204/218 134/210
4PN 126/144 204/218 134/210
5PN 126/144 204/218 134/210
6PN 118/144 206/212 136/210
7PN 126/144 204/218 134/210
8PN 126/144 160/204 204/204 (2) 134/204 134/136 (2)

10DM 126/144 204/218 134/210 134/218 (1)

Figure 2. Root system on the adventitious shoot [MS culture 
medium from NAA-1-naphthaleneacetic acid (0.2 mg · l-1)] 
(phot. P. Markiewicz)

Figure 3. Root nodule grown on the Robinia pseudoacacia 
cuttings after planting them in the substrate
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three microsatellites locus of 30 vegetative progeny of 
micropropagated plant and a control plant (donor plant) 
was carried out. Leaves obtained from different sub-
clones rarely had different genotypes at the locus Rops 
16 (only clone 1PN, 8PN) and Rops 18 (8PN, 10DM). 
Individual variations emerged both in the 1st and 2nd 
year of culturing. Clone 8PN study showed that muta-
tions were identified in two loci (Tab. 4). In case of this 
clone, it was very difficult to obtain in vitro progeny and 
the quantity of clone 8PN was the lowest (Tab. 1).

DISCUSSION

The technique of the in vitro culture of R. pseudoacacia 
is well established although in case of two clones, the 
rooting process required additional treatments. Trans-
ferring shoots to an auxin-free medium was beneficial 
for rooting. Admittedly, auxins have a rhizogenic action 
during the root induction phase and stimulate cells to 
engage in the establishment of meristemoids (Garrido et 
al. 2002), but the same phytohormones become inhibi-
tory after 96 h and may arrest or inhibit growth of root 
primordia (De Klerk et al. 1999). Exposing the shoots 
to auxin for sufficient duration permitted root initia-
tion, but inhibited further development. In our rooting 
procedure for R. pseudoacacia, we applied successfully 
the MS medium supplemented with activated charcoal. 
Our results are confirmed by Dumas and Monteuuis 
findings (1995). They observed that activated charcoal 
in the medium culture improves not only rooting rates, 
but also roots growth of Pinus pinaster. In the in vitro 
conditions, the activated charcoal is commonly used 
in tissue culture media. The effects of activated char-
coal may generate a darkened environment; adsorp-
tion of undesirable/inhibitory substances; adsorption 
of growth regulators and other organic compounds, or 
the release of growth promoting substances present in 
or adsorbed by activated charcoal (Ahuja 1985; Dumas 
and Monteuuis 1995; Pan and Staden 1998).

True-to-type clonal fidelity is one of the most im-
portant prerequisites in the micropropagation. A ma-
jor problem that can be encountered with the in vitro 
culture is the presence of somaclonal variation among 
sub-clones of one parental line arising as a direct conse-
quence of in vitro culture of plant cells, tissues or organs. 
The exact cause of somaclonal variation in the in vitro 

cultures is still unknown, although it is believed that 
alterations in auxin–cytokinin concentrations and their 
ratio, duration of the in vitro culture, in vitro stress due 
to unnatural conditions, altered diurnal rhythm and nu-
tritional conditions occurring together or independently 
are responsible (Modgil et al. 2005). Due to such rea-
sons, morphological variations are probably a common 
feature as long as the shoot/plantlet cultures are under 
the in vitro conditions, in contrast to normal state when 
such plantlets are transferred to soil. In the case of black 
locust, though certain morphotypes were observed 
during routine multiplication as well. Development of 
different morphotypes during prolonged in vitro cultur-
ing was also observed by Ishii et al. 1987 and Goto et 
al. 1998 while they were working on micropropagated 
morphotypes of Pinus radiata and Pinus thunbergii, re-
spectively. In these studies as well as in several other 
studies, the use of cytokinins, especially the exposure 
to BAP coupled with altered diurnal rhythm and con-
tinuous availability of high levels of nutrients have been 
noted to induce hyper-hydricity (otherwise known as 
vitrification phenomenon) and alterations in morphol-
ogy. Cultured plant tissues are also known to undergo 
high levels of oxidative stress due to reactive oxygen 
species formed within the cells and the latter is known 
to cause DNA damage, including that of microsatellite 
instability (Jackson et al. 1998). In our study, primers 
with highly sensitive detection of mutations have been 
screened by using molecular markers. Since there were 
only infrequent changes in the genotypes observed in 
the tissue of culture plants as compared to that of a do-
nor plant, we conclude that our micropropagation proto-
col for R. pseudoacacia can be carried out for a consid-
erable length of time with verification of genetic insta-
bility. From the present study, it is clear that somaclonal 
DNA sequence variation is present in micropropagated 
plants of R. pseudoacacia. Similarly, Bindiya and Kan-
war (2003) using RAPD technique, obtained differen-
ces between micropropagated plants of black locust 
after 4 years of subculturing. Similarity indices ranged 
from 0.86 to 0.96. Major et al. (1998) reported similarity 
coefficients ranging from 0.51 to 0.95 between 12 tis-
sue cultured samples of Robinia and suggested that this 
variability was due to accumulating mutations during 
long-term clonal growth. On the basis of the presented 
results, it is demonstrated that somaclonal variations 
arise even from axillary bud explants of R. pseudoaca-
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cia. Theoretically, such explants are supposed to main-
tain clonal fidelity (Ahuja 1987; Wang and Charles 1991; 
Rahman and Rajora 2001). Our results suggest that mi-
crosatellite technique can be successfully used to assess 
genetic variations in micropropagated plants. It also 
demonstrates that genetic integrity of micropropagated 
plants should invariably be confirmed before transfer-
ring hardened plants to the field.
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