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Wollemia nobilis 

in vitro cultivation attempts of the living fossil 
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Introduction 
In August of 1994 David Noble made a tremendous discovery of the oldest 
living conifer species in the world. It was found in a deep narrow sandstone 
canyon in Wollemi National Park, a 496 000 ha forest reserve located in 
New South Wales, merely 150 km from Sydney, and called Wollemia nobi-
lis. Quite ironically, the aboriginal meaning of the term ‘wollemi’ translates 
to ‘watch out, look around you’ (Hill, 1996). Yet, a rugged Australian wil-
derness managed to keep its secret for millions of years. 

Wollemia nobilis represents a whole new monotypic genus (Jones et 
al., 1995) belonging to the ancient Araucariaceae family, which reached 
maximum diversity during the Jurassic and Cretaceous periods between 200 
and 65 million years ago. The worldwide range of the ‘monkey puzzle tree’ 
family was greatly reduced at the time of the extinction of the dinosaurs, al-
though its representatives were an important component of the forests of 
southern supercontinent Gondwana in the early Tertiary period. Replaced by 
flowering plants, Araucariaceae include now but three genera – Araucaria, 
Agathis and Wollemia (Atmajda, 2004). The Wollemi pollen is indistin-
guishable from the fossilized pollen Dilwynites, abundant in the Australian 
record from mid-Cretaceous to mid-Tertiary (94-30 million years ago). The 
foliage of W. nobilis is virtually identical to that of one of its supposed fossil 
ancestors, the late Jurassic (150 million years ago) Agathis jurrasica. Ac-
cording to available data, the estimated age of Wollemia nobilis is 200-90 
million years (Figure 1). Its origin however still remains an enigma (Gilmore 
& Hill, 1997; Setoguchi et al., 1998; Stefanovic et al., 1998). 

 
Figure 1. Fossil of Wollemi pine (http://www.wollemipine.com) 
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Wollemi pine is a monoecious tree growing up to 40 m. Only three 
Wollemi groves, of 40, 17 and 3 trees respectively, are known today (Snel-
ling, 2006). The trunks range up to 1.2 m in diameter. The mature trees pos-
sess the capacity to develop new shoots at or below the soil level – the phe-
nomenon known as ‘coppicing’. This results in forming multiple trunks of 
different ages by the large and old plants (Figure 2). The trunks of Wollemi 
pine have a highly unusual brown, knobbly cork-like bark. The crown is 
slender and columnar. Instead of having dark-green leaves, like the conifers 
of today, the Wollemi leaves are of bright-green colour (Hill, 1996). Striking 
differences between juvenile and adult leaves are seen (Chambers, et al. 
1998). The reproductive organs are borne on sporophylls arranged in cones 
or cone-like structures called strobili, located at the end of lateral growing 
shoots (Offord et al., 1999). Annually produced seeds are light and winged, 
and most probably dispersed by wind. Only the largest oldest trunks reproduce 
sexually, however vegetative reproduction is also possible, and occurs through 
rudimentary buds, carried in the axis of leading vertical shoots (Burrows et al., 
2003). Forming epicormic shoots, as well as coppicing are adaptive features 
increasing the tree’s chance of survival. However, those habits indicate that 
Wollemi species may be extensively clonal. Indeed, it has been shown that the 
population in question is highly inbred, having no detectable genetic variation 
(Peakall et al., 2003). Thus, each genetic individual seems to play a key role in 
the future evolution of the monotypic conifer, as the genetic diversity within 
the species constitutes the full genetic range of the genus. 

 

 
Figure 2. ‘Multi-stemming’ habit of Wollemia nobilis growing in natural condi-

tions (http://www.wollemipine.com) 
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The aforementioned considerations, combined with the immense popu-
larity of the ‘green dinosaur’ keenly sought after as a horticultural plant, re-
inforce the necessity of reducing the threat to the population in the wild from 
illegal collectors. For this reason, the Australian government has undertaken 
an unprecedented conservation programme, making Wollemia nobilis com-
mercially available as a potted plant (NSW Department of Environment and 
Conservation, 2006). Thus, in early 2006 first Wollemi specimens left ‘the 
land down under’, opening a window into an unimaginably ancient past  
– a great opportunity of studying this extraordinary conifer worldwide. 

