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Abstract. Cogongrass is one of the top ten problem-causing weeds in
the world that is invasively spread over many tropical and subtrop-
ical regions, including Java Island, the Republic of Indonesia. The
wide distribution is possibly related to their adaptability to almost
all terrestrial habitats from various altitudes, which may lead to a
high level of genetic variation. This study aimed to assess the ge-
netic variation and phylogenetic relationship of cogongrass in Java
Island using an intergenic spacer (IGS) sequence in the cpDNA ge-
nome, i.e. trnT(UGU)-trnL(UAA), as the molecular marker of high
mutation rate. Plant samples were collected randomly from five dif-
ferent sites on the island. These were subjected to total genomic DNA
extraction. The DNAs obtained were then used as PCR templates to
amplify trnT(UGU)-trnL(UAA) IGS using a pair of universal primers.
The PCR products were sequenced for genetic analysis. It was shown
that an extremely high genetic variation with respect to the haplotype
diversity of cogongrass in Java Island was observed. Nevertheless, a
very low nucleotide diversity was obtained revealing a considerably
close genetic relationship among the samples. Anatomical data re-
garding stomata number and length were found to correspond to the
high level of genetic variation, but it was not the case with the stomata
index.
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INTRODUCTION

was indicated in some plant reliefs of Boro-
budur Temple, Central Java (Metusala et al.,

Java Island belonging to the Republic
of Indonesia has various ecosystems, ranging
from coastal to mountain areas. These ecosys-
tems provide habitats for many types of living
organisms including numerous plant species.
Accordingly, a high level of plant biodiversity
exists on the island (Nurfadilah et al., 2017,
Damayanti et al., 2021). Even high awareness
of preserving plant diversity in Java Island

2020). On the other hand, several studies on
plant diversity disturbances and changes in
Java Island have been reported (Hakim &
Soemarno, 2017; Iskandar et al., 2018).
Cogongrass (Imperata cylindrica (L.)
Raeusch) is one of the plant species being
classified as top ten problem-causing weeds
in the world that is invasively distributed over
many tropical and subtropical areas (Mac-
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Donald, 2004). Despite its beneficial utili-
zation, especially as traditional herbs in de-
veloping countries, the invasiveness is much
more prominent than the advantages provided
(Rusdy, 2020). Originating from Southeast
Asia, cogongrass is also commonly found on
Java Island existing in a sufficiently large pop-
ulation. As an invasive plant species, it grows
very rapidly despite the applications of either
physical, chemical, or biological control tech-
niques (Syah & Hidayat, 2020). Variability in
the efficacy of a broad-spectrum herbicide,
glyphosate, seems unlikely to be applied due
to existing resistance (Enloe et al., 2018).
Cogongrass can modify the soil it occupies, in
which it initially takes benefits for its growth
from a native microbial community. Then, the
alterations in that microbial community as
well as soil chemical components by cogon-
grass stimulate its rapid lateral growth (Ra-
dunzel-Davis & Cronin, 2019).

Cogongrass is usually found dominat-
ing critical lands, which is of approximately
2.1 million ha on Java Island in 2018 (Badan
Pusat Statistik, 2018). The high competitive-
ness against many other plant species is main-
ly due to the capacity of producing allelopa-
thy substances (Kilowasid et al., 2021). This
is then supported by a wind-pollinated repro-
duction system enabling easy seed dispersal
over remote distances although asexual repro-
duction by means of rhizomes is more prom-
inent in this species (Nomura et al., 2022). It
was reported that one individual plant could
produce 31 rhizomes in ten months resulting
in a total rhizome length of 12 m (Kato-No-
guchi, 2022), although much lower rhizome
germination was observed in cogongrass un-
der continuously dark period in comparison to
those in a light/dark regime (Hamidavi et al.,
2021). High phenotypic plasticity and adapt-
ability to nearly all terrestrial habitats also
contribute wide distribution of cogongrass

Dwiati et al.

(Susanto & Dwiati, 2022).

