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Aspen micropropagation: use for phytoremediation
of soils
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ABSTRACT: Toxic pollution of soils is a major environmental problem in the Czech Republic. Most contemporary
remediation approaches do not provide acceptable solutions. For environmental clean-up, the use of specially selected
and engineered plants capable of effective restoration and stabilization of contaminated sites is an emerging technology
called phytoremediation. Aspen (Populus spp.) trees represent optimal plants for absorption, accumulation, storage, and
degradation of environmental pollutants such as heavy metals, pesticide residues, and other waste products. The first
aim of this study was to verify possibilities of micropropagating selected elite European aspen (Populus tremula) and
hybrid aspen (Populus tremula x Populus tremuloides) mature trees growing in polluted areas. The primary cultures
were established from 24 years old trees from provenance plots. Dormant buds were sampled from selected trees in
spring. After sterilization of dormant buds, the shoot tips were extirpated and put on nutrient media. MS medium with
a higher concentration of BAP (1.0 mg/1) and IBA (0.1 mg/I) showed to be suitable for induction of organogenesis. MS
medium with lower concentration of BAP (0.2 mg/l) and higher concentration of glutamine (100 mg/l) in agar medium
was used for multiplication. A high number of adventitious shoots (20-30) was produced per multi-apex culture. The
losses during rooting and acclimatization were minimal, around 2%. Currently, the plantlets grow on the outside bed of
the experimental nursery. Twenty-five clones were established in the gene bank. Secondly, standardization of the efficient
transformation of hybrid aspen was investigated with the aim to facilitate production of transformed hybrid aspen with
valuable genes for increased capability of phytoremediation in the near future. Four gene constructs of Agrobacterium
tumefaciens comprising different promoters (bearing two genes, NPTII coding resistance to kanamycin, and GUS cod-
ing glucuronidase synthesis allowing histochemical and fluorometrical identification) were used for transformations of
aspen hybrid stem segments. A promoter suitable for transformations was selected on the basis of GUS activity assay.
The highest activity was estimated in transformants with construct 148 controlled by promoter CAMYV 35S.
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Phytoremediation is a cost-effective, environmen-
tal-friendly technology (VANEK, SCHWITZGUEBEL
2003). Recent studies indicate that some plants
have the great genetic potential to remove many
toxic metals from the soil. Despite this potential,
phytoremediation is not a commercially available
technology yet. The genus Populus is an ideal candi-
date for absorption or degradation of environmental
pollutants, heavy metals and other waste products
(SOUDEK et al. 2004).

The aspen (Populus tremula) is a very modest tree
species about climatic conditions and soil quality.

Especially cultivated aspen clones and synthetic
populations are very promising both for planting
on agricultural soils (lignicultures) and as the pio-
neering woody species for clearings caused by air
pollution (MoTTL, STERBA 1988; JoACHIM 1991).
Aspen is amenable to tissue culture manipulation,
genetic engineering, and genetic mapping. Populus
could further be selected or engineered with reme-
diatory function, or used to support the growth of
remediatory microorganisms. Reproduction of elite
mature individuals can be realized by using root
cuttings but micropropagation seems to be a more
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effective method. Some advantages of this method
are that the donor tree is not damaged, dormant
buds are used for micropropagation without affect-
ing the root system and the donor individual can
be identified with absolute accuracy. Suitability of
micropropagation for clone regeneration of selected
genotypes was proved by many authors, for instance
by LiBBBY and AHUJA (1993). In the Scandinavian
countries and in Germany micropropagation has
been used for clone regeneration of cultivated
trees (BAROCKA et al. 1985) for a long time. For its
regeneration ability the aspen is a very perspective
woody species for genetic engineering. Especially
its rapid reproduction of transgenic clones highly
resistant to heavy metals, salting and drought is of
great importance for the arid areas (WANG et al.
1999). Genetic engineering of trees helps to com-
pensate for conventional breeding disadvantages by
incorporating known genes into a specific genetic
background. Methods available for plant transfor-
mation are divided into three main groups: 1. those
using biological vectors (virus or Agrobacterium
mediated transformation), 2. direct DNA transfer
technique and 3. non-biological vector systems
(microprojectiles, microinjection). Agrobacterium
tumefaciens mediated binary plasmid system is the
most widely used method for transformation (LEPLE
etal. 1992). Our research was aimed at verifying the
method of rapid in vitro reproduction of mature
aspens growing in experimental outside plantings
that proved to be suitable for extreme sites and for
production of quality timber and at standardization
of the efficiency of transformation procedure via
Agrobacterium tumefaciens for hybrid aspen.

