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ABSTRACT 
 

 

The objective of this research was to conduct a comprehensive investigation of 

Syzygium travancoricum Gamble (Myrtaceae), an endemic and endangered 

species of Kerala. In addition, another goal was to provide a taxonomic 

resolution to the ambiguities regarding the identity of this species due to its 

close resemblance to other species, S. stocksii. The study also aimed to 

evaluate the medicinal properties of this species. For this, various analytical 

techniques such as morphological, anatomical, histochemical, phytochemical, 

molecular and pharmacological methods were used. The study focused on 

morphologically closely related populations of S. travancoricum spread across 

five districts in Kerala. The morphological and anatomical studies revealed 

that populations collected from Pookode and Paliyeri Mookambika Kavu 

showed unique morphological and anatomical characteristics distinct from 

S. travancoricum and were closely related to S. stocksii. Histochemical 

analysis revealed the presence of tannins, lignin, starch and essential oils in 

various parts of S. travancoricum. Using the results of morphological and 

anatomical studies, the UPGMA phylogram of S. travancoricum showed 

that the plants found in Pookode and Palyeri Mookambika Kavu are 

closely related to S. stocksii and have diverged into a separate clade. 

Phytochemical analysis of S. travancoricum leaf and bark extracts 

revealed the presence of alkaloids, flavonoids, saponins, tannins, steroids, 

phenols and terpenoids. Moreover, the extracts of S. travancoricum 

contained high levels of phenolic compounds (240.2 mg GAE/g)and flavonoids. 

Apart from this, the presence of vitamins, minerals, phenols, 

anthocyanins, carbohydrates, potassium and calcium was also found in their 

fruits. The essential oil GC-MS profiling identified that the leaves of 

S. travancoricum are rich in monoterpenoids and sesquiterpenoid compounds 

such as β-caryophyllene, caryophyllene epoxide, β-geraniol, α-farnesene, and 

α-selinene, monoterpenoids such as α-pinene, β-pinene, ocimene isomers, 

 



 

  

- -terpineol. The Bayesian phylogenetic tree based 

on the concatenated dataset revealed paraphyletic relationships between two 

species, S. travancoricum and S. stocksii. Also, it supported the distinction of     

S. travancoricum as a distinct species from S. stocksii. The essential oil of the 

leaves of S. travancoricum effectively prevented the growth of different 

bacterial and fungal strains. Moreover, the study found that the leaves and 

bark of this plant are reservoirs of antioxidants, and their aromatic oil and 

extracts have the potential to work effectively against arthritis, inflammation 

and diabetes. As part of this study, about 200 trees were conserved through   

ex situ conservation strategies implemented by establishing green spaces in 

five grama panchayats of Thrissur, Palakkad and Pathanamthitta in Kerala. 

Keywords:  Anticancer, Anti-inflammatory, Antimicrobial, DNA barcoding, 

Ex situ conservation, GC-MS, UPGMA Phylogram, Species reinstatement  
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CHAPTER 1   INTRODUCTION 

Syzygium is the largest genus of flowering plants in Myrtaceae, represented by 

more than 1200 species worldwide. They are distributed in the tropical 

regions of Asia, Africa, Australia, and the southwestern Pacific (Parnell et al., 

2007). However, Australia and Southeast Asia have the greatest diversity of 

Syzygium (Parnell et al., 2007; Govaerts et al., 2008). Syzygium was ranked 16th 

among the 57 largest genera of flowering plants by Frodin (2004), but 

according to Parnell et al. (2007), it could rank higher within the top 10. This is 

because many previously described species have yet to be transferred to 

Syzygium, and many new species have yet to be discovered. With a high rate 

of endemism, the Syzygium genus is found exclusively in forests, particularly 

evergreen and shola forests in the Western Ghats and north-eastern region. 

Even though Syzygium forms a very significant part of the endemic flora of 

India, it has not gained much attention from taxonomic, molecular, 

phytochemical, pharmacological, and conservation perspectives compared 

with other angiosperm families and genera. 

1.1 Distribution of Syzygium species 

Syzygium is predominantly of trees and is found in tropical regions with high 

diversity in Asia (Hussin et al., 1992). This paleotropical genus is primarily 

found in southeastern and southern Asia, southern China, Australia, Malesia, 

and New Caledonia. Syzygium is predominantly found in tropical and 

subtropical vegetation, including lowland to montane rainforests, 

swamps, savannahs, and limestone forests. Syzygium is an important food 

source for birds, insects, and small and large mammals (Parnell et al., 2007) 

because it is one of the most common tree genera in the forest ecosystem. 
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1.2 Distribution of Syzygium species in India 

Myrtaceae of India was last revised by Duthie (1878-  of 

British India with 11 genera and 134 species. He classified the family 

Myrtaceae into three tribes, namely, Leptospermae (4 genera), Myrtaceae (5 

genera) and Lecythideae (2 genera). Nair and Henry (1983) documented 16 

genera and 107 species belonging to the family Myrtaceae Agonis (DC.) 

Sweet, Angophora Cavanilles, Baeckea L., Callistemon R.Br., Eucalyptus L.Herit., 

Eugenia L., Feijoa O. Berg., Leptospermum J.R. & G. Frost., Melaleuca L., 

Meteoromyrtus Gamble, Myrtus L., Pimenta Lindl., Psidium L., Rhodomyrtus 

(DC.) Rchb., Syncarpia Ten., Syzygium Gaertn. and Tristania R.Br. in the Flora 

of Tamil Nadu. However, the genus Syzygium Gaertn. reported a higher 

number of species.  

Shareef and Kumar (2021) reported a total of 102 species of Syzygium, of 

which 44 are endemic to India. The Western Ghats and Northeastern parts of 

India are the two major centres of Syzygium, having 54 species with 28 

endemics (Shareef & Kumar, 2021). The northeastern regions of India, 

including Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, 

Nagaland, Sikkim and Tripura, stand the second highest in species diversity 

with 48 species and eight endemics, followed by Andaman-Nicobar Islands, 

which harbours 22 species with four endemics. S. alternifolium, S. munro, and 

S. salicifolium are four endemic species found in the northern and southern 

states of India. Moreover, S. cumini (L.) Skeels is the only known species 

occurring naturally and under cultivation in most parts of India. Similarly, 

other introduced species of Syzygium, such as S. aqueum, S. aromaticum, 

S. jambos, S. samarangenese, etc., are also widely cultivated in several states of 

India. About 75 species of Syzygium are currently enlisted as critically endangered 

and 104 species as endangered globally as per the recent IUCN Red List 
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category (IUCN, 2022). A few Indian endemic species, such as S. palaghatense 

and S. travancoricum, are enlisted as critically endangered species, whereas 

S. caryophyllatum, S. andamanicum, S. bourdillonii, S. microphyllum, S. myhendre, 

S. parameswarani and S. stocksii are enlisted as endangered species (Shareef & 

Kumar, 2021). 

1.3  Medicinal significance of Syzygium species 

Since immemorial, the family Myrtaceae, particularly the genus Syzygium 

Gaertn. and Eugenia L., have gained considerable interest due to their 

multiple benefits to mankind. The most economically significant member of 

this family is the clove (S. aromaticum (L.) Merr. & L. M. Perry). In addition to 

treating inflammatory diseases, clove oil possesses antioxidant properties and 

antimicrobial activities. Many species of Syzygium have edible fruits, 

including S. aqueum (Burm. f.) Alston, S. cumini (L.) Skeels, S. jambos (L.) 

Alston, and S. malaccense (L.) Merr. & L. M. Perry and are widely used in the 

vine industry. Moreover, the Syzygium species are rich repositories of 

phytochemicals and antioxidants, contributing to their pharmacological 

properties. Most of the species are rich in volatile oils with immense 

medicinal properties. Many fruits of the family have a rich history of use as 

edibles and traditional medicines in divergent ethnobotanical practices 

throughout the tropical and subtropical world.  

Syzygium travancoricum Gamble is an endemic, critically endangered and 

endemic tree species (IUCN, 2022) confined to the marshy swamps of the 

Southern Western Ghats.  S. travancoricum is a medium-sized evergreen tree 

 bark of the tree is longitudinally 

fissured and greyish-brown in colour. Leaves are simple, petiolate and large. 
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Flowers are small, bisexual and white. Fruit is a berry with a deep purple 

colour containing a single seed. S. travancoricum is known for its medicinal 

value. Traditionally, this plant species has been used by local people to cure 

diabetes and arthritis. However, there are no reports on the phytochemical or 

pharmacological properties of this species to date. Bourdillon (1894) 

discovered S. travancoricum from the swampy lowlands (altitude less than 

65 m) of Travancore in South Kerala. Later, Gamble (1919) described it in the 

Kew Bulletin and the Flora of the Presidency of Madras.  