The wide distribution of cogongrass
may lead to a high level of genetic variation,
both within and between populations. This
can be measured by using either morpholog-
ical- or molecular-based analysis, where the
latter is considered more representative be-
cause of the absence of environmental inter-
vention. In addition, molecular-based analysis
can be performed at any stage of plant growth
and development (Tsonev et al., 2021). Mo-
lecular analysis was required to confirm some
uncertain medicinal plant species used by a
particular tribe in Mindanao, the Philippines
(Dapar et al., 2020). Morphological data on
Cucurbita pepo could be affected by some an-
thropogenic activities or other environmental
factors, while the molecular data obtained had
no high coverage in the complete genome.
Thus, although morphological and molecu-
lar markers are not interchangeable, they are
complementary methods to assess genetic di-
versity (Yunli et al., 2020). On the other hand,
a highly significant correlation between mor-
phological and molecular data was observed
in detecting the salt tolerance of several wheat
genotypes (Al-Ashkar et al., 2020).

One of the molecular markers that can
be used to analyze the genetic variation of
cogongrass in Java Island is #nT(UGU)-trn-
L(UAA) intergenic spacer (IGS), which is a
non-coding sequence in the cpDNA genome.
As a region not responsible for any protein
synthesis, this sequence shows a relatively
high mutation rate, so it is appropriate to be
utilized as a molecular marker in the study
of genetic variation in several plant spe-
cies (Skuza et al., 2019). Among the three
non-coding regions of cpDNA used to analyze
population genetics of Quercus cerris in Tur-
key, trnT(UGU)-trnL(UAA) was found to be
the most variable and parsimony informative
(Tekpinar et al., 2021). It was also one of eight
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highly variable markers for the identification
of some Polygonatum species (Wang et al.,
2022). By using this molecular marker, two
phenotypically very similar species of As-
teraceae family can be clearly distinguished
(Susanto et al., 2020). Therefore, our study
aimed to assess the genetic variation and phy-
logenetic relationship of cogongrass in Java
Island employing tnT(UGU)-trnL(UAA)
IGS. Some previous studies on the genetic
variation of cogongrass have been reported.
However, none of them has been employing
trnT(UGU)-trnL(UAA) IGS as the molecular
marker. Moreover, some anatomical charac-
teristics are involved to support the molecular
profiling of cogongrass in our study.

MATERIALS AND METHODS

Table 1. Sampling sites of cogongrass in Java Island

Plant Sampling

The study was carried out using an ex-
ploratory method from April to July 2022,
where plant samples were collected randomly
from five different sites on Java Island. The
respective altitudes and coordinates of the
sites can be seen in Table 1.

All plant samples were taken entirely
from the soil including their roots. They were
then wrapped with wet wipes and then put into
plastic bags before being planted in the green-
house of the Faculty of Biology, Universitas
Jenderal Soedirman, Purwokerto, Indonesia.
Subsequently, molecular analysis was carried
out at the Laboratory of Genetics and Molec-
ular Biology of the institution. A fresh and ex-
tended second leaf of each plant was used as
the sample for genomic DNA extraction.

Samoline Site Site  Altitude Coordinate
ping Code (m asl) S E
Purwokerto, Central Java PWT 79 7°24°33” 109°15°14”
Jetis Beach, Cilacap, Central Java JET 6 7°43°21” 109°23°26”
Purworejo, Central Java PWJ 21 7°51°17” 109°57°18”
Yogyakarta City, Special Territory of Yogyakarta YOG 136 7°47°20” 110°19°21”
Ponorogo, East Java PON 57 7°49°15” 111°32°56”

Genomic DNA extraction

Each leaf sample was cut into small
pieces, washed up using tap water, sprayed
with 70% ethanol, and weighed to 0.1 g for
genomic DNA extraction, which was per-
formed following CTAB protocol (Doyle &
Doyle, 1990). The small pieces of leaf were
put into a mortar, then ground using a pestle
until smooth and added with 800 nL. CTAB
buffer solution previously heated in a water
bath at 65°C for 30 minutes. The homoge-
nous mixture was put into a 1.5 mL micro-
tube and incubated at 65°C for an hour while
slowly flipping the tube every 10 minutes.

