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1 Introduction 

1.1 Prunus avium – Wild cherry 

1.1.1 Introduction of Prunus avium for its use in forestry 

Prunus avium

Prunus avium

Prunus avium
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1.1.2 Propagation of Prunus avium by in vitro culture 

Prunus avium

Prunus avium 

Prunus avium

Fig. 1 P. avium plants during the propagation process (A) Microshoots on rooting medium, 
genotype Neptun; (B) Two rooted and one unrooted microshoot, genotype Achilleus (C); P. 
avium genotype Neptun plants four weeks and (D) eight weeks after transfer to soil; (E) 25 year 
old offspring of a selected plus tree (genotype Fama) of the silvaSELECT® clone collection. 
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Fig. 2 Principle steps in propagation of Prunus avium microcuttings by in vitro culture. 
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Prunus avium

in vitro

1.2 Microbial Endophytes 

1.2.1 Definition and general description 

“  all organisms inhabiting plant organs that at some time in their life, 

can colonize internal plant tissues without causing apparent harm to their host” 

Methylobacterium extorquens 
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Methylobacterium  Pantoea

Epichloë

Rhizobium 

leguminosarum,

1.2.2 Bacterial endophytes 

Rhizobium radiobacter

Agrobacterium tumefaciens, Agrobacterium radiobacter
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1.2.3 Impact of bacterial endophytes on plants  

Plant health 
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Plant growth promotion 

Rhizobium radiobacter 

Rhizobium radiobacter

Pseudomonas

Enterobacter Rhizobium Bradyrhizobium Bacillus Methylobacterium Rhodococcus

Acinetobacter Microbacterium

Triticum aestivum
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Azospirillum brasilense

1.2.4 Role of endophytes in in vitro culture 
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Prunus avium Malus

Fig. 3 Visual observation of endophytic bacterial growth in different plant tissue culture 
materials. (A) Tissue culture of Solanum sp. with bacteria growing out of the basal part of the 
microshoot (B) Endophytes emerging from the submerged parts of Helleborus microshoots 
(C) bacteria of Phalaenopsis tissue culture growing on the surface of the medium (D) Leaves of 
Prunus avium genotype Neptun on bacterial culture medium with white colonies of isolate N-I-2 
(Rhodopseudomonas palustris) (E) Leaves of Prunus avium genotype Demeter on bacterial culture 
medium with yellow colonies of isolate D-I-1 (Microbacterium testaceum). 

“It seems there is an equilibrium of endophytes and plants that under certain 

circumstances may be unbalanced to the detriment of one of the partners” 
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1.2.5 Detection of bacterial endophytes 

Mycobacterium

Prunus avium
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Fig. 4 Workflow for the detection of endophytes by culture-dependent and culture-independent 
method as used in this thesis.  
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1.3 Cooperation project: “New possibilities of characterization, 
regulation and utilization of bacterial endophytes in in vitro 
propagation systems of wild cherry (Prunus avium L.)” 

Prunus avium

Prunus avium

Prunus

Prunus avium
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• 

• 

• 

1.4 Thesis objectives 

Prunus avium

Prunus 

avium,

Prunus avium

 

Prunus avium

 Prunus avium

 

in planta
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2 Publications and Manuscripts 

2.1 Improved in vitro rooting of Prunus avium microshoots by a 
dark treatment and an auxin pulse. 

 

Prunus avium
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1. Introduction 

Prunus avium

Acacia mangium Malus 

domestica

Prunus avium
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Prunus avium

Prunus avium

Prunus avium

2. Materials and Methods 

2.1 Plant material 

Prunus avium

2.2 In vitro culture conditions  
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2.3 Rooting experiment 

Prunus avium

2.4 Acclimatization 

Prunus avium
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2.5 Statistical analysis 

3. Results and Discussion 

3.1 Importance of in vitro rooting on acclimatization success  



Manuscript I 
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 Fig. 1 Effect of in vitro rooting on the acclimatization success. (A) Plantlets four weeks after 
transfer to the greenhouse, genotype Neptun. (B) Acclimatization rate seven weeks after transfer 
to the greenhouse. Different letters indicate significant differences between the groups within 
one genotype by Tukey’s range test (P < 0.05); Bars = mean of four repetitions; Error bar = SD; n = 
4 repetitions, number of total individuals are given in the bars. 

