CURRICULUM VITAE

Full Legal Name . Elga Renjana

Nationality . Indonesia

Age : 33 years old

Email . elgarenjana@gmail.com

Mobile Number © +62 857 3040 7678

Job Position . Researcher

Organization . Research Center for Plant Conservation, Botanic Gardens and

Forestry xNational Research and Innovation Agency

Short Background

| earned my M.Sc. degree from Biology Department, Airlangga University in 2017. My research interests
are conservation of plants (Pteridophyte in particular) and seeds. | am also interested in modelling for plant
conservation and predicting the potential of medicinal plants using docking analysis. To complete my task
as plant conservation scientist, | also actively explore Indonesian forest. In addition of research activities, |
am also active as an editor of Jurnal Penelitian Kehutanan Wallacea and the member of the Indonesian
Researcher Union (PPI).

Relevant Skills and Experience

| have experience in conducting plant exploration and ecological research in the forest areas of Alas
Purwo National Park (East Java), Bromo Tengger Semeru National Park (East Java), and North Barito
Forest (Central Kalimantan). | have basic skills in identifying plants (Pteridophyte in particular), making
herbarium specimens, and collecting plants for ex-situ conservation. | also have basic skills in modelling
programs to make predicted map for supporting plant conservation status.

Scientific Publications

Assessing potential habitat suitability of parasitic plant: A case study of Rafflesia arnoldii and its host
plants. (2022). Global Ecology and Conservation 34, e02063.

Morphological Characterization and Seed Germination Study of Wild Banana Musa acuminata var. flava
(Ridl.) Nasution. (2022). Journal of Tropical Biodiversity and Biotechnology 7 (1), 66645.

In Silico Study of the Active Compounds of Lindera aggregata (Sims) Kosterm as Anti-coronavirus.
(2021). Current Nutrition & Food Science 17 (4), 408-416.
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ABSTRACT

Wild bananas provide important genetic materials for further banana improve-
ment, therefore they need to be conserved and studied. This study aimed to de-
scribe morphological characteristics of plant and seed and also to study the seed
germination of wild banaiva acuminatar.flavgRidl.) Nasution. The morpho-

logical characteristics were observed descriptively by referring to the descriptor fol
banana. The internal and external morphology of the seeds were observed using :
digital microscope. The germination testing was carried out by a completely ran-
domized design, using fresh seeds extracted from a bunch of fruits with two ripe-
ness levelse fully-ripe (yellow peel) and under-ripe (green-yellow peel). The data
resulted was then analyzed using an independent t-test. The results sidwed that
acuminatar.favaLV FKDUDFWHUL]JHG DV D SHUHQQLDO K
male bud like a top with prominent green-yellow bracts; fruit curved and tasted
mild-sweet when ripe. The seed is angular with wrinkled surface, and dark brown-
black color when ripe. The longitudinal section showed parts of the seeds compris
ing the seed coat, outer and inner integument, embryo, endosperm, chalazal mas:
micropyle cap and channel. The seeds are classified as orthodox, with hypogeal
type and gradual germination pattern. The seeds extracted from fully-ripe fruit ger:
minated faster with higher germination percentage and growth variables (root
number and plant height). Thus, it is suggested to use physiologically mature seec
(seeds from fully-ripe fruits) which should be separated from the seeds of under-
ripe fruits to lower the heterogeneity.

Copyright: © 2022, J. Tropical Biodiversity Biotechnology (CC BY-SA 4.0)

INTRODUCTION

Banana is an important cash crop worldwide; ranked next to rice, wheat, ar
maize. The monocotyledon Musaceae family includes three.g&mseate
Muselland Musain which most edible bananas belong to the déusa
(Perrier et al. 20R9t consists of approximat&@wild species and 500 cul-
tivars Hakkinen & Vare 200&almayor et al. 2004n particular, in Indo-
nesia, being part of the center of banana diversity; not less than 12 wild sf
cies and 325 cultivars have been fodadution & Yamada 200Howev-

er, the evolution of wild seeded to seedless edible bananas is a complex p
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cesses involving multiple stages and separated by time (over centuries and
millennials and placeB)e(rier et al. 20pRanghe et al. 200dapsari et al.
2019.

Most of the current banana cultivars were putatively the results of hy
bridization between two major wild banana specMasa acumingtage-
nome) andM. balbisian(® genome); and few wereMf schizocar( ge-
nome) andM. textiligT genome)Rerrier et al. 200Banghe et al. 2009 he
diversity of banana crop wild relatives (especially the putative progenitors)
important to ensure the future of modern bananas. Conservation anc
collection of crop wild relatives through see@ suitable strategy to
conserve germplasm in gene bank because they are the reservoir of traits
genes required to face the emerging abiotic and biotic sBasges®i( al.
202). Nonetheless, they have been under considerable threats due to habif
destruction, fragmentation and conversion of tropical forests, and other an
thropogenic disturbances. Therefore, it is important to prioritize the collec-
tion, effective conservation, improving the availability, and providing relatec
studies of wild bananas for use in further banana improvetesitpt
Harrison 201 1Ford-Lloyd et al. 201Hapsari et al. 20R0

Two major wild speci@d. acuminataostly grow in tropical rainfor-
ests in Southeast Asia, wiMlebalbisiaria native to monsoon climates in
Southeast Asia and South ABiadtz et al. 2007In Indonesia, wild bana-
nas can be found in Java, Borneo, Mollucas, Papua, Sulawesi and Sum:
(Sulistyaningsih et al. 2)14s arexsituconservation institution, Purwodadi
Botanic Garden (PBG) which is located in Pasuruan (East Java) has be
conserving various species of bananas, mostly from Eastern Inébnesia.
least 103 accessions and 197 speciooasssting of eight wild species and
95 cultivars, have been successfully colléttedaii 2004 Furthermore,
recent publication reported that PBG has collected wild bananas comprise
of three accessions Bhsete glauctimee accessions M. balbisiarand
seven accessionshdf acuminatariety Idapsari et al. 20R0

The wild specidgl. acuminats considered to be the most important
genetic material contributor for cultivated banamasif et al. 2030How-
ever, this species is thought to be a species complex; possible continuous v
iation and phenotypic plasticity due to envirorahembdifications andla
aptations have made this species as a taxonomically difficult group. Abol
fifteen varieties dfl. acuminakeve been stated byasution {991)in the
Memoirs of Tokyo University of Agriculture XXXII. The descriptions and
key identification dfl. acuminatarieties have been provided. However, the
distinguishing characters among varieties remained confusing due to hig
variations, especially in the wild populations of Indonesia.

