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Abstract— Anaphalis is the natural vegetation component in mountainous areas and is found in volcanic soiaphalis is one of the
species which existence is currently presumed to decrease and is feared to be extinct in nature. The purpose of this study was to detect
genetic diversity of Anaphalis spp. in Bromo Tengger Semeru National Park (BTSNP) based on molecular characters by using ITS,
ETS, and EST-SSR markers in supporting the conservation aspectsAhaphalis genetically. This research method was carried out by
exploring the existence ofAnaphalis populations, their coordinates marked by GPS, and leaf samples collected as a source of
molecular analysis material. PCR products from ITS and ETS markers were sequenced, and the results’ phylogenetic were analyzed
using the MEGA6 program. PCR products from EST-SSR markers were performed by scoring DNA bands (allel) and both
variations and genetics population were analyzed by using the POPGENE 1.32 prografmaphalis populations found in BTSNP are
Anaphalis javanica, A. longifolia, and A. viscida. The genetic diversity ofAnaphalis spp. in BTSNP has polymorphism potential that is
high enough, which is 57% (ITS) and 31% (ETS-partial), with a maximum likelihood phylogenetic tree topology which is
monophyletic separated into four clusters consisting one cluster outgroup and three others being an ingroup. Whereas based on the
genetic diversity value of the EST-SSR sequencesAmaphalis spp. in BTSNP shows that onlyA. longifolia populations in the Ranu
Kumbolo area that have a high genetic diversity value (0.024) compared to the other twmaphalis species. The highest genetic
distance of Anaphalis spp. BTSNP inA. longifolia is found in the population of Penanjakan and Mt. Batok areas (0.040) with the
smallest gene flow rate (0.428). Further research is needed to obtain a more complete picturédo@phalis genetic diversity by using
more molecular markers, bigger population numbers, more individuals and in bigger populations in other conservation areas in

supporting the Anaphalis conservation strategy program.
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I. INTRODUCTION

Anaphalis is a plant that belongs to the Asteraceae
family and can only grow in mountainous areas so that it is
known as the montana zone and sub alpine zone plant. The
genusAnaphalis is distributed and spread globally on this
earth [1-6].Anaphalis has an important contribution to the
ecological process, and is one of the pioneer plants in
mountainous ecosystems that can thrive well on mountain
volcanic soils [7].

Anaphalis is currently suspected of being reduced in
nature and is feared to be extinct soon. International Union
for Conservation of Nature 3.1 (IUCN 3.1) that is in
charged in the world conservation status classifies that the
conservation status ofAnaphalis belongs to critically
endangered-Threatened or is a plant in a threatened
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condition, so that further scientific review is needed to
support Anaphalis conservation aspects. One of the
important aspects that needs to be studied in the
preservation ofAnaphalis is the genetic diversity of
Anaphalis. Data related to genetic diversity frofnaphalis

is very limited and not yet maximally recognized so that
the conservation effort is difficult to do. The aspect of
genetic diversity needs to be investigated because it has a
close relationship with the ability for the plants to live
(fitness) and the plant species population to adapt.

Bromo Tengger Semeru National Park (BTSNP) is one
of the most important conservation areas in Java, and is
located in East Java, Indonesia, with an ecosystem that is
rich in biodiversity. BTSNP region is one of the habitats
for Anaphalis and has a very high diversity ghaphalis
species. It is proofed with the discovery of three out of four



types ofAnaphalisin Java [8]. However, its presence in the
BTSNP area is increasingly threatened due to the active
eruption of Mount Bromo [9]; forest fires; the activities of
indigenous people who inhabit the National Park (Tengger
people) which can be in the form of agricultural activities
[10]; economy, and culture; and BTSNP as a favourite
tourist location [11].

