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ABSTRACT

The importance of patchouli plants to produce essential oil has
established this medicinal herb as one of the Indonesia’s main
economic contributor. To date, Indonesia can only provide 5 varieties i.e.
Sidikalang, Tapak Tuan, Lhokseumawe, Patchoulina 1 and Patchoulina
2. In order to increase national patchouli production, several efforts
needs to be done by providing new superior patchouli lines. This
experiment was undertaken to reveal diversity of mutant progenies
derived from gamma ray irradiation in patchouli. Six SSR primers were
used to determine genetic diversity on MV3 generation of the mutants.
Molecular analysis revealed a moderate to high polymorphism based
on tested primers, which amplified 73 bands, and resulting of 0.705
PIC value. Dendrogram analysis based on Euclidean dissimilarity
showed broad diversity that ranged from 0.23 to 0.82. Phenotypic
tree gave clear separation that all mutant clones were clustered into
three different group, with Eucledian dissimilarity coefficient ranging
from 0.02 to 0.13. This report indicates that Patchouli vegetatively-
propagated mutants were able to maintain their variability continuously
from their parental lines (MO0). Furthermore, our findings offer
comprehensive information on breeding strategies of patchouli plants,
giving an opportunity to assess important traits at early generation.

INTRODUCTION

essential oil production is recorded at 800 t/year
(National Horticulture Board, 2014). Indonesia is

Patchouli (Pogostemon cablin Benth.) is the
main raw materials in the pharmaceutical industry
and essential oils of the world (Huang et al., 2016)
and it has been grown for medicinal use for more
than 1000 years in China and Southeast Asia.
There are limited data to underpin the genetic
and genomic resource management for Patchouli.
Herein, we used specific-locus amplified fragment
sequencing to generate a genetic delineation of P.
cablin collected from Vietnam, South China, and
Indonesia (Sumatra, to produce medicinal drugs,
perfumes, and soaps (Wu et al., 2011). Until now,
there is no volatile substance that can substitute
patchouli oil (Ramya, Palanimuthu, & Rachna,
2013). To date, the domesticated crops and their
wild relatives are cultivated on a large scale to
meet the industrial requirements. World patchouli’s

the main producer that supplies more than 2/3 total
world demand. However, based on data released by
the Indonesian Ministry of Agriculture (2017) there
was a diminishing trend of patchouli oil productivity
over the past few years, which is 154 kg/hain 2014
to 149 kg/ha.

In contrast from those in Indonesia, the
production of Patchouli in China and India has
increased by 536 kg/ha since 2010 (FAO, 2017).
The decrease of oil quality and yield is assumed
to be caused by the poor genetic materials used
by farmers, since many patchouli plantations were
converted into other crops and no improvement
concerning the oil quality (Indonesian Ministry of
Agriculture, 2015). An imperative action was needed
to support the increasing demand of patchouli
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essential oil (Kusuma & Mahfud, 2017). As reported
by Singh, Singh, Srinivas, Rao, & Puttanna (2015)
currently there is a need to increase the productivity by
providing distinguishable varieties to meet the demand
at both domestic as well as international market.

To enhance national or world essential oil
requirements, producing the national superior patchouli
varieties, with high productivity of fresh herbage and
essential oil quality is an indispensable effort. The
problem to develop improved varieties of patchouli in
Indonesia is the narrowness of genetic variability. This
matter will complicates the selection process, which
is caused by the absence of hybridization process
(Yan, Xiong, Zhang, & He, 2016). In addition Swamy &
Sinniah (2016) reported that vegetative propagation on
Patchouli can lead to bottleneck diversity. As a result
of narrow genetic base, an imperative requirement
such as mutation is indispensable.

Several reports related to the efforts in
broadening the genetic variability of Patchouli had
been done by Mo, Zeng, Huang, Chen, & Yan (2012),
Nuryani (2004), and Yan, Xiong, Zhang, & He (2016),
by utilizing in vitro fusion of protoplasts and colchicine
induction. It is proven by using chemical and physical
mutagens can induce phenotypical and genotypic
variability. Compared to the effort of broaden genetic
variability of Patchouli by physical mutation, results
were remain insufficient. Previously, gamma ray
irradiation mutations have been conducted in various
patchouli clones and putatively has broaden the
genetic base of the materials, with morphologically
obvious on several leaf properties (Tahir & Rofiq,
2013), and putatively will broaden the genetic base.