Jurnal Biodjati 8(1):29—43, May 2023

This was then cooled at room temperature for
2 minutes, after which 500 uL. CIAA (chlo-
roform-isoamyl alcohol) solution was added,
mixed gently, and vortexed for 5 minutes. The
mixture was centrifuged at 12,000 rpm for 15
minutes. The supernatant was transferred into
a new microtube, added with 3M sodium ac-
etate of 1/10 supernatant volume, and mixed
gently. Then, isopropanol of 2/3 total volume
was added and mixed gently by flipping the
tube. The mixture was stored in the freezer for
24 hours prior to centrifugation at 12,000 rpm
for 10 minutes. After supernatant removal,
the DNA pellet was rinsed using 500 pL 70%
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ethanol while gently flipping the tube. The
DNA solution was centrifuged at 12,000 rpm
for 5 minutes, and again the supernatant was
removed while the DNA pellet was air-dried
before re-dissolved in 100 uL TE buffer. This
was incubated at 37°C for an hour and finally
stored at 4°C prior to further analysis.

Amplification and Sequencing of #rnT(U-
GU)-trnL(UAA) IGS

Both the concentration and purity of the
extracted genomic DNAs were measured by
using GeneQuantTM 1300. In addition, the
DNAs were also visualized qualitatively in a
1% agarose gel electrophoresis using 1x TAE
buffer.

Serving as PCR templates to amplify
trnT(UGU)-trnL(UAA) IGS, the genomic
DNAs were then diluted to 50 ng/uL. The
PCR employed a pair of universal primers,
i.e. B48557 (5-CATTACAAATGCGAT-
GCTCT-3") as the forward primer and A49291
(5’-TCTACCGATTTCGCCATATC-3") as the
reverse primer (Taberlet et al., 1991). A total
volume of 50 pLL PCR mixture containing 10
pL template DNA, 1 pL forward primer, 1 pL
reverse primer, 25 uL Kapa Taq and 13 pL
nuclease-free water was run in an advanced
Primus 25 thermocycler. The PCR condition
used was as follows: pre-denaturation at 94°C
for 5 minutes continued by 30 PCR cycles
consisting of denaturation at 94°C for 1 min-
ute, primer annealing at 50°C for 1 minute,
primer extension at 72°C for 1 minute 30 sec-
onds, and completed with a final extension at
72°C for 5 minutes.

The PCR products obtained were visu-
alized in a 1.5% agarose gel electrophoresis
using 1x TAE buffer. They were then sent to
Firstbase Malaysia for sequencing. The dide-
oxy method of Sanger et al. (1977) was ap-
plied in an automated DNA sequencer with
terminator labeling (Smith, 1989).

Dwiati et al.

Measurement on Leaf Anatomical Charac-
ters

Supporting data on leaf anatomical
characters were measured including stomata
number, length, and index. Leaf samples were
cut into some small squares with a side length
of approximately + 5 mm. These were soaked
in a saturated chloral hydrate solution for a
week. They were transferred then into another
saturated chloral hydrate solution up to trans-
parency, indicating that the chlorophylls have
been totally removed. The leaf cut was put on
an object glass for examination under the mi-
croscope connected to an Optilab Viewer 2.2.
An Image Raster 3.0 Program was used to
calculate stomata and epidermis cell numbers
as well as to measure stomata length. The sto-
mata index was calculated using the following
formula (Wallis, 1965).

SI= %100
S5+E

SI : stomata index

S : stomata number

E : epidermis cell number
Data Analysis

The DNA sequences were edited using
Bioedit version 7.0.4.1 (Hall, 1999) com-
bined with manual editing. Blasting to the
NCBI database was performed for validation,
followed by sequence alignment using Clust-
alW (Thompson et al., 1994), which was also
implemented in the Bioedit 7.0.4.1. Analysis
of genetic variation and construction of phy-
logenetic trees were performed using MEGA
version 11 (Tamura et al., 2021).

Supporting data on leaf anatomical
characters were analyzed statistically using
ANOVA. Further analysis using LSD was
carried out for those showing significant dif-
ferences among sampling sites.
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RESULTS AND DISCUSSION

Genomic DNAs were successfully ex-
tracted from all samples resulting in suffi-
ciently high concentrations ranging from 700
to 3,200 ng/uL, while the purity varies from
1.538 to 1.818 at 260 nm/280 nm absorbance

(Table 2). When they served as PCR templates
using the universal primers, amplicons of ap-
proximately 900 bp were produced (Figure 1).
These were then sequenced and edited, after
which DNA sequences of 850 bp long were
obtained.