Some molecular based studies have been successfully
carried out onAnaphalis and the Asteraceae Family by
using molecular markers derived from nuclear ribosomal
DNA (nrDNA), namely the Internal Transcribed Spacer
(ITS) region [2]; and External Transcribed Spacers (ETS)
[5]; and some use Simple Sequence Repeat (SSR) [12],
[13]. The ITS area has proven to be a useful source of
molecular information for genetic variation and
phylogenetic studies in the Angiosperms plant group [14];
and RAPD marker for phylogenetic analysis [15], [16]. The

Fig. 1. The Map of Research Location in BTSNP

B. Observation of Genetic Diversity

Analysis of genetic diversity was done by isolating DNA
from the Anaphalis genome, sequence amplification, and
sequencing (carried out at ITS and ETS markers) on leaf

use of Expressed Sequence-Tag Simple Sequence Repeat samples that had been collected at each research location.

(EST-SSR) molecular markers has been successfully
carried out in various studies on genetic diversity in several
plant genera included in the Asteraceae Family [17], [18].
Molecular markers SSR or EST-SSR are frequently used to
analyze genetic diversity for genetic conservation [19-21].
The research related to the existenceAonéphalis in

BTSNP on a molecular basis is very limited. So,
information about these plants is very little, especially
those that will be useful later for the conservation of
Anaphalis, so research on genetic diversity is needed as
initial information for the conservation of this plant. The
purpose of this study was to detect genetic diversity of
Anaphalis spp. in BTSNP based on molecular characters
by using ITS, ETS, and EST-SSR markers to support
aspects of genetisnaphalis conservation.

Il. MATERIALS AND METHODS

A. Research Area and Sample Collection

This research was carried out in the BTSNP area by
using theAnaphalis population exploration and verification
method. Interviews with local residents and BTSNP
officers were also conducted to obtain information on
Anaphalis population areas. Location of th&naphalis
population is marked by GPS coordinates. At each
location, morphological checks and vegetation analysis
were calculated. Then, leaf samples were also collected as
a source of genetic diversity analysis material. Therefore,
description of the research location can be seen in Fig. 1.

Observation for vegetation analysis is aimed to
determine the type of dominant organism in a community
by using calculation parameters obtained from the results
of an Important Value Index (IVI) fromnaphalis. IVI is
obtained from the sum of the relative values of density and
frequency in a community. VI (equation 1) is used to ease

DNA isolation and extraction were carried out by
following the manual instruction in the Genomic DNA
Purification Kit (Geneaid). Sequence amplification using
the PCR technique is applied by using primers for
amplification. The primers used in this study are ITS and
ETS derived from nuclear DNA, and EST-SSR primers are
also used from non-coding DNA regions, namely SSR
expressed. Primary ITS4 and ITS5 were used to amplify
the nuclear ITS areas. The ETS1F primers and 18S-IGS
were used to amplify the nuclear ETS region. The primers
used to amplify EST-SSR were the primers that succeeded
in the amplification ofChrysantemum cultivars. Sequence
amplification was carried out on each typedofphalis for

each primer used in the study and carried out by PCR
technique. The PCR annealing program to amplify
sequences as listed in Table I.

TABLE |
SEQUENCEAMPLIFICATION USING THE PCR TECHNIQUE

the interpretation of the results of vegetation analysis.

Important Value Index(1V1 )= RD + RF

@)
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Program Annealing PCR
Primer denF;rti_ratio Denaturatig Annealin| Extensio| Final
n n g n Extention
950(:, 9500, 55°C, 72°C, 720(:,
ITS 5 minute | 1 minute | 1 minute| 1 minute| 5 minute
(1 cycle) 30 siklus (1 cycle)
ITS5 (F) 5'- GGAAGTAAAAGTCGTAACAAGG -3'
ITS4 (R) 5'- TCCTCCGCTTATTGATATGC -3'
95°C, 95°C, 55°C, 72°C, 72°C,
ETS 5 minute | 1 minute | 1 minute| 1 minute| 5 minute
(1 cycle) 30 siklus (1 cycle)
ETS1F (F) 5-CTTTTTGTGCATAATGTATATATATAGGGGG-3'
18S-IGS R) 5'
GAGACAAGCATATGACTACTGGCAGGATCAACCAG-3'
(o] 0
94°C owc, | 25 | Gt | TG
EST- | 10 minute | 30 second 10
SSR minute second | second | minute
(1 cycle)
35 cycles (1 cycle)

