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Abstract. Susanto AH, Dwiati M. 2022. Short Communication: Assessment of cogongrass (Imperata cylindrica (L.) P.Beauv.) genetic
variation in Java, Indonesia using atpB-rbcL and trnL-F intergenic spacer. Biodiversitas 23: 2760-2767. Cogongrass (Imperata
cylindrica (L.) P.Beauv.) is an invasive species commonly found in tropical and subtropical regions worldwide, consequently threatening global
plant biodiversity, and sustainable agriculture. Nevertheless, some of its potential as a medicinal herb, phytoremediation agent, and
alternative energy have been reported. genetic variation of cogongrass has been studied in certain areas, however genetic variation in
Java, Indonesia has not been reported. Therefore, this study aims to assess the genetic variation of cogongrass in Java, Indonesia using
atpB-rbcL and trnL-F intergenic spacer (IGS). Twenty-one plant samples were collected randomly from nine different sites and two
pairs of universal primers were employed to amplify the markers. The results showed a much lower genetic difference among
subpopulations in comparison to genetic variation within individual subpopulations. This result indicates that the subpopulations have
high connectivity, meaning the rapid change in terrestrial ecosystems on the island does not affect the cogongrass population.

Keywords: atpB-rbcl, cogongrass, genetic variation, Java, trnL-F

INTRODUCTION

Cogongrass (Imperata cylindrica (L.) P.Beauv.) is one
of the ten most bothersome weed species in the world. It is
widely distributed over tropical and subtropical regions,
causing serious problems in agriculture and vegetable
production in many areas. This plant is considered the
reason for much loss of native habitats in the southeastern
USA. The invasiveness and persistence are related to the
biological features, such as extensive rhizome system,
adaptability to poor soils and fire, drought tolerance, easy
seed dispersal by wind, and high plasticity (MacDonald
2004). In Indonesia, cogongrass populations cover areas of
approximately 8.5 million ha (Irzaman et al. 2021).

Cogongrass is a diploid C4 grass that is known to be
harmful in 73 countries, thereby generating a risk to global
biodiversity and sustainable agriculture (Burrell et al.
2015). On the other hand, certain potentials of cogongrass
for human life have been reported. Some of its parts, either
singly or as a mixture have been traditionally used to treat
several diseases, such as wounds, sores, aches, back pain,
fever, urinary stones, hypertension, and several sexual
problems (Hidayat and Rachmadiyanto 2017). The whole
plant extract was proven to show effective antibacterial and
antiparasitic activities (Lalthanpuii and Zarzokimi 2019),
while the roots could accumulate and immobilize copper
thereby functioning as a phytoremediation agent in Cu-
polluted environments (Vidal et al. 2020). Another possible
usage of cogongrass as biofuel or alternative energy has
also been intensively explored (Kartikasari et al. 2013;

Oladokun et al. 2016; Hidayat et al. 2018; Loh et al. 2021).

The sufficiently large number of cogongrass varieties is
possibly due to the occurrence of natural hybrids with
different flowering phenology between both parental
ecotypes. The reproductive isolation led to population
substructure (Chang and Chou 2006). Nevertheless, no
significant genetic differences were observed between 1.
cylindrica and I. brasiliensis in the southeastern USA.
Instead, population substructure seemed to occur within |I.
cylindrica (Lucardi et al. 2014a, 2014b). This was
assumed because of the distinction in the methods of
control on 1. cylindrica in some states. Two lineages of I.
cylindrica showing very different distribution patterns were
found (Lucardi et al. 2020).

Genetic diversity and population structure of
cogongrass in the USA have been previously assessed
using amplified fragment length polymorphisms (AFLPs)
marker. However, this study was limited to a particular
region of the country. Larger scale analysis of the
cogongrass genetic diversity has been performed involving
the possibility of anthropogenic influences. As many as
2,507 polymorphic loci were found from 676 cogongrass
individuals. No significant relationship between sample
size and genetic diversity of cogongrass population in the
USA was observed (Lucardi et al. 2020). Other molecular
markers, such as atpB-rbcL and trnL-F intergenic spacers
(IGS) can be used to assess genetic diversity of cogongrass
population. This is because both cpDNA markers have a
very high mutation rate as is commonly the case with non-
coding sequences (Bi et al. 2018). In combination, both



SUSANTO & DWIATI — Genetic variation of cogongrass

markers have been employed to discover the evolutionary
history of balsams (Impatiens spp.) in southern India

(Shajitha et al. 2016).