3.2 Induction of roots by an IBA pulse 

Prunus avium

Prunus 

avium 
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Fig. 2 Comparison of the percentage of rooted plants produced using the standard protocol 
(control), a four days dark treatment (dark) or an 48 h IBA pulse (IBA). The 3 repetitions are 
depicted as red dots (A), green triangle (B) and blue squares (C), each dot represents one vessel 
(except for B, representing the whole experiment). Boxplot with additional information on the 
mean (dashed line). Asterisks indicate significant differences between the treatments and the 
corresponding control by Dunnett’s test (*, ** and *** indicate P ≤ 0.05, P ≤ 0.01 and P ≤ 0.001, 
respectively); n = 20-21. 

 Induction of roots by dark treatment
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Fig. 2 Examples of rooted microshoots of Prunus avium genotypes Neptun, Apollo and Demeter 
after four weeks on rooting medium. (A) – (C) cultivated with standard protocol; (D) – (F) 
cultivated on standard medium with 4 days dark treatment; (G) – (I) cultivated with a 48 h IBA 
pulse before transfer on hormone free rooting medium. Bars represent 2 cm. 

Acacia mangium Prunus serotina

Prunus avium
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Prunus avium
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2.2 Endophytic bacteria in plant tissue culture: differences 
between easy- and difficult-to-propagate Prunus avium 
genotypes.  
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The endophytic bacterial communities of six Prunus avium L. genotypes differing in their growth patterns during in vitro 

Mycobacterium
Prunus

genotypes were Rhodopseudomonas sp. and Microbacterium

impact of these bacteria on in vitro propagation of P. avium, which was proven in an inoculation experiment.

Keywords

Introduction

Wild cherry (Prunus avium L.) timber is a valuable hardwood, which 
is used for the production of veneers and solid wood furniture. 
The timber is highly valued in Europe due to the reddish color and 

(Kobliha 2002). Economically most desired are fast-growing trees 
with straight stems (Janßen et al. 2010). To optimize growth char-
acteristics, single plants showing a desired phenotype have been 

®. 

propagation enables high multiplication rates and stable clonal 
plant material ( ). To ensure genetic diver-
sity in forestry, a set of 31 genotypes was registered and is being 
propagated in vitro for tree nurseries (Janßen et al. 2010).

Under commercial conditions, severe losses are observed 
during in vitro rooting and acclimatization of the P. avium geno-
types. Propagation success is strongly dependent on the geno-

could not be overcome by manipulation of culture media or 
-

tion), and one possible explanation for the variation could be 
the presence of differing endophytic bacterial populations.

Endophytes are bacteria or fungi that, during part of their 
life, can live inside plant tissue without eliciting symptoms 
of disease (Petrini 1991). Endophytic bacteria are frequently 
observed in plant in vitro cultures, both in commercial labora-

Leifert et al. 1991), and often 
affect the in vitro propagation of trees (Ulrich et al. 2008a). 
They were previously treated mainly as contaminants that 

Research paper
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needed to be eliminated to obtain a sterile tissue culture with 
healthy plant growth (Ewald et al. 1997, 
2001). A frequently used method is the addition of antibiotics 
to the culture medium to suppress bacterial growth (Kneifel 
and Leonhardt 1992, Asif et al. 2013, Bohra et al. 2013). 
Herman (1989)  presented the idea that usually non-pathogenic 
or even growth-promoting bacteria can become detrimental 
under the special growth conditions of in vitro culture and 
proposed the term ‘vitropaths’. In contrast, numerous studies 
indicate that endophytes have a positive effect on plants, for 
example through biosynthesis of growth-stimulating phytohor-
mones, increase of nutrient availability and induced resistance 
to pathogens (Goh and Vallejos 2013). Pirttilä et al. (2004) 
observed that freeing buds of Pinus sylvestris L. of bacterial 
endophytes resulted in an altered morphology, which could be 
restored by adding endophytic products to the plant medium. 
The inoculation of poplar tissue cultures with a Paenibacillus 
isolate led to a higher number of and longer roots on microcut-
tings (Ulrich et al. 2008a). In a study on endophytic bacteria in 
strawberry tissue cultures, some isolated endophytic bacteria 
showed plant growth- promoting effects during the acclimatiza-
tion process in the greenhouse (Dias et al. 2008).