CMO7 (F) 5- TGG GTG TAG AAG GTG AGT CAA -3

CMO7 (R) 5'- ACG CAC CAT GTG AAT TGT GT -3'




The PCR reaction in this study uses 2x PCR Master Mix
Solution (i-TaqTM) (Intron). The component contained in
2x PCR Master Mix Solution (i-TaqTM) is 2.5mM for each
dNTPs, i-TagTM DNA Polymerase (5 U / ul), 1x PCR
reaction buffer, 1x loading gel buffer. The addition of BSA
in the PCR reaction component is needed as a driver PCR
master mix can work optimally. PCR products were
visualized on agarose gels that had been added with
etidium bromide (EtBr) on the GelDoc UV - trans
illuminator device. The PCR products (from ITS and ETS
primers) are then sent to the First Base (Malaysia)
sequencing laboratory for DNA sequencing. The
amplification product volume for sequencing was 40 pL
and sequencing using the same primer pairs for each primer
on PCR amplification. The composition of the PCR
reaction as listed in Table .

TABLE Il
PCR REACTION COMPOSITION

PCR Reaction Composition Volume reaction ( 20ul)

2x PCR Master Mix Solution (i- 10 ul
TaqTM)

Template DNA 2 ul
PrimerForward (10 pmol/ul) 1 ul
PrimerReverse (10 pmol/pl) 1 ul
Destilated water (ddH20) 5,5 ul
BSA (10mg/ml) 0,5 ul

C. Molecular Data Analysis

Molecular data analysis is divided into data analysis in
the form of sequences of sequencing results using ITS and
ETS primers, and analysis of EST-SSR results. Data
sequences obtained from the ITS and ETS sequences
obtained were in-group samples, then the ITS and ETS
Helichrysum asperum sequence data were used as an
outgroup originating from the GenBank database (NCBI).
Analysis of ITS and ETS sequence data sequencing
products was evaluated using the sequence scanner
program and also using the Basic Local Alignment Search
Tool (BLAST) program at GenBank. Sequence analysis is
performed using ClustalW on the Bioedit software. The
results of the sequence analysis are then analyzed again to
make a phylogenetic tree using the MEGA6 program.
Phylogenetic trees are constructed using the Maximum
Likelihood algorithm method in the MEGA6 program.
Evaluation of phylogenetic trees was done by
bootstrapping analysis of 1000 repetitions.

Analysis of the EST-SSR results was carried out by
describing the pattern of the amplification tape. The results
of the amplification band with EST-SSR primers are called
alleles, allele variations are the number and size of alleles
(bp). Alleles are converted in binary data format through
scoring (a score of 1 for DNA bands that are present and a
score of O for DNA bands that are not present).
Furthermore, genetic populations were analyzed using the
POPGENE 1.32 analysis program with several parameters
including: percentage of polymorphic loci (PPL), Shannon
phenotypic diversity index (I), Nei's (H) genetic diversity,
heterozygosity in subpopulations (HS) and total
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heterozygosity in the population (HT), gene flow (Nm),
and genetic differentiation coefficient (GST). Gene flow
(Nm) values sre calculated using the formula Nm = 0.5 (1-
GST/GST).

I1l. RESULT AND DISCUSSION

A. Distribution and Characteristics of Anaphalis spp. in
BTSNP

The results of identification o&naphalis spp. found that
there were three species Ahaphalis found in TNBTS
namely Anaphalis javanica, A. longifolia, and A. viscida,
but it did not findA. maxima. These results are the same as
those found by [8]. The species found showed a different
character.