Table 2. Concentration and purity of genomic DNAs of cogongrass samples

. . Site Concentration Purity
Sampling Site Cod (ng/uL)
ode g (A260 nm/A280 nm)

Purwokerto, Central Java PWT 2,000 1.818
Jetis Beach, Cilacap, Central Java JET 3,200 1.800
Purworejo, Central Java PWJ 1,500 1.667
Yogyakarta City, Special Territory of Yogyakarta YOG 700 1.750
Ponorogo, East Java PON 2,000 1.538

PWT JET PW|

YOG

Figure 1. PCR products using a pair of universal primers to amplify
trnT(UGU)-trnL(UAA) 1GS (L = 1 kb ladder; PWT = Purwok-
erto; JET = Jetis; PWJ = Purworejo; YOG = Yogyakarta; PON

= Ponorogo)

Jurnal Biodjati 8(1):29—43, May 2023
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Almost similar to our results, PCR prod-
ucts of approximately 880 bp were obtained
in Synedrella nodiflora and Eleutheranthera
rudealis when amplified using a pair of uni-
versal primers for trnT(UGU)-trnL(UAA)
IGS. Both species are members of Asteraceae
family, which phenotypically show very iden-
tical characteristics. After manual editing, the
trnT(UGU)-trnL(UAA) IGS sequence of E.
ruderalis that slightly longer than S. nodiflo-
ra’s was found. Despite no direct correlation
between the genetic and phenotypic profiles,
coincidence appeared likely to occur provid-
ing a molecular indication that they are two
different species (Susanto et al., 2020). On
the other hand, much shorter trnT(UGU)-trn-
L(UAA) IGS sequences ranging from 367
to 556 bp were found in several species of
Cinnamomum (Lauraceae) in Sri Lanka. In
addition, only a very little variation among
the sequences was observed providing less
contribution to the taxonomy of the species
(Abeysinghe et al., 2009). Oppositely, mod-
erate levels of variation were demonstrated
with trnT(UGU)-trnL(UAA) 1GS sequences
in some species of Prunus suggesting the uti-
lization of the molecular marker for further
analysis of phylogenetic relationships within
the genus (Kim et al., 2019).

A different pair of primers were em-
ployed to amplify trnT(UGU)-trnL(UAA)
IGS in Crepidiastrum x muratagenii, a puta-
tive hybrid between C. denticulatum and C.
lanceolatum (Asteraceae). The marker siz-

es of all examined accessions were found to
range from 528 to 537 bp, whereas C. dentic-
ulatum had only 528 to 530 bp long sequences
due to an 8 bp deletion and a 1 bp insertion.
Such indels also occurred in type I and type
IIT hybrids, while type II hybrids did not show
the mutations revealing similarity to the other
parent, i.e. C. lanceolatum. In combination
with another three cpDNA markers, i.e. trn-
L(UAA)-trnF(GAA) 1GS, rpll6 intron, and
rps16 intron, it was shown that the three hy-
brid types tended to be phylogenetically clos-
er to both C. denticulatum and C. lanceolatum
supporting the morphological characteriza-
tion analysis (Jang et al., 2022).

The blasting result with the NCBI data-
base proved that the sequences were undoubt-
edly belonging to trnT(UGU)-trnL(UAA)
IGS, that indicated by the high similarity of
the sequences to the cpDNA total genome of 1.
cylindrica (accession number MZ351433.1).
The highest similarity was observed in Pur-
worejo (99.77%), followed continuously by
Jetis (99.65%), Ponorogo (99.42%), Pur-
wokerto (99.40%) and Yogyakarta (99.31%).
Then, sequence alignment of the five samples
showed both base substitutions and inser-
tions-deletions (indels) as shown in Figure 2.
The polymorphic sites as well as the haplo-
type diversity (h) and nucleotide diversity ()
are summarized in Table 3. It is shown that
three haplotypes of five cogongrass samples
in Java Island were obtained resulting in an h
value of 0.600.