Wild banan®l. acuminatar.flavas one of variety d¥l. acuminata
status novus (STAT. NOV) or got a new rank givexalsytion (1991)t
was firstly described by Ridlepasa flavRidl. (Trans. Linn. Soc. 2,3: 385-
386, 1888-1894 et Ridl., F. Mal. Pen. 4: 294; Anon. Kew. Bull. 92: 249, 18¢
2 Type: Ridley s.n., Pulau Tijam, on Pahang River, Pahang (SING n.v.). A
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cording toNasution (1991it was generally characterized by a small to medi-
um clump, tall and slender pseudostems, purplish brown blotching withou
wax. Leaf blade lanceolate, long petiole, purplish brown blotching, with ere
margins. Inflorescence horizontal then pendulous, peduncle thinly pubes
cent, 10-12 hands per bunch, 12-21 fruits per hand. Male bud ovoid, greeni:
yellow or yellow in color. Fruits medium, pericarp thin, pulp yellowish. Seed
many, irregularly angular, not smooth, and black when ripe.

Related studies of wild bananas for use in further improvement of ba
nanas are essential due to the recent global threat to cultivated bananas. C
loid wild banana produces fertile and viable seeds which are preferable
genetic material for breeding purposes because they provides more variabil
and any possible desired traits. Banana seeds may vary in size, shape and
or, and also germination rate, depending on the species and varieti
(Vineesh et al. 201155eed gene banks for bananas are applicable for seec
producing diploid wild/usaspecies, not for cultivar banar&ssituseed
conservation of diploid wild banana, especially collected from wild
population, brings impact on the seed collection qu&liipen(et al. 2011
Kallow et al. 2030Furthermore ex-situ seeds conservation of wild bananas
is constrained by critical knowledge gaps in their germination ecology, beha
ior, and also storage which need to be addréssenh(et al. 202&allow
et al. 2021

The seed studies of some varieties ofMildcuminakeve been re-
ported but still limited. One of wild bananas that has been studied its propa
gation method iMusa acuminata.sumatrar{Roostika et al. 20lHence
this study aimed to describe the plant and seed morphological characterist
of wild banandl. acuminatar.flavecultivated at PBG, and also to study the
seed germination from two different fruit ripeness levels to evaluate the see
physiological maturity. A complete morphological observatMnamumina-
tavar.flavas important for better identification of this variety. The study of
banana germination by seeds is still limited because vegetative propagatiol
more common in banana. Information on efficiency of seed germination is
required for plant propagation and breeding programs. In addition, no previ
ous study of seed germination particularij.cecuminavar.flavas report-
ed.

MATERIALS AND METHODS

Materials

Plant material used in this study is the wild banana species living collection
Purwodadi Botanic Gardea.Musa acuminasa flavdocated at the nursery
(previously located at plot XXIV.E.40-a). It was originated from wild popula-
tions in Krawak Protected Forest of Tuban, East Uasta(ini et al. 20)1L2
Morphological observation was conducted directly to the living collection in
September 2020. A mature bunch of fruits was harvested from a single plat
The fruits were then divided in two categaedsilly-ripe ones with yellow

peel and under-ripe ones with green-yellow peel (Figure 1). Later, the see
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from both categories were extracted for further testing (September to No
vember 2020).

Figure 1 Fruit maturity categories: A. fully-ripe (yellow peel), B. under-ripe (green-
yellow peel).

Methods

Morphological characterization

Plant morphological characterization was performed by referring to the bans
na descriptorlPGRI-INIBAP/CIRAD 199§. All parts of the plant were
documented using a digital camera, while the documentation of the see:
was carried out using a digital microscope (Dino-Lite AM3113T). Externa
morphological characterization of seeds was conducted on quantitativ
characters (length, width, thickness and weight) and qualitative characte
(shape, color and texture) while internal morphological characterization wz
conducted on seed coat, endosperm and other internal sedtbpartse{

al. 202}

Seed moisture content and germination testing

1. Seed extraction. Seeds were hand-extracted from the ripe fruits in th
laboratory, and the seeds were washed thoroughly using tap water al
sieves, until all flesh was removed. Meanwhile the under-ripe fruits wer
left in the laboratory at room temperature to ripen until they began to
yellow and soften and then seeds were extracted following the steps d
scribed aboveKéllow et al. 2091 After extraction prior to air-drying
the seeds were soaked in water for a while in which the floating seec
were discarded and only the submerged seeds were used for furth
testing.

2. Measurement of seed moisture content. It was started by weighing th
fresh weight of 25 seeds using an analytical scale (Mettler, fredado)
they were dried using a drying oven laboratory (Finco Inc Ovin 30) at
100°C for 18 hours and their dry weight was determined. Measuremen
were carried out in three replications for each ripeness level. Seed mo
ture content was calculated using the following formula:

Fresh Weight — Dry Weight
Seed moisture content = - x 100%
Fresh Weight
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Furthermore, seed storage behavior was claasifeddrred to Kallow

et al. 2020 Seeds with moisture content of less than 22% are predictec
to have orthodox storage behavior; seeds with higher moisture conten
(>40%) are predicted to be recalcitrant; while seeds in-between thos
limits (22% - 40%) are predicted to be intermediate.

3. Sowing the seeds. The seeds were sterilized before sowing by immersi
them in a 10% chlorox solution (active substance NaOCI 5.25%) for 1C
minutes. The experiment used a completely randomized design (CRL
with two treatments (two seed categoargeesxtracted from fully-ripe
fruits and under-ripe fruits) and three replications for each treatment.
The seeds were sown on plastic seed tray with moist straw paper med
After being sown, the seed trays were then covered with black plastic t
keep them moist (regular watering was carried out when the media star
ed to dry). Maintaining the air circulation was conducted by opening the
plastic cover during observation in order to prevent the seeds from rot-
ting.

4. Observation of germination. The seed germination variables, the numbe
of seeds germinated, pattern and type of germination, were observe
every day. Whereas to observe the growth varialgkst height and
number of roots; seven seedlings were taken randomly at 60 days aft
sowing (DAS). The percentage of seed germination was determined u
ing the following formule&S(topo 201,0Muschick et al. 20lDarma-
yanti et al. 20)7

Number of seeds germinated
Germination percentage = x 10084
Number of seeds sown

Data Analysis

The morphological characterization was described qualitatively, while th
seed moisture content, seed germination, and growth variables data were a
lyzed quantitatively. Quantitative data were compiled and analyzed using N
crosoft Excel 2016 to figure out the data characteristics and distribution. Lal
er, the data normality was tested using Shapiro-Wilk ensued by the homoc
neity test using Lavene. Independent t-test was conducted using SPSS 16.(
determine the statistical significant difference between the means of the tw
fruit ripeness levels on the seed moisture content, seed germination ar
growth variables.