S. travancoricum has a unique habitat preference and is distributed in the 

evergreen to semi-evergreen forests and a few sacred groves in 

Thiruvananthapuram, Kollam, Pathanamthitta, Alappuzha and Thrissur 

districts (Sasidharan, 2004). They have also been reported from freshwater 

especially Myristica magnifica and Gymnacranthera farquhariana. Krishnamoorthy 

(1960) first reported Myristica swamps from the Travancore region of South 

Western Ghats. As special abiotic conditions are prerequisites for developing 

Myristica swamp forests, these habitats have become highly restricted and 

fragmented (Chandran & Sivan, 1999). 

Most of the existing populations of S. travancoricum have been reported from 

the marshy river sides and sacred groves in the southern Western Ghats 

(Sreekumar et al., 2020). The unique habitat preference of this species justifies 

the role of sacred groves in conserving biodiversity and ecological stability. 465 

individuals of S. travancoricum are currently recorded from Kerala, with a 

maximum number of trees in Kalasamala Biodiversity Heritage Site, Thrissur, 

and Myristica swamps in Kulathupuzha. However, the plant populations are 

facing severe threats due to habitat modification, over-exploitation, pollution 

and invasion of exotic species (Sreekumar et al., 2020). Hence, urgent 
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interventions are required to restore the germplasm through efficient habitat 

management and ex situ conservation strategies.  

1.4 Rationale of the present study 

The genus Syzygium P. Browne ex Gaertn. consists of approximately 1200-

1800 species worldwide (Parnell et al., 2007; Govaerts et al., 2008), of which 102 

species are presently known to exist in India (Shareef & Kumar, 2021). The 

Western Ghats and the North Eastern region of India contain the greatest 

number of endemic species of any region (Shareef & Kumar, 2021). Syzygium 

is one of the most difficult genera to identify due to the scarcity of diagnostic 

morphological characteristics (Parnell et al., 2007; Craven, 2001; Schmid, 1972). 

In addition, the use of phenotypic classification to infer genetic relationships 

between genotypes in Syzygium remains controversial, and accurate species 

identification is essential for both resource utilization and genetic resource 

conservation.  

Syzygium travancoricum Gamble is an endemic tree species of southern 

Western Ghats categorized as "Critically Endangered" according to the IUCN 

Red List category (IUCN, 2022). According to Ray (2011), the seedlings of this 

species are found in three sacred groves in Karnataka: Devaravattibana 

(Mattigar), Kadkod Choudammabana (Aralihonda), and Choudammabana 

(Dugdimane). It has also been reported from the freshwater Myristica 

swamps of Kaan forests in Uttara Kannada (Chandran et al., 2008, 2010), 

Kulathupuzha (Robi, 2009), and a relic Myristica swamp at Brahma Karmali, 

Valpoi Taluk in Goa (Prabhugaonkar et al., 2014). This species is also found in 

Pandiar, Nadugani, Tropical Gene Pool Garden, Kilnadugani, and Poonoor 

forest areas in Nadugani Village of Gudalur Taluk in Nilgiri District 

(Udhayavani et al., 2013) and Megamalai Wildlife Sanctuary (Karuppusamy & 

Ravichandran, 2016) in Tamil Nadu. The natural population of 
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S. travancoricum are facing a significant threat due to habitat destruction and 

poor regeneration potential (Sreekumar et al., 2020).   

Recent misinterpretation and synonymization of this species with S. stocksii 

(Byng et al., 2015) have led to differing opinions among taxonomists regarding 

the taxonomic status of this species. Some taxonomists still consider it a 

distinct taxon (Sujanapal & Kunhikannan, 2017), while others consider it a 

synonym of S. stocksii (Shareef & Kumar, 2021). Hence, it is crucial to 

contribute good diagnostic characteristics for resolving the existing taxonomic 

bottlenecks among these species. Considering the critical need for a 

taxonomic resolution of these two species, the current study was conducted 

based on live and herbarium specimens of this difficult complex from the 

southern Western Ghats to resolve the conflicting viewpoints. 

Moreover, there is a dearth of literature regarding the morpho-anatomical, 

histochemical, phytochemical and pharmacological perspectives of Syzygium, 

especially S. travancoricum. Due to their numerous medical applications in the 

Iranian, Ayurvedic, and Unani systems of medicine, only two species, 

S. aromaticum and S. cumini, have garnered the most attention despite 

widespread interest in and extensive scientific investigation of this genus 

(Ayyanar et al., 2013; Cock & Cheesman, 2018; Srivastava et al., 2014). Despite 

the initiatives taken by taxonomists throughout the past few decades, the 

correct assessment of species diversity still needs to be completed. While the 

conservation efforts are confined to protecting certain areas in situ or 

relocating a few endangered species to Botanic Gardens and Wildlife 

sanctuaries, no serious work is done to investigate the existing bottlenecks of 

endangered or rare species to help them grow and address their issues. 

Hence, it is imperative to perform bioprospecting, product development, and 

conservation of these species before they go extinct.  
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Hence, this study was chosen to characterize the endemic endangered species 

S. travancoricum by evaluating its morphological, anatomical, phytochemical, 

molecular and pharmacological potential. The morphological and anatomical 

studies will complement each other in species delineation. Morphological 

features or macroscopic characteristics of various plant organs, like bark, 

stem, leaf, inflorescence, flower, fruit and seed, are significant in identifying 

crude drugs. Furthermore, secondary metabolites such as flavonoids and 

phenols generally produced by plants for their defense mechanism have been 

implicated in the therapeutic properties of medicinal plants. The present 

study also aims to provide an in-depth analysis of the phytochemical 

elements and pharmacological effects of S. travancoricum to identify the 

potential use of this species in evidence-based medicine beyond their 

traditional medicinal applications. By conducting this evaluation, the gap 

between traditional knowledge and evidence-based research can be bridged, 

paving the way for future advancements in medicine. Apart from this, being 

an endemic endangered species, the study also aims to develop ex situ 

conservation strategies for germplasm conservation. 

Objectives of the Study 

To evaluate the morphological characteristics of S. travancoricum

To evaluate the anatomical and histochemical aspects of   S. travancoricum

To determine the phytochemical characteristics of S. travancoricum

To understand the molecular phylogeny of S. travancoricum

To determine the pharmacological potential of S. travancoricum

To develop ex situ conservation strategies of S. travancoricum
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CHAPTER 2   REVIEW OF LITERATURE  

This review conducted a detailed literature search about all aspects 

of Syzygium using bibliographic databases such as PubMed, ScienceDirect, 

Wiley Online Library, SpringerLink, and Google Scholar. The search was 

carried out within the last ten years up to March 2023 for parameters 

including taxonomy, anatomy, phytochemistry, antimicrobial, antioxidant, 

anti-inflammatory, anticancer and anti-diabetic research. The literature search 

used the terms 'Syzygium Syzygium taxo Syzygium essential oil', 

'Bioactivities of Syzygium  

2.1. Role of morphological characters in the taxonomy of Syzygium 

The genus Syzygium Gaertn. comprises trees with thick, granular bark and 

typically glabrous twigs. The union of the lateral nerves forms a clear or faint 

intramarginal vein; leaves are opposite, entire, pinni-nerved, and generally 

gland-dotted. Flowers are bisexual and arranged as panicles or axillary 

corymbose cymes; the calyx tube is hemispherical, globose, or turbinate above 

the ovary; calyx lobes 4 or 5, ovate to suborbicular, imbricate; petals 4 or 5, 

orbicular, pellucid-glandular; stamens numerous; anthers globose; filaments 

inflexed in bud; staminal disc broad or absent; ovary inferior, two-celled; few 

to many ovules in each cell; style 1, subulate; stigma simple; fruit is a berry, 

unilocular with few seeds. 

In Hooker's Flora of British India, Duthie (1878-1879) classified the Indian 

specimens of this complex under Eugenia, with a total of 131 species divided 

into three sections (Jambosa with 31 species, Syzygium with 77 species, and 

Eugenia with 22 species). Wight (1842, 1846), Beddome (1872, 1874), and 

Duthie (1878-1879) described 21 of these 131 species from southern India. 

Later, researchers such as Gamble (1919) classified the south Indian 
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specimens of Eugenia into three distinct genera, including Eugenia, Jambosa 

DC., and Syzygium, along with ten new species. Syzygium is the largest genus 

of the 645 known tree species in the Western Ghats (Nayar et al., 2006), with 

48 taxa, of which 27 are endemic to the region. According to Nayar et al. 

(2006), the Kerala portion of the Western Ghats is home to 39 taxa, including 

19 endemic species. More than 1200 Syzygium species occur worldwide in 

tropical regions of Asia, Africa, Australia, and the southwestern Pacific 

(Parnell et al., 2007; Govaerts et al., 2008). The evergreen and shola forests in 

the Western Ghats and northeastern region contribute to high endemism in 

Syzygium.  