The utilizaton of molecular markers on
patchouli plants remains limited, while Sandes et
al. (2013) developed an SSR (Simple Sequence
Repeat) markers to classify two Patchouli species.
Examination on patchouli diversity with molecular
markers were reported by Wu et al. (2011) on genetic
diversity through ISSR and SRAP markers, genome
sequences on chloroplasts (He et al., 2016) and
molecular characterization (Sandes et al., 2016).
Utilization of molecular marker as a tool of selection
in Patchouli is not widely known as reports concerning
the selection of Patchouli in Indonesia remains
insufficient. Recent successful report concerning
utilization of SSR on Patchouli selection was reported
by Ouyang et al. (2018)confirming that SSR encoded
unigenes flanked by their biological functions.

Molecular markers together with their
phenotypic appearance (agronomic characters) were

used in this study to identify patchouli clones that have
linked to the productivity and quality characteristics of
patchouli oil. Selection strategies on early generations
of vegetatively propagated plants can accelerate the
varieties implementation to farmers as a main user.
By performing marker-assisted breeding (MAB)
technique, selected progenies were obtained without
being influenced by environmental factors, plant
growth stages and tissue types, as well as have high
accuracy and relatively easy to conduct. Current work
on application of MAB were successfully performed
on essential oil-produced crops (De Pasquale et
al., 2006; Eduardo et al., 2013; Kusuma, Ahsan,
Setiawan, Abdullah, & Tahir, 2018; Labra et al., 2004)
Cumulative response to mutagens of early generation
is occasionally greater than parental lines (Yang,
2009). Effectivenesss of selection on early generation
were previously reported by Bernardo (2003) and
Figueiredo et al. (2015). Objectives of this work were
to estimate genetic diversity of mutated patchouli
plants at MV, generations and to determine potential
patchouli clones as parental source material.

MATERIALS AND METHODS

An experiment was conducted on Politeknik
Negeri Lampung from March to November 2017. A
total of 10 plant material coded as NPL 1 to NPL 10, the
NPL 1 and NPL 2 were the control accessions, while the
rest were mutants. Each accessions consisted with 10
samples. The mutants and control plants of Patchouli
were grown at Green House of Politeknik Negeri
Lampung with an optimum environmental condition,
with 24°C daily degrees and well watered condition.
Plant materials were generated from in vitro of MV,
lines of Patchouli mutant clones, which previously
obtained and selected from physical mutations with
various gamma-ray doses, ranged from 50 Gy to 100
Gy (Tahir & Rofig, 2013). These accessions were
actually local Lampung patchouli germplasms, and
collected from South Lampung, Indonesia.

To determine genetic diversity, nuclear DNA
were extracted fromPatchouli mutant young leafwith
a modified CTAB method by Sandes et al. (2016) by
addition of MATAB 4%. PCR reaction were consisted
with 3.0 yL 5 ng/uL DNA, 0.5 pL 10 pM forward primer,
0.5 pyL 10 uM reverse primer, 1.6 yL 2.5 mM dNTPs,
1.0 yL 1 U/uL Tag DNA polymerase, 2.0 pL 10X
PCR buffer (50 mM KCI, 10 mM Tris-HCI, pH 8.0),
0.8 puL 25 mM MgCl,, and 10.6 pyL H,O. To ensure
the DNA quantity, spectrophotometer was performed
as well as DNA quality were checked by using 1 %
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agarose gels with a comparation from EcoRI+Hindlll
as marker ladder. All DNA samples were purified by
using RNase and proteinase K to avoid unwanted
proteins and RNA contaminations according to He et
al. (2016) by using RNase and proteinase K.

Six primers were chosen in this experiment
and picked from GenBank® using sequence available
from Huang et al. (2016)and it has been grown for
medicinal use for more than 1000 years in China and
Southeast Asia. There are limited data to underpin
the genetic and genomic resource management for
Patchouli. Herein, we used specific-locus amplified
fragment sequencing to generate a genetic delinea-
tion of P. cablin collected from Vietnam, South China,
and Indonesia (Sumatra and developed by Sandes
et al. (2013). The primer characteristics are avail-
able in Table 1. Amplification was done with 94 °C
denaturation stage for 5 minutes and 33 cycles and
extension at 72 °C for 10 minutes. The PCR product
is then electrophorized in 7 % denaturing polyacryl-
amide. Visualization results were analyzed based on
the presence or absence of bands. These data were
subjected to percentage polymorphism calculation,
as well as polymorphic information content (PIC).
PIC value were calculated with the following formula:

o 2 -1 2p2
PIC =1~— ?=1Pi _221{;1 ?:Hlpipj 1)
WhereP;i= allele frequency of each markers and n =
number of different alleles

Dendrogram tree were constructed by using
UPGMA (Unweighted Pair Group Method Arithmetic)
of the program NtSys ver. 2.1.To ensure relation from
genotypic information, phenotypical analysis by us-
ing leaf anatomical characters were observed. Traits

Table 1. SSR-primer characteristics of P. cablin
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observed were leaf turgidity, specific leaf area, ¥ sto-
mata, leaf angle, leaf thickness, xylem thickness, and
stem diameter. All measurements were conducted at
the end of vegetative stage. All traits were subjected
to analysis of variance (ANOVA) to determine the
significance of variation among the mutant clones
and subjected to Tukey'’s test 5 %, with an assistance
of CropStat Ver. 2.7 software. Thereafter, anatomi-
cal characteristic diversity was analyzed by cluster
dendrogram analysis, and data were standardized
previously.