Anaphalis spp. which were found in each study area
formed habitat zones ofnaphalis spp. in certain areas.
This zone is formed from the position points found
Anaphalis spp. which geographical coordinates are marked
using GPS (Fig. 2). The identifieghaphalis population in
the Ranu Regulo i8naphalis javanica population which is
found at altitudes ranging from 2118-2123 meters above
sea level (masl)Anaphalis populations in the Penanjakan
area found werdnaphalis javanica, A. longifolia, andA.
viscida populations which were found at altitudes ranging
from 2627-2767 masl. The identifiedAnaphalis
populations in the Ranu Kumbolo area weveaphalis
javanica, A. longifolia, and A. viscida populations which
were found at altitudes ranging from 2383-2546 masl. The
population ofAnaphalis in the Batok Mountain (Mt.) area
found was the population éhaphalis longifolia located at
altitudes ranging from 2155-2183 masl.

The distribution zone ofAnaphalis spp. in TNBTS
generally shows thafnaphalis plants can grow well in
open areas, grasslands, slopes of volcanic ash, and areas
that get direct sunlight. This is in line with [1] who
explained thatAnaphalis plants can grow in open places
with direct sunlight, mixed forests shaded by tree canopies
and grasslands, slopes of volcanic ash, and not shady
places.

The area around the Ranu Regulo in the northern part of
the lake (ranu) has open fields overgrown Anaphalis
javanica populations. In this area is an area that gets direct
sunlight because there is no canopy of other plants higher
than A. javanica that can coveA. javanica plants. This is
consistent with the statement of [1] thatjavanica does
not like the shade which is often shaded by other higher
plant canopies.

The identifiedAnaphalis populations in the Penanjakan
area weréAnaphalis javanica, A. longifolia, andA. viscida
populations. In addition, every type Ahaphalis is present
together in the populationAnaphalis javanica and A.
viscida usually grow in sunny places, whergagongifolia
usually grows under the auspices of the dense canopy of
Acasia decurens so that the portion of sunlight obtained by
Anaphalis longifolia plants is lower. A. longifolia is
thought to be more tolerant of the canopy shade of trees
which results in less direct sunlight. This is in line with [1]
who stated tha#. longifolia lives in dense canopy mix
forests andCasuarina junghuhniana forests.
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Fig. 2. Coordinates where tia@aphalis spp. found

The conditions around the Ranu Kumbolo area are open
savannah and there are only a few mountain cypre€ses (
junghuhniana) on several sides of the lake's edge (ranu).
Anaphalis populations in the Ranu Kumbolo area found
wereA. javanica, A. longifolia, andA. viscida populations.
The plants ofA. javanica and A. viscida are more often
found in places with lots of suA. viscida is thought to be
unable to grow optimally if it is under the canopy of dense
leafy trees, so that the amount is very limited. Howe&er,
viscida grows optimally in open field areas that are
exposed to direct sunlight or even if there is a canopy of
shade trees, the canopy is not too dense and it still exposed
to sunlight. In regards to this, [1] explained tAabphalis
javanica and A. viscida grow in open areas that with
enough sunlight such as on mountain tops, vacant land
betweenC. junghuhniana forests, grasslands, and bushes.

The area around Mount Batok is an area that is very
close to Mount Bromo which is still actively releasing
volcanic ash so that it just allows very few plants to live.
Plants that can live in the area of Mount Batok are plants
that are very tolerant of exposure of volcanic ash produced
by Mount Bromo. MeanwhileAnaphalis longifolia is one
of the pioneer plants that can be found in the Batok
Mountain area in the northwestern part, which is an area
that is slightly exposed to Mount Bromo volcanic ash, but
it is found very little.A. longifolia plants are thought to be
very tolerant of volcanic ash and usually grow at altitudes
above 1200masl. Related to this, [1] agreedAnaphalis
longifolia grows on mountain peaks, cliff walls and grows
at an altitude of 1200-2850masl. It is apparently often
found as a pioneer plant on lava rocks and volcanic ash
slopes. Reference [8] found thatlongifolia can survive at
an altitude of 1000-2000 masl.

