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Abstract. Rachmat HH, Subiakto A, Kamiya K. 2016. Genetic diversity and conservation strategy considerations for highly valuable
medicinal tree of Taxus sumatrana in Indonesia. Biodiversitas 17: 487-491. Genetic variation is considered to be the key factor for longterm survival of the species. The recognition of the existing genetic diversity is the preliminary phase in development of an effective
strategy for conservation of forest tree species. Taxus sumatrana or is confined to grow naturally only in Asia, it is a rare and
endangered species that in several Asian countries needs both ex situ and in situ protection program. In its natural distribution, T.
sumatrana is the only Taxus species that reached its southernmost distribution to Sumatran forest-Indonesia and locally named as
Sumatran Yew. The objective of this research was to determine the genetic variation of T. sumatrana as baseline information for
designing conservation strategy of the species. Leaves samples were collected from two natural population of T. sumatrana in Mt.
Kerinci (Sungai Penuh, Jambi) and Mt. Dempo (Pagaralam, South Sumatra), both sites are located along Bukit Barisan Mountain
Ranges of Sumatra. We sequenced two non-coding chloroplast DNA (cpDNA) regions of trnL-trnF and psbC-trnS that each yielded 808
bp and 1092 bp, and rbcL gene of 523 bp, in which the total length covered 2423 bp. Surprisingly, we found no variation for all
individuals and population, which means that the species is similar and both populations are not genetically structured. This study also
revealed on how a proper conservation strategy should be practiced for the species as we know that without a sufficient amount of
genetic variation, a population cannot evolve in response to changing environmental conditions. In situ conservation program is a must
that can maintain the existence of the species while at the same time keeping the sustainability of the entire systems; in other side ex situ
conservation strategy can take place as an additional effort to secure the genetic resources in case of the catastrophic events that might
diminish their limited natural habitat.
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INTRODUCTION
Plants of the genus Taxus are sources of a number of
physiologically and pharmacologically active compounds
of different classes, especially the anti-cancer paclitaxel
and many other taxane derivatives. The species of Taxus
are more geographically than morphologically separable.
The genus Taxus has included eight geographically defined
species; including T. sumatrana (Miq.) de Laub (Spjut
2007). T. sumatrana (Miq.) de Laub, locally names as
Sumatran Yew, is naturally distributed in Taiwan,
Sulawesi, and reached its southernmost distribution to
Sumatra mainland (de Laubenfels 1988). In Sumatra, T.
sumatrana is an endangered conifer with a scattered
distribution. The highly valuable timber is usually
distributed in shady valleys and slopes at high altitudes, e.g
at 1700- 2200 m asl. in Mt. Kerinci-Jambi.
Plants within the Genus of Taxus are highly known for
their taxol production. Taxol is a blockbuster anticancer
drug which is widely used for clinical application against
different types of cancer (Zhou et al. 2010). The drug is

known to bind to microtubules and essentially freeze them
in place, prevent them from separating the chromosomes
when cell divides. This mechanism will kill dividing cells,
particularly cancer cells (Weaver 2014). In other part of the
world, species in the Genus have been facing serious
threats because of human overexploitation and habitat
destruction that lead to the decline and fragmentation of
populations. Yet, there have been any reports of the
exploitation for its valuable bark or other tree parts.
However, increasing pressure on forest and land and also
their narrow and scattered distribution at only several spots
have made the species to be the priority for conservation
(Hidayat et al. 2014). Field exploration on the potency and
distribution of T. sumatrana (Rachmat 2008; Hidayat et al.
2013) in Mt. Kerinci and Mt. Dempo of Sumatra, Indonesia
found that this species occurred in a narrow habitat range
with low numbers of mature individuals consisting of 1319.