RESULTS AND DISCUSSION

SSR-Diversity Analysis

The diversity index based on the polymor-
phism level of the SSR locus used is presented in
Table 2. PIC or Polymorphism information content
from each locus has been assessed to see how far
SSR markers are used to provide polymorphic infor-
mation. Based on the average score, the PIC value
is 0.705 which is the high value, indicating all SSR
markers were highly informative. Lowest PIC were
found in Pca11 and Pca3 markers, where both loci
have 0 value. This occurs because of the possibil-
ity of unfavorable amplification process, resulting
DNA band was monomorphic. The locus which has
the highest PIC value is Pca2 with a value of 0.874.
This high value indicates that PcaZ2 locus is capable
of being used as a selection marker on the next MV
generation. In contrast with Huang et al. (2016)and
it has been grown for medicinal use for more than
1000 years in China and Southeast Asia. There are
limited data to underpin the genetic and genomic re-
source management for Patchouli.

Locus Primer sequence (5’ - 3’) Repeat motif Size (bp) Source

Pca2 F:GTCGAAGGTTCAGCCTCTT 125-130
R:TCGGAACATCAGCAATGAG CAATG(3)

Pca5 F:CCCTTTACAATAACCTCGAC TATT(3) 130-134
R:ATCAACAGCACACCGTAGA

Pcat1 F:-TTCCCCTTAGATTGTGCAAA TTGA®) 232-238
R:AGACAAAGTGAGGCATCTG

Sandes et al. (2013)

Pca12 F: AAAAAGCTCACGCCCTTCT AACC(3) 250-254
R:CTCGTTATCAATGGGATCA

Pcat F: ACACACTCCCCCACCATAC GA(16) 228-240
R:CCACCTGTTTCTTTCACTTC

Pca3 F: CCATTTCGTCACCTCTC CA®) 164-168

R: AAACAGGCAAGTGAAAGT

Copyright © 2019 Universitas Brawijaya
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Table 2. Allele frequencies, PIC and diversity index based on six sets of amplified SSR primers

Locus A Major Allele Size (bp) H, H, PIC
Pca2 2 0.63 120bp - 200 bp 0.777 0.721 0.87499
Pcab 2 0.41 130bp - 140bp 0.765 0.587 0.71300
Pcat1 2 1 112 bp - 128 bp 0 0 0
Pcai2 2 0.58 240bp - 264 bp 0.588 0.622 0.67959
Pcat 3 0.44 230bp - 240bp 0.868 0.429 0.57571
Pca3 2 1 122 bp - 130 bp 0 0 0
Mean 3.33 0.705

Remarks: A = alelle; H, = expected heterozigosity; H, = observed heterozigosity; PIC = polymorphism information content.
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Fig. 1. Dendrogram tree of molecular analysis from 10 patchouli mutants

Herein, we used specific-locus amplified frag-
ment sequencing to generate a genetic delineation
of P. cablin collected from Vietnam, South China,
and Indonesia (Sumatra, average genetic diversity
on group of cultivated Patchouli accessions from
South East Asia was reported has a low PIC score,
ranged from 0.102 to 0.152, with an average value
0.252. This could assuming that Patchouli experi-
enced a series of bottlenecks during the history its
cultivation. Further report showed that several Indo-
nesian local accessions were experienced low poly-
morphism, that obtained only 44 % of PIC from three
ISSR markers (Pharmawati & Chandra, 2015).

The heterozygosity value at each locus rang-
es from 0 to 0.868. This means that each locus test-
ed on these 10 mutants illustrates a wide genetic

diversity. The highest heterozygosity values can be
found at Pca1 locus with a score of 0.868. Based on
the report from He et al. (2016). Pca1 locus is asso-
ciated with leaf thickness and turgidity on Patchouli
plants. Heterozigosity values on two other markers,
consisting Pca11 and Pca3 were not available due
to presence of monomorphic bands.