Several new species were added to the peninsular Indian flora subsequently 

(Mohanan, 1996; Sheeba et al., 2003; Murugan & Manickam, 2004; 

Viswanathan & Manikandan, 2008; Shareef et al., 2010, 2012; Sujanapal et al., 

2013). A new species, S. dhaneshiana was discovered and described from the 

southern Western Ghats of Kerala (Ratheesh et al., 2014). The bark of this 

species was greyish-white with a pale pinkish-brown blaze, yellowish-white 

flowers, goblet-shaped hypanthium and subglobose fruits, which were the 

characteristics of this species. Ravikumar (1999) reported two new species 

from the southern Western Ghats, S. sriganesanii K. Ravik. & V. Lakshm. and 

S. zeylanicum var. megamalayanum. S. lanceolatum is closely related to 

S. sriganesanii but also possessed distinct characteristics such as quadrangular 

branchlets, sessile leaves with an oblong-elliptic shape, and obconical fruits. 

Sujanapal et al. (2014) identified a new species of Syzygium Gaertn., named S. 

sahyadricum from the Western Ghats. This new species had peculiar 

characteristics, such as pale yellow-coloured tender leaves with horizontal 

secondary nerves. Based on the exhaustive research and analysis, the species 

S. spathulatum Thwaites. was renamed and confirmed to be S. sahyadricum. 

S. parameswaranii and S. travancoricum are the species only found in 
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Travancore. On the other hand, S. bourdillonii was a species that was only 

found in Kollam, and S. palghatense Gamble was a species that was only found 

in the Palakkad district (Shareef et al., 2013). 

Shareef et al. (2014) described a new species of Syzygium Gaertn., 

S. munnarensis from Idukki, southern Western Ghats. Viswanathan and 

Manikandan (2008) described S. agastyamalayanum, as exclusive to the 

Kalakkad-Mundanthurai Tiger Reserve and considered a strict endemic. The 

study also assessed the conservation status of the species and determined it to 

be in a state of critical endangerment.  

Andaman and Nicobar Islands are also an important centre of Syzygium with 

17 species (Pandey & Divakar, 2008), with the addition of S. hookeri M.V. 

Ramana, Chorghae & Venu and S. sanjappaiana M.V. Ramana (Ramana et al., 

2014). Many species are identified only by their type specimens, and some of 

these specimens have been relocated during floristic studies in some 

protected areas (Nayar et al., 2006). Shareef et al. (2013) discovered  

S. chemunjianum from the Agasthyamalai biosphere reserve. Specific 

characteristics possessed by this species include cream-coloured bark, elliptic 

leaves, a 2-tiered intramarginal nerve, and globose purple-coloured fruits. In 

addition, a new Syzygium Gaertn., S. palodense, was also discovered in the 

southern Western Ghats of Kerala. The species differed from S. densiflorum 

and S. rubicundum because they have slightly winged branchlets, sub-opposite 

or alternate leaves, thick and robust petioles, and dark purple obovoid fruits. 

Despite its species diversity and abundance, Syzygium has received little 

attention compared to other angiosperm genera. Moreover, Syzygium is a 

significant component of India's endemic flora but has not received the 

attention it deserves from taxonomic, phytogeographic, and conservation 

perspectives (Sujanapal & Kunhikannan, 2017). Taxonomists used a 
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combination of inflorescence and flower characteristics, particularly the calyx 

tube and perianth, to determine the species of Syzygium. However, because of 

the overlapping of characters, one or a few character differences cannot be 

expected to differentiate the taxa in this genus. Moreover, given the current 

state of ignorance regarding Syzygium and Eugenia, unrestrained speculation 

by various trivial characters can only result in errors. Some of the recently 

described taxa reflected these ambiguities in their identities. Due to 

insufficient character sets, many researchers have reduced these taxa while 

revising a species or section (Sujanapal & Kunhikannan, 2017).  

Byng et al. (2015) described the typification and nomenclatural notes on 44 

taxa belonging to the family Myrtaceae. These taxa include members of the 

genera Eugenia L. and Syzygium Gaertn. documentation was done on 

nomenclatural notes and lectotypification of six species of Eugenia L. and 

twenty-nine species of Syzygium Gaertn. In that, S. calcadense (Bedd.) Chandra. 

was changed as E. calcadensis Bedd. and M. wynadensis (Bedd.) Gamble as 

E. wynadensis Bedd. It was determined that S. megacarpum was a basionym for 

S. coarctatum. Similarly, S. microphyllum was considered to be synonymous 

with S. gambleanum. Based on morphological characteristics such as the length 

of the petiole, shape of the leaves, and structure of the inflorescence, Byng et 

al. (2015) considered S. travancoricum Gamble as a synonym of S. stocksii 

(Duthie) Gamble. Similarly, S. monatanum was treated as a homonym of 

S. tamilnadensis Rathakr. & Chithra. based on its morphological peculiarities. 

Later, Sujanapal et al. (2013) described a species from the Agasthyamala hills 

similar to S. montanum Gamble and named it S. sasidharanii. This tree had 

clusters of large yellow fruits and tender leaves that were reddish brown. 

Similarly, S. zeylanicum var. lineare, is distinguishable from S. zeylanicum (L.) 

DC. var. megamalayanum by having oblong-lanceolate leaves, a short petiole, 
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and a truncate calyx tube. Both S. hookeri and the S. sanjappaiana species were 

found in the Saddle Peak National Park of the Andaman and Nicobar Islands, 

a remote island off the coast of India (Venkat Ramana et al., 2014). 

Shareef and Rasiya (2015) described the lectotype and status of S. myhendrae 

(Bedd. ex Brandis) Gamble from the southern Western Ghats. Shareef et al. 

(2013) discovered an endangered species, S. ramavarma (Bourd.) Chithra, of 

south Kerala. The young leaves of this species were purple and grey; the tree 

can sometimes produce adventitious roots from the main trunk, and the fruits 

can be consumed.  

Ramasubbu (2018) discovered a new species of Syzygium, S. bharathii Ramas, 

from Tamil Nadu. Even though S. benthamianum (Wight ex Duthie) Gamble 

and S. agastyamalayanum are close relatives of this species, they differ in 

glabrous leaves with a wavy margin, a quadrangular peduncle, large flowers, 

a narrow pyriform hypanthium, and ovate-obovate seeds. Furthermore, 

Sreekala et al. (2019) described a new tree species, S. ponmudianum, from the 

Ponmudi hills of the Agasthyamalai Biosphere Reserve in Kerala. This species 

is similar to S. benthamianum and S. myhendrae but is distinguishable by its 

reddish-brown coloured cylindrical stem, large leaves with 22-29 pairs of 

secondary veins, deltoid and persistent calyx lobes, pyriform hypanthium, 

deep purple berries with ovate seeds. An evergreen tree species, S. claviflorum 

was discovered in the Agasthyamalai Biosphere Reserve in Kerala (Shareef et 

al., 2020). This species was previously reported from the Indo-Malaysian 

subkingdom and North Eastern Australia. Only Sikkim, Khasi Andaman, and 

Nicobar Island in India were reported to have the plant S. claviflorum. Still, its 

range has been extended to include southern parts of the Western Ghats. This 

species shared some characteristics in common with S. lanceolatum (Lam.) 

Wight & Arn., such as the shape of its crown and foliage. 
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2.2. Role of anatomical and histochemical characters in the taxonomy of 

Syzygium 

According to the literature search, only very few studies have been carried 

out on the anatomical and histochemical aspects of Syzygium. One of the 

studies conducted by Kantachot et al. (2007) confirmed the importance of 

anatomical characters to identify taxa at the generic level among the species of 

Syzygium. The study investigated 11 genera and 28 taxa of members of Thai 

Myrtaceae. For the identification of species, characters like unifacial or bifacial 

leaves, midrib shape, petiole, margin, hypodermis, the shape of the vascular 

bundle at midrib and petiole, presence of bundle sheath extension, presence 

and absence of trichomes, types of stomata, epidermal cell wall, number of 

spongy layers, absence and presence and absence of scleroid at midrib and 

also the types of crystals were selected. The detailed analysis identified three 

types of stomata, anomocytic, paracytic and anisocytic, from all the species.  

Similarly, the leaf anatomy of 44 species from the subfamily Myrtoideae was 

studied and identified by Cardoso et al. ( 2009). The percentage of palisade 

parenchyma, occurrence of an extension of vascular bundle sheath, absence or 

presence of adaxial hypodermis and position and shape of the vascular 

system in the midrib were some characteristic anatomical features recorded in 

all the genera. Hassan and El-Awadi (2013) described several applications of 

histochemistry in plant research, which include the detection and localisation 

of cellular components of active constituents such as protein, lipids, and 

carbohydrates, as well as a range of ionic elements occurring in cell solutions. 