Genetic variation refers to all the different gene
versions that are present in a population. Over long time
scales, decreased genetic variation can be a problem for a
population because genetic variation is the raw material of

488

B I O D I V E R S IT A S 17 (2): 487-491, October 2016

evolution (Fisher 1930). Furthermore, loss of genetic
diversity in small populations of threatened species is
predicted to reduce their ability to evolve, and increase
their extinction risk in response to environmental change.
While experimental evidence validates this prediction,
there are only a few examples where extinctions of natural
populations can be directly attributed to lack of genetic
variation (Farkham et al. 2004).
Understanding genetic variation within and between
populations is essential for the establishment of effective
and efficient conservation practices for rare and or
endangered species. Several aspects of conservation
biology, such as loss of genetic diversity in conservation
programs and restoration of threatened population, can only
be addressed by detailed population genetic studies
(Hamrick and Godt 1996). The objectives of this study are
to examine the levels of cpDNA (chloroplast DNA)
variation and genetic differentiation among T. sumatrana
population growing in Sumatra. This molecular
information will provide effective and efficient measures
for protecting the species.

MATERIALS AND METHODS
Plant material
Leaf samples of adult trees were collected from two
populations of T. sumatrana in Mt. Kerinci (Sungai Penuh,
Jambi) and Mt. Dempo (Pagaralam, South Sumatra); both
sites are located along The Bukit Barisan Mountain Ranges
of Sumatra, Indonesia. We took leaf samples from adult
trees with diameters of over 25 cm at breast height, and the
minimum distance between individuals sampled was 50 m.
In total, 27 individuals of T. sumatrana were analyzed in
this study: 14 individuals were sampled from Mt. Kerinci
and 13 individuals from Mt. Dempo.
Loci studied
At the beginning we evaluated the performance of six
candidate plastid DNA regions those: trnT-trnL, trnL-trnF
(Taberlet et al. 1991), psbC-trnS, tnH-trnK (Demesure et
al. 1995), trnH-psbA (Kress and Erickson 2007) and rbcL
gene (Hasebe et al. 1994). However, only three loci gave a
good amplified product, those were trnL-trnF, psbC-trnS
and rbcL and used for further analysis.
DNA isolation, amplification, and sequencing
Genomic DNA was isolated from adult leaves
following the company procedure using DNeasy® Plant
Mini Kit (Qiagen, Germany). PCR amplifications were
performed in a volume of 20 l containing 10 ng of
genomic DNA, 5 pmol of each forward and backward
primer, and 10 l of Go Taq® Hot Start Colourless Master
Mix (Promega, Madison, WI, USA) according to the
manufacturer’s instructions. Initial denaturation was
performed at 95°C for 2 min, followed by 30-35 cycles of
denaturation at 95 °C for 1 min, annealing 52oC for trnLtrnF and 56oC for psbC-trnS and rbcL and polymerization
at 72°C for 2 min, and final extension at 72°C for 7 min.
Prior to sequencing, the PCR products were purified using

rAPid Alkaline PhosphataseTM (Roche, Germany) and
Exonuclease I (New England Biolabs, Ipswich, MA, USA).
Purified products were directly sequenced on both strands
using an ABI Prism 3100 automatic sequencer (Applied
Biosystems, Foster City, CA, USA).
Data analysis
DNA sequences were checked visually, forward and
reverse traces were assembled using the ATGC program
(Genetyx Corporation, Japan). Single nucleotide
polymorphism would clearly be distinguishable from the
electropherograms showed for each sequences in ATGC.
However it was more apparent when all sequences were
exported into fasta file and read in BioEdit (Hall 1999).
Further analysis could not be executed from all loci studied
because of the absence of nucleotide variation from all
individuals in both populations.

RESULTS AND DISCUSSION
Sequences of 808, 1092 and 523 bp (2423 bp in total)
were determined, for two non-coding regions of cpDNA,
trnL-trnF, psbC-trnS, and rbcL gene respectively. The
sequence for each of the region are described below.