Furthermore, a cluster analysis was con-
ducted to determine the genetic diversity of each
patchouli mutant genotype (Fig. 1), so that the selec-
tion direction could be estimated more specifically.
Dendrogram graph indicates that 10 mutant clones
were divided into 2 main clusters, with a Euclidean
dissimilarity coefficient ranging from 0,23 to 0,82.
Cluster 1 shows the diversity of NPL 9 and NPL 10
with a value of 0.60. Cluster 2 consists of NPL 1 to
NPL 8 genotypes.

Copyright © 2019 Universitas Brawijaya
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Fig. 2. Biplot intepretation of 10 patchouli mutants based on SSR analysis

This suggests an increasing number of gam-
ma-ray dose is thought to be consistent with the in-
crease in the genetic diversity coefficient, although
previous study was successfully determined that LD,
for Patchouli was 120 Gy (Tahir, Ersan, Riniarti, &
Kusuma, 2018). However, it appears in cluster 2 that
increasing doses of gamma-ray radiation can lead to
the dynamics of genetic diversity. This is shown in
genotypes of NPL 4 and NPL 8 which have the clos-
est genetic relationship among genotypes.

Estimation of genetic diversity in patchouli
mutans is important to determining the direction
of selection of these mutants. Mutation breeding,
physical mutation in particular, occur randomly and
molecular or phenotypical confirmation is necessary
on each generation to allow the extension of genetic
variation in order to gain stability (De Vetten et al.,
2003; Fu, Li, & Shu, 2008). Assessment by using
molecular markers on patchouli mutants has been
shown to determine genetic diversity. The SSR
marker used is a marker associated with the quality
character of patchouli plants and several other phe-
notypic characters (Sandes et al., 2013).

A biplot analysis was performed to determine
the population distribution of the tested genotype
(Fig. 2). The graph shows consistency according
to dendrogram analysis, where F1 shows 33.17 %
diversity and F3 shows 27.55 % diversity. It can be
seen on the graph that the patchouli mutations NPL
4 and NPL 8 have close relationship in cluster 2,
similar to NPL 9 and NPL 10 which have close ge-
netic kinship. This information can provide sufficient

information to determine distinguishable clones in
early generation, thus potential clones can be im-
plemented to farmers as soon as possible. Other
findings compared to this population distribution in
this study were exposed by Huang et al. (2016)and
it has been grown for medicinal use for more than
1000 years in China and Southeast Asia. There are
limited data to underpin the genetic and genomic re-
source management for Patchouli. Herein, we used
specific-locus amplified fragment sequencing to
generate a genetic delineation of P. cablin collected
from Vietnam, South China, and Indonesia (Suma-
tra, by using SNP markers to infer genetic structure
and migration history. It is proven that Indonesian
Patchouli (Sidikalang, Tapaktuan, and other minor
accessions) were mostly located on same group.

Phenotypic Analysis Based on Leaf Charac-
teristics

Statistical summary of anatomical data are
presented on Table 3. Range value, mean, and
standard deviation were observed and ANOVA
was also performed to determine the significance
of the variation between mutant clones. Seven leaf
characteristics — leaf turgidity, specific leaf area, X
stomata, leaf angle, leaf thickness, xylem thickness,
and stem diameter — represents significance of
variation among mutant clones. Majority of range
value of each trait were wide, leaf thickness in
particular (401.75 to 590.55). Variation within mutant
clones can provide effectiveness for breeder to
perform selection.

Copyright © 2019 Universitas Brawijaya
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Table 3. Statistical summary and P-values of Anatomical data on 10 patchouli mutants

Variable Min Max Mean SD P
Leaf Turgidity (bar) 77.300 86.225 83.246 2.831 0.000
Specific Leaf Area (cm?) 13.548 28.952 21.062 4.301 0.001
Y Stomata 43.050 53.500 47.039 3.551 0.000
Leaf Angle (°) 38.330 67.500 52.037 8.948 0.025
Leaf Thickness (mm) 401.750 590.555 486.589 58.954 0.000
Xylem Thickness (mm) 0.235 0.410 0.324 0.067 0.000
Stem Diameter (cm) 2.025 3.065 2.596 0.347 0.000
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Fig. 3. Phenotypic tree of 10 patchouli mutant lines based on dendrogram analysis

This wideness value could lead into an
addition of essential oil yield, as similar correlations
on tree basil was reported by Vieira, Grayer, Paton,
& Simon (2001), yet further experiment needs to
be done. Swamy & Sinniah (2016) explained that
weight of fresh herbage yield were derived from
leaf composition and positively correlated with
yield of essential oil. Several leaf traits on varieties
of Patchouli, both wild and cultivated were found
likely similar, including leaf thickness (Swamy &
Sinniah, 2016). Based on our result, leaf thickness
on mutant lines (NPL 5 and NPL 8, in particular),
outperformed the parental lines which can reach
590,55 mm. Additionally, SSR markers that were
used in this study provide identical trait existence
between phenotypic and genotypic examinations.
It is confirmed that physical mutation can transform
leaf thickness into a thicker one. Yet also anatomical
traits of Patchouli leaves revealed the existence of

diverse morphologies under different environmental
conditions (Li, Wu, & Guo, 2011).