Sajwan et al. (2014) revealed the presence of oil glands and clusters of calcium 

oxalate crystals in the parenchyma cells of the hypanthium of S. aromaticum. 

They later verified a positive test on the glands containing oil globules with 

red colouration when stained with Sudan III.  
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2.3. Role of Phytochemical characters in the taxonomy of Syzygium 

2.3.1. Role of essential oil profiling in the taxonomy of Syzygium 

As the conventional system of classification based on the analysis of 

morphological characters does not provide adequate data for identifying the 

systematic status of a taxon, phytochemical characters are considered a major 

tool in delineating taxonomic disputes. Moreover, phytochemicals 

significantly contribute to identifying the species and its classification. The 

composition of phytoconstituents in each plant species will help to determine 

the genus and species. Also, their structural configuration can describe the 

variations that occur in the chemical constituents.  

The essential oil composition of leaves of S. aromaticum (L.) Merr. & L.M. Perry 

was identified by Raina et al. (2001). The dried leaves yielded about 4.8% of oil, 

and the compounds were identified with GC and GC-MS. The chemical 

analysis revealed about 16 compounds, and eugenol (94.4%) was identified as 

the major compound and -caryophyllene (2.9%) as the second major 

compound. Noudogbesii et al. (2008) isolated the essential oils from dried leaves 

of   S. guineense DC. The main constituents identified were -humulene 

(39.5%), -caryophyllene (20.1%), citronellyl pentanoate (15.2%), cis-

calamenen-10-ol (14%), -cadinol (12.7%), epi- -cadinol (9.8%), viridiflorol 

(7.5%), -cadinene (7.5%) and caryophyllene oxide (7%).  

The variation in the chemical composition of essential oils isolated from the 

leaves of S. jambos (L.) Alston was studied by Rezende et al. (2013). About 62 

compounds were identified, and the dominant components are (E)- 

caryophyllene, -humulene, -zingiberene, hydroxytoluene butylated, 

caryophyllene alcohol, caryolan-8-ol, caryophyllene oxide, thujopsan-2- -ol 

and n-heneicosane. In most aromatic plants, the variations in the composition 
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of chemical constituents present in the volatile oils are used to identify the 

species. Razafimamonjison et al. (2014) compared the chemical composition of 

essential oil of the stem, leaf and bud of S. aromaticum (L.) Merr. & L.M. Perry 

from Madagascar. A total of 121 samples of essential oil were isolated from 

stems (44 samples), leaves (32 samples) and buds (45 samples) and from that 

10 phytoconstituents were identified and quantified. Eugenol was identified 

as the dominant constituent which showed a higher percentage in stem 

(87.52 96.65%) followed by leaf (75.04 83.58%) and bud (72.08 82.36%).

-caryophyllene was identified as the second major compound of leaf and 

stem, while in bud, eugenol acetate was the second major compound. 

Rameshkumar et al. (2015) studied the essential oil composition of six species 

of Syzygium from the Western Ghats. The essential oil from the leaves of

S. arnottianum Walp., S. caryophyllatum (L.) Alston, S. hemisphericum (Wight) 

Alston, S. laetum (Buch. Ham.) Gandhi, S. lanceolatum (Lam.) Wight & Arn and 

S. zeylanicum (L.)  DC. var. zeylanicum were isolated, in which total of 57 

compounds was detected through GC-MS. Among these, sesquiterpenoids 

were the dominant compound and caryophyllene was reported in all 

Syzygium spp. Caryophyllene and caryophyllene oxide were reported in five 

species; however, they were absent in S. laetum (Buch. Ham.) Gandhi. 

Conversely, -farnesene (21.5%) and - amorphene (12.1%) were the major 

compounds identified in S. laetum (Buch. Ham.) Gandhi. 

The essential oil composition of leaves of Melaleuca armillaris (Sol. ex Gaertn.) 

Sm. was identified by Siddique et al. (2017). By the GC-MS analysis, 28 

compounds were detected, which mainly consisted of aromatic compounds 

(84.5%) followed by monoterpenoids (4.01%) and monoterpene hydrocarbons 

(1.2%). However, sesquiterpenoids and sesquiterpene hydrocarbons were 

reported in very small amounts (0.21% and 0.23%). Based on the geographical 
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distribution, unique climatic conditions, and environmental conditions, the 

composition of essential oil has shown variation in its concentration 

(Verma et al., 2015; Siddique et al., 2017).      

2.3.2. Role of Phytochemical compounds in the taxonomy of Syzygium 

An abundance of tannins and flavonols characterizes the family Myrtaceae as 

significant chemical constituents, of which the myricetin derivatives are 

frequently reported (Amaral et al., 2001). Several chemical investigations on 

the genus Syzygium have revealed the presence of triterpenes (Djoukeng et al., 

2005; Kuiate et al., 2007), tannins, flavonoids (Vaishnava et al., 1992; Kuo et al., 

2004), chromone derivatives (Tanaka et al., 1993), phenylpropanoids 

(Miyazawa & Hisama, 2003; Tanaka et al., 1993), and phloroglucinols 

derivatives (Zou et al., 2006). A monolignan was identified in S. grijsii, which 

showed chemotaxonomic significance (Miyazawa & Hisama, 2003). 

Phenylpropanoid isolated from S. aromaticum is the precursor of 

phenylpropanoids 9, 10 and 11 isolated from S. grijsii, showing that the two 

species are closely related. 

The previous chemical investigation has demonstrated the presence of 

triterpenes, hydrolysable tannins, anthocyanins, flavonoids, chromone 

derivatives, phenylpropanoids, and phloroglucinols derivatives in the genus 

Syzygium (Reynerston et al., 2008; Ayyanar & Subash-Babu, 2012). Yao et al. 

(2013) reported the occurrence of different tetralin-type lignans, 8, 40-

oxyneolignane and monolignans in the species S. grijsii. They suggested that 

this group of compounds could be used as taxonomic characters.  

Hu et al. (2020) isolated two new oleanane triterpenoids and one known 

analogue from the leaves of S. samarangense (Blume) Merr. & L.M. Perry 

collected from Xishuang Banna Prefecture, Yunnan Province, China, which 
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not only provided new evidence for the chemical diversity of Syzygium plants 

but also served as potential chemotaxonomic markers for this species. Zhang 

et al. (2020) isolated a new monocyclic diterpenoid with three known 

diterpenoids and five sesquiterpenoids from the twigs and leaves of 

S. fluviatile, which was considered the chemotaxonomic makers of S. fluviatile. 

2.4 Role of Molecular characters in the taxonomy of Syzygium 

As per the literature, very few studies have been conducted on the molecular 

taxonomy and phylogeny of Syzygium to date. Understanding the phylogeny 

of Syzygium is hindered by the large size of the genus, the global distribution 

of its species, and the absence of systematic revision and monographic studies 

on the Syzygium Eugenia group in its major centres of diversity (Nair & Rana, 

2017). Wilson et al. (2001) reported that the fleshy fruited taxa were not 

associated with the monophyletic group, and the matK analysis revealed that 

Syzygium Gaertn. and Acmena DC. had diverged independently from 

Myrtoideae. Lucas et al. (2005) studied the phylogenetic pattern of fleshy-

fruited genera of the family Myrtaceae by sequencing the psbA-trnH region of 

plastid DNA and the ITS region of nuclear DNA. The combined analysis of 

nuclear and plastid DNA revealed that subtribe Myrciinae was monophyletic, 

whereas Myrtinae and Eugeniinae were polyphyletic.  

The microsatellite loci of Psidium guajava L. were isolated and characterized 

by Risterucci et al. (2005). About 23 nuclear simple sequence repeat (SSR) loci 

were characterized from the species, and all the loci were polymorphic. 

Wilson et al. (2001) did the cladistics analysis of some groups in Myrtaceae 

using matK sequence data. From the study, 11 clades were identified based on 

molecular data. Molecular phylogenetic data have been used as a valuable 

tool for resolving the taxonomic problems within Myrtaceae when 

morphological data are insufficient. The phylogenetic analysis of the 
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chloroplast genome can be used to identify higher relationships between 

species.  

Biffin et al. (2006) studied the relationship among the group Syzygium Gaertn. 

by using parsimony and Bayesian analysis of cpDNA sequences. For the 

analysis, matK and ndhF genes were used along with rpl16 intron. The study 

separated and validated the groups like Acmena DC., Acmenosperma Kausel, 

Cleistocalyx Blume, Pilocalyx and Waterhousea B. Hyland. The ovular, placental 

and seed morphological studies helped to identify evolutionary relationships 

among Syzygium Gaertn.  