As in many other places in the tropical and subtropical
regions, the cogongrass population in Java, Indonesia is
also interesting to examine. Java is known as the most
populated one in the world (Alsya et al. 2021), causing
rapid changes in terrestrial ecosystems condition, which
tends to influence cogongrass genetic variation. Therefore,
this study aims to assess the genetic variation of
cogongrass in Java using atpB-rbcL and trnL-F IGS as
molecular markers. The knowledge of the cogongrass

population’s genetic variation in Java is useful fo
providing a better strategy to manage the weed species.

MATERIALS AND METHODS

Plant materials

Twenty one plant samples were collected randomly
from nine different sites in Java, namely Purwokerto,
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Procedures
Preparing plant materials

Individual plants were pulled up to the roots, then
wrapped using a tissue previously moisturized with a little
water, put in a plastic bag, and tied with a rubber bracelet.
All the samples were later planted inside pots in the
greenhouse of the Faculty of Biology, Universitas Jenderal
Soedirman, Purwokerto, Central Java, Indonesia.

DNA extraction

The genomic DNAs were extracted according to the
CTAB method (Doyle and Doyle 1990). A 0.1 g leaf was
cut into pieces and dropped in a 1.5 mL microcentrifuge
tube, then 800 pL CTAB solution previously heated at
65°C for 30 mins was added. The leaf pieces were pounded
with a mini-bead beater up to a delicate level and heated at
65°C for an hour. This was left to cool down at room
temperature and 500 pL chloroform-isoamyl alcohol
(CIAA) was added, then mixed gently, and subsequently
centrifuged at 12,000 rpm for 5 mins. The supernatant was
transferred into another 1.5 mL microcentrifuge and 1/10
volume of 3M sodium acetate was added. Afterward,
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Figure 1. Sampling sites of I. cylindrica in Java, Indonesia. Note: see Table 1 for sampling location
Table 1. The sampling sites of 1. cylindrica in Java, Indonesia
N . Altitude Coordinate Sample
No. Sampling site Site code (m asl) S E number
1. Purwokerto Utara, Banyumas, Central Java PWT 79 7°24° 33> 109° 15° 14> 3
2. Banyumas, Central Java BMS 110 7°32° 11> 109° 17> 37> 2
3. Kebasen, Banyumas, Central Java KBS 68 7°31° 17 109°12° 19” 2
4, Kebocoran, Banyumas, Central Java KBC 85 7° 2417 109° 12’ 06> 2
5. Baturraden Botanic Gardens, Banyumas, Central Java KRB 644 7° 18 22 109° 13° 56 3
6. Jetis Beach, Cilacap, Central Java J 6 7° 43 21 109° 23 26> 3
7. Purworejo, Central Java PWJ 21 7°51° 17 109°57° 18> 2
8. Yogyakarta City, Special Territory of Yogyakarta YOG 136 7° 47 207 110° 19’ 21> 2
9. Ponorogo, East Java PON 57 7° 49 15> 111° 32’56 2
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The supernatant was removed, followed by adding 500
ML of 70% ethanol to the DNA pellet and centrifuged again
at 12,000 rpm for 5 mins. After removing the supernatant,
the pellet was air-dried and dissolved in 100 uL TE buffer,
then the DNA solution was stored at 4°C before
quantification and PCR amplification. Quantification was
performed using genequant, while DNA was visualized in a
1.5% agarose gel electrophoresis using 1x TBE buffer.