RESULTS AND DISCUSSION

Plant morphological characteristics oiV.. acuminatavar. flava

The detailed morphological characterization of both the plant and the seec
of M. acuminavar.flavarom this study "are presented below (Figure 2, 3 &
4). The plant habitus M. acuminatar.flavas perennial herbaceous plant,
leaf habit intermediate, small to medium clump, number of suckers 2-5, clo:
to parent (vertical growthPseudostemKHLJIJKW e P VOHQGH
circumference, light green, shiny (not waxy), predominant underlying watel

-
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green with purple pigmentation, milky sap, very little or no visible sign of
wax on leaf sheathBetiole black-purple blotches, large blotches at petiole
base, length 53-70 cm, width 2.5-3 cm, green, the third petiole canal leaf wi
ZLWK HUHFW PDUJLQV QRW FODVSLQWUeaf PDU
blade length 185-205 cm, width 45-50 cm, upper surface green and shiny
lower surface medium green and dull, moderately waxy, the symmetr
insertion point of blades on the petiole, very corrugated, green midrib dors:
surface, light green midrib ventral surface, green cigar leaf dorsal surfac
leaves of water suckers without blotcReguncle OHQ JIJWK ” FP Z
6 cm, green, slightly haiBunch position horizontal, spiral to asymmetric
shape, compact appearan®achis type present, horizontal position with
some neutral flowers (one to few hands only, the stalk is barelt@ow.
bud present, like a top, diameter 6-7 cm, length 8-%rent,base shape
large shoulder, length 15.7 cm, width 7.5 cm, pointed old bracts overlap :
the apex of bud, green-yellow external face, green-yellow internal face, co
homogenous green-yellow, without discolored lines, lanceolate shape, liftir
two or more at a time, revolute behaviour before falling, very few waxes
moderate grooving; bract scars on rachis very prominent. Female flowers n
observedMale flowers small, 17-18 flowers per hawdmpound tepal
cream, rust colored spots, yellow |dtee fepaltinted with yellow, oblong,
corrugated (several folding under apex), apex threamhlkers exserted,
cream to yellow, 2.1 cifament cream, 1 crmpollen brown/rusty brown;
stylecream, without pigmentation, same level exserted, stiajginzpale
orange;ovary cream, very little or no visible sign of pigmentation, male
flower cream, two arrangement of ovutesit biseriate, 10-12 hands per
EXQFK SRVLWLRQ FXUYHG XSzZDUG15¢em, 18-XLW
2.0 cm in diameter, curved (sharp curve) shape, rounded transverse secti
bottle necked apex, without any floral relicts at gpece/length 11-15
mm, width 5 to 10 mm, hairless surface, deciduous at maturity (fruits fal
from hand);pee/light green when immature, yellow when mature, two or
less thickness, cracked at matysityp cream before maturity, soft flesh
texture, mild to sweet tasgeedsnumerous 20-170 seeds per fruit, wrinkled
surface, angular (more or less pyramidal), dark brown to black when ripe.
The habitat ofM. acuminatarflavas at open places, along the rivers
or roads, 300-600 m above sea I@@tution 1991 with distribution re-
ported in Central Borneo and the Malay Peninsula. Even though the spec
men examined in this study was originated from Krawak Protected Forest c
Tuban (East Java) which considered far from its original type species, but tt
morphological characterization results matched very well to the descriptio
of M. acuminataar.flava particularly for the green-yellow male bud color.
There were some morphological variations observed, however it may poss
bly due to continuous variation and phenotypic plasticity of environmental
modifications. It is locally named by East Javanesepasatitgjantung kuning
(yellow bud banana), and they utilize its leaves for food wrapping. All plar
parts are also used as fodder for wild animals and-tattéer{ 2014

-0
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Figure 2 Plant morphological characteristicdvbfacuminatar. flava a. plant
general appearance, b. petiole base arrangement, c. pseudostem blotches, d. cl
section of petiole canal, e. leaf adaxial surface, f. leaf abaxial surface,
inflorescence, h. male budmnale flowers, j. ovary and compound tepal, k. com-
pound tepal, I. free tepal, m. ovary, style and filament, n. male bract, o. filament a
anther, p. style and stigma, g. a bunch of fruatsand of fruits, s. mature fruits, t.
longitudinal section of fruit

Morphological characteristic studieslodcuminatar.flavaare useful
for determining morphological variations of wild bananas in Indonesia, alt
hough other studies have shown that vaNouscuminakeve been identi-
fied but currently do not have economic value for the comntuagtiu( et
al. 2011 Neglected wild bananas will be a threat to the existence and redut
tion of banana gene variation in nature. Conservation is a strategy to savi
wild bananas before they become extinct. Wild bananas are very valuable
future breeding programs. One of the important activities in plant breeding i
selecting phenotypes that have the desired morphological characters. Phel

-6
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I—

type diversity can be influenced by environmental factors while morphologi
cal characters are expressions of genetic and environmental factors. The
versity ofM. acuminateom Indonesia confirms that this species are genet-
ically diversePperba et al. 20119

Musa acuminata. flavais a diploid banana. Based on the results of
morphological characterization, the fruitdoacuminatear.flavaare quite
good in quality with 10-12 hands per bunch, curved position upwards, 1
fruits per hand, 13-15 cm in length and 1.5-2.0 cm in diameter. The stratec
of crossing diploid banana with good agronomic qualities with a triploid ba:
nana that has disease-resistant will produce a diploid hybrid with agronom
advantages, such as resistance to pests and dizedses (et al. 2005
Conventional sexual hybridization is often applied in most cultivated banan:
Banana breeding efforts are focused on increasing selected wild diploid, se
-partenocarpic and parthenocarpic male pa&pe(et al. 20)L1

Seed morphological characteristics V. acuminatavar. flava

The seeds d¥l. acuminatar.flavaveigh was around 0.038 + 0.001 g (mean

+ standard deviation). The external morphological of the seeds comprise
the seed coat (testa) and micropyle. They were angular in shape, dark bro
to black in color, with size 2.19 £ 0.15 mm in diameter and 3.88 + 0.10 mn
in thickness (Figure 3@he seed size is a plastic characteristic that can be
altered within populations, individual plants, inflorescences and even in fruit
due to environmental conditions in ripening, genetic factors, pollination rate
availability of nutrients, water, light and position of the fruit on the plant
(Kaiser et al. 20)L.6-urthermore the seed had thick and hard coat with thick-
ness of 0.46 £ 0.43 mm. The micropyle is located a the center of the see
with size of 0.78 + 0.03 mm (Figure 3b). The thick hard seed coat in wilc
bananas prevents the oxygen and water that are essential for germinati
from entering the seeds which subsequently leads to limiting factors c
germination. However, it is still considered as water permeable, thus th
process of water imbibition may océtallpw et al. 2091