Biffin et al. (2010)     analyzed the inter-tribe relationship based on matK and ITS 

and observed that the data would support the modern classification of 

Myrtaceae. Based on the evolutionary relationship, an infrageneric 

classification was proposed for Syzygium by Craven and Biffin (2010). The 

evolutionary relationship was analyzed through plastid and nuclear DNA 

sequence data, and it was also supported by morphological evidence. The 

study resulted in six subgenera and seven sections of Syzygium Gaertn. The 

preliminary phylogenetic analysis of the Neotropical species of Eugenia L. was 

conducted by Mazine et al. (2014). The DNA sequence data from nuclear (ITS, 

ETS) and Plastid (psbA-trnH) genomes were used for the study, and a total of 

70 samples were used for the analysis. Nine clades were recognized as 

morphologically identifiable groups within the genus Eugenia L. and were 

designated as two genera, Eugenia L. and Myrcianthes O. Berg. Syzygium 

Gaertn. was included within a heterogeneous group of species with 

unresolved connections. 

Thornbill (2015) interpreted the distribution of the family Myrtaceae using 

molecular phylogeny. A total of 88 genera and 202 subfamilies of Myrtaceae of 

Gondwana origin were selected for the phylogenetic study, from which 22 
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sister groups were observed as geographically different and up to 6 groups 

resulted as the product of vicariance. Jo et al. (2016) sequenced the complete 

plastome of P. guajava L. The plastome contained 112 genes, including 78 

protein-coding genes, 39 tRNA genes and four rRNA genes. The phylogenetic 

analysis of the study by the bootstrap method showed that P. guajava L. is a 

sister group of Eugenia uniflora L. 

Vasconcelos et al. (2017) analyzed the phylogeny of the tribe Myrteae with 115 

taxa from 46 genera by one nuclear (ITS) and seven chloroplast DNA regions. 

The chloroplast DNA includes psbA, trnH, matK, ndhF, trnl-trnF, trnQ-rps 16, 

rpl 16 and rpl 32-trnL. The study analyzed the maximum likelihood and 

Bayesian inference for phylogeny construction. Three major clades were 

obtained from the tribe, including the Australian group, the Myrtus group 

and the neotropical lineage. 

2.5. Pharmacological properties of Syzygium 

The Syzygium genus is a rich source of phytochemical constituents. Various 

parts (leaves, seeds, fruits, barks, stem barks and flower buds) of Syzygium 

species are reported to have antioxidant, anticancer, toxicity, antimicrobial 

and antidiabetic activities due to abundant secondary metabolites such as 

terpenoids, chalcones, flavonoids, lignans, alkyl phloroglucinols, 

hydrolysable tannins and chromone derivatives (Srivastava et al., 2005; 

Ayyanar et al., 2013; Cock & Cheesman, 2018).  

This review emphasizes the significance of Syzygium species from a 

pharmacological perspective, which supports their relevance in 

ethnomedicine. However, only two Syzygium species, S. aromaticum and 

S. cumini have drawn scientific attention because of their numerous medical 

uses in Iranian, Ayurvedic, and Unani systems of medicine. The lack of 



Review of Literature 

Characterization of Syzygium travancoricum Gamble (Myrtaceae), a critically endangered endemic species of Kerala 

sufficient ethnobotanical records highlights the pressing need for additional 

research on species that have received less attention. Such research is critical 

in expanding our understanding of these species and their potential benefits. 

2.5.1 Antioxidant activity 

The most researched Syzygium species for its antioxidant potential is 

S. aromaticum (clove) because of its significant economic importance as a 

source of essential oil.  

Jayachandra and Devi (2012) examined the antioxidant activity of the 

methanolic extract of S. cumini bark extracts using DPPH assay, hydrogen 

peroxide scavenging assay, and FRAP assay. The IC50 value of the methanolic 

extract of S. cumini for DPPH and hydrogen peroxide scavenging activity 

were found to be 53.3% at a concentration of 600 mg/ml and 42.03% at    1.2 

mg/ml, respectively. The FRAP value was found to be 810 g Fe2+/g. The 

extract showed significant activity in all antioxidant assays compared with the 

standard ascorbic acid.  

Ismail et al. (2013) reported that a methanolic extract of S. polyanthum leaves 

showed mild antioxidant activity with an IC50 value of 90.85 g/ml compared 

with the standard quercetin (24.09 g/ml) using DPPH radical scavenging 

assay. Banadka et al. (2022) reported the antioxidant activity of S. samarangense 

fruit extract through in vitro models such as the ABTS method, DPPH assay 

and FRAP method. The IC50 value of the antioxidant activity of the fruit 

extract was found to be 140 g/ml in the standard (L-ascorbic acid), The IC50 

value for SSFE was found to be 175 µg/ml and 250 µg/ml for DPPH and ABTS 

scavenging activity, respectively.  

Eshwarappa et al. (2014) examined the antioxidant activities of leaf gall 

extracts (aqueous and methanol) of S. cumini using DPPH, nitric oxide 
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scavenging, hydroxyl scavenging, and FRAP methods. The presence of 

phenolics, flavonoids, phytosterols, terpenoids, and reducing sugars was 

detected in both extracts, and the methanolic extract showed higher 

antioxidant potential than the standard ascorbic acid.  

Shrikanta et al. (2015) detected a higher amount of resveratrol and polyphenol 

(gallic acid) and high antioxidant activity in S. cumini seeds. In another study, 

an aqueous leaf extract of S. cumini was shown to have a reduced DPPH 

radical, partial prevention of lipid peroxidation induced by Fe2+/citrate, and 

effectiveness against mitochondrial swelling induced by Ca2+, thereby 

indicating the potential of S. cumini leaf extract as a useful therapeutic for the 

treatment of diseases related to mitochondrial dysfunctions (Ecker et al., 2015). 

Ahmed et al. (2019) evaluated the phenolic contents and therapeutic activities 

of S. cumini leaves. The study reported a higher average amount of phenolic 

compounds (369.75 mg GAE/100g) and a higher antioxidant activity in the 

leaves (IC50 133.07 µg/ml). 

Kadri et al. (2019) reported that in addition to neutralising free radicals, 

S. aromaticum essential oil protects against other toxins. The antioxidant ability 

of the essential oil improved CeCl3-induced neurotoxicity in the brains of rats, 

which alleviated cholinergic neural transmission and the state of memory in 

mice. According to Alfikri et al. (2020), clove produces the major essential oil 

component, Eugenol, during the flowering stage and is the most effective 

source of antioxidants when the trees are young. S. aquem displayed higher 

levels of phenolic compounds, anthocyanin content, and antioxidant activity 

(Itam et al., 2021). Uddin et al. (2022) confirmed the antioxidant potential of 

S. cymosum, S. paniculatum, and  S. caryophyllatum and attributed polyphenols, 

tannins, and flavonoids as contributory compounds to their antioxidant 

potential.   
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2.5.2 Antimicrobial activity 

Shafi et al. (2002) reported the antibacterial activity of the essential oils from 

the leaves of S. cumini and S. travancoricum, collected from Kerala, India, 

against Bacillus sphaericus, B. subtilis, S. aureus, E. coli, P. aeruginosa, and 

Salmonella typhimurium. The essential oils showed considerable antibacterial 

activity, especially against S. typhimurium.  

Javaid and Samad (2012) reported the antifungal activity of the methanolic 

extract of the leaves of S. cumini against two strains of Alternaria alternata, 

isolated from dying-back trees of E. citriodora and E. globulus. The methanolic 

extract concentrations (1%, 2%, and 5% w/v) significantly reduced the fungal 

biomass. There were reductions in the range of 82 88% due to different 

concentrations of the leaf extracts of S. cumini. The aqueous extract of the 

fruits of S. cumini was active against the growth of F. oxysporum, while the 

aqueous extract of the bark inhibited the growth of Alternaria alternata (Gupta 

& Bhadauria, 2015).  

Kumar and Singh (2021) reported that the aqueous, methanolic, hexane, and 

ethyl acetate extracts of the leaves of S. cumini exhibited antimicrobial activity 

against dental caries-causing strains such as S. viridans, S. mutans, E. coli, 

P. aeruginosa, S. aureus, and B. subtilis. Saroj et al. (2015) reported that the 

essential oil constituents of S. cumini, such as 7-hydroxycalamenene, 7-

acetoxycalamenene, 1-epi-cubenol, -terpineol, and (Z)- and (E)- -ocimene, 

are the potential antifungal agents against the phytopathogenic fungi, 

Rhizoctonia solani AG 4HG-III, and Choanephora cucurbitarum.  