Variation based on dendrogram tree gave clear
separation, and clustered Patchouli clones into two
groups (Fig. 3), with a Euclidean similarity coefficient
from 0.02 to 0.13. NPL 7 and NPL 9 (group 2) were
placed as different group among the other clones.
Group 1 which consisted NPL 1, NPL 2, NPL 3, NPL 4,
NPL 5, NPL 6, NPL 8, and NPL 10 were also divided
into two sub-group. NPL 6 and NPL 8 are considered
as sub-group 1A, while the other clones are placed as
sub-group 1B. Variation on leaf characteristics were
not exactly consistent with dendrogram on molecular
analysis. This occur probably the SSR markers used
were not specifically flanked with leaf traits observed.
Sandes et al. (2013) reported that 6 primers of nuclear
SSR were used to study primary and secondary
metabolites in Patchouli plants.

Copyright © 2019 Universitas Brawijaya



145

M.Tahir et al: Genetic and Leaf Characteristic Diversity 0n 10 MULANES.............ccoeiiiiiiiie et

JIi
16 '1

2

iidh

Fig. 4. Leaf Anatomical differences between NPL2 and NPL 8

Observations (axes F1and F2: 78.21 %)

3
2 MPLE NPLT
NPLG
z © NPL5
o o
2 NPL10
o™ L]
E D T T T NPL4 . T T T T
-1 NPL3 ‘NPLY
NPL1 NPL2
2
3
5 -4 3 -2 -1 0 1 2 3 4 5
F1 (56.38 %)

| = Active nSuppIememary|

Fig. 5. Biplot intepretation of 10 patchouli mutants based on leaf characteristics

However, differences between mutant clones
appear on leaf shape characteristics (Fig. 4). Mutational
changes can occur on anatomical or morphological
traits as explained by Swamy & Sinniah (2016).
Anatomical traits of Patchouli, such as trichome,
stem color, and leaf shape will differentiate along with
climatic and nutrient changes (Li, Wu, & Guo, 2011).
Yet it still needs a molecular confirmation to study leaf
shape differentiation of Patchouli mutants by using
specific markers and metabolomic studies.

According to comparison of biplot analysis
based on molecular markers and vegetative anatomy

characteristic (Fig. 5), the patchouli mutants were
divided into three different group. It is consisted with
Group 1 (NPL 4, NPL 5, NPL 6, NPL 8 and NPL 10),
while Group 2 consisted with NPL 1, NPL 2, and
NPL 3. The rest were located on Group 3 (NPL 7
and NPL 9). The first axis explained 56.38 % of total
variation while the other axis accumulated 21.83
% value. Variation on Group 1 were contributed
from all variables observed which revealed that all
mutant clones shared a various range from each
traits. Group 2 were contributed from stem diameter,
xylem thickness, and 2 stomata with narrow margin
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of range value. Group 3 were characterized from
leaf thickness and leaf angle, which presenting a
widest range value of each clones.

Combined to recent study of mutational
progenies on Patchouli (Lal et al., 2018), our findings
were validated by molecular markers. All genetic
and phenotypical diversity values were confirmed
with biplot and cluster analysis to decide which
clones will be used for further selection. By revealing
mutant clones on phenotypical perspective, it will be
very useful to confirm variation on certain clones.
As a result of combined diversity analysis, there is a
wide prospect for emerging superior varieties.

Further Prospects of Mutational Effects on Pa-
tchouli Plants

The impact of broading diversity of Pogoste-
mon species, would be a key to underpin essential
oil industry, since Indonesian patchouli plants were
reported has a narrow diversity (Tahir, Ersan, Riniar-
ti, & Kusuma, 2018). The availability of various and
different Patchouli genotypes can make a significant
contribution to the enhancement effort of Patchouli
breeding. According to the result of our study, mo-
lecular and Anatomical differences could determine
a yield of essential oil from each selected mutants.
Several associated leaf characters recorded on this
study, such as leaf thickness, and xylem thickness,
can be correlated to essential oil yield, as reported by
Ravindra et al. (2012) that there is a positive correla-
tion between fresh herb yield to essential oil yield.
Molecular approach on this study can be utilized as
a tool to confirm particular essential oil on Patchouli
plants. This work were strengthen by previous work
of Tahir, Ersan, Riniarti, & Kusuma (2018) which
tested a cytogenetical studies on MV, generation
of Patchouli plants. Proven that mutational changes
were still appear in MV, and MV, generations.