Figure 3. External seed morphologyhdfacuminatar.flaval. seeds, 2a. seed coat, 2b. micropyle.
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The longitudinal section of the seed showed the seed coat, outer an
inner integument, embryo, endosperm, chalazal mass, micropyle cap a
channel (Figure 4)etail observation showed that the seed has two layers of
integument (the outer multiple layers and the thin inner layer) which protec
the seed during maturation, dispersal and dormanecy €t al. 20).9
Furthermore, the seedsitavo chambers within the double-layered of the
integument. The first chamber, which was larger, contained the embryo ar
endosperm. The embryo was small and undifferentiated, measuring 0.31
0.32 mm, and the embryonic axis extended to the micropyle collar. The en
bryo was surrounded by white flour-like (endosperm) served as food reserv
for the embryo, with a size approximately of 1.04 x 0.35 mm. At the top of
the embryo, there was the micropyle. The micropyle is where the shoot aj
pears when seed germinated. The micropylar part of the seed coat develc
into an operculum (a lid-like structure). During germination this lid is later
displaced by the elongating radical-hypocotylVaxeegh et al. 2019n
the second chamber, there was a brown chalazal mass measuring 2.65 X :
mm, located at the basal part of the inner seed (Figure 4). The morpholog
and seed mass ®f. acuminataar. flavaobserved in this studyre in
accordance to previous reports on other varieties and subspbtiasusf
minatgPuteh et al. 201Vineesh et al. 2G1Kallow et al. 2030and also
other wildMusaspecies5urgos-Hernandez et al. 2(Bdhra et al. 2020

Figure 4 Longitudinal section d¥l. acuminater.flavaseed. a. chalazal mass, b.
seed coat, c. endosperm, d. inner integument, e. outer integument, f. micropyle c:
g. micropyle channel, h. embryo.

Viability and quality of seeds can be determined by observing thei
morphological characters. Full mature of seeds are characterized by a dar
color of the coat which indicated good seed development. The character of
healthy embryo is characterized by a compact mass in the seed (Figure 4

-0
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The morphological character of the embryo can be used as a measure of se
viability. Immature seeds show increased air space in the endosperm on d
ing since there are greater loss of structure during drying in embryos fror
less mature seed&(low et al 2090 Full mature of seeds are estimated to
have good seed viability (Figure 4). Some of their characteristics incluc
compact embryo, white endosperm, darker seed coat and intact chalaz
mass. Good quality seeds are characterized by successful germination
proximately two weeks after being sown. Seeds with full maturity are chara
terized by a more powdery endosperm and are harvested from larger frui
with a softer flesh texture.

Seed germination ofM. acuminatavar. flava

Fresh and dry weight of seeds from fully-ripe fruit was significantly lowel
than those from under-ripe fruit. However, the seed moisture content of
both categories were not significantly different, but seeds from fully-ripe frui
were slightly higher (Table 1). The seeds moisture conintaofiminata
var.flavadrom this study were less than 22%, thus predicted to have ortho-
dox storage behaviour. Wild banana seeds are generally known to be ortr
dox or long-term storage under very low moisture and sub-zero temperatur:
However, several studies have shown that some banana species have in
mediate seeds, suchVassa indandamanemséee the seed viability decreas-
es over time, especially after three months of st@agea (et al. 2020
MeanwhileKallow et al. (202Ggeported thatM. balbisiana considered as
orthodox and indicated th&t. acuminatubsp. storage behavior was be-
tween orthodox and intermediate. To confirm the storage behawor of
acuminavar.flaveseeds, further studies are required.

Furthermore the seed germination study showed that seeds from fully
ripe fruit germinated faster with a higher germination percentage than see:
from under-ripe fruits (Table 1; Figure 5 & 6). Banana seeds are genera
known to germinate after 2Q-DAS, either with special treatment or not
(Burgos-Hernandez et al. 20From this study, seeds from fully-ripedruit
initially germinated on thet1BAS, while seeds from under-ripe fruit germi-
nated three days later on 118 DAS. More than 50% of seeds from fully-
ripe fruits germinated (61.33% + 2.32%), meanwhile the germination per
centage of the seeds from under-ripe fruits were lower (37.33% + 1.01%
Germination began with the appearance of white shoots through the micro
pyle followed by the growth of radicles which then developed into fibrous
roots. The roots and shoots showed their optimum growth GGTMRAS.
Seedlings from fully-ripe fruits also had significantly higher root numbers an
plant height than seedlings from under-ripe fruits (Table 1). The first leaf o
seedlings from the fully-ripe fruit appeared on td&AS, with the num-
ber of roots of 8.76 + 0.36 on the"dDAS.

Heterogeneity of seed maturity between and within bunches is consic
ered as important factors for germination pote#iddo(v et al. 2031The
level of fruit ripeness is related to physiological quality oflseisds €t al.

i\|
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Table 1 Comparison of seed germination resuMofcuminatar. flavdrom fully-ripe fruits and under-ripe fruits at
50h DAS.

f fully-ri f -ri
Observed characters Seeds from fully-ripe Seeds from under-ripe

fruits fruits
Fresh weight of seeds (25 seeds) (g) 0.94 £ 0.02 1.11+£0.38
Seed variable  Dry weight of seeds (25 seeds) (g) 0.82 + 0.4& 0.97 +0.32
Moisture content of seeds (%) 14.61+£1.99 13.69+0.06

inati 0 + +
Germination & (I\Blern;lnan;)n pfrcentage (%) 681;3: _02;62 367.6323 _01.2(;1

: umber of roots .76 £ 0. .62+ 0.
th I .

growth variable o -t height (cm) 6.65 + 1.0 3.74 +0.72

Note: The same letter in the same line shows no significant difference with independent t-test.

2016 Villa et al. 20909 The results of this study showed that with the ad-
vance of the ripening process, seeds extracted from fully-ripe fruits (yello
peel) generated seedlings with higher percentage and faster germination, ¢
more vigorous in growth variables. The seeds from yellow fruits are consic
ered to be fully developed (physiologically mature) compared to the seet
from green-yellow fruits (under-ripe). When the seeds were not completel
mature, they could germinate, but did not result in seedlings as vigorous
those harvested at the appropriate ripening time. It was also observed fro
the lower amount of reserves deposited (endosperms) which may cause
limiting factor for the development of seedliysend et al. 201¥illa

et al. 2010 The level of fruit maturity was also reported to affedrseed
germination percentagehdf ornatéDayarani et al. 20114

The seed germination typehdf acuminatear. flavawas observed as
hypogeal. In this type of germination, the cotyledons remain below the gel
mination media due to rapid elongation of epicotyl (part of the stem above
the cotyledon), while the hypocotyl (part of the stem below the cotyledon
remains the same in length. Then, the epicotyl pushes the plumule above t
germination media, and followed by the formation of leaves. Most of mono-
cots species considered to have hypogeal germinationliigpe?(Q07, in-
cluding wild banana in this study. In addition, the seeds germinated gradua
over time if not simultaneoudlywas started to germinate on the D&AS
and continued until the ®DAS in almost all replications (Figure 5 & 6).