;IYYYT|YYYYlYYTY|YYYY|YYYY|YYYY|YYYY|TYYY|YYYYIYYYY|YYYI|YYYY|YYTY|YYYY|YYYY|YYYY|YYYY|

= 10 20 30

H H H H H
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40 50 60 70 80

cylindrica JET TTCTTTGARACCAGGATTCCTTGTATAATTTARTCCATCTTTTAGTTTTTTTTGAATCATTGRATTC ~ ATTATTCGRCGTAGTC
cylindrica PON TTCTTTGRARCCAGGATTCCTTGTATARTTTAATCCATCTTTTAGTTTTTTTTGARTCATTGRATTC ~ATTATTCGACGTAGTC
cylindrica PWT TTCTTTGRARCCAGGATTCCTTGTATARTTTAATCCATCTTTTAGTTTTTTTTGARTCATTGRATTC ~ATTATTCGACGTAGTC
cylindrica PWJ TTCTTTGARACCAGGATTCCTTGTATARTTTAATCCATCTTTTAGTTTTTTTTGARTCATTGRATTC  ~ ATTATTCGACGTAGTC
cylindrica YOG TTCTTTGARACCAGGATTCCTTGTATAATTTARTCCATCTTTTAGTTTTTTTTGAATCATTGRATTC ~ ATTATTCGRCGTAGTC
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TAGCA AT AT CTCTATTTRAGRACACCCCGLTCGLTTAT TG A A TTC - AGA A TTGAATTGATTTTATCGTTGATATATTTGCAATT
TAGCA AT AT CTCTATTTRAGRACACCCCGLTCGLTTAT TG A A TTC - AGA A TTGAATTGATTTTATCGTTGATATATTTGCAATT
TG EAC T AT T T AT T T GAGA A C LG TCG LT TAT TG AR T T - AGEATTGAATTGATTTTATCGTTGATATATTTGCARTT
TG EAC T AT T T AT T T GAGA A C LG TCG LT TAT TG AR T T - AGEATTGAATTGATTTTATCGTTGATATATTTGCARTT
TG EAC T AT T T AT T T GAGA A C LG TCG LT TAT TG AR T T - AGEATTGAATTGATTTTATCGTTGATATATTTGCARTT
TR T T R R U T T T U R R [Ty g
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TCAATCGGAATGRATATATCCARRAGTTTTTCTCTCTCCCGLCTCCCTCCTTCCTTTTTTAGAGTATTCARRATCATACTATARCG

TCARTCGGAATGARTATATCCARARGTTTTTCTCTCTCCCECCTCCCTCCTTCCTTTTTTAGAGTATTCAZAATCATACTATAACG
TCAATCGGAATGAATATATCCARARGTTTTTCTCTCTCCCECCTCCCTCCTTCCTTTTTTAGAGTATTCALAATCATACTATAACG
TCAATCGGAATGAATATATCCAAARGTTTTTCTCTCTCCCGCCTCCCTCCTTCCTTTTTTAGAGTATTCARAATCATACTATAACG
TCARTCGGAATGARTATATCCARAAGTTTTTCTCTCTCCCECCTCCCTCCTTCOTTTTTTAGAGTATTCARAATCATACTATAACGE
RN ARNE AR RN AR NN R RN RARR AR ANRA AR AR DA RRN R RRNR LN ERRRNRARRNR

260 270 280 290 300 310 320 330 340
CTTGATATTCATTCTTTTTTTCTARGCTGARTTAGAAATTTCATTTGCTATGATTCTATCTGCTCCTTAGTGAACTATTTA ~TCCT

CTTGATATTCATTCTTTT I T T CTAAGCTGRAATTAGRARTTTCATTTGCTATGATTCTATCTGCTCCTTAGTGRACTATTTA TCCT
CTTGATATTCATTCTTTT T T T CT ARG TGRATTAGRAATTTCATTTGCTATGATTCTATCTGCTCCTTAGTGRAACTATTTA TCCT
CTTGATATTCATTCTTTTTT T CTAAGCTGRATTAGRARTTTCATTTGCTATGATTCTATCTGCTCCTTAGTGRACTATTTA TCCT
CTTGATATTCATTCTTTT T T T CTRAAGC TGRAT TAGRARTTTCATTTGCTATGATTCTATCTGCTCCTTAGTGRACTATTTA TCCT
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RN RN R N N NN R NN RN NN
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CRAAATTCAATATAGRATT TG GRAATAGAT -TCTATTAGARRAATCCATTTGCGAATTAGAGAAATAAARAGARAGTTCAATARA |

