
N U S A N T A R A  B I O S C I E N C E  ISSN: 2087-3948 

Vol. 12, No. 2, pp. 91-96 E-ISSN: 2087-3956 
November 2020 DOI: 10.13057/nusbiosci/n120202 

Short Communication:  

Lugol’s iodine test on Rafflesia patma–Tetrastigma leucostaphylum 

intersection tissue for preliminary starch visualization  

ADHITYO WICAKSONO1,♥, SOFI MURSIDAWATI2,♥♥ 
1Division of Biotechnology, Generasi Biologi Indonesia Foundation. Jl. Swadaya Barat no. 4, Gresik 61171, East Java, Indonesia.  

♥email: adhitwicaksono@genbinesia.or.id; adhityo.wicaksono@gmail.com 
2Research Center for Plant Conservation and Botanic Gardens, Indonesian Institute of Sciences. Jl. Ir. H. Juanda No.13, Bogor 16022, West Java, 

Indonesia. Tel.: +62-251-8311362, 8336871, ♥♥email: sofi.mdawati@gmail.com 

Manuscript received: 19 July 2020. Revision accepted: 26 August 2020.  

Abstract. Wicaksono A, Mursidawati S. 2020. Short Communication: Lugol’s iodine test on Rafflesia patma-Tetrastigma leucostaphylum 

intersection tissue for preliminary starch visualization. Nusantara Bioscience 12: 91-96. As holoparasitic plant, Rafflesia has no 
recognizable plastid genome, but it has plastid-like organelle. Despite the fact that it obtains nutrients from host plant, it is unknown if 
Rafflesia stores primary metabolites, such as carbohydrates, from its host. A study was performed to visualize the starch in Rafflesia 
patma Blume proximal tissue which was intersected to its host root, Tetrastigma leucostaphylum (Dennst.) Alston, using modified 
Sachs’ test with Lugol’s iodine. The result revealed the absence of blackening in the R. patma tissue caused by starch reaction with the 
iodine, but occurred in the root cortical tissue of T. leucostaphylum. The absence of starch in R. patma tissue indicated that possibly the 
plastid-like organ has no similar function to amyloplast, and starch is not used for storage in the flower. It is likely that R. patma relies 
completely on the host’s photosynthate to maintain the flower metabolism during anthesis period. However, detailed histochemical 
analysis for starch or carbohydrate is needed for confirmation whether the starch is existing even in small quantity, and molecular 

genetic observation on sucrose intake and flowering (anthesis) regulatory genes will also be required to confirm if Rafflesia takes the 
photosynthate directly from its host and possibility if Rafflesia coordinates the formation of flower bud and anthesis between the 
endophytic tissues to prevent overexploitation of nutrients from its host. 
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INTRODUCTION 

Rafflesia is a holoparasitic plant that relies completely 

on its host to obtain nutrients. Its floral organs are 

completely modified with minimalistic endophytic tissue 

on the early stage of the growth (Nikolov et al. 2014; 

Mursidawati et al. 2019), while the flower is equipped with 
simple vascular bundle with only xylem and vascular 

parenchyma (Mursidawati et al. 2020). To add the oddity 

of the plant, it has no recognizable plastid genome upon 

study on Rafflesia lagascae Blanco, but there are plastid-

like organelles with no endomembrane system with 

dubious functions (Molina et al. 2014). The plastid genome 

is possibly lost during the evolution of holoparasitic plant.  

Rafflesiaceae group (consisted of Rafflesia, Rhizanthes, 

and Sapria) has been existed since approximately 95.02 

million years ago (Bendiksby et al. 2010). Also, from the 

same study, Rafflesia genus itself was separated from 

Rhizanthes 81.67 million years ago, which previously the 
group separated from Sapria in 95.02 million years ago; all 

of these were in the Cretaceous period (145-66 million 

years ago) of the Mesozoic era. To add more to the 

conundrum, its host Tetrastigma was separated from its 

relative of Vitaceae, Cayratia around 50.6 million years 

ago (Chen et al. 2011) which was in Paleogene period (66-

23 million years ago) of the Cenozoic era. It is unclear 

what happened between 44.42 million years (which 

transgress between Cretaceous-Tertiary era boundary), and 

this raises the question of how and when Rafflesiaceae 

started to develop its parasitic lifestyle. 