Anaphalis is an alpine /montane zone endemic plant in
various high mountains in this archipelag@naphalis
plants which grow in a limited area make this plant grow
depending on temperature and humidity at altitudes above
2000masl. According to [7Anaphalisis a pioneer plant of
young volcanic soil that is able to survive on barren land,
and this plant does not like shade, and it invites specific
insects that live in mountain areas as pollinators of
Anaphalis plants. Anaphalis spp. in BTSNP shows a
different character (Fig. 3).
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Fig. 3. Variety of Anaphalis in BTSNP (a)Anaphalis javanica, (b) A.
longifolia, (c) A. viscida

Anaphalis population distribution has a clustered pattern
which is a distribution pattern that is commonly found in
nature. It is predicted that this pattern occurred due to the
vegetative reproductive pattern of an individual member of
the Anaphalis population. In addition, it is also caused by
the adaptation carried out Bynaphalis plants in a limited
growing habitat. The spread éhaphalis species in BTS
area is found based on certain height and grows on flat land
contour /soil with a certain slope (cliffA. javanica is
mostly found at an altitude of 2561-2691m above sea level.
A. javanica thrives and is more widely distributed on
slopes and upper cliffs that are difficult to reach. Generally,
these plants grow more fertile and form more populations
on the cliff. This is due to the growing natureAsfaphalis
which like to grow to get sunlight without the shade of
other plants. At the same tim&, longifolia is often found
at an altitude of 2670-2755masl. In fact, there is one plant
population ofA. longifolia along with A. javanica at an
altitude of 2665m above sea level and commonly found to
grow on slopes/cliffs.A. viscida is not found in the
population ofA. viscida itself. However, the population of
A. viscida is found together with othefnaphalis plants.
This plant is sometimes found together withlongifolia
or with A. javanica, even with A. javanica and A.
longifolia. Moreover, population oA. viscida was found at
an altitude of 2584-2711masl. This height included in the
range of heights found. javanica and A. longifolia, so
thatA. viscida can grow together in the population.

Anaphalis plants can usually grow at the top of
mountains, subalpine forests and are found at an altitude of
2000-3400masl. Each type ofnaphalis can grow at
different heights.A. javanica is found at an altitude of
2000-3400masl, whiléA. longifolia grows on mountain
peaks, cliff walls and at an altitude of 800-2850 masl.
However, A. viscida grows at an altitude of 1800-3300
masl. According to [1]A. viscida is only found in
mountains with a dry Munson climate whife longifolia
grows on grasslands, on slopes, along footpaths, in mixed
and evergreen forests. It often grows as pioneers in lava
rocks and slopes. volcanic ash slope, at an altitude of 1200-
2850masl and rarely found at altitudes below 800masl.

Spatial distribution results show that the three species
found in the BTS volcanic zone. Mount Bromo, which is
within the BTS area, is one of the most active mountains in
recent decades with the last eruption occurring in 2016
which resulted in damage to vegetation and disrupting
tourist activities. The volcanic activity of Mount Bromo is
considered to be a significant contributor to the existing
composition in Penajakan and Batok Mountain. This is
allegedly due to Penanjakan and Mt. Batok is an area that
gets significant volcanic material from the Mt. eruption
process. Bromo, so ash and sand will cover the soil and
vegetation in this area after the eruption process. Soil types



in BTSNP are regosol and litosol originating from
intermedia volcanic ash and sand up to bases with very
tight permeability properties and the top layer is very
sensitive to erosion. Regosol soil types are usually found in
different climate and heights, and contain plant nutrients
(phosphate and potassium) [22]. The thing is that, the soil
structure, climate, and altitude of an area will affect the
growth of plants in that particular area. Moreover,
Anaphalis growth is also influenced by climate, altitude,
and soil structure. Increasing the height of an area will
reduce the climate in the area so that the process of soil
formation will slow down and plant roots will grow
shallower. Soil differences will affect existing vegetation
but are not limited by other factors such as climate and
changes in seed dispersing animal communities. According
to [23], there are two of the most important climatic
variables that influence soil formation; they are soil
temperature and humidity (soil moisture). The soil
moisture depends on several factors, namely rainfall
intensity, variability of seasonal rainfall, slope aspects
(topography), organisms in the soil, and soll
texture/permeability of parent material.