Polymerase chain reaction (PCR)

The extracted genomic DNAs were used as PCR
templates to amplify atpB-rbcL and trnL-F I1GS. A pair of
universal primers were used to amplify atpB-rbcL IGS,
namely 5’-ACATCKARTACKGGACCAATAA-3’ as the
forward primer and 5’-AACACCAGCTTTRAATCCAA-
3’ as the reverse (Chiang and Schaal 2000). Meanwhile, 5°-
GGTTCAAGTCCCTCTATCCC-3” as a forward primer
and 5’-ATTTGAACTGGTGACACGAG-3’ as a reverse
primer, were applied to amplify trnL-F IGS (Taberlet et al.
1991). The individual PCR mixture was produced in a total
volume of 10 pL containing 2.5 uL. DNA template of 5 ng/
pL, 0.25 pL primers (forward and reverse) of 1uM, 5 pL
Gotaq green (Promega), and 2.25 pL nuclease-free water
was prepared. Subsequently, the mixture was subjected to a
PCR condition, namely pre-denaturation at 94°C for 3
mins, followed by 33 cycles which consisted of
denaturation at 94°C for 45 secs each, primer annealing at
55°C for 45 secs, primer extension at 72°C for 2 mins, and
proceeded by a final extension at 72°C for 3 mins. The
PCR reaction was performed in a Bio-Rad-T100™
Thermal Cycler machine. Then, the PCR mixture was
stored at 4°C before visualization in a 1% agarose gel
electrophoresis using 1x TBE buffer.

DNA sequencing

The PCR products were first purified using QIA Quick
kit (Qiagen), which employed the automated dideoxy
method (Sanger et al. 1977) with terminator labeling, then
DNA sequencing was carried out at the Firstbase Malaysia.

Data analysis

DNA sequences were edited using BioEdit version
7.0.4.1 (Hall 1999) and later checked manually. Sequence
alignment was conducted with Clustal W (Thompson et al.
1994), which was also implemented in the BioEdit
software. Both haplotype (h) and nucleotide () diversities
were used as parameters for genetic diversity. These were
calculated using Arlequin version 3.5 (Excoffier and
Lischer 2010), while to identify the presence of population
structure, AMOVA was performed in the Arlequin
software as well.
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RESULTS AND DISCUSSION

Genomic DNAs were successfully extracted from all
plant samples, yielding concentrations that ranged from
1,100 to 3,200 ng/pL. Meanwhile, the purities (A260
nm/280 nm ratio) varied from 1.538 to 2.750, meaning the
DNAs could be properly used as PCR-templates to amplify
the molecular markers.

Two PCR bands were observed in the respective
sample, both atpB-rbcL and trnL-F IGS (Figures 2 and 3).
However, it was certain that the correct bands were 912 bp
for atpB-rbcL and 383 bp for trnL-F IGS, since they were
more likely of the expected sizes. The amplicons produced
by atpB-rbcL primers were slightly longer than those
obtained in Synedrella nodiflora and Eleutheranthera
ruderalis (Asteraceae), which had 880 bp long atpB-rbcL
IGS sequences (Susanto and Dwiati 2019). Manual editing
on the sequences of the putative atpB-rbcL IGS generated
only 830 bp length. Meanwhile, the amplicons produced by
trnL-F primers were also somewhat longer than the
counterparts obtained in Diospyros spp. (Ebenaceae),
showing 367 bp long trnL-F IGS sequences (Wanda et al.
2021). After manual editing, the putative trnL-F IGS had
372 bp length, which was still longer than the sequences
found in Diospyros spp.

The blasting carried out to the NCBI database showed
that both sequences were undoubtedly atpB-rbcL and trnL-
F IGS. High percentages of identity with high query covers
were observed, even the sequence of trnL-F IGS had
98.06% identity with total cpDNA genome of 1. cylindrica
(Acc no. MZ351433.1) in a query cover of 98% (Table 2).
All the sequences obtained in this study have been
submitted to NCBI GenBank for accession numbers.

Some variations exist within the 21 sequences of atpB-
rbcL IGS, in form of either insertion-deletions or base
substitutions, and a similar case was also observed in trnL-
F IGS. Eight haplotypes based on atpB-rbcL IGS were
obtained, while only two haplotypes were found with trnL-
F 1GS, hence the mutation types and sites are summarized
in Table 3.