(i) sequence of trnL-trnF region of all studied T.
sumatrana individuals:
CCTTGGTATGGAAACTTACTAAGTGATAGCTTCCAAATA
CAGGGGAACCCTGGAATATTTTGAATGGGCAATCCTGAT
CCAAATCCGTATTATAGGAACAATAATTTTATTTTCTAG
AAAAGGGATAGGTGCAGAGACTCAACGGAAGATATTCTA
ACGACTTAATATCATTTGAATTTGAACCAATATTCTATC
TACAGAGTGTAGTATGTTATTGAAAACTTTGAAGTGTTC
TGTATCATCGTTAAAACTTGTTTCAACGATTAGAACTTG
AGTTGTTCTAGGCTTGCCTAGCTTAATGAATACTTAATT
AAAGTAATTCAATTAAGAAATAAATAGAATTTATTCCAT
TTTTGAATTATTGGACGAGGATAAAGATAGAGTCCAATT
CTACATGTAAATGCCAACAACAACAATGCAAATTGCAGT
AGTCGGAAAATCCGTTGGTTTTATAAACCGTGAGGGTTC
AAGTCCCTCTATCCCCAGGTGTATTTCCGAATTAAAGAA
AGATCAAATATTATTACTCTTGACAATTTTATAAGCAAT
CCAGAATATAGAGCTATATTCCCATAAATTTAGAAAGGT
TGATCGTAAGATCAACTCATACATTTTGTCAGATATAAC
ATTTGTGTATGTATAATTGTATTATACATACAATTTAAA
TTTATAATAGAAATTGATAATGGTAACTTACCAATCCAA
AAGTATAATTTAAAAAGGGAAATAAAAAAAGGATTTTCT
TTTGTCTTTTTAGTTGACCTGAGCTCAGGTTCTGCGCTA
GGATGATAAACAGGGAAGAGTCGGGATAGCTC;
(ii) Sequence of psbC-trnS region of all studied T.
sumatrana individuals:
TAAATTACTTGGGGCTCACGTGGCTCATGCCGGATTAAT
TGTATTCTGGGCTGGAGCAATGAATCTATTTGAAGTGGC
TCATTTTGTATCGGAAAAGCCTATGTATGAACAAGGATT
GATTTTACTTCCCCATCTAGCTACTTTAGGATGGGGAGT
CGGTCCTGGTGGGGAAATTGTGGACACTTTTCCCTATTT
TGTATCTGGGGTACTTCACTTAATTTCTTCTGCAGTTTT
AGGTTTTGGTGGTATTTATCACGCACTAATCGGACCCGA
AACTTTAGAAGAATCTTTTCCATTTTTTGGTTATGTCTG
GAAAGATAGAAATAAAATGACTACAATTTTAGGTATTCA
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CTTAATTTTGCTAGGTGTTGGTGCTTTTCTTCTAGTCTT
CAAGGCTTTGTATTTTGGTGGCATATATGATACCTGGGC
TCCTGGTGGTGGAGATGTAAGAAAAATTATGAACCTTAC
GCTTAACCCAGTTGCTATATTTGGTTATTTGCTCAAGTC
TCCTTTTGGAGGAGAGGGATGGATTGTTAGCGTGGACAA
TCTAGAAGATATAATCGGAGGACATGTATGGTTAGGTTC
CACCGAGCAATAAGGACTCAGTTGGAAAAAAATATCGAA
GGATCCTGCTATCCCGTCTCCCAACATGGTAAATGAAAA
GAAATTAGATGAATTATGATTTTATCTAGTTTATTTTAT
CGTTTAATTAAGAGGGGTCATGGAAAGAACAGGTTCAAA
ATCACGATCAATTCCTTTCTCAAATCCTGCTGCAGCTGC
GCGAGCTCTTCCTGCATGCCACAAATGACCCACGAAAAA
GAAAAATCCTAGAACAAAATGAGAGGTGGCTAACCAACT
TCGGGGTGATACATAATTCACCGCATTAATCTCGGTAGC
TACACCACCCACAGAATTTAAAGAACCTAAAGGAGCATG
AGTCATATATTCCGCTGAACGTCGTTCTTGCCAGGGTTG
TATGTCCTTTTTCAACTTACTCAGGTCCAAACCATTAGG
ACCCCTTAGAGGTTCCAACCAGGGAGCACGAAGATCCCA
AAAACGCATTGTTTCTCCTCCGAAGATAATTTCTCCAGT
;
(iii) Sequence result of rbcL gene of all studied T.