Future challenges of Patchouli breeding shall
be protecting and maintaining their genetic variation.
Simultaneous propagation in industrial scale without
maintaining the variability, can lead to declining ge-
netic variation. As reported by Li, Wu, & Guo (2011)
and Paul et al. (2010). Pogostemon cablin (Blanco
that extensive vegetative propagation has contrib-
uted to declining genetic diversity in Patchouli. In
contrast with Zingiber species, they were vegeta-
tively propagated but has a wide range of diversity
(Wicaksana, Gilani, Ahmad, Kikuchi, & Watanabe,
2011). It means that strategies to maintain genetic
diversity of Patchouli has to be relatively different

with another vegetatively propagated plants (e.g.,
Zingiber barbatum), since species vegetative prop-
agation does not correlated species wide variation.
Those prospects can be a challenges to Patchouli
breeders, as they need to achieve wide genetic di-
versity, as well as determine the conservation strat-
egies to maintain variation.

CONCLUSION AND SUGGESTION

Direct selection can be performed by using
the experiment’s findings. All results indicates that
mutational changes were still inherited continually
as a residual effects in vegetatively-propagated
plants. Succesful attemp to broaden Patchouli ge-
netic variability as shown by molecular dendrogram
analysis provide insight to perform selection. Con-
tinuous effort to reveal diversity and essential oil
yield needs to be done, as well as a new method of
maintaining the diversity of Patchouli plants.

ACKNOWLEDGEMENT

This study was financially support under
INSINAS (IRPI) Scheme by Ministry of Research,
Technology and Higher Education, Republic of
Indonesia with grant number 06/INS 2//PPK/E/E4/
BAP/XI1/2017 through the first author.

REFERENCES

Bernardo, R. (2003). On the effectiveness of early gener-
ation selection in self-pollinated crops. Crop Sci-
ence, 43(3), 1558-1560. https://doi.org/10.2135/
cropsci2003.1558

de Figueiredo, I. C. R. , Pinto, C. A. B. P, Ribeiro, G.
H. M. R., de Oliveira Lino, L., Lyra, D. H., &
Moreira, C. M. (2015). Efficiency of selection in
early generations of potato families with a view
toward heat tolerance. Crop Breeding and Ap-
plied Biotechnology, 15(4), 210-217. http://doi.
org/10.1590/1984-70332015v15n4a37

De Pasquale, F., Siragusa, M., Abbate, L., Tusa, N., De
Pasquale, C., & Alonzo, G. (2006). Character-
ization of five sour orange clones through mo-
lecular markers and leaf essential oils analysis.
Scientia Horticulturae, 109(1), 54-59. https://doi.
org/10.1016/J.SCIENTA.2006.03.002

De Vetten, N., Wolters, A. M., Raemakers, K., van der
Meer, 1., ter Stege, R., Heeres, E., ... Visser,
R. (2003). A transformation method for obtain-
ing marker-free plants of a cross-pollinating and
vegetatively propagated crop. Nature Biotech-
nology, 21, 439-442. https://doi.org/10.1038/
nbt801

Copyright © 2019 Universitas Brawijaya



147

M.Tahir et al: Genetic and Leaf Characteristic Diversity 0n 10 MULANES.............ccoeiiiiiiiie et

Eduardo, |., Chietera, G., Pirona, R., Pacheco, I., Troggio,
M., Banchi, E., ... Pozzi, C. (2013). Genetic dis-
section of aroma volatile compounds from the es-
sential oil of peach fruit: QTL analysis and iden-
tification of candidate genes using dense SNP
maps. Tree Genetics & Genomes, 9(1), 189-204.
https://doi.org/10.1007/s11295-012-0546-z

FAO. (2017). FAOSTAT: Crops and livestock products.
Retrieved September 7, 2017, from http://fao-
stat3.fao.org/browse/T/TP/E

Fu, H.-W.,, Li, Y.-F., & Shu, Q.-Y. (2008). A revisit of muta-
tion induction by gamma rays in rice (Oryza sa-
tiva L.): implications of microsatellite markers for
quality control. Molecular Breeding, 22(2), 281—
288. https://doi.org/10.1007/s11032-008-9173-7

He, Y., Xiao, H., Deng, C., Xiong, L., Yang, J., & Peng,
C. (2016). The complete chloroplast genome se-
quences of the medicinal plant Pogostemon ca-
blin. International Journal of Molecular Sciences,
17(6), 820. http://doi.org/10.3390/ijms 17060820