CRAAATTCAATATAGRATTTG-GRAATAGAT - TCTATTAGARARATCCATTTGCGAATTAGAGRAATAAARAGARAGTTCAATARA |
CRAAATTCAATATAGRATT TG GRAATAGAT - TCTATTAGARARATCCATTTGCGAATTAGAGARAATARARAGARAGTTCAATARA |
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TTCTATRATCCTATTTAAGRATAT CATTTAG TTARR GCATATCARGCTAACTTTATCTTTATGARATTCTAGTATTTTTTTTT
TTCTATRATCCTATTTARGRATAT -CATTTAG TTRR GCATATCRARGCTAACTTTATCTTTATGRARRTTCTAGTATTTTTTTTT
TTCTATRATCCTATTTAAGRATAT CATTTAG TTRR GCATATCARGCTAACTTTATCTTTATGARATTCTAGTATTTTTTTTT
TTCTATRATCCTATTTARGRATAT CATTTAG TTRAE GCATATCARGCTAACTTTATCTTTATGRARRTTCTAGTATTTTTTTTT

Y|YYYY|YYYY|YYYY'YYYY'YYYY'YYYY|YYYY|YYYY|YFYY|YYYY'YYFY|YYYY|YYYF|YYYY|YYYY‘YYYY|YYYY|
690 700 710 720 730 740 730 760 770
TCTAAGTGGRACTTCC A AT T TAGRACTAGTTAATA - ACTARGATTAATAATTARGATCTGACATTTTACAGATTCCCTATATATATT

TCTARGTGGAACTTCCAATTTAGRAACTAGTTARTA ACTARGATTARTARTTARGATCTGACATTTTACAGATTCCCTATATATATT
TCTAAGTGGRACTTCCARTTTAGRACTAGTTAATE ACTARGATTAATAATTARGATCTGRCATTTTACAGATTCCCTATATATATT
TCTAAGTGGRARCT TR AT TTAGRACTAGTTAATA - ACTARGATTAATAATTARGATCTGACATTTTACAGATTCCCTATATATATT

H &3 4d 3 4

TCTAAGTGGRACTTCCARTTTAGRACTAGTTAATE ACTARGATTAATAATTARGATCTGRCATTTTACAGATTCCCTATATATATT
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- 780 790 800 810 820 830 840 830
cylindrica JET TTTATTTGTTACRCTATTTCTGTTATGTTAAGCCC  ~ACTTAGCTCAGRAGGTTAGAGCATCCATTTTGTARTGGR

I.

I. cylindrica PoON [TTTATTTGTTACACTATTTCTGTTATGT ARGCCCCAACTTAGCTCAGAGGTTAGRAGCATCCATTTTGTAATGGR
I. cylindrica PWT [TTTATTTGTTACACTATTTCTGTTATGT ARGCCC -ACTTAGCTCAGAGGTTAGAGCATCGATTTTGTAATGGR
I.
I.

cylindrica PWJ [TTTATTTGTTACACTATTTCTGTTATGT RAGCCC ACTTAGCTCAGAGGTTAGAGCATCCATTITGTARTGGR
cylindrica YOG [TTTATTTGTTACACTATTTCTGTTATGTTAAGCCC ACGTTAGCTCAGAGGTTAGAGCATCGATTITGTARTGGR
Figure 2. Sequence alignment of #rnT(UGU)-trnL(UAA) IGS (JET = Jetis; PON = Ponorogo; PWT = Purwokerto;
PWJ = Purworejo; YOG = Yogyakarta)

Table 3. Genetic variation of cogongrass in Java Island based on trnT(UGU)-trnL(UAA) IGS

Number/Percentage

Parameter of Variation of The Parameter

Site (s)

1-803, 805-810, 815-836, 838-850

Number of conserved sites 844 (99.3%)

Number of polymorphic sites 6 (0.7%) 804, 811, 812, 813, 814, 837
Insertion-deletions (indels) 3 804,811,812
Singleton two variants 2 813,814
Parsimony informative sites two variants 1 837
Number of haplotypes 3