Materials & methods 

Plant material 

A juvenile (1-year-old, 30 cm in length) Wollemia nobilis W. G. Jones, K. D. 
Hill & J. M. Allan, bearing the registered Wollemi pineTM

Callus generation attempts 

 logo was pur-
chased in 2008 from Arboretum Kalmthout, Belgium – a representative of 
Wollemi Australia exclusively licensed by the Royal Botanic Gardens Syd-
ney (RBGS) through NSW National Parks and Wildlife Service (NPWS) to 
propagate and market the Wollemi pine in Australia and internationally. The 
conifer was additionally authenticated at the Botanical Garden ‘De Kruid-
hof’, Buitenpost, the Netherlands. A voucher specimen (gro-ASOK-02) is 
deposited in our department. 

Numerous attempts to obtain the callus and liquid tissue cultures of Wol-
lemia nobilis were made. To this end, two sterilization methods (Table 1),  
a variety of media (Tables 2-6), with and without activated charcoal (0.5 %), 
as well as alternative light conditions (1 200 vs. 2 500 lux) were employed. 
Freshly budded Wollemi shoots were used and the explants were cultivated 
at room temperature under a day/night regime of 16/8 h. 

Table 1. Sterilization methods 

 method A method B 
70 % ethanol 10 sec. 10 sec. 
15 % NaOCl : H2O (1:1) 5 min. 20 min. (stirring) 
3 × H2O 2 min. 20 min. (stirring) 
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Table 2. B5  medium (Gamborg et al., 1968) and its modifications 

ingredient concentration [g/L] 

agar or agarose 8.0 
sucrose 40.0 
CoCl2 x 6H2O 2.5 x 10-5 
CuSO4 x 5H2O 2.5 x 10-5 
Na2MoO4 x 2H2O 2.5 x 10-4 
KI 7.5 x 10-4 
ZnSO4 x 7H2O 0.002 
H3BO3 0.003 
MnSO4 x H2O 0.01 
FeNaEDTA 0.0367 
CaCl2 0.11323 
MgSO4 0.12156 
NaH2PO4 0.13044 
(NH4)2SO4 0.134 
KNO3 2.5 
nicotinic acid 0.001 
pyridoxine HCl 0.001 
thiamine HCl 0.01 
myo-inositol 0.1 

 B5 B5var B5wol 

kinetin 2.0 x 10-4 2.0 x 10-4 - 
NAA 5.0 x 10-4 5.0 x 10-4 - 
IAA 5.0 x 10-4 5.0 x 10-4 - 
2,4-D 0.002 0.002 5.0 x 10-4 
casein enzymatic 
hydrolysate 

- 2.0 - 
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Table 3. MS medium (Murashige & Skoog, 1962) and its modifications 

ingredient concentration [g/L] 

agar or agarose 8.0 
CoCl2 x 6H2O 2.5 x 10-5 
CuSO4 x 5H2O 2.5 x 10-5 
Na2MoO4 x 2H2O 2.5 x 10-4 
KI 8.3 x 10-4 
ZnSO4 x 7H2O 0.0086 
H3BO3 0.0062 
MnSO4 x H2O 0.0169 
FeNaEDTA 0.0367 
CaCl2 0.33202 
MgSO4 0.18054 
KH2PO4 0.17 
NH4NO3 1.65 
KNO3 1.9 
nicotinic acid 5.0 x 10-4 
pyridoxine HCl 5.0 x 10-4 
thiamine HCl 1.0 x 10-4 
glycine 0.002 
myo-inositol 0.1 

 MS vdSalm MSwol 

BAP 0.001 0.002 - 
IAA 0.001 0.002 - 
2,4-D - - 5.0 x 10-4 
sucrose 40 30 40 
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Table 4. Murashige & Miller medium (Miller & Murashige, 1976) 

ingredient concentration [g/L] 

agar or agarose 8.0 
sucrose 30.0 
CoCl2 x 6H2O 2.5 x 10-5 
CuSO4 x 5H2O 2.5 x 10-5 
Na2MoO4 x 2H2O 2.5 x 10-4 
KI 8.3 x 10-4 
ZnSO4 x 7H2O 0.0086 
H3BO3 0.0062 
MnSO4 x H2O 0.0169 
FeNaEDTA 0.0367 
CaCl2 0.33202 
MgSO4 0.18054 
KH2PO4 0.17 
NH4NO3 1.65 
KNO3 1.9 
thiamine HCl 4.0 x 10-4 
myo-inositol 0.1 
IAA 0.002 
kinetin 0.002 
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Table 5. Quoirin & Lepoivre medium (Quoirin & Lepoivre, 1977) 