Singh et al. (2016) examined the antioxidant and antimicrobial activities of 

S. cumini fruit polyphenols against pathogenic strains such as S. aureus, 

methicillin-resistant S. aureus, E. coli, K. pneumoniae, and C. albicans in 
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comparison with polyphenol standards (gallic acid, quercetin, caffeic acid, 

sinapic acid, and delphinidin chloride). The S. cumini fruit polyphenol extract 

exhibited a broad-spectrum antimicrobial activity against reference 

pathogenic strains with a zone of inhibition and MIC in the range of 

14.3 23.0 mm and 0.5 2.5 mg/ml, respectively. The largest zone of inhibition 

against E. coli (20 mm) was obtained with the methanolic extract. 

2.5.3 Anti-inflammatory activity 

Machado et al. (2013) detected the anti-inflammatory and apoptotic activity of 

the essential oil of S. cumini in vivo using mice. The anti-inflammatory action 

and chronic granulomatous inflammation in BALB/c mice intravenously 

infected with M. bovis BCG were evaluated by measuring and classifying the 

granulomas formed in the hepatic parenchyma. A reduction in the 

granulomatous area and a change in the pattern of the granulomas were 

found.  

Siani et al. (2013) evaluated the anti-inflammatory activity of the essential oils 

from the leaves of S. cumini, as well as some of their terpene-enriched 

fractions (+V = more volatile; V = less volatile) obtained by vacuum 

distillation. Eosinophil migration was inhibited by S. cumini (67%) and 

S. cumini (+V) (63%), and this efficacy was correlated with the presence of  

-pinene and -caryophyllene in oils. According to another study, in vitro 

research, the commercially available chemicals ursolic acid and myricitrin, as 

well as the ethanol leaf extract of S. jambos, significantly reduced the release of 

the inflammatory cytokines IL 8 and TNF-  by 74 99%, indicating anti-

acne effects (Sharma et al. 2013). A study on the effects of S. cumini aqueous 

extract (SCC) on indomethacin-induced acute gastric ulceration revealed that 

SCC acted as an antioxidant, antiinflammation, and antiulcer agent against 

indomethacin (Chanudom & Tangpong, 2015).  
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Latief et al. (2015) investigated the anti-inflammatory and antioxidant effects 

of a flavonoid glucoside, trimeric myricetin rhamnoside (TMR), isolated from 

the leaves of S. cumini. The TMR was studied for anti-inflammatory activity in 

carrageenan-induced hind paw oedema and antioxidant activity in the lung 

by Cecal Ligation and Puncture (CLP)-induced sepsis in mice. This study 

concluded that the flavonoid has potential anti-inflammatory benefits and 

supports the pharmacological basis of using S. cumini as a traditional herbal 

medicine for treating inflammatory diseases.  

The ethanol extract of the leaves also showed strong anti-inflammatory effects 

in carrageenan and histamine oedema rat models, according to in vivo studies 

(Hossain et al., 2016). Additionally, the soluble polysaccharide fraction 

demonstrated the ability to stimulate TNF- , IL-1, and IL-10 secretion in a 

concentration-dependent manner (10 100 g/ml). At a 100 g/ml concentration, 

the aqueous extract reduced the inflammatory response brought on by LPS 

(Tamiello et al., 2018).  

A more recent study on two isolated glycosylated flavonoids, the quercetin- 3-

O- -D-xylofuranosyl- - -L-rhamnopyranoside and myricetin-3-O- -D-

xylofuranosyl- - -L-rhamnopyranoside, isolated from the chloroform/ 

methanol fraction of S. jambos showed significant anti-inflammatory activity 

by reducing the levels of TNF- , with IC50 values of 1.68 and 1.11 M, 

respectively in the RAW 264.7 cell line. Mahmoud et al. (2021) reported that 

the bark extract of S. zeylanicum reduced pro-inflammatory TNF-  and 

elevated anti-inflammatory IL-10 levels in the diabetic rat model and reduced 

pancreatic inflammation. Additionally, the levels of TNF- , C-reactive 

protein, and fibrinogen were decreased by the flavonoids at 5 mg/kg in rats 

(Apaza Ticona et al., 2021). A research study evaluated the anti-inflammatory 

activity of Syzygium plant extracts by determining the levels of pro-



Review of Literature 

Characterization of Syzygium travancoricum Gamble (Myrtaceae), a critically endangered endemic species of Kerala  

inflammatory mediators like IL-6, IL-1, and TNF-  and lipid peroxidases 

using alloxan-induced or LPS- or HFD-induced inflammation in diabetic rats 

or in vitro cell lines (Amir Rawa et al., 2022). 

2.5.4 Anticancer activity and Cytotoxicity 

The anticancer properties of many Syzygium species remain largely 

unexplored. However, a defining feature of the genus is that the fruit and the 

leaves possess high antioxidant activities. Thus, the high antioxidant contents 

of many Syzygium species may inhibit cancer formation and progression. 

Prashar et al. (2006) reported the cytotoxicity of S. aromaticum oil and its major 

components on human skin cells. The essential oil extracted from clove is 

used as a topical application to relieve pain and promote healing in herbal 

medicine. It also finds use in the fragrance and flavouring industries. Clove 

oil has two major components, eugenol and -caryophyllene, constituting 

78% and 13% of the oil. The in vitro study demonstrated the cytotoxic 

properties of the oil and eugenol toward human fibroblasts and endothelial 

cells.  

Another study examined the antiproliferative activity of S. aromaticum 

essential oil extracts against HeLa (cervical cancer), MCF-7 and MDA-MB-231 

(breast cancer), DU-145 (prostate cancer), and Te-13 (oesophagal cancer) cell 

lines and reported that except DU-145 cells, the proliferation of all cell lines 

was inhibited significantly (Dwivedi et al., 2011). The same study also 

determined that the antiproliferative activity was generally due to apoptosis, 

with maximal cell death occurring within 24 hours at 300 l extract /ml of 

cells. Furthermore, that study also examined the phytochemistry of the active 

extracts and reported that eugenol and -caryophyllene were the major 

constituents, accounting for 79% and 13% of the crude S. aromaticum essential 
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oil, respectively. The natural essential oil and the extracts were not 

significantly toxic to normal human peripheral blood lymphocytes.  

2.5.5 Antidiabetic activity 

The hydroethanolic extract of S. cumini leaves also reduced hyperinsulinemia 

and insulin resistance by modifying -cell insulin release In rat models of 

obesity induced by monosodium L-glutamate (MSG) (Sanches et al., 2016). 

Additionally, Sahana et al. (2010) showed that giving S. cumini seed powder to 

30 newly diagnosed type 2 diabetic patients resulted in a decrease in insulin 

resistance. In rabbits with mild and severe type 2 diabetes induced by alloxan, 

it was discovered that the ethanolic seed extract of S. cumini stimulated 

insulin secretion made by pancreatic-  cells (Sharma et al., 2011). Serum 

glucose, insulin, and other diabetic markers were reduced in high-fat 

diet/streptozotocin (HFD/STZ)-induced diabetic rats treated with 

S. cumini aqueous seed extract at a dose of 400 mg/kg (Sharma et al., 2011). In 

another study, Shen et al. (2012) identified that TNF-treated FL83B cells 

showed insulin resistance to inflammation. As the cells were treated with the 

fruit extract of S. samarangense, the inhibition of c-Jun N-terminal kinase (JNK) 

prevented an inflammatory response. Phosphatidylinositol-3-kinase-Akt/PKB 

signalling was consequently activated to reduce insulin resistance brought on 

by TNF- . 

In a different study, vescalagin isolated from S. samarangense reduced insulin 

resistance in rats with hyperglycemia brought on by a high-fructose diet 

(Huang et al., 2016). Through activating the insulin signalling pathway, 

myricitrin, a compound isolated from the leaf extract of S. malaccense, 

exhibited insulin-like effects by promoting lipid accumulation, glucose 

uptake, and adiponectin secretion (Arumugham et al., 2016). The anti-diabetic 

potential of eight species of Syzygium was thoroughly reviewed by Zulcafli 
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et al. (2020). The review stated that the most researched mechanism of action 

in the anti-diabetic potential of Syzygium is the inhibition of enzymes involved 

in carbohydrate metabolisms, such as -glucosidase, maltase, and -amylase. 

On the other hand, S. aqueum leaf extract in STZ-induced diabetic rats 

decreased glucose levels, increased insulin secretion, and decreased collagen 

deposition in conjunction with its anti-inflammatory and antioxidant 

responses (Mahmoud et al., 2021). At a dose of 100 mg/kg, the aqueous extract 

of S. paniculatum fruits reduced the blockage of the insulin signalling pathway 

while improving the function of the insulin receptors (IR and IRS-1) in HFD-

induced diabetic rats, which in turn reduced hepatic insulin resistance (Konda 

et al., 2021).  