Haplotype diversity (%) 0.600

Nucleotide diversity () 0.00169

Based on #rnT(UGU)-trnL(UAA) IGS,
we obtained three haplotypes of the five
cogongrass samples in Java Island giving rise
to a haplotype (h) or gene diversity of 0.600.
As a comparison, the assessment using anoth-
er molecular marker, i.e. amplified fragment
length polymorphisms (AFLPs), detected two
genetic lineages of cogongrass in the south-
ern United States (US) resulting in gene di-
versity of only 0.023. One lineage was found
locally restricted, while the other was widely
spread over the study region. It was strongly
assumed that both genetic diversity and pop-
ulation structure of the invasive species were
influenced by differences in the historical con-
trol management applications (Lucardi et al.,
2020). Meanwhile, employing digital geno-
typing analysis, four clonal lineages of cogon-
grass in the south-eastern US were identified,
each of which was extremely homogeneous.

Dwiati et al.

Although geographical overlap existed, no
hybridization among different lineages could
be likely expected indicating that cogongrass
has restricted evolutionary potential to adapt
to novel environments. No local adaptation
by means of hybridization or selection for fa-
vorable alleles is required to support cogon-
grass success of invasion over enormous var-
iations of environments (Burrell et al., 2015).

To demonstrate the genetic relationship
among the five sequences of #nT(UGU)-trn-
L(UAA) IGS, a phylogenetic tree was con-
structed involving Cynodon dactylon (Poace-
ae) as the outgroup (Figure 3). Based on the
phylogenetic tree, the five samples of cogon-
grass showed a very close genetic relation-
ship, confirming the considerably low value
of m (0.00169). More specifically, the samples
from Purwokerto and Yogyakarta were closer
than those of the remaining three.
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I. cylindrica Ponorogo
lwl I. eylindrica Purworejo

I. cylindrica Jetis

I. cylindrica Yogyakarta

691 1. cylindrica Purwokerto

A
0.1

AF372633.1 Cynodon dactylon

Figure 3. Phylogenetic tree of cogongrass [Imperata cylindrica (L.) Raeusch] in Java Island based on

trnT(UGU)-trnL(UAA) IGS

Data on stomata number revealed sig-
nificant differences among the five samples
of cogongrass, where the sample from Jetis
Beach had the smallest number of stomata,
which was significantly different from those
of Purwokerto, Yogyakarta, and Ponorogo
(Table 4). Similarly, a significant difference
with respect to stomata length was observed,
in which the sample from Jetis Beach showed
the shortest stomata in comparison to those of

the other four (Table 5). On the other hand,
no significant difference regarding stomata
indices was found, although cogongrass sam-
ple from Ponorogo tended to have the densest
stomata (Table 6). This means that both sto-
matas number and length were corresponding
to the high level of genetic diversity in terms
of h value, while it was not the case with the
stomata index.

Table 4. Stomata number of Cogongrass in Java Island

Sample Orgin Stomata Number
Purwokerto 8.00+0.12b

Jetis Beach 433+0.57a
Purworejo 7.00 +0.33 ab
Yogyakarta 11.97+0.15b
Ponorogo 10.33+0.24b

Note: Numbers followed by the same letter are not

significantly different at LSD of 0.05

Table 5. Stomata length of Cogongrass in Java Island

Sample Orgin Stomata Length (num)
Purwokerto 28.12+0.43Db

Jetis Beach 2339+0.85a
Purworejo 24.62 +1.22 ab
Yogyakarta 24.65 +0.78 ab
Ponorogo 25.16 +1.03 ab

Note: Numbers followed by the same letter are not

significantly different at LSD of 0.05
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Table 6. Stomata indices of cogongrass in Java Island

Sample Orgin

Stomata Index

Purwokerto
Jetis Beach
Purworejo

Yogyakarta

Ponorogo

0.31+0.04b
0.32+0.03b
0.32+0.04b
032+0.01b
0.34+0.01b

Note: Numbers followed by the same letter are not
significantly different at LSD of 0.05