ingredient concentration [g/L] 

agar or agarose 8.0 
sucrose 30.0 
CoCl2 x 6H2O 2.5 x 10-5 
CuSO4 x 5H2O 2.5 x 10-5 
Na2MoO4 x 2H2O 2.5 x 10-4 
KI 8.3 x 10-4 
ZnSO4 x 7H2O 0.0086 
H3BO3 0.0062 
MnSO4 x H2O 7.6 x 10-4 

FeNaEDTA 0.0367 
Ca(NO3)2 0.57892 
MgSO4 0.17579 
KH2PO4 0.27 
NH4NO3 0.4 
KNO3 1.8 
thiamine HCl 4.0 x 10-4 
myo-inositol 0.1 
GA 0.002 
BAP 0.002 
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Table 6. Westvaco WV3 medium (Coke, 1996) 

ingredient concentration [g/L] 

agar or agarose 8.0 
sucrose 30.0 
CoCl2 x 6H2O 2.5 x 10-5 
CuSO4 x 5H2O 2.5 x 10-5 
Na2MoO4 x 2H2O 2.5 x 10-4 
KI 8.3 x 10-4 
ZnSO4 x 7H2O 0.0086 
H3BO3 0.031 
MnSO4 x H2O 0.01516 
FeNaEDTA 0.0367 
CaCl2 0.42588 
MgSO4 0.90379 
KH2PO4 0.27 
KCl 0.65679 
KNO3 0.91006 
thiamine HCl 4.0 x 10-4 
myo-inositol 0.1 
BAP 5.0 x 10-4 

2,4-D 0.003 
L-glutamine 2.29 

 
All the media components were purchased from Duchefa Biochemie, the 
Netherlands. 
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Results & discussion 

Callus cultures of Wollemia nobilis turned out to be extremely difficult to 
initiate and maintain. Numerous attempts to improve the cultivation condi-
tions were made by employing a variety of media supplemented with a myr-
iad of growth regulators in different combinations and concentrations (Ta-
bles 2-6). As activated charcoal is believed to play a significant role in the 
improvement of cell growth and development (Thomas, 2008), it was also 
included in the media composition. However, the pronounced adsorbing 
properties of charcoal said to decrease the detrimental effects of toxic me-
tabolites, phenolic exudation and brown exudates accumulation had no im-
pact on the initiation or growth of Wollemia callus. As observed by van 
Uden et al. (1990), the contact between plant tissue and agar seemed to be 
disadvantageous for the formation and development of callus derived from  
a conifer Callitris drummondi. Therefore we also substituted agar with aga-
rose as a solidifying agent for our test plates. Unfortunately, to no avail. 

All in all, our strive for obtaining callus and cell suspension cultures of 
Wollemia nobilis resulted merely in observing a slight callus formation on 
the shoot explants sterilized in less stringent conditions (method A), placed 
on Westvaco medium and cultured under 1 200 lux (Figure 3). However, we 
did not succeed in maintaining a well growing Wollemia callus and thus 
were not able to initiate cell suspension cultures of the ancient conifer. 

 
Figure 3. Indications of Wollemi callus formation on Westvaco medium  

Nonetheless, the aforementioned endeavours brought about the isola-
tion of an interesting endophytic strain, Cladosporium langeronii bearing 
indications of paclitaxel production (Staniek et al., 2010).  

To our knowledge, this is the first description of procedure optimiza-
tion for the cultivation of callus-tissue of the oldest living tree species in the 
world. While ultimately unattained, the aim should not be abandoned. In-
deed, as the aforementioned formulation was relatively recently proposed in 

8 mm 8 mm
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response to limited success of the efforts to develop tissue culture methods 
for utilization with Loblolly pine (Pinus taeda) (Coke, 1996), it does not 
come as a great surprise that it showed some efficiency while employed in 
the venture for in vitro cultivation of a fellow conifer. Thus, the Westvaco 
medium formulation seems to provide a platform for further optimization for 
an effective initiation and sustained growth of callus and cell suspension cul-
tures of Wollemia nobilis that could prove a milestone in further investiga-
tion of the botanical enigma of the ‘green dinosaur’.  