Huang, H. R., Wu, W., Zhang, J. X., Wang, L. J., Yuan,
Y. M., & Ge, X. J. (2016). A genetic delineation
of Patchouli (Pogostemon cablin) revealed by
specific-locus amplified fragment sequencing.
Journal of Systematics and Evolution, 54(5),
491-501. http://doi.org/10.1111/jse.12195

Indonesian Ministry of Agriculture. (2015). Basis data
statistik pertanian. Retrieved from https://aplika-
si2.pertanian.go.id/bdsp/id/komoditas

Indonesian Ministry of Agriculture. (2017). Basis data
statistik pertanian. Retrieved from https://aplika-
si2.pertanian.go.id/bdsp/id/komoditas

Kusuma, H. S., & Mahfud, M. (2017). The extraction of es-
sential oils from patchouli leaves (Pogostemon
cablin Benth) using a microwave air-hydrodistil-
lation method as a new green technique. RSC
Advances, 7, 1336—1347. http://doi.org/10.1039/
c6ra25894h

Kusuma, J., Ahsan, M. Z., Setiawan, W., Abdullah, K.,
& Tahir, M. (2018). SSR-based diversity of do-
mesticated and local cotton (Gossypium Spp.)
populations collected in Indonesia. International
Journal of Agriculture and Biology, 20(9), 2019—
2024. https://doi.org/10.17957/IJAB/15.0725

Labra, M., Miele, M., Ledda, B., Grassi, F., Mazzei, M., &
Sala, F. (2004). Morphological characterization,
essential oil composition and DNA genotyping
of Ocimum basilicum L. cultivars. Plant Science,
167(4), 725-731. https://doi.org/10.1016/J.
PLANTSCI.2004.04.026

Lal, M., Pandey, S. K., Dutta, S., Munda, S., Baruah, J.,
& Paw, M. (2018). Identification of high herbage
and oil yielding variety (Jor Lab P-1) of Pog-
ostemon cablin (Blanco) Benth through muta-
tion breeding. Journal of Essential Oil Bearing
Plants, 21(1), 131-138. http://doi.org/10.1080/0
972060X.2018.1449670

Li, C.-G., Wu, Y.-G., & Guo, Q.-S. (2011). Floral and pol-
len morphology of Pogostemon cablin (Lamiace-
ae) from different habitats and its taxonomic sig-
nificance. Procedia Engineering, 18, 295-300.
http://doi.org/10.1016/j.proeng.2011.11.046

Mo, X. L., Zeng, Q. Q., Huang, S. S., Chen, Y. Z, & Yan,
Z. (2012). The protoplasts isolation and culture
of Pogostemon cablin cv. Shipanensis. Guihaia,
32(5), 669-673. Retrieved from http://eng.over-
sea.cnki.net’kcms/detail/detail.aspx?dbCode=c;j
fd&QuerylD=42&CurRec=19&filename=GXZW2
01205021&dbname=CJFD2012

National Horticulture Board. (2014). Patchouli. Retrieved
from http://nhb.gov.in/model-project-reports/Hor-
ticulture%20Crops/Patchouli/Patchouli1.htm

Nuryani, Y. (2004). Karakteristik minyak nilam hasil fusi
protoplas antara nilam Aceh dengan nilam
Jawa. Buletin Penelitian Tanaman Rempah Dan
Obat, 15(2), 1-8. Retrieved from http://ejurnal.
litbang.pertanian.go.id/index.php/bultro/article/
view/1990

Ouyang, P., Kang, D., Mo, X., Tian, E., Hu, Y., & Huang,
R. (2018). Development and characterization of
high-throughput est-based ssr markers for Pog-
ostemon cablin using transcriptome sequencing.
Molecules, 23(8). https://doi.org/10.3390/mol-
ecules23082014

Paul, A., Thapa, G., Basu, A., Mazumdar, P., Kalita, M.
C., & Sahoo, L. (2010). Rapid plant regenera-
tion, analysis of genetic fidelity and essential
aromatic oil content of micropropagated plants
of Patchouli, Pogostemon cablin (Blanco) Benth.
- An industrially important aromatic plant. Indus-
trial Crops and Products, 32(3), 366—374. http://
doi.org/10.1016/j.indcrop.2010.05.020

Pharmawati, M., & Candra, I. P. (2015). Genetic diver-
sity of patchouli cultivated in Bali as detected
using ISSR and RAPD markers. Biodiversitas,
16(2), 132-138. http://doi.org/10.13057/biodiv/
d160205

Ramya, H. G., Palanimuthu, V., & Rachna, S. (2013).
An introduction to patchouli (Pogostemon cab-
lin Benth.) - A medicinal and aromatic plant: It's
importance to mankind. Agricultural Engineering