MATERIAL AND METHODS
Reproduction of mature aspen

Localities and plant material

Buds for the establishment of primary cultures
were taken from 24 years old trees of hybrid aspen
from provenance plots (Spi¢ak, Piise¢nice, Skolni,
U trianglu) in the Kru$né hory Mts. Positive selec-
tion of phenotypically valuable individuals was used.
Sampling of winter buds in the Kru$né hory Mts.
was realized in early May. The buds were collected
from 40 trees. From each individual 30-50 buds
were isolated and sterilized (in a solution of 0.01%
HgCl, and in 1% SAVO) and washed three times
with sterile water. Shoot tips from sterile dormant
buds were extirpated and put on suitable nutrient
media.
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Induction of organogenesis

A modified medium of MURASHIGE and SKOOG
(1962), MS1, was used (Table 1) for induction of
organogenesis. Cultures were cultivated under air
conditioning, 24°C, white fluorescent light (30 pmol/
m?/s) and 16h photoperiod.

Multiplication

During the first three months the growing cultures
were transferred onto a multiplication medium, MS2
(Table 1), after 14—21 days. Transfer intervals after
this period were prolonged to 4—6 weeks. Cultures
were cultivated under air conditioning, 24°C, white
fluorescent light (30 pmol/m?/s) and 16h photope-
riod.

Rooting

Microcuttings from multi-apex cultures were used
for rooting. Rooting was done on the three times di-
luted basic medium MS without cytokinin into which
0.6 mg/l of IBA was added. At least 1,000 micro-
cuttings within 20 clones rooted during the experi-
ment.

Transformation

Plant material

Stem segments of in vitro multi-apex culture of
hybrid aspen (Populus tremula x P. tremuloides)
No. 5 from the Gene Bank of FGMRI were used for
the transformation procedure.

Agrobacterium tumefaciens

Four constructs of Agrobacterium tumefaciens,
(LBA 4404), which contain a binary vector, Ti-plas-
mid PAL 121 of nopaline type with virulent virus
zone and different plasmids with incorporated chi-
meric genes: the gene for the synthesis of neomycin
phototransferase II (NPTII), GUS gene and CaMyv
35S, rbcS, NOS and MAN promoters were used for
transformation.

Description of constructs:
148-pBI 121, comprising the reporter gene GUS

controlled by the promoter 35S
149-pJPP1, comprising the reporter gene GUS con-

trolled by the promoter NOS (nopalinesynthase)
150-pJPP4, comprising the reporter gene GUS
controlled by the promoter MAN (mannopin-
synthase)
151-pBI 131, comprising the reporter gene GUS
controlled by the promoter rbcS (ribulosebiphos-
phate carboxylase).

These constructs were obtained from Dr. S. Ra-

KOUSKY, Institute of Molecular Biology of Plants,
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Table 1. Media for induction of organogenesis and multiplication

Medium BAP (mg/l) IBA (mg/l) Glutamine (mg/1) Sucrose (g/1)
MS1 1.0 100 30
MS2 0.2 10 30

Czech Academy of Sciences, Ceské Budéjovice, the
Czech Republic.