Therefore, it was advisable to identify the bacteria in the cul-
tured P. avium

-
ciated with P. avium in vitro culture, which indicated a preva-
lence of Pseudomonas sp. ( ). Kamoun 
et al. (1998) reported Pseudomonas sp. and Agrobacterium rhi-
zogenes as endophytes in the related species Prunus cerasus L. 

population structure of tissue culture material of six different 
P. avium genotypes by both culture-dependent and culture-
independent methods. Secondly, we aimed to correlate the 
differences between the bacterial populations of different geno-
types with the propagation success in vitro. Finally, inoculation 

easy-to-propagate genotypes was carried out in order to test 

Materials and methods

Plant material and in vitro culture conditions

For the present study, six P. avium genotypes of the silvaSE-
® selection with varying propagation success (here 

× acclimatization rate, given as a per-
centage) were selected based on data from commercial pro-
duction for the years 2009–2012 (data generously provided by 

−), 
with 11.4 ± 4.9 and 9.8 ± 3.6% success, respectively. Asteria 

±), resulting in medium propagation success of 29.7 ± 14.1 
and 23.9 ± 7.6%, respectively. Easy-to-propagate genotypes 

± 6.3% and Demeter with 
42.2 ± 8.6% propagation success. The propagation protocol 
was identical for all genotypes described here, and did not 
involve the use of antibiotics at any stage.

parameters, and in vitro cultures were established from surface-
sterilized winter buds and propagated for 4–16 years via 
axillary shoots. The shoots were cultivated on MS medium 
( ) containing 3% (w/v) sucrose and 

-
plemented with 2.22 μM benzylaminopurine, 0.49 μM indole-
3-butyric acid and 0.29 μM gibberellic acid-3 and adjusted to 
pH 5.8. Each 500-ml plastic vessel contained 80 ml of culture 

under a 16-h photoperiod (40–56 μmol m−2 s−1) and subcul-

Isolation of bacteria

Leaf and stem segments of in vitro shoots of each genotype 

523 (Viss et al. 1991), incubated under the same conditions 

Emergence of bacterial colonies was observed at the cut 
explant surfaces, and colonies were selected based on size, 

obtain pure single colonies of each species.

DNA extraction from plant material and bacterial isolates

vitro shoots was collected, frozen in liquid nitrogen and ground 

P. avium genotype and each plant sample contained leaf, stem 
and shoot tip tissue. Deoxyribonucleic acid extraction and 

-
μl 

of the supplied elution buffer.

1–12 days until OD600 reached 0.6. A pellet of 1 ml of bacte-
rial culture was supplemented with 380 μl of extraction buffer 

SDS) and 10 μl of lysozyme (20 mg ml−1), mixed thoroughly and 
μl of proteinase K 

(20 mg ml−1) and 20 μ −1), the samples were 

mixed with 200 μ

Endophytic bacteria in Prunus tissue culture 525
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for 10 min. After centrifugation for 20 min at 13,000g, 500 μl of 
the supernatant was transferred to a fresh tube and mixed with 
500 μl of isopropanol. The samples were centrifuged for 10 min 
and the pellet was washed twice with 75% EtOH. Finally, the 

μl of sterile Milli-Q water.

of 16S rDNA clone libraries

-
Weisburg et al. 1991) or 

) 
Weisburg et al. 

1991), as previously described (Thomas et al. 2007).
-

2001) was originally designed to amplify bacterial sequences, 
-

Sun et al. 2008). 
Therefore, primers 799f and 1492r-Y were selected to amplify 

P. avium samples. Each 25-μ -
× reaction buffer (10 mM 

2, 0.001% gelatin), 100 μM 
-

merase (SolisBiodyne, Tartu, Estonia). Thermal cycling condi-

-
tion product of ~700 bp was excised from the agarose gel. The 

Germany) according to the manufacturer’s  instructions. 
Escherichia coli DH10B were trans-

formed with the ligation product and spread on lysogeny broth 
(LB) agar plates supplemented with ampicillin (100 mg l−1).

To identify unique sequences for subsequent sequence anal-
ysis and to estimate the diversity of bacteria, the restriction 
patterns within each clone library were analyzed. Ampicillin-
resistant E. coli

enzymes HpaII, HhaI and BsuRI was performed with 100 μg of 

restriction fragments were separated in a 2% agarose gel 
with 0.5× Tris–borate–EDTA buffer (80 mM Tris–borate/1 mM 

EDTA, pH 8.3). Restriction patterns were analyzed manually 
and converted into a 1–0 matrix. Bands <100 bp were not 

grouped according to restriction patterns.