The nutrients obtained by holoparasitic plant are 

originated from the host’s photosynthetic metabolites, 
sugar, or carbohydrate. Starch is a major storage 

component for carbohydrate, and stored in plants as either 

transitory of impermanent starch which accumulated in the 

photosynthetic period and degraded at night, and the semi-

permanent starch storage in starch accumulating organ 

(Streb and Zeeman 2012). In flower, starch is processed 

(accumulated and degraded) during pollen and stamen 

development (Hedhly et al. 2016). It is unknown if such 

starch processing also occurs in Rafflesia especially since 

no previous study was done to unravel the starch 

biosynthesis, storing, and degradation in Rafflesia. The 

only known thing stored in the flower organ would be 
secondary metabolites (Sofiyanti et al. 2008), which 

contributes to flower coloration (Mursidawati et al. 2020), 

despite it is unclear if the metabolites are Rafflesia or host 

in origin. As Rafflesia flower blooms for about 5 days 

(pers. observ. for R. patma Blume; Patiño et al. 2002 for R. 

tuan-mudae Becc.), and the flower itself is succulent and 

large, it could be possible if it has a storage system which 

makes the flower thrives for a period of anthesis other than 
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simply relying on its xylem-based nutrient transport from 

its host phloem (Mursidawati et al. 2020). 

No previous study has covered the existence of starch 

storage in Rafflesia. Despite the possibility that Rafflesia 

generative organ might not be storing primary metabolites 

like carbohydrates, there should be any possibilities in the 

proximal area of the flower where it could be derived from 

stem, or where the pollen area is found. The proximal 

region of the flower bud (cupula) might also serves as stem 

analog and might be used as a storage compartment, 
despite structurally different and even has different shapes 

of vascular bundles from the stem of dicot (Mursidawati et 

al. 2020).  

This study observed the possible starch distribution on 

Rafflesia patma Blume tissue area where it connected with 

its host Tetrastigma leucostaphylum (Dennst.) Alston 

despite flower bud was used, and it is unclear if the flower 

is male or female (hence to compare it to the pollen and 

stamen on Arabidopsis in the study by Hedhly et al. (2016). 

A simple test, a modified Sachs’ iodine test was performed, 

and followed with visual observation for this preliminary 
examination. If starch granules are available, it might 

provide clues on Rafflesia storage organ or possible storage 

function on Rafflesia cell or organelle. 

MATERIALS AND METHODS 

This study was done in October 2017. The sample of 

Rafflesia patma young flower bud (the flower bud was 

approximately 6 months old) with diameter around 3 cm 

from grafted Tetrastigma leucostaphylum in the same plant 

as in the other study (Wicaksono et al. 2017; Mursidawati 

et al. 2019; Mursidawati et al. 2020) was taken along with 

some incision of Tetrastigma leucpstaphylum root where it 
grew. One big cut in the proximal part of the bud, where 

the host-parasite tissue is connected, was made using a scalpel 

(approximately within area of 3×2 cm) with thickness of 

approximately 1 mm (Figure 1.A, cut into 1.B). 

RESULTS AND DISCUSSION 

The macroscopical and microscopical observation 

The procedure was the modification of Julius Sachs 

method (Sach 1864 cit. Kutschera and Niklas 2017; 

Nugroho et al. 2013), which normally performed on leaf to 

detect photosynthetic-derived starch. The protocol was 

started by boiling the leaf to deactivate the tissue, thus 

preventing any possible metabolic responses as the enzyme 
was already deactivated, then soaked on Jean Lugol’s 

iodine (I3K; Lugol 1829 cit. Starke 2009). A tissue slab was 

placed in a glass flask filled with boiling hot water (100°C) 

for 1 minute to terminate the cellular activities which may 

lead to undesired enzymatic reaction including phenolic 

oxidation. The tissue slab was then strained and then 

soaked on Lugol’s iodine solution for approximately 1 

minute with enough volume to soak the slab on a glass 

flask (Figure 1.B). The color change was observed and 

documented macroscopically and microscopically on 

stereomicroscope using Nikon SMZ-10A. 