Cultivation

Agrobacterium suspension grown over night in a
modified liquid Yeast Mannitol Broth (YMB) me-
dium (TzFIRrA et al. 1996) containing 50 pum/ml kan-
amycin, under air conditioning at 24°C, 250 rpm, was
resuspended to a density of 10°/ml in an MS medium.
Stem segments 15-20 mm in length were immersed
into the suspension of Agrobacterium tumefaciens for
30 min. The segments were blotted on sterile filter
paper and transferred to a semisolid MS medium
with concentrations of BAP 1 mg/l and IBA 0.1 mg/1.
After 2 days of co-cultivation the segments were
washed twice in a liquid MS medium and transferred
to a fresh liquid medium supplemented with 3.5 g/l
timentin for 30 min. The segments were transferred
into an agar medium for adventitious bud induction,
MS medium with the concentration of BAP 1 mg/l,
IBA 0.1 mg/l and augmentin 500 mg/l and timentin
1,000 mg/l. Stem segments were cultivated at 25°C
in the white fluorescent light (30 pmol/m?/s). Every
7 days the explants were transferred onto a fresh
medium. Simultaneously, the concentration of an-
tibiotics (timentin 1,000 mg/l-0 mg/l, augmentin
1,000 mg/1-0 mg/l) was reduced and the concentra-
tion of selection antibiotic (kanamycin) was increased
from 0 mg/l to 100 mg/l. 35—40 stem segments from
aseptic cultures of the hybrid aspen and another
10 segments served as controls for each construct.

The induction of adventitive shoots started after
3—4 passages. Adventitious shoots, induced after
2—4-weeks of culture, were excised continuously and
transferred onto the same multiplication medium
for propagation. Routinely multiplied shoots were
rooted on the agar medium.

Table 2. The influence of different constructs on regeneration
of adventitive shoots from stem segments

neration of stem segmen
Construct A. £. Regeneration of stem segments

of hybrid aspen (%)
148 68
149 26
150 45
151 50
Control 0
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Evaluation of transformants

Evaluation of transformants was performed by
the histochemical assay of GUS activity in adventi-
tive shoots of stem segments according to JEFFER-
SON (1987) in modification of VITHA et al. (1999).
57 shoots from transformed stem segments and
25 shoots from control segments were analyzed.

RESULTS AND DISCUSSION
Reproduction of mature aspen

Primary cultures were established from isolated
winter buds from 24 years old trees. The research aim
was to verify a possibility of multiplication by an in
vitro method of mature stands with reduced repro-
duction ability by explant cultures. Our investigation
was focused on the extension of explant bank with
explants taken from elite individuals, on research of
effectiveness of this multiplication (i.e. number of
multiplied individuals per culture) and on probable
differences between clones during multiplication.
MS1 medium with higher concentrations of BAP
(1.0 mg/l) and IBA (0.1 mg/l) seems to be suitable
for induction of organogenesis just as for induction
of organogenesis from leaf discs used for the estab-
lishment of cultures from juvenile material (MALA,
MicHALOVA 1993). When compared with induction
of organogenesis on leaf discs, the cultures from
aspen mature trees needed higher concentrations
of glutamine and casein hydrolyzate in a concentra-
tion of 100 mg/l of nutrient media. Similarly, the
medium with lower concentration of BAP (0.2 mg/1)
and higher concentration of glutamine (100 mg/l) in
agar medium appears to be suitable for multiplica-
tion. The number of induced shoots in the multi-
plication stage was high (20-30 shoots per culture)
during one period, i.e. 4—6 weeks (Fig. 1). Out of the
total number of sampled clones 80% of trees were
prepared in the spring primary cultures. The losses
during the establishment of primary cultures could
be caused, among other things, by low vitality of
primary explants. The experiment will be repeated
in order to investigate whether the regeneration abil-
ity of the clones, the stabilization of which failed in
the explant culture, is not lower. During two years
39 clones were stabilized in the explant bank and
1,000 plantlets were raised. During rooting and ac-
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Fig. 1. Multiplication of aspen explants

climatization the losses were minimal — around 2%
(Fig. 2). The plantlets grow on the outside bed of the
experimental nursery (Fig. 3).

We believe that this method could be used for
reproduction of cultivated and selected individu-
als. Unlike the cuttings the identical material for
the establishment of testing plots can be obtained
in a relatively short time. The multiplied material
is supposed to be used in practice in the form of
synthetic varieties with participation of minimally
25 clones.

Transformation

The Agrobacterium mediated gene transfer meth-
ods are widely used for transformation of woody
plants (CHUN 1994; LEPLE et al. 1992). The genetic
transformation, avoiding the sexual process, of-

Fig. 3. Plantlets of aspen growing on nursery beds
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Fig. 2. Acclimatization of aspen plantlets

fers opportunities for creating new varieties with
important agronomic traits otherwise unavailable,
such as insect pest resistance, herbicide tolerance,
improvement in growth, metabolism and wood
quality, and the reduction in the expression of en-
dogenous genes that encode undesirable traits. For
example, transgenic trees offer good prospects for
bioremediation of contaminated soils, while the use
of sterile transgenic trees reduces the genetic impact
of these populations on natural forests (CONFALO-
NIERI et al. 2003).