Sequencing and phylogenetic analysis

One clone representing each distinct ARDRA pattern of each 
clone library was selected for sequencing. Plasmids contain-

(Göttingen, Germany).

sequenced using primers 27f and 799f to obtain a nearly full-
-

web tool (Wright et al. 2012). All obtained sequences were 
-

base using BLASTn (Benson and Karsch-Mizrachi 2010). The 
sequences of clones, isolates and reference sequences were 

regions with gaps were removed manually. Phylogenetic trees 
were constructed using the neighbor-joining method of the 

-
mined by bootstrap analysis with 1000 repeats.

accession numbers: KF663058–KF663062 for isolates and 

Inoculation with bacterial isolates

The bases of in vitro shoots of genotypes Fama and Achilleus were 
dipped in a suspension of 10 mM MgSO4 containing the bacterial 
isolate (108 −1 for Microbacterium sp. D-I-1, 104 −1 
for Rhodopseudomonas
transferred to rooting medium (propagation medium containing 
4.9 μM indole-3-butyric acid as the sole plant growth regulator). 
Forty shoots were treated per variant and transferred to eight 
vessels (replicates), except for Fama, for which only 20 shoots 

-
ture under the conditions given above.

Statistical analyses

program R-2.15.3 ( ) to investi-
Mullins 

et al. 1995) was calculated using the following equation:

Coverage /( ) ( ) %,C n N= − ×1 1001

where n1 is the number of clones occurring once and N is the 
total number of clones examined.

526 Quambusch et al.
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Statistical differences in rooting after inoculation with bac-
terial isolates were determined by Dunnett’s test, comparing 
each treatment with the control using the program R-2.15.3 
( ). Dunnett’s test was based 
on generalized linear models for each genotype (

). Because the culture vessel was the random-
ized unit, the test was performed with mean values of roots per 
shoot or percentages of rooted shoots in each culture vessel.

Results

Culture-dependent approach

During routine propagation of P. avium shoots, no massive out-
growth of bacteria could be observed. The only indication for 
bacteria in the cultures was a very slight smear around the basal 
part of the cut stem of the shoot. The smear did not spread fur-
ther in the medium and did not continue growing on the surface 
of the culture medium. By placing leaf and stem segments or 
crushed material from these plants on bacterial indexing media, 
we were able to isolate endophytes from three out of six tested 
Prunus genotypes (Figure 1
to the species level with an identity score of 99–100% of the 

described at the genus level (Table 1
differed between the Prunus genotypes and belonged to such 
diverse phylogenetic groups as Proteobacteria, Firmicutes and 
Actinobacteria.

Two isolates were obtained from the easy-to-propagate 
1

-
Rhodopseudomonas

stems with transparent colonies. It was not possible to gen-
erate a stable pure culture, however, because growth of the 

Mycobacterium 
sp. From the second, easy-to-propagate genotype Demeter, 
a bacterium with fast-growing, shiny, yellow-orange  colonies 

Microbacterium testaceum. 
Additionally, one Bacillus licheniformis

from the crushed plant material of Demeter. On samples of the 

Acinetobacter junii -
teria could be isolated from genotypes Achilleus, Apollo and 

Culture-independent approach

To identify the uncultivable fraction of endophytic bacteria 

Endophytic bacteria in Prunus tissue culture 527

Figure 1.  Bacterial isolates obtained from leaves of in vitro plant material. (a) In vitro P. avium shoots in the propagation phase used for the iso-

sequences using BLASTn.

Isolate Host plant 
genotype

Sequence 
length (bp)

% Identity

F-I-3 Fama (−) Acinetobacter junii 1441 100
+) Mycobacterium sp. 706 99
+) Rhodopseudomonas sp. 1398 99

D-I-1 Demeter (+) Microbacterium 
testaceum

1398 99

D-I-3 Demeter (+) Bacillus licheniformis 1449 100
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all repetitions of all Prunus genotypes. A smaller bacterial frag-
ment of ~700 bp was observed in all three samples of each of 

of Achilleus (see Figure S1 available as Supplementary Data at 
Tree Physiology Online). In genotypes Apollo and Asteria, the 
bacterial endophytes, if present, were below the detection limit 

-
tion experiment, where no bacterial colonies were observed in 

observation. Therefore, the bacterial populations of those two 
genotypes were not studied further.