There are more transversions than transitions obtained
in either atpB-rbcL IGS or trnL-F IGS (Table 3). This is
reasonable, since more possibilities with transversions
rather than those of transitions exist. There are eight types
of transversions, while only four transitions are found.
Additionally, transversion seems to have more effects on
the amino acid sequence alteration than transition does.
Even the larger effects of transversion had also been
reported on gene expression (Guo et al. 2017).
Nevertheless, transversion is more energy-consuming in
comparison to transition because of the more complicated
changes in the nucleotide base molecular structure, where
purine is replaced with and vice versa (Wang et al. 2015).
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Figure 2. Electrophoretic profiles of atpB-rbcL IGS. M: 100 bp DNA ladder SMOBIO, KRB: Baturraden Botanic Gardens, PWT:
Purwokerto, J: Jetis Beach, KBC: Kebocoran, BMS: Banyumas, KBS: Kebasen, PWJ: Purworejo, YOG: Yogyakarta, and PON:
Ponorogo
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Figure 3. Electrophoretic profiles of trnL-F IGS. M: 100 bp DNA ladder SMOBIO, KRB: Baturraden Botanic Gardens, PWT:
Purwokerto, J: Jetis Beach, KBC: Kebocoran, BMS: Banyumas, KBS: Kebasen, PWJ: Purworejo, YOG: Yogyakarta, and PON:
Ponorogo

Table 2. BLAST results of the atpB-rbcL IGS and trnL-F IGS sequences to NCBI GenBank

Sequences blasted Description of subjects % Query E %. Accession
cover value Identity number

atpB-rbcL IGS Imperata cylindrica cpDNA complete genome 98 0 97.68 KU291466.1
Imperata cylindrica cpDNA complete genome 98 0 97.47 MZ351433.1
Saccharum rufipilum cpDNA complete genome 98 0 97.27 LS974679.1
Tripidium ravenae cpDNA complete genome 98 0 97.27 LS974678.1

trnL-F IGS Imperata cylindrica cpDNA complete genome 98 0 98.06 MZ351433.1
Chionachne kenigii cpDNA partial genome 98 0 97.09 MT610087.1
Saccharum hildebrandii cpDNA complete genome 98 0 96.85 MF563371.1
Sarga versicolor coDNA complete genome 98 0 96.85 MT942630.1
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Table 3. Haplotypes of I. cylindrica in Java, Indonesia

BIODIVERSITAS 23 (5): 2760-2767, May 2022

Molecular Haplo-

marker  type Sample code Location(s) Mutation type(s) Site(s)
atpB-rbcL 1 PWTL1, PWT2, PWT3 Purwokerto Common type -
IGS KRB1, KRB2, KRB3 Baturraden BG
KBS1, KBS2 Kebasen
BMS1 Banyumas
JET3 Jetis Beach
PWJ 1, PWJ2 Purworejo
YOG 2 Yogyakarta
PON1 Ponorogo
2 BMS2 Banyumas Insertion with A 13, 766, 767
Insertion with G 585
Insertion with T 278
Transition T — C 289, 297, 301, 667, 679, 680
Transversion T — A 670, 688, 692, 696, 701, 706
Transversion T — G 285, 310, 672, 697, 700, 710
3 KBC1 Kebocoran Insertion with G 765
Deletion of A 75
4 KBC2 Kebocoran Insertion with G 737
Insertion with C 736
Deletion of A 75
Transversion T — A 732
5 JET1 Jetis Beach Insertion with C 13
6 JET2 Jetis Beach Insertion with C 737
7 YOG1 Yogyakarta Insertion with A 43
8 PON2 Ponorogo Insertion with A 762
Insertion with C 737
trnL-F IGS 1 PWT2 Purwokerto Common type -
KBC1, KBC2 Kebocoran
KBS1, KBS2 Kebasen
BMS1, BMS2 Banyumas
JET1, JET2, JET3 Jetis Beach
PWJ 1, PWJ2 Purworejo
YOG1, YOG 2 Yogyakarta
PON1, PON2 Ponorogo
2 PWT1, PWTS3, Purwokerto Deletion of G,T,A T 84-87
KRB1, KRB2, KRB3 Baturraden BG
Deletion of G, T 286 — 287
Deletion of 311-315
GTGAA