In the wild, banana seeds buried in the soil might survive for years an
germinate due to disturbances, especially after logging in theCforest (
1996. The germination may be stimulated by micro-climate changes in rele
tion to disturbance, such as sunlight (due to the opening of forest canopy
moisture regimes, temperature, as well as changes in the ecological commt
ty such as predators and disperseriéo(v et al. 2090The germination rate
is also affected by genetic factors, pollination rate, population size, pollin:
tors availability and environmental conditions during fruit ripét@isgi( et
al. 2016Fidalgo et al. 2019
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Figure 5. The germination dfl. acuminatar. flaveseeds extracted from fully-ripe fruits, & DAS, b. 3% DAS, c.
43d DAS, d. 50 DAS (DAS=Days After Sowing).

Figure 6. The germination d¥l. acuminatar. flavaseeds extracted from under-ripe fruits.naD2eS, b. 3% DAS, c.
43d DAS, d. 50 DAS (DAS=Days After Sowing).

Implications for further seed conservation efforts and studies of wild
bananas

A complete plant morphological characterization is necessary specifically «
core collection to confirm the species identity. Because the morphologics:
characteristics of wild bananas are very varied, especially at the infraspec
level, subspecies Bf. acuminata also difficult to identify. Therefore the
collectors must prioritize to conduct the detail morphological characteriza
tion on site preferably using full descriptor for bandR&sR(-INIBAP

1996 or minimum descriptor (at least). Considering the time limit during the
collecting mission or fieldwork, it is also important to take plenty of photo-
graphic documentation of various plant parts, populations and surrounding
habitats for further identification and supporting information. Molecular
analysis is also required for more advanced study to confirm genetic fideli
by taking leaf samples of each distinctive specimen or poptlatisari et

al. 202} In addition, since wild bananas can be both propagated generative
and vegetatively, collectors should collect both seeds and suckers to comp
ment each other f@xsituconservation effort.

In seed conservation efforts, physical variables are generally adopted
harvest forest seeds, such as change in fruits and seeds color, size, odor, p
ence of predators, dispersers and dehiscence of fruit as indicators of ripenil
(Kaiser et al. 20L.6Generally in wild bananas, seeds from fruits of basal

s A
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hands are produced and matured first, so that when harvested they are
ready in a more advanced state compared to the distal hands. The bane
fruits from basal hands are faster in changing peel color to yellow and crac
ing, also the pulp may be softened and rotting with some aromatic odo
(Hapsari 20%4Kallow et al. 2090 However, obtaining perfectly mature
bunch of fruits during collecting missions is very challenging. Whereas, co
lecting mature fruits from field germplasm collections is more manageable |
term of harvest time. Thus, if possible, initial survey should be conducted t
manage the readiness of the population for seed collection. For seed colle
tion management, it is suggested to apply different accession numbers
each bunch from different individual plants. Furthermore, to lower the heter-
ogeneity in further studies (as highlighted from this study), the seeds fror
fully-ripe fruits (yellow peel) are suggested to be separated from under-rif
fruits (green, green-yellow peel) within a bunch, or fruits from basal hand
are separated from distal hands (at least). It is not recommended to bulk
mix up the seeds within a bunch of wild banana fruits.

CONCLUSION

The most prominent plant morphological characteristics of wild banana
M. acuminata var. feEreathe green-yellow male bud and bracts. The seeds ar
20170 seeds per fruit, wrinkled surface and dark brown-black when ripe
The seed had a thick and hard coat with a small embryo; and was classifiec
having orthodox storage behavior. Fresh seeds were germinated in tw
weeks after sowing, with hypogeal type and gradual germination pattern. T
level of fruit ripeness was significantly affected the seed germination percer
age, and growth variablesplant height and number of roots. The seeds
from fully-ripe fruit were considered more mature physiologically than the
seeds from under-ripe fruits. When the seeds were not completely matur
they could germinate, but did not result in seedlings as vigorous as those h
vested at the appropriate ripening time. For further conservation, storage
propagation, and related studies on seeds of wild bananas; it is suggestec
clearly define and separate the seeds from the fully-ripe fruits out of the ur
der-ripe fruits to lower the heterogeneity. Further studies on germination o
periodically storage seeds of this species are required to confirm the behav
character of the storage. Germination studies by embryo culture method ai
also suggested in order to overcome the medium-low germination percenta
of this species by conventional seed germination method.
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Abstract: Background CoVID-19, caused by a new type of coronavirus named SARS-CoV-2,

has become a pandemic. Together with SARS-CoV and MERS-CoV, CoVID-19 is a large global
outbreak of coronavirus infection; however, its rate of spread is much higher. Since the vaccines
and anti-SARS-CoV-2 have not been found, a faster control mechanism is much needed. Tradition-
al herbs have shown the potential for this purpose, as has been demonstrated by the Chinese Gov-
ernment with a high success rate. One of the herbs usedined®sa aggregatawhich is part of

the collection in Purwodadi Botanic Gardens.

Objectives Throughin silico study, this research aims to reveal the secondary metabolites con-
ARTICLE HISTORY tained inL. aggregatathat have the potential to serve as anti-SARS-CoV-2 medication as well as
showcase their inhibitory mechanisms.

Received: May 07, 2020

Revised: July 07, 2020 . . .
Accepted: July 14, 2020 Methods The research was conducted through molecular docking analysis of terpenoids and alka-

loids contained in the root &f aggregatawith target proteins 3CLpro, PLpro, Spike, and ACE 2

por: playing a role in SARS-CoV-2 infection.

10.2174/1573401316999200901181217

® CrossMark Result All analyzed compounds tended to interact with all four target proteins with different bind-
ing affinity values, but the interaction seemed stronger with 3CLpro and Spike. Terpenoids, linder-
ane and linderalactone had the strongest interaction tendency with 3CLpro, PLpro, and Spike; the
compound norboldine, an alkaloid, had the strongest interaction with ACE 2, with a binding affini-
ty value of -8.2 kcal/mol.

Conclusion Terpenoids and alkaloids contained in the rodt.aiggregatawhich caused inhibi-
tion of adsorption and replication of SARS-CoV-2, could serve as anti-SARS-CoV-2.

Keywords: Active compound, anti-coronavirus, CoVID-18,silico, Lindera aggregatamolecular docking.