The very close genetic relationship
among the five samples of cogongrass in Java
Island indicated the presence of an adjacent
common ancestor. In other words, no di-
verse evolutionary origin occurred as shown
by the low value of nucleotide diversity (m =
0.00169). In contrast, the diverse evolution-
ary origin was observed in weedy rice (Oryza
sativa f. spontanea Rosh.), which competed
with cultivated rice causing serious problems
in terms of productivity. Four to five genet-
ically distinct weedy rice biotypes were re-
ported in California having ancestry derived
from indica, aus, and japonica cultivated rice
and might also be from wild rice. The rapid
spread of weedy rice biotypes has shown the
necessity for control management of existing
populations and the efforts to prevent the fur-
ther introduction into the state (De Leon et
al., 2019). The complicated lineage of weedy
rice has confused the nomenclature so that
the most appropriate name should actually
be Oryza spp. unless the lineage was clearly
known (Roma-Burgos et al., 2021).

Relatively low nucleotide diversity val-
ues were also obtained among cogongrass pop-
ulations in Java Island when measured using
another two molecular markers, i.e. atpB-rbcL
IGS (1 =0.0201) and trnL(UAA)-trnF(GAA)
IGS (m = 0.2277). This was related to the ab-

Dwiati et al.

sence of diverse evolutionary origins, which
might be due to the invasiveness of the spe-
cies (Susanto & Dwiati, 2022). Invasive spe-
cies are commonly subjected to a reduction in
genetic diversity because of founder effects
limiting their adaptability to new habitats.
However, recurrent introductions, particularly
in clonally reproducing invasive species, may
increase genetic diversity. This was the case
with Japanese knotweed (Reynoutria japoni-
ca, Polygonaceae), showing considerable ge-
netic diversity without genetic structure due
to local adaption (VanWallendael et al., 2021).
Correspondingly, high genetic diversity was
found within populations of Sida rhombifolia
(Malvaceae) in several Indonesian ethnicities
attributable to extensive genetic flow. Never-
theless, homogenous genetic characteristics
among populations were observed suggest-
ing the absence of local adaptation (Solihah
et al., 2021). Regarding control management
of invasive species, more developed coun-
tries had a tendency to apply more chemical
approaches, while less developed countries
were inclined to use non-chemical methods
(Weidlich et al., 2020).

In contrast to the case with weed spe-
cies, the level of genetic relationships and ge-
netic differences that were created artificially
could provide a better strategy for broadening
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genetic diversity in crop species. For exam-
ple, in Brassica juncea (Brassicaceae) several
synthetic species were generated from its an-
cestor, B. nigra, by means of allopolyploidy.
Some of the synthetic species showed low ge-
netic differences from the natural B. juncea,
while some others exhibited a distant genetic
relationship to the normal B. juncea and re-
vealed wide genetic diversity of the species.
Hence, the latter offered a greater possibility
of successful genetic improvement of B. jun-
cea (Liu et al., 2021).

Phenotypical traits regarding the num-
ber and length of stomata were found corre-
sponding to the molecular analysis, partic-
ularly with respect to haplotype diversity.
However, it was not the case with the stomata
index. As a comparison, no significant cor-
relation between morphological and molecu-
lar marker systems of analysis was obtained
in Asparagus officinalis (Asparagaceae). No
consistency was found in clustering based on
the two types of markers (Chen et al., 2020).
Similarly, morphological and molecular
markers among 64 Cucurbita pepo (Cucur-
bitaceae) were found as non-interchangeable
approaches although they could be comple-
mentary to result in the comprehensiveness
of data analysis (Yunli et al., 2020). Such
comprehensive and accurate analysis was ob-
tained when RAPD markers were used in a
combination with some micromorphological
markers to demonstrate the genetic relation-
ship among several taxa of Asteraceae (Ab-
del-Hamid, 2020).

CONCLUSION

Our study concludes that cogongrass in
Java Island shows a very high genetic vari-
ation pertaining to haplotype diversity when
assessed using #rnT(UGU)-trnL(UAA) IGS.
This is appropriate with anatomical data on

Jurnal Biodjati 8(1):29—43, May 2023

stomata’s number and length but not with
stomata’s index. On the other hand, the con-
siderably low value of nucleotide diversity
indicates the absence of diverse evolution-
ary origin. To obtain a more comprehensive
genetic profile of cogongrass in Java Island,
more molecular markers should be involved.
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