Vegetation habitat profile odnaphalis spp. has a diverse
vegetation composition but has similarities in general
aspects of the soil. Different vegetation structures in each
study area are thought to be due to different soil functions,
rainfall intensity, fires in natural habitats, and the
introduction of exotic plant species. The abundance of
weeds in the study area is a natural disturbance condition
of the Anaphalis habitat, but also found an abundance of
exotic plant species in th&naphalis habitat under study.
The abundance of exotic plant species contributes to forest
fires, one of which is caused by the dry leaves of these
plants. Reference [24] recently found many exotic plant
species and invasive species plants in mountainous areas.
Anaphalis in the BTSNP area is thought to have been
threatened, especially from fire. Forest fires usually occur
together with the dry season and dry biomass of plants in
certain areas. Dried plant biomass is one of the important
elements of any forest fire incident, especially in the
grasslands. Species that are usually found in grassland
areas arémperata cylindrica, Pteridium spp., andAgrostis
spp., which belong to the group of flammable plants in the
dry season periodAnaphalis spp. in BTSNP grows on
volcanic soils with high plant pressure of invasive species.
Cleaning of invasive species Anaphalis habitat is highly
recommended as a strategy to incre&sphalis spp. as an
endemic species with a limited population in BTSNP.

The results of vegetation analysis at each observation
location found that many invasive and exotic plants grow
and inhabit the vegetation of\naphalis population
indicated by high IVI values. The Importance Value Index
(IVI) is the importance value of a plant species and its role
in the community. Organisms with high IVl have an
important role in a community that will form dominance
among species. Plants with the highest IVI value are
included as one of the factors that inhibit the growth of
Anaphalis because they are thought to inhibit the
absorption of nutrients from the soil fénaphalis growth.

The plants that were found to have the highest INP were
grasses and weed types nam@lyrostis spp., Imperata
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cylindrica, andPteridium spp.

B. Genetic Diversity of Anaphalis spp. di TNBTS based on
molecular markers (ITS, ETS, dan EST-SSR)

The DNA sequence of the ITS and ETS regions of the
entire Anaphalis sample showed a high variation so that it
could be used as an important character to establish
(reconstruct) genetic relationships in phylogenetic trees.
The phylogenetic tree reconstruction in this study used the
maximum likelihood method which was analyzed by the
MEGAG program (Fig. 4 and Fig. 5).

Anaphalis genetic relationship analysis results in BTSNP
based on ITS and ETS sequences using the maximum
likelihood algorithm showed thainaphalis phylogenetic
trees belong to a monophyletic group and separated from
Helichrysum asperum. Anaphalis spp. in the BTSNP found
were thought to originate from the same ancestors and can
be seen in the results of phylogenetic tree reconstruction
including monophyletic groups. As described by [25], a
monophyletic group is a group that consists of a common
ancestor plus all the descendants of that ancestor.
Relationship to the phylogenetic system is a novelty value
from the same ancestors.

Clade 3

Clade 2

RIK A fangi 3

PN Alongi &
PN A longi 1

Clade 1

GB A longi
PN A longi 3

Helichrysum asperum

| Outgroup

F i
ail

Fig. 4. Maximum Likelihood (ML) phylogenetic tree @faphalis at
Bromo Tengger Semeru National Park based on ITS sequences. The value
on the branch represent bootstrap value based on 1000 replicate.

Phylogenetic trees based on ITS and ETS sequences
produce trees whose branches are separated into four
clones (clusters) with the composition of one clad being
outgroup and the other three being ingroup. Each clad
gives an illustration of the speciation process that occurred
during the evolution of the plant. In phylogenetic trees
based on ITS sequences (Fig. 4), they produce three clade
with A. longifolia separated in two clade. Clade one and
clade two consist oh. longifolia from different locations.
Meanwhile, the third clad consists 8f javanica and A.
viscida (Fig. 4). The results of this phylogenetic tree
topology showed thatA. longifolia has similarity and
closeness of sequences among individual sampleA. of
longifolia found at this study site, thus making this species
more stable in phylogenetic tree groups, with a bootstraps
value of 99%. The phylogeny tree topology produced based
on the analysis used differed in the value of the bootstrap
and the number of monophyletic groups that had clad



robustness or consistency. According to [26], monophyletic
groups have one common ancestor and all of their

descendants are from that ancestor. This causes members in

the monophyletic group to be considered to have a very
close relationship and are assumed to carry the same
genetic and biochemical characteristics or patterns
altogether.