sumatrana individuals:
CGGCTCTACCATAATTTTTGGCAGATAGGCCCAATTTTG
GTTTTATAGTACATCCCAGCAAAGGACGACCATATTTGT
TTAATTTATCTCTTTCCACTTGGATACCATGTGGTGGGC
CTTGGAAAGTTTTTGAATAAGCAGGAGGAATTCGTAGAT
CTTCCAGACGTAGAGCTCGTAGGGCTTTGAATCCAAAGA
CATTACCTACAATGGAAGTGAACAGGTTAGTCACAGAAC
CTTCTTCGAAAAGATCTAAGGGGTAAGCTACATAGGCAA
TAAATTGATTTTCCTCTCCAGGAACGGGTTCGATATCAT
AGCATCGTCCCTTGTAACGATCAAGACTGGTAAGTCCAT
CGGTCCAAACAGTGGTCCATGTACCAGTGGAAGATTCGG
CAGCTACTGCTGCTCCCGCTTCCTCGGGGGGCACTCCCG
GTTGAGGAGTGACTCGGAATGCTGCCAAGATATCAGTAT
CTTTGGTCTGATATTGTGGAGTATAATAAGTTAGTCTGT
AATCTTTAACACCAGC.
There were no variants for all individuals and
population studied. T. sumatrana growing in SumatraIndonesia occupies specific sites and very restricted with
clumped or scattered distribution. Species with this kind of
characteristic would show low levels of genetic variation as
compared to other species in the genus with wider
distributions. This is indeed the case for T. sumatrana.
There were no variations observed both the population and
species level. Our result conformed to Hamrick and Godt
(1996) who stated small population size tends to have low
level of genetic diversity. Our study also supports the
general expectation of reduced genetic diversity in the
species with a narrow geographic distribution (Hamrick et
al. 1992).
Genetic structure within and between populations is
important for developing a conservation strategy for
endangered species, especially if not all populations can be
protected. Species with low levels of population structure
could be simplified, as the loss of single population may
have little impact on the species-wide genetic diversity.
Molecular and morphological studies of Taxus have
distinguished genotypes that differentiate (i) individuals
within populations (Collins et al. 2003; Lewandowski et al.
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1995; Spjut 2007), (ii) distinct populations within
geographic regions (El-Kassaby and Yanchuk 1994; Li et
al. 2006, Zu et al. 2006; Spjut 2007; Zarek 2009), and (iii)
alleged geographically distinct species (Collins et al. 2003;
Spjut 2007). However, little attempt has been made to
determine genetic variation of the Taxus growing in their
southernmost distribution, T. sumatrana in Indonesia.
Genetic diversity is attributed to the capacity of long
term survival of the species. Low genetic diversity in the
species will increase inbreeding rate, while the reduction of
genetic diversity will affect the adaptability level to the
environment change (Furlan et al. 2012). Our study
revealed that no variation and no population differentiation
could be detected in T. sumatrana based on cpDNA
variation, suggesting that both population from Mt. Kerinci
and Mt. Dempo harbored similar genetic characteristics. It
could be that the low level of genetic variation is specific in
the cpDNA regions. However, among plant DNA regions,
non-coding regions, such as the chloroplast markers trnHpsbA and trnL-trnF usually exhibit high levels of variation,
including indel polymorphism (Graham et al. 2000), and
for several cases can provide good capacity even for
species identification (Hollingsworth et al. 2011; Taberlet
et al. 2007). Moreover, in a previous study of DNA
barcoding for Eurasian Taxus species based on five DNA
regions (rbcL, matK, trnL-trnF, trnH-psbA and ITS), eleven
species were clearly identified (Liu et al. 2011). Population
genetic study of several Taxus species were also recorded
using trnL-trnF and petA-psbE showed significant genetic
variation (Gao et al. 2007; Liu et al. 2013; Poudel et al.