The research aims of this work were to test the
possibility of genetic transformation of hybrid aspen
(Populus tremula x P. tremuloides) by the bacterial
vector Agrobacterium tumefaciens.

For its regeneration ability aspen is a very
promising woody species for genetic engineering.
Hybrid aspen No. 5 from the Gene Bank of For-

Fig. 4. Regeneration of adventitious shoots from stem segments
on a kanamycin selection medium
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estry and Game Management Research Institute
was transformed with Agrobacterium tumefaciens
LBA4404 using different gene constructs with
four types of promoters. These constructs showed
resistance to kanamycin. Several factors should be
considered to improve transformation efficiency
such as Agrobacterium strain, selectable marker
system, use of a suitable antibiotic for suppression
of Agrobacterium tumefaciens in genetic transfor-
mation. Our results confirm that the combination
of timentin and augmentin is the best for elimina-
tion of this bacterium from infected aspen stem
segments. Similar results were obtained by TANG
et al. (2000). We used stem segments for transfor-
mation experiments.

The shoots regenerated 3—4 weeks after inocula-
tion, mostly on the cut surface of the explants (Fig. 4).
We conclude on the basis of regeneration processes
on the selection medium that construct 148 (35S)
and construct 151 (rbcS) were the most successful
constructs for the transfer of genetic information in
a plant model system (Table 2).

The formation of adventitious shoots of hybrid
aspen on kanamycin-containing media showed
the possible resistance of regenerated shoots to
kanamycin. Evaluations of transformants were
performed by the histochemical assay of GUS. The
highest expression of gene GUS was observed in
the transformed shoots of hybrid aspen by con-
struct 148 (35S). Over 57% of the shoots showed
strong positive GUS expression. Several transform-
ants were selected for further analysis, and all of
them showed kanamycin resistance as reflected by
the high ability of rooting in the presence of kan-
amycin. Similar results were reported by TzZrirA
et al. (1997). The transgenic origin of the plants
obtained during this study will be confirmed by
PCR analyses.
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Mikropropagace topolu osiky: vyuziti pro fytoremediace pad

J. MALA, P. MACHOVA, H. CVREKOVA, L. CiZKOVA
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ABSTRAKT: Kontaminace pud toxickymi latkami je vaZnym celosvétovym problémem. Jednou z moznosti jejich
regeneraci je vyuziti fytoremediaci. Z hlediska vyuziti dfevin je velmi perspektivni topol osika. Prvnim cilem prace
bylo vybrat a namnozit elitni stromy topolu osiky a hybridni osiky rostouci na provenien¢nich plochich v Krusnych
hordch metodou in vitro. Z vybranych 24 let starych stromu osiky byly odebrany vétve s dormantnimi pupeny. Po
sterilizaci byly extirpovany vzrostné vrcholy a pfeneseny do nutri¢niho média. Pro indukci organogeneze se osvéd-
¢ilo MS médium s vyssi koncentraci BAP (1,0 mg/1) a IBA (0,1 mg/l). Pro multiplikaci se osvéd¢ilo agarové médium
s niz$i koncentraci BAP (0,2 mg/l) a s vy$si koncentraci glutaminu (100 mg/1). Na jednu vicevrcholovou kulturu pfipadl
vysoky pocet adventivnich vyhonka (20-30). V prubéhu zakorfenovani a aklimatizace byly ztraty minimalni (okolo
2 %). V soucasné dobé rostou vypéstky na venkovnich plochach v pokusné skolce. V genetické bance explantatu je
inventarizovano 25 klont. Druhym cilem prace bylo standardizovat efektivni postup transformace hybridni osiky
k posouzeni moznosti zavedeni gent zvys$ujicich fytoremediac¢ni schopnosti. Pro zvy$eni efektivnosti transformace
stonkovych segmentu osiky byly testovany Ctyti konstrukty Agrobacteria tumefaciens s riznymi promotory. Vsechny

voevs

s promotorem CAMYV 35S, ktery byl vybran na zakladé aktivity markerového genu GUS.