Acknowledgements 

Thanks are due to Jan-Willem Zwart, Botanical Garden ‘De Kruidhof’, 
Buitenpost, for providing the plant material and Sieb Batterman, Pharmaceu-
tical Biology Dpt., University of Groningen. 

References 

Atmajda S. 2004. Wollemi pine (Wollemia nobilis)… Sylvanet 17:2-4 
Burrows GE, Offord CA, Meagher PF, Ashton K. 2003. Axillary meristems 

and the development of epicormic buds in Wollemi pine (Wollemia nobi-
lis). Ann Bot 92:835-844 

Chambers TC, Drinnan AN, McLoughlin S. 1998. Some morphological fea-
tures of Wollemi pine (Wollemia nobilis: Araucariaceae) and their com-
parison to the cretaceous plant fossils. Int J Plant Sci 159:160-171 

Coke JE. 1996. Basal nutrient medium for in vitro cultures of Loblolly pines. 
US Patent 5534433 

Gamborg OL, Miller RA, Ojima V. 1968. Nutrient requirements of suspen-
sion cultures of soybean root cells. Exp Cell Res 50:151-158 

Gilmore S, Hill KD. 1997. Relationships of the Wollemi pine (Wollemia no-
bilis) and the molecular phylogeny of Araucariaceae. Telopea 7:275-291 

Hill KD. 1996. The Wollemi pine: discovering a living fossil. Nat Res 
32:20-25 

Jones WG, Hill KD, Allen JM. 1995. Wollemia nobilis, a new living Austra-
lian genus and species in the Araucariaceae. Telopea 6:173-176 

Miller LR, Murashige T. 1976. Tissue culture propagation of tropical foliage 
plants. In Vitro Cell Dev Biol Plant 12:797-813 

Murashige T, Scoog F. 1962. A revised medium for rapid growth and bioas-
say with tobacco tissue cultures. Physiol Plant 15:473-497 



   W. nobilis – in vitro cultivation 

 87 

NSW Department of Environment and Conservation. 2006. Wollemi Pine 
(Wollemia nobilis) Rocovery Plan. NSW Department of Environment and 
Conservation, Hurstville NSW. DEC 2006/519, ISBN 1 920 887 63 6 

Offord CA, Porter CL, Meagher PF, Errington G. 1999. Sexual reproduction 
and early plant growth of the Wollemi pine (Wollemia nobilis), a rare 
and threatened Australian conifer. Ann Bot 84:1-9 

Peakall R, Ebert D, Scott LJ, Meagher PF, Offord CA. 2003. Comparative 
genetic study confirms exceptionally low genetic variation in the ancient 
and endangered relictual conifer, Wollemia nobilis (Araucariaceae). Mol 
Ecol 12:2331-2343 

Quoirin M, Lepoivre P. 1977. Etude de milieux adaptés aux cultures in vitro 
de Prunus sp. Acta Hort 78:437-442 

Setoguchi H, Osawa TA, Pintaud J-C, Jaffré T, Veillon J-M. 1998. Phyloge-
netic relationship within Araucariaceae based on rbcL gene sequences. 
Amer J Bot 85:1507-1516 

Snelling AA. 2006. Wollemia nobilis: a living fossil and evolutionary 
enigma. Impact 394:i-iv 

Staniek A, Woerdenbag HJ, Kayser O. 2010. Screening the endophytic flora 
of Wollemia nobilis for alternative paclitaxel sources. J Plant Interact 
(accepted for publication January 11, 2010) 

Stefanovic S, Jager M, Deutsch J, Broutin J, Masselot M. 1998. Phylogenetic 
relationships of conifers identified from partial 28S rRNA gene se-
quences. Amer J Bot 85:688-697 

Thomas TD. 2008. The role of activated charcoal in plant tissue culture. Bio-
technol Adv 26:618-631 

van Uden W, Pras N, Malingré TM. 1990. The accumulation of podophyl-
lotoxin- -D-glucoside by cell suspension cultures derived from the coni-
fer Callitris drummondii. Plant Cell Rep 9:257-260 