1. INTRODUCTION cause was a new type of coronavirus, named 2019 novel

Coronavirus 2019 (CoVID-19) has become a pandemiccoronawrus (2019-nCoVHl.
in more than 100 countries within a few weekk As of Coronavirus is an RNA virus belonging to Nidovirales
May 3, 2020, it caused 3,349,786 positive cases withfamily Coronaviridae and spreads in humans and other mam-
238,628 deaths in 212 countri&d.[In Indonesia, since the mals B]. Sequencing analysis shows that 2019-nCoV has a
first report in February 2020, there have been 11,587 posiunique coronavirus genome structure and is included in the
tive cases, and 864 deaths, leading to a mortality rate obetacoronavirus cluster with Bat-SARS-like (SL) -ZC45,
7.4% in just two months3]. Bat-SL ZXC21, Severe acute respiratory coronavirus

CoVID-19 was first reported in Wuhan, China, with the (SARS'COV) and Middle East respiratory syndrome coron-
main symptom being fever of more than 38°C followed by a(;nrui (MERS'COX.) 1. fBaﬁeld on thesg data and othher In-
breathing difficulties and other symptoms resembling pneu-_ epth support studies of phylogeny and taxonomy, the Coro-
monia @]. The sequencing analysis of samples obtainedr"”“"”d"’1e Study Group gave 2019-nCoV the name SARS-

from the lower respiratory tract of patients indicated that the CoV-2[g].
Although most coronavirus infections are self-limited
_ diseases and bear only mild symptoms, the epidemic of two
* Address correspondence to this author at the Research Center for P'amﬁetacoronaviruses SARS-CoV9][and MERS-CoV 10
and Botanic Garden Conservation, Indonesian Institute of Sciences, .]alarl ! ) ',
Ir. H. Juanda No. 13, Bogor 16122, Indonesia; Tel: (0251) 8311362 - 11], had caused more than 10,000 cumulative cases in the

8336871; E-mailelok.firdiana@gmail.com last two decades, with a mortality rate of 9.6% for SARS-

2212-388121 $65.00+.00 © 2021 Bentham Science Publishers
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CoV and 34.4% for MERS-CoVLP, 13]. Similar to SARS- activity of compounds contained in the roots of
CoV and MERS-CoV, CoVID-19 has been a large global L. aggregata and hence would strengthen the basis for
outbreak of coronavirus infection; however, its rate of usingL. aggregatan the handling of CoVID-19.

spread is faster than SARS-CoV and MERS-CoV: SARS-
CoV spread in 32 countries in a period of nine months and
MERS-CoV spread in 27 countries in a period of eight

ﬁ;\gtsﬁsvxé‘rx]le CoVID-19 spread in 27 countries in only two fort towardsex situconservation. Thus, this study aims to un-
' cover the types of compounds containedl.iaggregatahat

Thus far, the most effective effort to deal with viral infec- have the potential to serve as anti-coronavirus medication as
tions is the provision of specific vaccines and antiviral well as to learn about their inhibitory mechanism. This study
agents. However, to date, neither of these has been availabie expected to increase the value of one of the collections of
for the CoVID-19 outbreak. The development of this treat- Purwodadi Botanic Gardens, thereby improving its conserva-
ment requires months, even years, while CoVID-19 istion efforts.
spreading at a fast pace. Therefore, a rapid control mech-
anism is necessaryLj]. Traditional herbs are a potential 2. MATERIALS AND METHODS
source for achieving this goal. The successful use of traditio-  £siaplishment of. aggregataas a source species for po-
nal herbs in overcoming the SARS outbreak in 2002 has inyential anti-SARS-CoV-2 compounds was based on the re-
spired the Chinese government to implement the same polizearch of Liet al. [20]. Its existence in Purwodadi Botanic
cy in dealing with CoVID-19. This is supported by the ho- Gargens. collection was confirmed by the catalog of living
mology in SARS-CoV with SARS-CoV-2. Furthermore, ¢oiections. The subsequent stages are mentioned below:
Yang et al. [16] stated that this policy of handling

CoVID-19 was more than 90% effective. 2.1. Search for Chemical Compounds ofindera aggre-

Lindera aggregatdSims) Kosterm. is a traditional Chi- 9ata
nese herb species. It belongs to the family Lauraceae and is The chemical compounds contained lin aggregata
distributed over South China, Japan, and Southeast Asigvere searched through the webshtip://www.knapsack
[17]. Its dried roots have been used in China and Japan fofamily.com/ [35] and a literature study was conducted
hundreds of years to treat heart, kidney, cyst, and rheumati¢ghrough Google Scholar with the keywordsndera aggre-
diseases 1[8]. Phytochemical investigation showed that gataZ and snatural compoundZ. A web search was also con-
L. aggregatahas antitumor, anti-inflammatory, antiviral, an- ducted onhttps://pubchem.ncbi.nim.nih.go{@6] to obtain
timicrobial, and antidiabetic activitied9]. More specifical- the structure of the chemical compounds containéd ag-
ly, anin vitro study conducted by lat al.[20] proved that  gregata The 3D structure of each compound was download-
L. aggregatawas able to inhibit SARS-CoV propagated on ed and saved in a structure data file (SDF) format.
Vero E6 cells, but its inhibitory mechanism is not yet clearly
known. 2.2. Determination of Target Proteins

In Indonesia, although the use bf aggregataas a
medicinal plant has not yet been reported, it is among the
collection of Purwodadi Botanic Gardens, as a part of its ef-

The SARS-CoV-2 genome sequence has been published, The composition of each target protein used in this
and it demonstrates that SARS-CoV-2 has a high level ofstudy, namely 3CLpro (1Z21J_B), PLpro (4MM3_B), Spike
similarity with previously known SARS-CoV and MERS- (APF29063.1), and ACE 2 (BAB40370.1), was obtained
CoV [21, 22]. Thus, most of theroteins used for its adsorp- from https://www.ncbi.nlm.nih.gov/proteif87]. The FAS-
tion and replication are also similar to SARS-CoV and MER- TA format of each targgdrotein was downloaded and saved
S-CoV. The proteins in coronavirus that are studied exten-n the text document (txfprmat. Afterward, the preparation
sively hitherto include papain-like protease (PLpro), 3C-like of the 3D structure of each target protein was carried out
protease (3CLpro), and Spike protein. PLpro and 3CLprothroughhttps://swissmodel.expasy.of@8] by inputting the
play an important role in coronavirus replicatid&825], FASTA target protein file. The 3D structure modeling of the
while Spike is used by coronavirus to insert genetic materialprotein was then downloaded and saved in a protein
into host cells through angiotensin-converting enzyme 2database (PDB) format.

(ACE 2) as the recepto2§).

The anti-coronavirus potential of compounds contained
in L. aggregatacan be explored through thia silico
method. This preliminary method is often used to ascertain  The screening was conducted by the molecular protein
the potential of an activeompound through computer simu- docking analysis using PyRx software version G$.[Be-
lations. The predictions, hypotheses, new findings, or newfore docking, the 3D structure of each chemical compound
advances in discovering therapewtiags could be provided was minimized in the same software and saved in PDB for-
[27]. Previous studies have shown thatsilico studies mat. Then, the docking process was performed with the
helped screen and confirm direct inhibition of PLpro, 3CL- chemical compounds df. aggregataas ligand and the tar-
pro, and Spike in SARS and MERZ8f34]. Therefore,in get proteins as macromolecule. The results of the molecular
silico analysis can also be applied to determine the antiviraldocking protein analysis were saved in PDB format.