The phylogenetic tree based on the ETS sequence also
produced three clads consisting of in-group samples (Fig.
5). In this phylogenetic tred\. longifolia was also found to
be more stable in the phylogenetic tree group contained in
the clad two, but not all types &f longifolia samples were
found here. Clade one and clade three were identified to be
incongruent inA. longifolia, A. javanica, and A. viscida
samples. Similar results (incongruence) were also found by
[4] in phylogenetic trees where there are two species of the
genusAnaphalis at the same branching.

w— PHAInG 2
i n ]_ K AJongi 2
;E | % Adong 1
= PNAigi4
| B Adongy |
! K Adang 4
r XA
% ; PlAw]
i R A
oy PHANS ]
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o R Clade 3
RE Ais 2
S RK Aot |
R A §
i | FTT
| R A
[t
M Al 5
e Clade 2
| PA Ak
| 58 Alng
[ o PHAn
| [ L RR A
o miage Clade 1
| ¥ PNAE
A
Haichnysum aspenm ] Outgroup

Fig. 5. Maximum Likelihood (ML) phylogenetic tree @faphalis at
Bromo Tengger Semeru National Park based on ETS sequences. The
value on the branch represent bootstrap value based on 1000 replicate.

Phylogenetic tree analysis can describe an evolutionary
process that occurs in a sample being compared /
examined. The process is called the speciation process
which shows a group in branching phylogenetic trees that
are more primitive or more advanced in the evolutionary
process. In accordance with [27], phylogenetic trees consist
of nodes and branches where each node describes the
speciation process during evolution. The length of a branch
means that more changes occur in the gene marker during
the evolutionary process, resulting in the species in the
branch can be said to be more advanced.

Phylogenetic trees produced based on ITS and ETS
sequences appear incongruent in their branching, which is
possible due to variations in DNA sequences in each
sample, the polymorphism of the nrDNA sequences, and
the distribution and fragmentation éfhaphalis growing
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habitats. According to [4], discrepancies arising in

phylogenetic relationships in the genus can occur due to
low sequence resolution, hybridization, and trans-specific
nrDNA polymorphisms. Habitat fragmentation and

heterogeneity can also be influenced by climate change
(climatic change). In addition, the presence of varying
distribution in different groups of organisms can also

represent a general form in plant evolution [28].

The results of the analysis based on EST-SSR found
some variations in the amplification band (allele).
Variation of alleles indicates that there was genetic
variation at the genome level. The results of the analysis of
genetic diversity showed that there was genetic diversity in
the population of Ranu Regulo, Penanjakan, Ranu
Kumbolo, and Mt. Batok BTSNP. Analysis of genetic
diversity was performed on each typeAsfaphalis found
in each population. The genetic diversity value of
Anaphalis spp. BTSNP can be seen in Table Il below.

TABLE llI
THE RESULTSOF GENETIC DIVERSITY ANALYSIS OF ANAPHALIS SPP. IN
BTSNP
Population Amount
Species pL of N, Ne H |
site
sample
Ranu Regulg 3 1.049| 1.034(0.019|0.028
A Penanjakan 3 1.024| 1.023|0.012|0.017
javanica R
anu 3 |1.000] 1.000 |0.000| 0.000
Kumbolo
Penanjakan 5 1.049| 1.011|0.009|0.016
A |Ranu 4 |1.049] 1.049|0.024] 0.034
longifolia | Kumbolo
Mt. Batok 1 1.000| 1.000 | 0.000{ 0.000
Penanjakan 3 1.000| 1.000 | 0.000{ 0.000
A. viscida
Ranu 5 [1.024] 1.034|0.012/0.017
Kumbolo

Notes: N: Average number of alleles observed; Bverage number of
effective alleles;H: Nei heterozygosity/genetic diversity; Shannon
Index average