Transition A — G
Transition G — A
TransitionC — T
Transition T — C
Transversion A — T
Transversion T — A
Transversion A — C
Transversion C — A

Transversion G — T

Transversion T — G
Transversion G — C
Transversion C — G

34, 61, 63, 67, 72, 112, 152, 157, 158, 162, 170,
193, 203, 207, 219, 224, 225, 256, 257, 258, 278,
292

11, 108, 110, 113, 165, 177, 246, 288

4, 8,9, 28, 90, 121, 122, 127, 139, 176, 184, 188
189, 194, 196, 234, 275, 276, 279

41, 45, 69, 100, 117, 169, 181, 233, 236, 238, 280,
318, 331

2, 12, 37, 38, 52, 91, 96, 98, 118, 135, 147, 173,
180, 199, 211, 218, 228, 248, 250, 255, 290, 291,
296, 306, 341, 351

30, 33, 55, 59, 92, 151, 154, 192, 195, 254, 259, 295
6, 29, 39, 48, 75, 128, 156, 159, 167, 208, 209, 212
213, 215, 220, 227, 230, 231, 232, 235

14,15, 47, 164, 183, 270, 277, 317, 323

1, 3, 22, 40, 46, 64, 102, 103, 111, 114, 115, 116
119, 126, 131, 133, 134, 137, 138, 143, 153, 179,
187, 190, 265, 267, 273

17, 18, 60, 163, 182, 269, 328

35, 54, 66, 294, 329

19, 94, 252, 324
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Based on atpB-rbcL IGS, the haplotype diversity (h)
was 0.3809+0.0165, while the nucleotide diversity (z) was
only 0.0201+0.0103. Lower h was obtained with trnL-F
IGS, i.e. 0.0952+0.0322, however, the 7 was higher than
the value found with atpB-rbcL IGS, i.e. 0.2277+0.1139.
The relatively low genetic variation of cogongrass in Java
is presumably related to the high invasiveness of the
species, hence most samples used in this study are of the
same origin. Similarly, no hybridization among four
different clonal lineages of cogongrass in the USA
occurred despite the geographical overlap, indicating that
the plant showed limited evolutionary potential to adapt to
novel environmental conditions. Even selection for
favorable alleles from a broad genetic base seemed likely
not to occur after arrival to a new environment, causing a
very low genetic diversity (Burrell et al. 2015).

The limited genetic variation did not correlate with the
phenotypical performance of cogongrass. Both morpho-
anatomical and physiological characters, show significant
differences among altitudes (Ahmad et al. 2020).
Moreover, soil water stress had been experimentally proven
to reveal a stronger impact on the species distribution in
comparison to nutrient deficiency (Zhang et al. 2021).
Phenotypic plasticity is a common phenomenon in invasive
plants for adaptation to various conditions, such as sunny,
shaded, moist, or dry sites, that makes the species as ideal
weeds (Sultan and Matesanz 2015). Allelopathy substances
from cogongrass root exudates, such as ferulic acid, had
been shown to initiate its successful invasiveness (Shen et
al. 2020).

AMOVA on the cogongrass in Java revealed that
variation within populations was much higher than among
populations, which applied to both atpB-rbcL and trnL-F
IGS (Tables 4 and 5).