2.6. Conservation strategies 

S. travancoricum is an IUCN red-listed critically endangered tree species 

confined to a specific habitat, especially evergreen forests, and a few scared 

groves in Thiruvanthapuram, Kollam, Pathanamthitta, Alapuzha and 

Thrissur districts (Sasidharan, 2004). This species is also reported from 

myristica swamps dominated by trees belonging to Myristicaceae, Myristica 

magnifica and Gymnacranthera farquhariana. Pascal (1988) stated that 

anthropogenic activities, specifically the conversion of swamps to paddy 

fields and construction, pose a grave threat to the existence of these habitats. 

Ramesh and Pascal (1997) considered Myristica swamps as unique areas at 

the ecosystem level. Several studies (Joyce et al., 2007; Nair et al., 2007) have 

also outlined many threats to these fragile ecosystems. Hence it becomes 

crucial to conserve the existing populations of this species from further 

endangerment by adopting appropriate conservation strategies. 
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Ex Situ conservation 

Several species of Syzygium, including S. cumini, still occur in the rough and 

semiwild forests of the Western Ghats and northeastern India. Some 

particular examples of Syzygium species protected in situ include S. laetum in 

the Radhanagari Wildlife Sanctuary in Kolhapur, S. lanceolatum (S. claviflorum) 

(Shareef et al., 2010) and S. sasidharanii in the Agasthyamalai Biosphere 

Reserve of the southern Western Ghats (Sasidharan & Jomy, 1999); and 

S. agastymalayanum in the Kalakkad-Mundanthurai Tiger Reserve in 

Tamil Nadu. S. travancoricum is a critically endangered species found only in 

the swampy wetland habitats in Kerala. The populations are shrinking 

rapidly due to habitat destruction and intraspecific and interspecific 

competitions. Hence, ex situ conservation strategies are to be designed to 

conserve this species, which has immense socioeconomic importance and 

substantial ecological and livelihood support for local communities. 
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CHAPTER 3    MATERIALS AND METHODS 

3.1 Morphological characterisation of Syzygium travancoricum 

For the morphological studies of the species, periodical field exploration trips 

were conducted to different forest areas for collecting specimens. The 

morphological characters of Syzygium populations were observed and 

compared with the type specimens and characters mentioned in the original 

protologue. Both visual and stereomicroscopic observations were used to 

evaluate the morphological characters. The characters were then validated by 

detailed studies on the morphology of vegetative and floral characters and 

also by consulting with different herbaria and monographs published by the 

taxonomists. About 21 morphological characters, including both vegetative 

and reproductive features, were examined and compared. 

Systematic Position -  

Kingdom : Plantae 

Class : Magnoliopsida 

Order : Myrtales 

Family : Myrtaceae 

Genus : Syzygium 

Species : travancoricum Gamble 

3.1.1 Study Area 

Kerala is located on the southwest coast of India along the Malabar Coast. It is 

wedged between the Arabian Sea and the Western Ghats within 10  51  
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1.8576  N latitude and 76  16  15.888  E longitude, isolated from the Deccan 

Plateau by the mountainous belt of the Western Ghats. The average 

elevation of the Western Ghats in Kerala is 1,500 m (4920 ft) above sea level. 

The natural forest areas of JNTBGRI (Thiruvananthapuram), Idinjaar 

(Palode), Shendurney Wildlife Sanctuary (Kollam), Kalasamala sacred grove 

(Thrissur), Pookode and MSSRF (Wynad), and sacred groves at 

Konginichalkkavu and Paliyeri Mookambika Kavu, Kannur were selected for 

the study (Fig. 1).

Fig. 1. Study Area 

         Fig. 2. Conceptual Framework of the Research Study 
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3.1.2  Sampling 

The fresh plant specimens of S. travancoricum were collected from eight 

different populations distributed in the five districts of Kerala from March 

2017 to June 2021 (Fig. 1). As part of the collection, about 15 field exploration 

trips were conducted.  

During the field exploration, vegetative and reproductive stages were 

collected, and the specimens were carefully observed for the visual 

characteristic features. In case of the absence of flowering or fruiting during 

collection, the plant twigs with few leaves were collected to identify 

specimens. The collected flowering/fruiting twigs were tagged properly with 

respective accession numbers and carefully recorded. The field characters 

such as family, genus, species, local name, habitat, soil type, distribution, 

locality, altitude, taluk, district, habit, the height of the plant, brief description, 

and date of the collection were recorded in the field book for future reference.  

3.1.3.1 Field observation and records 

The specimens identified in the field were carefully observed and 

photographed with the help of a Leica EZ4W stereo digital microscope and 

Olympus Cx31 light microscope. For detailed analysis of reproductive 

structures, the specimens were carefully dissected and observed using a DM 

100 dissection microscope. The morphological features such as habit, bark 

texture, blaze colour, young branchlets, stem, leaves, intramarginal nerves, 

peduncle, inflorescence, hypanthium, sepals, petals, stamen, anther, style, L.S 

of the ovary, number of ovules, fruits and seeds were analysed and 

documented.  
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3.1.3.2 Herbarium preparation and documentation 

The herbarium specimens were prepared as per the standard guidelines 

recommended by Bridson and Forman (1992). The collected plant specimens 

were pressed with newspaper and placed inside the plant press with 

adequate pressure. The newspapers were periodically changed depending on 

the requirement, and the specimens were dried without damage. The dried 

specimens were mounted in hand-made herbarium sheets (42 x 26.5 cm) and 

labelled properly using standard herbarium labels (14.5 cm x 11 cm). The label 

is coded with details like the scientific name with citation, habit, habitat, 

notes, locality, altitude, district, state, date of collection, name of the collector 

and the person who identified. All the prepared herbarium sheets were 

submitted in well-preserved cabinets of the Post Graduate and Research 

Department of Bo  

3.1.3.3 Identification and confirmation of specimens collected 

The specimens collected from different locations were carefully worked out 

and compared with herbarium specimens of online herbaria accessed from 

Kew Herbarium online, MH (Botanical Survey of India, SRC, Coimbatore), 

CAL (Central National Herbarium, Howrah, Calcutta) and CALI (Department 

of Botany, University of Calicut, Malappuram). Also, the description of the 

specimens was compared with various standard literatures published 

through explorations by eminent taxonomists (Hooker, 1879; Gamble, 1919; 

Nair & Nayar, 1986; Bentham & Mueller, 1867;  Sasidharan, 2004; Nayar et al., 

2006). The plant names and citations were corrected by consulting authentic 

websites like POWO (http://www.powo.org), The Plant List 

(http://www.theplantlist.org), the Kew Herbarium Catalogue and the virtual 

herbarium network of BSI (https://ivh.bsi.gov.in). The conservation status of 

the species was also confirmed using the IUCN Red List category (IUCN, 2022). 
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3.1.3.4 Presentation of results 

The morphological characters were presented systematically, starting with a 

morphological description of the species with citation and synonyms, 

vernacular names, distribution, flowering and fruiting period, and economic 

importance. About 21 morphological characters, including vegetative and 

reproductive features of eight  S. travancoricum populations, were analysed. 

The list of morphological characters used in the study is presented in 

Appendix 1.  

3.2 Anatomical and Histochemical Characterization 

The study aimed to investigate the anatomical features of the bark, stem, 

petiole and lamina of S. travancoricum populations with special emphasis on 

the secretory structures and histochemical compounds.  

3.2.1 Preparation of Specimens 

As the preparation of specimens before the sectioning process is very 

important for obtaining successful results, in the present study, the specimens 

were prepared in two different ways: as fresh and fixed. First, fixed samples 

were used for the anatomical study, and for the histochemical study, fresh 

samples without fixation were used. The fixatives used in this experiment 

were FAA (Formalin-Acetic acid-Alcohol). The FAA mixture was prepared 

according to the procedure mentioned in the literature (Metcalfe & Chalk, 

1979), with 90 ml of 50% alcohol, 5 ml of 99.9% acetic acid and 5 ml of 40% 

formalin. During sampling, the samples of stem, bark, petiole and lamina 

from randomly selected 3 to 5 trees were chosen from each population. They 

were placed in a resealable plastic bag filled with FAA for structural 

preservation. On the other hand, another batch of samples was thoroughly 

wrapped with moistened paper to prevent desiccation and kept in plastic 

bags for the histochemical studies. 
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3.2.2 Anatomical Investigation 

About five fresh plant samples each of stem, bark, petiole and lamina of

S. travancoricum distributed in five districts were collected during the period 

April 2017-June 2018. Standard anatomical procedures were used to prepare 

semipermanent slides and examine the anatomical characteristics

(Cutler et al., 2008). Thin tissue sections of lamina, stem and petiole were 

obtained by hand, while hard structures such as bark were sectioned using a 

sliding microtome Automatic MT3. The sections were stained with diluted 

aqueous safranin, rinsed in water, and mounted in glycerine at a 

concentration of 40%. The prepared semipermanent histological slides were 

observed using a trinocular compound microscope (Leica DM 3000) with a 

10X eyepiece attached to a Leica DFC 295 digital camera connected to a 

computer and Leica Application Suite software for the observation and 

capture of microscopic images at magnifications 4X, 10X, 20X, 40X with 

numerical apertures of 0.10, 0.25, 0.40, and 0.65 respectively. Images were 

examined and anatomical characteristics were compared. About 19 

anatomical characters of eight S. travancoricum populations were analysed. 