In general, the results éhaphalis spp. BTSNP has low
genetic diversity information. The highest value of genetic
diversity was obtained in the populationAflongifolia in
the Ranu Kumbolo area. While, the lowest value of genetic
diversity was obtained in the population Afjavanica in
the Ranu Kumbolo area, the populationfoflongifolia in
the Mt. Batok and population of\. viscida in the
Penanjakan area. The value of genetic diversity is low
because the number of samples found in this population
was very small. This was also supported by the spatial
distribution data of this study, that very few plant species
were found at the geographical coordinates. In addition to
spatial distribution, the presence of environmental
variations also affected the adaptability of plants to grow
well.

The low value of genetic diversity ilnaphalis in
BTSNP indicates thatnaphalis does not have a high
adaptation to environmental conditions, thus allowing



Anaphalis vulnerable to extinction in nature. The influence
of environmental conditions foAnaphalis is thought to
originate from several factors including climate
(temperature), adequate sunlight for growth, soil conditions
and nutrient content in the soil that affect plant
reproduction, and geographical position. Soil temperature,
availability of the element Nitrogen (N) can cause a species
to differentiate. Reference [29] makes it clear that the high
genetic diversity of an organism can indicate that the
organism has a great opportunity in adapting to
environmental changes, and vice versa.

Heterozygosity value oknaphalis spp. BTSNP based on
genetic diversity analysis can be seen in the following
Table IV. Heterozygosity value &naphalis spp. TNBTS
also has a low value. The highest total heterozygosity
values were found iA. longifolia population and followed
by A. javanica andA. viscida. The value of heterozygosity
between populations @9 in A. longifolia is higher than
the value of heterozygosity in populationssfkhdicating
that the genetic variation ofA. longifolia between
populations is higher than the genetic variation in the
population. This may be due to the relationship of
geographic distances betweanlongifolia populations so
that the gene flow that occurs is also low. Genetic quality

needs to be considered because it is related to the capacity

to adapt to the growth environment.

TABLE IV
HETEROZYGOSITY AND GENE FLOW VALUES FROM THE ANALYSIS OF
GENETIC DIVERSITYANAPHALIS SPR IN BTSNP

Amou
Spesies | ntof | Hy Hs Dst Gst Num
sample
A. javanica 9 10.020| 0.011| 0.009 | 0.474 | 0.555
A 10 |0.024| 0.011| 0.013 | 0.538 | 0.428
longifolia
A. viscida 8 10.008| 0.006 | 0.002 | 0.288 | 1.236

Note: Hr: total population heterozygosity §H+ Dsr) value; H:
heterozygosity values in the populationistD heterozygosity values
between populations; & genetic differentiation between populations;
Nw : gene flow

A high Gst value of A. longifolia will result in a low
gene flow rate. This is due to reproductive isolation and
geographical isolation which are limiting factors between
populations. Reference [30] stated that a high @lue
among populations will indicate a low level of gene flow,
and vice versa. The highest genetic distance was found in
A. longifolia population in Penanjakan and Mt. Batok areas
(0.040), while the lowest was . viscida in Penanjakan
and Ranu Kumbolo areas (0.004).

The population ofA. longifolia in the Ranu Kumbolo
area has the highest value of genetic diversity which can be
indicated as one of thénaphalis diversity centers in
BTSNP and requires serious protection and attention in its
preservation. Efforts to conserve and protect and strengthen
Anaphalis populations are based on the individuals in each
population, and the genetic property conditions of each
population.

1701

V. CONCLUSION

The genetic diversity ofinaphalis spp. in BTSNP has a
fairly low value that occurs within and between
populations of eachAnaphalis species. These results
illustrate that there is a need for a conservation strategy
activity for Anaphalis populations in BTSNP. Moreover,
further research is also needed to obtain a more complete
picture of Anaphalis genetic diversity by using more
molecular markers with population numbers and the
number of individuals in more populations with various
populations in other conservation areas in support of the
Anaphalis conservation strategy program.
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