The tissue of R. patma-T. leucostaphylum after 

treatment with Lugol’s iodine (Figure 1.B) revealed a clear 

separation of which tissue stored starch, indicated by black 

coloration only in T. leucostaphylum tissue (Figure 1.C and 

D). The tissue part of T. leucostaphylum, which was also 

taken during the sampling, is the cortex region of the vine 

root that is extruded during the final development of the R. 

patma flower bud tissue along with smaller part of the 

periderm tissue (Mursidawati et al. 2019). The cortex 

region comprises of the parenchyma tissue, which is 
specialized to store starch from the photosynthesis (Beck 

2010). 

Under stereomicroscope (Figure 2), the cells in T. 

leucostaphylum parenchymal tissue also revealed dots of 

black where starch globules have possibly existed. These 

dots were absent in the part of R. patma flower bud tissue. 

The brownish coloration in Figure 2, R. patma tissue might 

be due to higher accumulation of secondary metabolites, 

such as tannin (Sofiyanti et al. 2008; Mursidawati et al. 

2020). This metabolite accumulation is also visually visible 

in the distal part of the incised flower bud, as seen in 
pinkish coloration (Figure 1.B and C). 

Discussion  

From the study, the cells in the R. patma tissue did not 

seem to possess starch granule as no dark-colored granules 

observed in the parasitic tissue, compared to the host cortical 

tissue. This finding suggests that the plastid-like organelle 

revealed in the study by Molina et al. (2014) seems to not 

possess the utility to store starch as in amyloplasts or 

chloroplast. Possible use of Rafflesia plastid-like organelle 

could be for other metabolite storages (similar to chromo-

plast). However, it is never been explored if Rafflesia has 
carotenoid pigment, which commonly stored in chromoplast 

and chromoplast can be differentiated from chloroplast 

(Bian et al. 2011), amyloplast, or undifferentiated proplastid 

(Jarvis and Lopez-Juez 2013). Although in Molina et al. 

(2014), the fragments of genes found in the R. lagascae are 

only limited to photosynthetic genes, such as ATP-synthase 

(atp), NADH-dehydrogenase-like complex (ndh), photo-

synthetic electron transport (pet), photosystem I reaction 

center (psa), photosystem II (psb), and RuBisCO large 

subunit (rbcL). However, it is unclear if the plastid-like 

organelle in Rafflesia is the proplastid, which remains 

undifferentiated since the early stage of flower development 
because of lacking differentiation genes. The chloroplast in 

plants is differentiated from proplastid in the light (Jarvis 

and Lopez-Juez 2013). However, despite Rafflesia is 

constantly exposed to the light, none of the differentiation 

seems to take place. As starch biosynthesis plastid genes 

are also absent (according to the discovery in Molina et al. 

2014), that explains the absence of starch in the R. patma 

sample. However, the size of plastid-like organelle in 

Molina et al. (2014) is very small, around 1×0.5 µm ovoid 

diameters, and nearly similar in morphology with 

mitochondria. Hence, it is possible that the existence of 
starch granule, if even existed, might be really small to see. 

A detailed histochemical analysis for starch or even simpler 

carbohydrates would be required to confirm the presence of 

starch in Rafflesia tissue even in small quantities.
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Figure 1. A. The R. patma flower bud; B. The tissue slab soaked in Lugol’s iodine after previously placed in a flask with boiling water; 
C. The result shows the darkening of T. leucostaphylum tissue (TC and TP) with no change occurred in R. patma tissue (initially both 
have the same color); D. Enlarged view of Figure 1.C. Tissue slab in Figures 1.B, 1.C, and 1.D were the same. The image contrast was 
enhanced for Figure 1.D. Notes: TC = T. leucostaphylum cortical parenchyma tissue, TP = T. leucostaphylum sub-peridermal cortical 
parenchyma tissue, Ra = R. patma bud tissue. Scale bars = 1.5 cm. 