2.3. Anti-coronavirus Screening of Chemical Compounds
of Lindera aggregata



410 Current Nutrition & Food Science2021, Vol. 17, No. 4 Firdiana et al.

2.4. Data Analysis kaloid group, norboldine tended to interact more strongly
with Spike and pallidine with 3CLpro. It was interesting to
find that reticuline tended to interact with 3CLpro and Spike
with the same binding affinity value of -7.5 kcal/mol. Al-
though the binding values were low, all compounds showed
interactions with PLpro and ACE 2 Talle

By comparing the binding affinity value of each target
3. RESULTS protein with all the compounds, it was inferred that the two
Based on the information acquired framitp://www. terpenoids, linderane and linderalactone had the strongest in-

knapsackfamily.com/the root ofL. aggregatacontains 14  teraction tendency with 3CLpro, PLpro, and Spike, while
terpenoid compounds. However, a previous stddyg§tated  the compound norboldine, an alkaloid, had the strongest in-
that the antiviral property df. aggregatavas due to its alka- ~ teraction with ACE 2, with a binding affinity value of
loid contents such as norboldine, pallidine, and reticuline.-8.2 kcal/mol Tabld.
Therefore, dockm_g molecular protein analysls was undertak-  The four best interactions of a compound and target pro-
en on 14 terpenoids and three other alkaloids. The results ofin ere then visualized. Linderane formed the best confor-
the molecular docking protein anaIyS|s showed that all com-;5tion with 3CLpro and PLpro. In 3CLpro, conformation
pounds ofL.. aggregatainteracted with the four target pro-  4ccyrred through the binding of hydrogen bonds to the ami-
teins with different binding affinity values Tahle no acids ASN-151, GLN-110, THR-292, and THR-111
On comparing the binding value of each compound with (Fig. 1A), while in PLpro, linderane formed conformation
all four target proteins, it was found that in the terpenoid through the binding of hydrogen bonds to the amino acid
group, only linderagalactone A and linderane tended to inter-ARG-167 (Fig.1B). Linderalactone had the strongest interac-
act more strongly with 3CLpro, and 12 other compoundstion with Spike, with a binding affinity of -9.5 kcal/mol.
tended to interact more strongly with Spike; while in the al- However, there seemed to be no hydrogen bond formed in

The results of molecular docking were analyzed using
PyMOL software (32 bit) version 1.3.0.0 to determine the in-
teraction between each chemical compount. @éfggregata
and each target protein. Thereafter, the best interaction
were determined by the best binding affinity value.

Table 1. The binding affinity values of compounds of. aggregatawith proteins in docking analysis.

Binding Affinity (kcal/mol)
3CLpro | PLpro | Spike | ACE 2
Terpenoid 8beta-hydroxyasterolide [35] Ci15H2003 155948 -7.4 -6.3 -8.5* -7.5

(4aS8aR9%9-
9a-hydroxy-3,&-dimethyl-5-methylidene-4
,4a,6,7,8,9-hexahydrobenzo[f]][|benzofuran-2-one)

Type Compound (IUPAC name) References | Molecular Formula & Chemical Structure Pubchem CID

8-hydroxylindestenolide [35] CisH1803 46883415 -1.7 -6.2 -8.7* -7.7

(4aS8aS9a9-9a-hydroxy-3,&-dimethyl-5-

methylidene-3,4,6,9-tetrahydrobenzolf]
[1]benzofuran-2-one)

Hydroxyisogermafurenolide [35] 14038425 -6.6 -6.2 -7.9* -6.8
(5S 6S 7a9-6-ethenyl-&-hydroxy-3,6-dimethyl- CasH2003
5-prop-1-en-2-yl-5,7-dihydrot4-
1-benzofuran-2-one)

Isolinderagalactone [35 5318587 -7.1 -5.9 -9.1* -7.4
(3aS4R,8bR)-4-ethenyl-4,8-dimethyl-3-
methylidene-5,B-dihydro-3aH-

furo[2,3-€] [[1]]benzofuran-2-one)

Linderagalactone A [35] 44254425 -7.2% -5.9 -6.5 -6.5
(R AR TR TaR C15H19ClO4
8a9-7-(chloromethyl)-4,8-dihydroxy-3,
5,7a-trimethyl-4,4a,7,8-tetrahydrocyclopentalf]
[[1]]benzofuran-2-one)
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Terpenoid [35] CisHa0Os 44254423 -6.9 -6.4 -8.0% -6.9

Linderagalactone B
((22)-2-[(1S,2S4R,6S 79)-7-hydroxy-1,5,5-trimethyl-9-0x-|
0-10-oxatricyclo[4.4.0.%]decan-8-ylidene]propanoic acid)

Linderagalactone C [35] 102597495 -7.2 -6.0 -8.4* -7.4
((2E)-2-[(1S2S4R)-1,5,5-trimethyl-9-oxo-10-oxatricy-
clo[4.4.0.3“|dec-6-en-8-ylidene]propanoic acid)

Linderagalactone D [35 Ci5H180a 44254427 -7.7 -6.2 -8.7* -7.2
((8R,8aR 9a9-8,%-dihydroxy-3,5,&-trimethyl-8, oH
9-dihydro-H-benzolf] OH
[[1]]benzofuran-2-one)

Linderagalactone E [35] C15H2009 44254424 -7.3 -6.5 -8.2* -7.3
((4R,4aS8R,8aR)-4,8,%-trihydroxy-3,
5,8a-trimethyl-4a,7,8,9-tetrahydrod-benzol[f]

[[1]]benzofuran-2-one)

OH

Linderalactone [35 CisH 6450191 -7.4 -6.3 -9.5% -7.7
((1R 8E)-3,8-dimethyl-5,14-dioxatricyclo 151160
[10.2.1.6°lpentadeca-2(6),3,8,12(15)-tetraen-13-one,

Linderane [35 6915739 -8.0* -6.6 -7.3 -7.4
((1S4E,125139-5,10-dimethyl-8,14,16-trioxatetracyclo

[10.2.2.0*°.0""hexadeca-4,7(11),9-trien-15-one)

Neolindenenonelactone [35] 102595622 -7.6 -6.1 -8.2* -6.4
(methyl (E)-2-[(4S6S10R)-6-
methyl-8,12-dioxo-5,11-dioxatricyclo

[8.2.1.0"tridec-1(13)-en-9-ylidene]propanoate)

Neolinderalactone [35 12311262 -7.2 -6.1 -8.9% -7.4
((1R,82)-3,8-dimethyl-5,14-dioxatricyclo