Table 4. AMOVA on cogongrass population in Java based on
atpB-rbcL IGS

Source of df  Sum of Variance Percentage
variation squares  components  of variations
Among 8 4.286 0.02735 5.47
populations

Within 12 5.667 0.47222 94.53
populations

Total 20 9.953 0.49957

Fixation index (Fst) = 0.05475

Table 5. AMOVA on cogongrass population in Java based on
trnL-F IGS

Source of df  Sum of Variance Percentage
variation squares  components  of variations
Among 8 3.881 0.01154 2.46
populations

Within 12 5.500 0.45833 97.54
populations

Total 20 9.381 0.46987

Fixation index (Fst) = 0.02456
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The much higher variations within populations in
comparison to among populations led to low fixation
indices, indicating high connectivity or gene flow among
members of cogongrass species in Java, meaning no
population structure was observed. Correspondingly, high
connectivity was also reported among populations of
Synedrella nodiflora (Asteraceae), a weed species in this
area (Susanto et al. 2018). The cogongrass gene flow
among populations was reported as mainly assisted by
wind dispersal of seeds and spikelets. In addition, a non-
wind-borne dispersal mechanism might as well occur for
the vegetative parts of the plant. Dense woody vegetation
had been shown to slow down the wind dispersal of
cogongrass seeds, but it was a less effective barrier for the
non-wind-borne dispersal mechanism (Yager et al. 2011).
Biological characteristics, such as extensive rhizome
system, adaptability to poor soils and fire, drought
tolerance, readily wind dispersal of seeds, and high
plasticity had been contributing to the invasiveness and
persistence of cogongrass (MacDonald 2004).

Regarding problems with agricultural productivities,
cogongrass invasiveness was potentially overcome with
earthworm application. In experiments, using the plant’s
root extracts up to a concentration level of 80% mixed with
soil from cogongrass land showed that earthworms tend to
cover the soil surface and improve its quality.
Subsequently, when these engineered soils were used to
grow upland rice seedlings, significant differences in many
vegetative parameters were observed in comparison to soils
without earthworm application (Kilowasid et al. 2021). On
the other hand, glyphosate applications seemed ineffective
to control cogongrass. Instead, other abiotic factors such as
drought and shade need to be studied for effectiveness
(Zaccaro 2016; Enloe et al. 2018). Most recently, an
integrated control system involving cultural, mechanical,
and chemical approaches was introduced. However,
biological control and revegetation were recommended for
the long-term management of the weed species ( Lebrun
2020; Rusdy 2020). Bioherbicides, such as the type causing
wilt disease in cogongrass could also be introduced (Tamur
et al. 2019). However, invasive plants like cogongrass in
forest regeneration ought to be considered in the
management strategies assisting the persistence of native
forest communities (L&zaro-Lobo et al. 2021).

The difficulty in controlling the invasiveness is mainly
due to its dispersal through both extensive rhizome systems
and wind-assisted seeds. Cogongrass rhizomes make more
than 60% of the total biomass and these support rapid
growth after mowing or burning. Meanwhile, the seeds are
very prolific and capable of traveling over a long distance
without significant loss in viability and germination rate
(Minogue et al. 2018). The changes in soil microbial and
chemical composition because of the occupation by
cogongrass affect the growth of succeeding plant
communities  (Radunzel-Davis  2019).  Nevertheless,
cogongrass presence was reported to be suppressed by
creeping rhizomes of other grass species, such as Sorghum
halepense (Yamada and Nemoto 2020).

Different altitudes ranging from 0 m asl. in Jetis Beach
to approximately 800 m asl. in Baturraden Botanic Gardens
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were used as sampling sites in this study. Also, various
conditions of terrestrial ecosystems among the sites existed
as the consequences of rapid physical development on
Java. However, no significant genetic differences among
populations were observed, meaning the changes in
ecosystem conditions did not affect cogongrass on the
island. Conversely, variation among several cogongrass
ecotypes in Taiwan was detected, thereby supporting the
molecular data previously reported (Chang and Chou
2006). Different phenotypic characteristics, especially
concerning foliar anatomy were observed among
cogongrass ecotypes naturally grown in the Botanic
Gardens of Rajshahi University Bangladesh. This was
presumably related to adaptation against drought and saline
stress (Sima et al. 2018).

In conclusion, based on both atpB-rbcL and trnL-F IGS
much lower genetic differences among subpopulations of
cogongrass in Java, Indonesia in comparison to genetic
variation within individual subpopulations were observed.
This indicates that the subpopulations show high
connectivity, or in other words, the rapid changes in
terrestrial ecosystems on Java do not affect the cogongrass
population.
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