-

as Supplementary Data at Tree Physiology Online). All clones 
were screened by ARDRA with the restriction enzymes HhaI, 
BsuRI and HpaII and sorted according to their restriction pro-

obtained from digestion with the three restriction enzymes (see 
Figure 2

bacterial population of in vitro plant material, two statistical tests 
were used. The rarefaction analysis indicates how well taxonomic 

represent the diversity within the clone library and not the bacte-
rial population in the tissue. As the rarefaction curves of all four 

clone libraries nearly reached a plateau, the unique sequence 
types in the sample size of 95 approach the total number of 
sequences in the library (Figure 3 -

>90% of the clone library diversity could 

-

Prunus genotypes contain different endophytic 
populations

The culture-independent method revealed differences between 
the endophytic populations of the four tested genotypes. 
Interestingly, they correlated with the propagation abilities in 

528 Quambusch et al.

+). One representative of each 

Figure 3.  Rarefaction curves indicating diversity of endophytic bacte-
P. avium genotypes. The frequency 
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vitro (Figure 4). The most prominent bacterial genus found 
in all genotypes was Mycobacterium. In genotypes Fama and 

95 and 87% of Mycobacterium spp., respectively. The easy-to-
propagate genotypes both contained a second bacterial strain 
with high abundance (Figure 4
Rhodopseudomonas sp., which accounted for 32% of the clone 
library. Sixty-seven percent of the clone library of the genotype 
Demeter contained a Microbacterium sp. Additionally, we found 
present in the clone libraries of all genotypes one OTU, which 

so far uncultured Proteobacterium.

method with the culture-dependent method, the detected 

bacterial  populations were similar but not identical (Figure 5).  
Microbacterium sp. and Rhodopseudomonas sp. were detected 
with both methods and showed a 100% identity in the align-
ment of the analyzed sequences. In contrast to the culture-
dependent method, the clone library represented only two 
phylogenetic groups, Proteobacteria and Actinobacteria. The 
isolates B. licheniformis and A. junii could not be detected with 
the culture-independent method.

Inoculation with bacterial isolates promotes rooting

Rhodopseudomons sp.) and 
D-I-1 (Microbacterium sp.) were present only in the easy-
to- propagate genotypes, a correlation between these bac-
teria and in vitro rooting ability of P. avium was evaluated. 

Endophytic bacteria in Prunus tissue culture 529

Prunus
plant material.

in vitro cultures of different P. avium genotypes to reference sequences (the closest hit and one closely related species according to BLASTn 
analysis). Phylogenies were inferred using the neighbor-joining analysis. Values from 1000 bootstrap repeats are presented if support was >50%. 

Synechococcus elongatus was used as the outgroup.
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were inoculated with the two isolates. The inoculation had a 
positive effect on both the number of roots per shoot and 
the percentage of rooted plants (Table 2). Treatment with 
Rhodopseudomonas
number of roots per shoot of the genotype Achilleus, while 
Microbacterium -
ber of roots and rooting percentage of Fama and the number 
of roots of Achilleus.

Discussion

To analyze the endophytic population present in P. avium in 
vitro cultures, two detection strategies employing isolation of 
bacterial strains on growth media (culture-dependent method) 

(culture-independent method) were applied. Different bacterial 
populations were detected with the two methods used. For 
example, Mycobacterium spp. were found in high numbers in all 
four clone libraries, but they were isolated only once from the 

Mycobacterium spp. in 
plant tissues is often underestimated when culture-dependent 
methods are used, because most species of this genus are 
not cultivable on common bacterial growth media (

). On the other hand, A. junii 
and B. licheniformis were isolated from the plant material but 
could not be detected with the culture-independent method. 
This divergence is often seen in similar studies and shows the 
importance of combining both methods for a detailed view of 
the bacterial population (Sessitsch et al. 2002, Thomas et al. 
2008, Ulrich et al. 2008b, Tejesvi et al. 2010). Reasons for 
the detection of certain species only by isolation are low abun-
dance in the plant (only 90% of the bacterial sequences pres-