2012; Cheng et al. 2015). This observation suggests that
the extremely no genetic variation in the cpDNA regions
examined here is specific for T. sumatrana since those loci
yielded some extent of genetic variation when assessed to
other Taxus and non Taxus species.
In Sumatra, Indonesia, the species grows naturally
inside the protected area or nature reserved. We can simply
determine that this condition was strong enough to
conserve the species. However, this fact does not reflect
factual condition because protected areas and or nature
reserves in actual condition are not fully free from
disturbances. There are high pressures on habitat
destruction of both protected and nature reserves. In this
case, effort to conserve outside its natural habitat is worth
to be considered and those implemented within the
concepts of ex situ conservation strategy. In Indonesia we
can see ex situ conservation effort for T. sumatrana has
been conducted in Cibodas Botanical Garden, West Java.
When habitat is highly narrow and limited, in situ
conservation effort is a compulsory to carry out with
emphasizing on genetic considerations. Many plants,
especially rare taxa, exhibit microhabitat preferences
(Maliakal-Witt et al. 2005). When these microhabitats
occur in the landscape in discrete and small-scale patches,
along the time they can create opportunities for genetic
divergence at a small spatial scale. To avoid this
phenomenon for the narrowly scattered-clumped
distribution of the T. sumatrana, maintaining the
connectivity among clumps is a must. This will allow gene
flow and might be impacted to maintain viability or even to
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increase population size. Intact and free-perturbation
habitat need to be secured. In a simple word, in situ
conservation is the core strategy for species conservation.
How this should me managed properly to assure the species
conservation would require several actions in the field as
described below.
Soft flesh fruit of Taxus species (aril) are highly
preferred by certain birds and rodents. As seeds are the
main key for natural regeneration, predatory mechanism
should be checked scientifically. This will give insight to
how and what actions need to overcome the predatory
problems. Rarity to find natural seedling during field
sampling indicated the need of special concern on this
aspect. In this case, it is clearly seen the need of additional
treatments to support natural regeneration. Related to their
natural regeneration capability, soil condition is one of the
important factors that need to be taken into account as soil
moisture can be extremely limiting factor for seedling
survival. Genetic variation is one of the most important
factors for the survival of the population. In case of less or
even no variation, artificial regeneration is essential. In
addition that the population size of T. sumatrana known to
be small, limited, and showed narrow habitat range,
artificial regeneration could be an important way to
increase the population size and yet increase the genetic
variation. The success of regeneration both natural
regeneration and artificial regeneration should be evaluated
by regeneration survey in at least 5-10 year cycles.
Dharr et al. (2006) stated that appropriate light and
microclimatic condition are needed to maintain yew
population. To maintain the light availability, a continuous
selective thinning reducing competition with other tree
species is advocated to improve the population status. This
also can be applicable for T. sumatrana growing in
Indonesia when they exhibit similar ecological niche, the
trees usually fill the spots on shady ridges of the hills.
Artificial management on promoting light availability
might support species growth and lessen the competition
with others trees.
If in certain condition the trees need to be cut, it should
be done at least 25 cm above from the ground as in general
Taxus species can produce more sprouting buds from that
origin. During field surveys it is commonly found that
many sprouting comes from the fallen branches and stems.
Actually this condition is beneficial, especially when
alternative propagation by cutting is considered to carry out
for producing new plants.