 

 

 

 
 
Figure 2. View under stereomicroscope, showing the Lugol’s iodine stained cells with starch. TC = T. leucostaphylum cortical 
parenchyma tissue, Ra = R. patma bud tissue. Image saturation level and color tone are increased to clearly view the blackened cells vs. 

non-blackened cells. The rectangular lens micrometer length size is 12 × 24 mm (the outermost rectangle). 
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Starch is stored carbohydrate in plants normally made 

from photosynthesis. Starch is a polymer consisting of 

glucose monomer chained with an α-1,4-glycosidic bond 

on one to another, and comprising linear-chained amylose 

dominated with α-1,4-glycosidic bond and branch-chained 

amylopectin with 4% of α-1,6-glycosidic branchpoint 

(Kossmann and Lloyd 2000). The amylose linear chain has 

greater affinity towards iodine molecules (which was used 

in this study), and the complex have wavelength of 
maximum absorption around 620 nm, which resulting in 

dark blue coloration (Kossmann and Lloyd 2000). The 

precursor component of starch biosynthesis in a plant cell 

is fructose 6-phosphate resulted from the Calvin-Benson 

cycle, using plastidic enzymes to convert it to glucose 6-

phosphate (with phosphoglucose isomerase), then to 

glucose 1-phosphate (with phosphoglucomutase), then to 

ADP-glucose (with ADP-glucose pyrophosphorylase), and 

finally, ADP-glucose was then converted into starch with 

starch synthase, which stored as starch granules (Bahaji et 

al. 2013; Hedhly et al. 2016). Alternatively, if the 
photosynthetic assimilates from Calvin-Benson cycle is 

about to be stored in other organelles, such as amyloplast, 

or even transported to other tissue before stored as starch, it 

required triose phosphate (glyceraldehyde 3-phosphate) 

transport into cytosol which later synthesized using 

cytosolic enzymes to become glucose and then sucrose 

(Bahaji et al. 2013). Simple carbohydrates could then enter 

amyloplast in three forms using two respective 

amyloplastic transporters before converted into starch: as 

hexose phosphate (glucose 6-phosphate, entering using 

glucose 6-phosphate transporter), and as ADP-glucose re-
processed from sucrose (with ADP-glucose transporter) 

(Beckles and Thitisaksakul 2014). These starches in the 

cortical region of the root (in this case, T. leucostaphylum 

root), which filled with parenchyma tissue, are stored for 

food storage in form of starch granules (Beck 2010). As 

none of these starches biosynthetic pathway was found in 

Molina et al. (2014) study, it is possible that Rafflesia 

directly taking the sucrose from Tetrastigma phloem and 

use it instead of storing it as starch within the flower tissue. 

The sample is a young flower bud, which further eliminates 

any suggestion of starch accumulation in the early stage of 

flowering. This also suggested that Rafflesia needs to 
bloom strategically to prevent the Tetrastigma from dying 

out during the days of anthesis, i.e. regulation of sucrose 

intakes, regulation of individual flower anthesis period, and 

signaling control between endophytic tissues for flower 

buds’ formation and anthesis to prevent host photosynthate 

overexploitation. To confirm this suggestion, molecular 

genomic and transcriptomic studies will be required in the 

future. 

In conclusion, from a brief observation conducted in 

this study, no sign of starch accumulation in R. patma 

young flower bud tissue. For future research, detailed 
histochemical analysis for starch or carbohydrate is needed 

to confirm whether the starch is present even in small 

quantities. Additionally, molecular genetic observation on 

sucrose intake and flowering (anthesis) regulatory genes 

will also be required to confirm the behavior of 

carbohydrate intake of Rafflesia from its host and 

possibility if Rafflesia coordinates the formation of flower 

bud and anthesis between the endophytic tissues. So far, 

molecular studies of Rafflesia are still limited on 

identification and detection of the endophyte within the 

host (i.e. in the study of Barkman et al. 2017) as well as on 

the floral development genes (i.e. in the study of Nikolov et 

al. 2013). By unlocking more genes for profiling, more 

information can be unraveled from the mysterious flower 
of Rafflesia. 
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