The culture-independent method gave valuable insights on 
the bacterial populations in our study. The number of endo-
phytes is usually lower in plant tissue cultures than in plants liv-
ing in their natural habitat, because the culture tissue originates 

from only one organ, in our case winter buds, and only a sub-
set of endophytes can survive the special conditions of in vitro 
culture. We were therefore able to cover >90% of the OTUs 
present in the clone libraries with a relatively low sample size 
(Figure 3
Triplett 2001).

higher number of OTUs than was obtained after sequencing 
and aligning the amplicons. For example, all 28 OTUs allot-
ted to the genus Mycobacterium in all clone  libraries were 
based on only two different sequences that were included in 
the phylogenetic tree (Figure 5). The analysis of 700 bp of 

>97% allowed a reliable 
positioning of most OTUs at the genus level. Identity scores 

of isolates allowed the approximation to the species level. 

internal transcribed spacer (ITS) region of the strains.
The results of this study clearly show that in vitro-grown 

shoots of P. avium are associated with populations of endo-
phytic bacteria differing in their composition between 
ge notypes. The most dominant bacterial strain in all four P. 
avium genotypes studied (Figure 4) was a Mycobacterium sp. 
Bacteria of this genus have earlier been described as wide-
spread contaminants in plant tissue cultures of ornamentals 
(Taber et al. 1991), as well as endophytes of wheat (
and Franco 2004), rice (Mano et al. 2007
( ). Pirttilä et al. (2005) localized a 
Mycobacterium sp. by in situ hybridization in buds of Scots 
pine and observed a seasonal variation with a higher num-
ber or metabolic activity of the bacteria in early spring dur-
ing development of leaf primordia. Because the Prunus tissues 

this endophyte was introduced into the tissue culture with the 

suggest a close association of Mycobacterium sp. and trees. 
 suggested that Mycobacterium spp. 

become harmful to Scots pine cultures in vitro and may cause 

530 Quambusch et al.

Table 2.  Effect of inoculation with the bacterial isolates (see Table 1) on in vitro rooting of P. avium genotypes Fama and Achilleus (n = 8 replicates 

P ≤ 0.05, 0.01 and 0.001, respectively).

Genotype Treatment Rooting (%)

Mean (±SD) P-value Mean (±SD) P-value

Fama 5.0 (±14.1) 0.2 (±0.5)
30.0 (±11.5) 0.0755 0.7 (±0.6) 0.3258

D-I-1 67.5 (±23.7) 3.0 (±1.7)
Achilleus 72.5 (±30.1) 4.4 (±2.3)

92.5 (±10.4) 0.142 8.3 (±2.2)
D-I-1 92.5 (±14.9) 0.142 7.3 (±2.2)
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growth retardation. Similarly, the observation of the present 

Fama were dominated by Mycobacterium spp. could indicate 
a detrimental effect of these bacteria on in vitro cultures. 
It is important to note that the diversity of Mycobacterium spp. 
in tissue cultures can be very high, as recently demonstrated 

Pogonatherum paniceum
( ).

Besides the Mycobacterium sp., the two easy-to-propagate 

with high abundance in the clone library, a Rhodopseudomonas 
sp. and a Microbacterium sp., respectively (Figure 4). This 

endophytes on Prunus in vitro cultures, either direct or indi-

Mycobacterium sp. Ardanov et al. (2012) have shown that 
-

ences the innate endophytic community and can have varying 
effects on plant disease resistance. Growth-promoting effects 
were previously described for the detected bacterial genera: 
Rhodopseudomonas spp. are purple non-sulfur bacteria belong-
ing to the family of Bradyrhizobiaceae that include the mutual-
istic Bradyrhizobium spp., which were placed within the same 
clade in the phylogenetic tree (Figure 5). A growth- promoting 
effect of Rhodopseudomonas sp. was shown in studies on 
tomato seedlings in vitro (Koh and Song 2007) and on green-
house-grown plants (Lee et al. 2008), and the strains were 
shown to produce the plant growth hormone auxin. Auxins are 
especially important in the rooting phase of Prunus propaga-
tion ( ). Therefore, all auxin- producing 
bacteria are interesting candidates for improvement of this 
 critical cultivation step for the formation of a stable root sys-
tem after acclimatization.