ACKNOWLEDGEMENTS
Authors are grateful to Japan Student Service
Organization (JASSO) for the scholarship of the Follow-up
Research Fellowship program and made the research
possible to carry out. Authors are also grateful to Forest
Genetic Lab, Faculty of Agriculture, Ehime University,
Japan for accepting and providing all laboratory materials
and equipment. Authors are also grateful to Ministry of
Environment and Forestry, Indonesia for leave permission
during laboratory work abroad.

REFERENCES
Cheng B, Zheng Y, Sun Q. 2015. Genetic diversity and population
structure of Taxus cuspidata in the Changbai Mountains assessed by
chloroplast DNA sequences and microsatellite markers. Biochem Syst
Ecol 63: 157-164.
Collins D, Mill RR, Moller M. 2003. Species separation of Taxus baccata,
T. canadensis, and T. cuspidate (Taxaceae) and origins of their
reputed hybrids inferred from RAPD and cpDNA data. Amer J Bot
90: 175-182.
de Laubenfels DJ. 1988. Coniferales. Fl. Malesiana 10: 337-453.
Demesure B, Sodzi N, Petit RJ. 1995. A set of universal primers for
amplification of polymorphic non-coding regions of mitochondrial
and chloroplast DNA in plants. Mol Ecol 4: 129-131.
Dharr A, Ruprecht H, Vacik H. 2006. Population viability risk
management (PVRM) for in situ management of Taxus baccata L.
population in Austria. In. Society for Conservation Biology-European
Section (Eds). Diversity for Europe, 1st European Congress of
Conservation Biology 22-26th Augusr, 2006. Eger, Hungary.
El-Kassaby YA, Yanchuk AD. 1994. Genetic diversity, differentiation and
inbreeding in Pasific Yew from British Colombia. J Hered 85: 112117.
Excoffier L, Laval G, Schneider S. 2005. Arlequin ver. 3.0: an integrated
software package for population genetics data analysis. Evol
Bioinform Online 1: 47-50.
Fisher RA. 1930. The Genetical Theory of Natural Selection. Oxford
University Press, London.
Frankham R, Ballou JD, and David AB. 2004. A Primer of Conservation
Genetics. Cambridge Univ Press, UK.
Furlan EF, Stoklosa J, Griffith J, Gust N, Ellis R, Huggins RM, Weeks
AR. 2012. Small population size and extremely low level of genetic
diversity in island population of the platypus, Ornithorhynchus
anatius. Ecol Evol 2 (4): 844-857.
Gao LM, Moller M, Zhang XM, Hollingsworth ML, Liu J, Mill RR,
Gibby M, Li DZ. 2007. High variation and strong phylogeographic
pattern among cpDNA haplotypes in Taxus wallichiana (Taxaceae) in
China and North Vietnam. Mol Ecol 6: 4684-4698.
Graham SW, Reeves PA, Burns ACE, Olmstead RG. 2000.
Microstructural changes in noncoding chloroplast DNA:
Interpretation, evolution, and utility of indels and inversions in basal
angiosperm phylogenetic inference. Int J Plant Sci 161: S83-S96.
Hall TA. 1999. A user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT. Nucleic Acids Symp Ser
41: 95-98.
Hamrick JL, Godt MJW, Sherman-Broyles SL. 1992. Factors influencing
levels of genetic diversity in woody plant species. New For 6: 95-124.
Hamrick JL, Godt MJW. 1996. Conservation genetics of endemic plant
species. In: Avise JC, Hamrick JL (eds). Conservation Genetics: Case
Histories from Nature. Chapman and Hall, New York.
Hasebe M, Omori T, Nakazawa M, Sano T, et al. 1994. rbcL gene
sequences provide evidence for the evolutionary lineages of
leptosporangiate ferns. Proc Natl Acad Sci USA 91: 5730-5734.
Hidayat A, Henti HR, Atok S. 2014. Taxus sumatrana: Hidden Treasure
fron Sumatran Emerald. Forda Press, Bogor.