Klic¢ova slova: topol osika; mikropropagace; Agrobacterium tumefaciens; fytoremediace

Kontaminace ptad toxickymi spady predstavuji
v Ceské republice zavazny environmentélni pro-
blém. Vétsina pouzivanych remediacnich metod
neposkytuje prijatelna re$eni. Pro likvidaci envi-
ronmentdlniho znecisténi se zac¢ind vyvijet novy
pristup, oznacovany jako fytoremediace. Vyuzivaji
se specidlné selektované nebo geneticky upravené
rostliny, které maji zvysenou schopnost efektivné
restaurovat a stabilizovat kontaminované lokality.
Optimalnimi rostlinami pro ucely fytoremediace
jsou druhy topolt osik (Populus spp.), které Gc¢inné
absorbuji, hromadi, uchovavaji a degraduji latky
znecistujici prostredi, jako jsou tézké kovy, rezidua
pesticidt a jiné kontaminujici latky.

Hlavnim cilem studie bylo ovérit, zda je mozné
mikropropagovat vybrané elitni dospélé stromy
topolu osiky (Populus tremula) a mezidruhového hy-
bridu topolu osiky a kanadského topolu osikovitého
(P tremula x P. tremuloides), které rostou v kontami-
novanych oblastech. Primérni kultury byly zalozeny
z 24 let starych jedincti z proveniencnich testovacich
ploch. Dormantni pupeny byly sbirdny na jare. Po
sterilizaci byl z dormantnich pupenit extirpovan
vzrostny vrchol a umistén na vhodna zivnad média
(modifikace média MURASHIGE-SKOOG 1962). Pro
indukci organogeneze se osvédcilo MS1 médium
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s vyssi koncentraci BAP (1,0 mg/1) a IBA (0,1 mg/l).
Pro multiplikaci se osvédcilo agarové MS2 médium
s niz$i koncentraci BAP (0,2 mg/1) a vyssi koncentraci
glutaminu (100 mg/1) (tab. 1). Zaklddani primérnich
kultur je kritickou fazi mikropropagace, kdy dochazi
k nejvétsim ztratam predevsim v disledku netspésné
sterilizace dormantniho pupenu. Ptesto se podaftilo
reprodukovat 80 % donorovych jedinct. V pribéhu
dvou az péti mésictt dochdzelo k indukci adven-
tivnich pupend na primarnim explantatu a k vy-
tvoreni vicevrcholové kultury, kterd predstavovala
pramérné 20—30 adventivnich vyhont (obr. 1). Tyto
vyhony pak byly vyuzity k dals$i multiplikaci nebo
k dopéstovani kompletnich rostlin. Zakotrenovani
a aklimatizace probihala pfi dodrzeni standardniho
postupu bez vyznamnych ztrat (do 2 %) (obr. 2).
V pribéhu dvou let bylo v explantatové bance sta-
bilizovdno 25 klont a dopéstovano 1 000 vypéstki
in vitro. Rostliny rostou na venkovnim zdhonu i na
pokusnych plochéch (obr. 3). Tyto vysledky nés ve-
dou k zavéru, Ze zvolend metodika mikropropagace
je vhodnd a velmi efektivni pro namnozeni dospélych
strom osiky.

Druhym cilem prace byl vyzkum moznosti stan-
dardizace a u¢inné transformace hybridu topolu osi-
ky a kanadského topolu osikovitého, aby mohly byt
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v blizké budoucnosti produkovany transformované
hybridy, nesouci geny determinujici jejich zvySenou
schopnost fytoremediace. Pro tyto transformace
stonkovych segmentt hybridu byly pouzity ¢tyri
genové konstrukty Agrobacterium tumefaciens, ob-
sahujici riizné promotory (nesené gen NPTII kédujici
rezistenci vici kanamycinu a gen GUS odpovédny za

syntézu glukuronidasy umoznujici fluorometrickou
identifikaci). Promotory vhodné pro transformace
byly vybrany na zakladé zkousky aktivity GUS genu.
Nejvyssi aktivitu vykazovaly transformanty obsahu-
jici konstrukt 148 kontrolovany promotorem CAMV
35S (tab. 2, obr. 4).
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