Microbacterium spp. have often been detected as endophytes 
in tissue cultures, e.g., in Ensete ventricosum
(Birmeta et al. 2004), Carica papaya L. (Thomas et al. 2007) 
and Eleutherococcus sieboldianus
Döring 2009
of Robinia pseudoacacia L. (Boine et al. 2008, Zaspel et al. 
2008). The presence of NifH-

-

Microbacterium (
et al. 2006, Ji et al. 2014).

Bacillus and Acinetobacter species were commonly iso-
lated in plant tissue and cell cultures in commercial laborato-
ries and are often considered to be a contaminant introduced 
into the cultures by laboratory practice due to their high- 
temperature stability (Leifert et al. 1991, Isenegger et al. 
2003, Donnarumma et al. 2011). On the other hand, several 
Bacillus spp. were selected as endophytes with high potential 
for biocontrol (Bacon and Hinton 2002).

To conclude, the endophytic populations of P. avium shoots 
are not only genotype dependent, but additionally correlate 
with the propagation success in vitro. While the bacterial 

by Mycobacterium spp., the easy-to-propagate genotypes 
both contain other potentially plant growth-promoting strains. 
The inoculation of genotypes Fama and Achilleus with the iso-
lates Rhodopseudomonas Microbacterium D-I-1 
revealed a positive effect of these bacteria on rooting of these 

P. avium genotypes. These results need 

preliminary data of the inoculation experiment support the 
hypothesis of pronounced effects of endophytic bacteria on 
the propagation ability of P. avium in vitro. Generally, manipula-
tion of the endogenous bacterial population by selected culture 
conditions or inoculation with growth-promoting or stabilizing 
bacteria might improve plant survival and growth during the 
critical phases of plant tissue culture.

Supplementary Data

Supplementary data are available at Tree Physiology online.
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2.2.1 Cover image Tree Physiology 

Cover image: Prunus avium (wild cherry) plants propagated in vitro by axillary shoots and 
rooted on culture medium after inoculation with the endophytic bacterium isolate N-I-2 
(Rhodopseudomonas spp.). Quambusch et al. (pages 524–533) studied the endophytic bacterial 
populations of different Prunus genotypes and found that endogenous bacteria influenced 
propagation success. The presence of Rhodopseudomonas or Microbacterium spp. in the plants 
correlated with a higher rooting percentage in vitro and the effect could be transferred to 
genotypes lacking these bacteria by inoculation. Photo: Mona Quambusch.  
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2.2.2 Supplement 
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2.3 Dynamics of endophytic bacteria in plant in vitro culture – 
quantification of three bacterial strains in Prunus avium in 
different plant organs and in vitro culture phases.  

 

Prunus avium

Prunus avium
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2.3.1 Supplement 

Supplement 1 Overview of the origins of the samples used for the quantification of endophytes 
in Prunus avium in vitro cultures. 

Genotype In vitro 
since 

In lab since Sample harvested Sampling time 



Manuscript III

55

Supplement 2 Regeneration of adventitious shoots from leaf and internode explants on two 
different culture media. 
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Supplement 3 Determination of the detection limit for the three primer sets to measure a 
Mycobacterium spp. b Microbacterium spp. and c Rhodopseudomonas spp. in Prunus avium in 
vitro material. Dark blue = Standard curve; light blue = Standard curve with 10 ng cherry DNA 
added to the reaction; green = plant DNA as positive control (for Mycobacterium spp. one with 
high, one with low bacterial DNA content); grey = control cherry DNA (without the measured 
bacterium); black = no template control. Red arrow marks the defined detection limit, grey arrow 
marks the control cherry DNA 
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3 Discussion 

Prunus avium

Prunus avium

3.1 Alternative methods for the detection of bacterial 
communities 
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3.2 The emerging concept of a plant microbiome 

Lactuca sativa Lactuca serriola
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Ulmus Coffea

Lactuca

Robinia

3.4 Outcome of the study and potential applications 

3.4.1 Optimization of micropropagation of Prunus avium 

Prunus avium

3.4.2 Inoculation with endophytes as a means to improve tissue culture 

propagation 

Prunus avium

Rhodopseudomonas palustris

Microbacterium testaceum Prunus avium 
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Epichloë 

Possible problems arising from inoculation of in vitro cultures 

Rhodopseudomonas palustris

Prunus avium
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