Copyright © 2019 Universitas Brawijaya



148

M.Tahir et al: Genetic and Leaf Characteristic Diversity 0n 10 MULANES. ............cccoeiiiiiie e

International: CIGR Journal, 15(2), 243-250.
Retrieved from http://www.cigrjournal.org/index.
php/Ejounral/article/view/2289

Ravindra, N. S., Ramesh, S. |., Gupta, M. K., Jhang, T,

Sandes,

Sandes,

Shukla, A. K., Darokar, M. P., & Kulkarni, R. N.
(2012). Evaluation of somaclonal variation for
genetic improvement of patchouli (Pogostemon
patchouli), an exclusively vegetatively propa-
gated aromatic plant. Journal of Crop Science
and Biotechnology, 15(1), 33-39. http://doi.
org/10.1007/s12892-011-0068-5

S. S., Pinheiro, J. B., Zucchi, M. |., Monteiro,
M., Arrigoni-Blank, M. F., & Blank, A. F. (2013).
Development and characterization of micro-
satellite primers in Pogostemon cablin (La-
miaceae). Genetics and Molecular Research,
12(3), 2837-2840. https://doi.org/http://dx.doi.
org/10.4238/2013.August.8.4

S. S., Zucchi, M. I., Pinheiro, J. B., Bajay, M.
M., Batista, C. E. A., Brito, F. A,, ... Blank, A. F.
(2016). Molecular characterization of patchouli
(Pogostemon spp) germplasm. Genetics and
Molecular Research, 15(1), gmr7458. http://doi.
org/10.4238/gmr.15017458

Singh, R., Singh, M., Srinivas, A., Rao, E. V. S. P., & Put-

Swamy,

tanna, K. (2015). Assessment of organic and in-
organic fertilizers for growth, yield and essential
oil quality of industrially important plant patchouli
(Pogostemon cablin) (blanco) benth. Journal of
Essential Oil Bearing Plants, 18(1), 1-10. http://
doi.org/10.1080/0972060X.2014.929043

M. K., & Sinniah, U. R. (2016). Patchouli (Pog-
ostemon cablin Benth.): Botany, agrotechnol-
ogy and biotechnological aspects. [Industrial
Crops and Products, 87, 161-176. http://doi.
org/10.1016/j.indcrop.2016.04.032

Tahir, M., & Rofiq, M. (2013). Variabilitas genetik dan

heritabilitas nilam Aceh lokal Lampung. Paper
presented at National Seminar of SATEK V, Uni-

versitas Lampung. 19-20 November 2013 (pp.
234-241). Lampung.

Tahir, M., Ersan, Riniarti, D., & Kusuma, J. (2018). Cy-
tological differences of MV3 patchouli plants
(Pogostemon cablin Benth.) derived from
gamma ray-irradiation. Bioscience Research,
15(3), 1433-1439. Retrieved from https://
www.isisn.org/BR15(3)2018/1433-1439-
15(3)2018BR18-225.pdf

Vieira, R. F., Grayer, R. J., Paton, A., & Simon, J. E.
(2001). Genetic diversity of Ocimum gratissi-
mum L. based on volatile oil constituents, flavo-
noids and RAPD markers. Biochemical System-
atics and Ecology, 29(3), 287-304. https://doi.
org/10.1016/S0305-1978(00)00062-4

Wicaksana, N., Gilani, S. A., Ahmad, D., Kikuchi, A., &
Watanabe, K. N. (2011). Morphological and mo-
lecular characterization of underutilized medici-
nal wild ginger (Zingiber barbatum Wall.) from
Myanmar. Plant Genetic Resources, 9(4), 531—
542. http://doi.org/10.1017/S1479262111000840

Wu, L., Wu, Y., Guo, Q., Li, S., Zhou, K., & Zhang, J.
(2011). Comparison of genetic diversity in Pog-
ostemon cablin from China revealed by RAPD,
morphological and chemical analyses. Journal
of Medicinal Plant Research, 5(18), 4549-4559.
Retrieved from http://www.academicjournals.
org/app/webroot/article/article1380728414_Wu
et al.pdf

Yan, H.-J., Xiong, Y., Zhang, H.-Y., & He, M.-L. (2016).
In vitro induction and morphological character-
istics of octoploid plants in Pogostemon cablin.
Breeding Science, 66(2), 169-174. http://doi.
org/10.1270/jsbbs.66.169

Yang, R. C. (2009). When is early generation selection
effective in self-pollinated crops? Crop Science,
49(6), 2065-2070. https://doi.org/10.2135/crop-
sci2009.01.0029

Copyright © 2019 Universitas Brawijaya