[10.2.1.G"|pentadeca-2(6),3,8,12(15)-tetraen-13-one,

Strychnistenolide [39] 15484712 7.9 6.3 -8.7* 75
((1S2R,9S10R 129)-2,7-dihydroxy-4,9-
dimethyl-13-methylidene-6-oxatetracyclo

[7.4.0.67.0"*"tridec-3-en-5-one)
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Alkaloid Norboldine [40] C18H19NO2s 628557 -7.9 -6.2 -8.3* -8.2
(1,10-dimethoxy-5,6 & 7-tetrahydro-#-dibenzo
[de,g]quinoline-2,9- diol)

Pallidine [41] C19H21NOa 12313923 7.7 6.5 7.2 5.9
((1S,99)-5-hydroxy-4,13-dimethoxy-
17-methyl-17-azatetracyclo
[7.5.3.0°.0" Theptadeca-2,4,6,10,13-pentaen-12-one]

Reticuline [41] Ci19H23NOa 439653 -7.5% -6.1 -7.5% -7.1
((19-1-[(3-hydroxy-4-methoxyphenyl)methyl]- |
6-methoxy-2-methyl-3,4-dihydroH-isoquinolin-7-ol)

Notes:
* The best binding affinity values of interaction of each compound with all four-target proteins.
“ The best binding affinity values of interaction of each target protein with all compounds.

the conformation (FiglC); hence, it was assumed that the terial of SARS-CoV-2 into the host cell. In the second mech-
interaction formed was non-covalent or non-bonded interac-anism, antiviral activity occurred through the inhibition of

tion. According to Knegtel & Grootenhiud?], a non-bond-  SARS-CoV-2 replication by inactivating 3CLpro and PLpro.

ed interaction occurred between ligands and proteins owingdThus, the two inhibitory mechanisms might restrict SARS-
to electrostatic and van der Waals interactions, thereby afCoV-2 mobility both inside and outside the host cell, there-
fecting the binding affinity. Meanwhile, norboldine, com- by suppressing the viral infections. In addition, the immobil-
pound ofL. aggregata formed the best conformation with ization of SARS-CoV-2 would also help the immune sys-
ACE 2, where the hydrogen bonds interacted with aminotem's performance in recognizing the virus to allow anti-
acids ASN-674, LEU-675, ARG-482, and HIS-493 bodies to be formed immediately.

(Fig- 1D). In addition to the research conducted bytal.[20] us-
4. DISCUSSION ing L. aggregataextracts on Vero E6 cell lines, there have
_ ) _ been nan vitro studies ol.. aggregatacompounds regard-

Previous studies stated tHataggregatacontained four  ing their activity as anti-coronavirus. However, the com-
main bioactive compounds,e. alkaloids B3-45], ter-  pounds having the greatest potential as anti-coronavirus in
penoids £6], flavonoids #7], and tannins48]. Although this study, namely linderalactone, linderane, and norboldine,
Iwasaet al.[19] stated that among the four groups of com- paye peen shown to have other benefits as well. Linderalac-
pounds, the antiviral property bf aggregatawas caused by tone was reported to inhibit the proliferation of lung-cancer
the presence of alkaloids, this study showed that the terygq|is A-549 with IC50 of 15 uM49]; linderane played a
penoids also increased the potentidl oiggregataas an an- ol jn anti-inflammatory 30] and pancreatic protection
tiviral, especially anti-SARS-CoV-2. Moreover, the two ter- om oxidative damage caused by streptozotobilj; [and

penoid compounds, linderane and linderalactone, had theoodine showed the potential as a drug for pancreatic can-
highest inhibitory activity on the 3CLpro, PLpro, and Spike ¢er 55 it was cytotoxic for BXPC-3 pancreatic cancer cell
found in SARS-CoV-2. Conversely, the alkaloidsLofag- ; ;

. X s e lines with IC50 of 27.060 + 1.037 puN&2)].
gregataplayed an important role in the inhibition of ACE 2 _
receptors as the attachment site for SARS-CoV-2. Thus, To date, only the root df. aggregatais frequently used
both compounds contributed significantly to anti-SARS-- in traditional medicine and research for its antiviral activity;
CoV-2 activity. however, other parts also have the potential as a drug, owing
to the presence of active compounds. Watgal. [53]
L2 < proved that aqueous leaf extractlofaggregatacontains
of L. aggregatashowed antiviral activity of SARS-Co | quercitrin which is useful as an antihyperlipidemic agent. In

\gtr%k;)shgrv\\/ﬁve:h;:itw(jquasnéfgxilr?s ?gstji(sp'?r',gegn'ﬂ_ggﬁﬁ'n_addition, Guet al. [54] also reported thdt. aggregataeaf
Y ng wudy . 9 L extract contains flavonoids, which act as antioxidants and he-
avirus activity specifically anti-SARS-CoV-2 in. aggre-

Gt Compourds Mt e preditd (o occur ough two FXCPTEELLE sgert, i i 1o et and leaves
mechanisms. In the first mechanism, antiviral activity oc- - aggreg

curred through the blocking of Spike and ACE 2 receptors,proven to inhibit the enzyme integrase in HBB]
which made them unable to interact with each other, thereby  This study also revealed the potential of plants as medi-
preventing the attachment and penetration of the genetic maeines (herbs). Herbs have long been used as the main source

As mentioned by Lét al. [20], the aqueous root extract
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Fig. (1). Visualization of molecular docking between the compounds afjgregataand target proteinsA] linderane and 3CLproBj lin-
derane and PLpro( linderalactone and SpikeD) norboldine and ACE 2 A(higher resolution / colour version of this figure is available
in the electronic copy of the artigle
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of disease management around the world, owing to the acHUMAN AND ANIMAL RIGHTS

tive substances they contai6f61]. For example, in the
case ofL. aggregataused in this study. This plant with the
habitus of shrubs and small trees, colloquially called Wu

No animals/humans were used for studies that are the ba-
sis of this research.

Yao in Chinese, has a very broad spectrum of utilization -oNSENT FOR PUBLICATION

[62]. Besides being used as a stomachache medicine by the
local community of Huanjiang Maonan, Southwest China
[63], this plant and othdrinderaspecies have also been re-

Not applicable.

ported to improve blood circulation and to prevent liver dam- AVAILABILITY OF DATA AND MATERIALS

age p4] as well as to treat various diseases such as arthritis,
stroke, cholera, diarrhea, and toothadteq7]. All of these
benefits are on account of their biological activities includ-
ing cytotoxic B8], antihypertensived9], and antioxidants
[70, 71].

In the living collections catalog of Purwodadi Botanic
Gardens T2, it is mentioned thakt. aggregatas one of the
living collections of the Purwodadi Botanic Gardens, plant-
ed in Vak XVIL.B with collection number
004-004a-004bcde. It is one of the 2,140 species of the col-
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