Hollingsworth PM, Graham SW, Little DP. 2011. Choosing and using a
plant DNA barcode. PLoS One 6 (5): e19254. DOI:
10.1371/journal.pone.0019254
Kress WJ, Erickson DL. 2007. A two-locus global DNA barcode for land
plants: The coding rbcL gene complements the non-coding trnH-psbA
spacer
region.
PLoS
One
2
(6):
e508.
DOI:
10.1371/journal.pone.0000508
Lewandowski AJ, Burczyk, Mejnartowicz L. 1995. Genetic structure of
English Yew (Taxus baccata L.) in the Wierzchlas Reserve:
Implications for genetic conservation. Forest Ecology and
Management 73: 221-227.
Li XL, Yu XM, Guo WL, Li YD, Liu XD, Wang NN, and Liu B. 2006.
Genomic diversity within Taxus cuspidata var. nana revealed by
Random Amplified Polymorphic DNA markers. Russian in
Fiziologiya Rastenii 53 (5): 771-776.
Liu J, Möller M, Gao LM, Zhang DQ, Li DZ. 2011. DNA barcoding for
the discrimination of Eurasian yews (Taxus L., Taxaceae) and the
discovery of cryptic species. Mol Ecol Resour 11: 89-100.
Liu J, Moller M, Provan J, Gao LM, Poudel RM, Li DZ. 2013. Geological
and ecological factors drive cryptic speciation of yews in a
biodiversity hotspot. New Phytol DOI: 10.1111/nph.12336.

RACHMAT et al. – Conservation strategy of the Sumatran yew
Maliakal-Witt S, Menges ES, Denslow JS. 2005. Microhabitat distribution
of two Florida scrub endemic plants in comparison to their habitatgeneralist congeners. Am J Bot 92 (3): 411-421.
Poudel RC, Moller M, Gao LM, Ahrends A, Baral SR, Liu J, Thomas P,
Li DZ. 2012. Using morphological, molecular and climatic data to
delimitate yews along the Hindu Kush-Himalaya and adjacent
regions. PLoS ONE. 7: e46873. DOI: 10.1371/journal.pone.0046873
Rachmat HH. 2008. Genetic diversity and vegetative propagation
technique for Sumatran yew (Taxus sumatrana). [Thesis]. School of
Graduates, Institut Pertanian Bogor, Bogor.
Spjut RW. 2007. A Phytogeographical analysis of Taxus (Taxaceae). J
Bot Res Inst Texas 1 (1): 291 - 332.
Taberlet P, Gielly L, Pautou G, Bouvet J. 1991. Universal primers for
amplification of three non-coding regions of chloroplast DNA. Plant
Mol Biol 17: 1105-1109.

491

Taberlet TP, Coissac E, Pompanon F, Gielly L, Miquel C, Valentini A,
Vermat T, Corthier G, Brochmann C, Willerslev E. 2007. Power and
limitations of the chloroplast trnL (UAA) intron for plant DNA
barcoding. Nucleic Acids Res 35 (3). DOI: 10.1093/nar/gkl938
Weaver BA. 2014. How Taxol/paclitaxel kills cancer cells. Mol Biol Cell.
25 (18): 2677-2681.
Zarek M. 2009. RAPD Analysis of genetic structure in four natural
populations of Taxus baccata from Southern Poland. Acta Biologica
Cracoviensia Series Botanica 51 (2): 67-75.
Zhou X, Zhu H, Liu L, Lin J, Tang . 2010. A review: recent advances and
future prospects of taxol-producing endophytic fungi. Appl Microbiol
Biotechnol 86: 1707-1717.
Zu Y, Chen H, Wang W, Nie S. 2006. Population structure and
distribution pattern of Taxus cuspidata in Muling region of
Heilongjiang Province, China. J For Res 17 (1): 80-82.