The list of anatomical characters used in the study is presented in Appendix 2. 

All laboratory procedures were conducted in the DST-FIST Laboratory, 

Vimala College (Autonomous), Thrissur, Kerala.  

3.2.2.1 Bark Anatomy 

The chosen part of the bark was cross-sectioned using a sliding plant 

microtome, Automatic MT3. The sections were stained with diluted aqueous 

safranin, followed by rinsing in water and mounting in 40% glycerine. The 

semipermanent histological slides were analyzed using a trinocular compound 

microscope (Leica DM 3000) attached to Leica DFC 295 digital camera 

connected to the computer and Leica Application Suite software was used for 
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the observation and capture of microscopic images at magnification 4X, 10X, 

20X and 40X. Images were observed, and the anatomical traits were 

compared. 

3.2.2.2 Stem Anatomy 

Thin sections of the stem were taken using a razor blade. The sections were 

stained with diluted aqueous safranin, followed by rinsing in water and 

mounting in 40% glycerine. The semipermanent histological slides were 

analyzed using a trinocular compound microscope (Leica DM 3000) attached 

to Leica DFC 295 digital camera connected to the computer, and Leica 

Application Suite software was used for the observation and capture of 

microscopic images at magnification 4X, 10X, 20X and 40X. Images were 

observed, and the anatomical traits were compared. 

3.2.2.3 Petiole Anatomy 

Thin sections of the petiole were taken using a razor blade. The sections were 

stained with diluted aqueous safranin, followed by rinsing in water and 

mounting in 40% glycerin. The semipermanent histological slides were 

analyzed using a trinocular compound microscope (Leica DM 3000) attached 

to Leica DFC 295 digital camera connected to the computer, and Leica 

Application Suite software was used for the observation and capture of 

microscopic images at magnification 4X, 10X, 20X and 40X. Images were 

observed, and the anatomical traits were compared. 

 3.2.2.4 Lamina Anatomy 

Thin sections of the lamina were taken using a razor blade. The sections were 

stained with diluted aqueous safranin, followed by rinsing in water and 

mounting in 40% glycerin. The semipermanent histological slides were 

analyzed using a trinocular compound microscope (Leica DM 3000) attached 
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to Leica DFC 295 digital camera connected to the computer, and Leica 

Application Suite software was used for the observation and capture of 

microscopic images at magnification 4X, 10X, 20X and 40X. Images were 

observed and the anatomical traits were compared. 

3.2.2.5 Comparative morphological and anatomical characterization 

A comparative evaluation of morphological (21 characters) and anatomical 

(18 characters) characteristics of eight populations of S. travancoricum was 

carried out.  

3.2.3 Histochemical Investigation 

3.2.3.1 Reagents used 

i. Safranin stain:  The stain was prepared by dissolving 1 g safranin in 100 ml

distilled water.

ii. Ferric chloride: The solution was prepared by dissolving 5 g of FeCl3 in 100

ml of water.

iii. Hydrochloric acid (HCl)

iv. Iodine solution: The solution was prepared by dissolving 2.6 g of Iodine

and 3g of KI in 100 ml water.

v. Phloroglucinol S: The solution was prepared by dissolving 1ml of

phloroglucinol in 100ml of ethanol.

vi. Sudan red: The dye was prepared by dissolving 0.5 g of Sudan red in 100

ml glacial acetic acid AR.

3.2.3.2 Procedure 

The fresh samples of stem, petiole and lamina were cross-sectioned using a 

razor blade and the bark was sectioned using a sliding plant microtome, 

Automatic MT3. Later the sections were treated with histochemical reagents 
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such as; Ferric chloride reagent for the detection of tannin compounds, 

Phloroglucinol S for the detection of lignin, Iodine solution for the detection 

of starch and aleurone grains, and Sudan Red for the detection of oil 

compounds and total lipids.  

To determine the presence of starch, tissue sections were stained with iodine 

solution, and the appearance of deep blue colour indicated the deposition of 

starch grains. The presence of tannin was detected using ferric chloride 

solution where a bluish-black or greyish-black colour indicated the presence 

of tannins. For examining the lignified cells, the section was first moistened 

with phloroglucinol solution, allowed to dry and then treated with one drop 

of concentrated hydrochloric acid. A pink colour indicated the presence of 

lignin. The sections were stained with Sudan red to examine the presence of 

essential oil. The appearance of a deep orange-pink colour inside the cells 

confirmed the presence of essential oil and lipid compounds.  

Each reagent was dropped onto tissue sections in a petri dish for 15 minutes. 

The tissue sections were rinsed twice with distilled water, transferred onto a 

glass slide using a camel brush and covered with a cover slip. A Trinocular 

microscope (Model Leica DM 3000) attached to Leica DFC 295 digital camera 

connected to the computer and Leica Application Suite software was used for 

the observation and transferring of microscopic images of the samples. 

Images were captured at magnifications 4X, 10X, 20X and 40X with numerical 

apertures of 0.10, 0.25, 0.40, and 0.65, respectively, and the histochemical 

characters were compared. 

3.2.4 Phylogenetic analysis using morphological and anatomical characters 

The morpho-anatomical characters (39 characters) were scored and 

compared between eight Syzygium populations and 25 other Syzygium 
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species. Among these, 21 characters were morphological, while 18 were 

anatomical characters. Visual and stereomicroscopic observations were used 

to analyze the morphological characters (Cheong & Ranghoo-Sanmukhiya, 

2013). All morphological information was encoded using binary or 

multistate characters (Appendix 3) (Cheong & Ranghoo-Sanmukhiya, 2013). 

The data matrix containing characters with multiple states is summarized in 

Appendix 4. All characters were viewed as unordered and equal in weight. 

A phylogenetic tree was constructed employing UPGMA (Unweighted Pair 

Group Method with Arithmetic Mean) using PAUP* (Phylogenetic Analysis 

Using Parsimony) ver. 4.0b 10 (Swofford, 2002).  

3.3 Phytochemical characterization 

In the present study, phytochemical characterization was carried out in two 

phases: (i) qualitative and quantitative analysis of crude plant extracts and (ii) 

Leaf essential oil profiling using GC-MS. 

3.3.1 Qualitative analysis 

3.3.1.1 Preparation of extracts for phytochemical screening 

The standard procedures of phytochemical screening (Kokate et al., 1996; 

Harborne, 1984) were employed to identify the major classes of compounds 

present in the leaf and bark extracts of S. travancoricum. 

(i) Water extract: About 50 gm of powdered samples (leaf and bark) were 

suspended in 500 ml of distilled water.      Extraction was done using a 

Soxhlet apparatus for one hour, then filtered using Whatman filter paper. 

Extracts were then evaporated at 45°C using a rotary evaporator (Yamato 

Rotary evaporator) to remove any solvent trace, transferred into sterile 

bottles, and refrigerated until further analysis. 
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(ii) Ethanolic extract: About 50 gm of the powdered samples (leaf and bark) 

were suspended in 500 ml of 95% ethanol. Extraction was done using a 

Soxhlet apparatus for one hour, filtered using Whatman No.1 filter 

paper. Extracts were then evaporated at 45°C using a rotary evaporator 

(Yamato Rotary evaporator) to remove any solvent trace and then 

transferred into sterile bottles and refrigerated until further analysis. 

About 1mg/ml of the extracts (water and ethanol) were dissolved in 

respective solvents and were used as the test solution for further 

phytochemical analysis. 

3.3.1.2 Test for steroids 

Liebermann Burchard test: About 1 ml of test solution was mixed with 1 ml 

of chloroform and a few drops of acetic anhydride. This was followed by the 

addition of a few drops of conc. H2 SO4 and mixed carefully. The appearance 

of a deep green colour indicated the presence of steroids, and the 

appearance of pink colour indicated the presence of terpenoids. 

3.3.1.3 Test for terpenoids 

Salkowski test: About 1 ml of test solution was mixed with 1 ml of 

chloroform and 2 ml of conc. H2SO4 was carefully added and thoroughly 

shaken. The appearance of reddish-brown interphase indicated the presence 

of terpenoids. 

3.3.1.4 Test for Phenols 

Ferric chloride test: About 1 ml of test solution was mixed with a few drops 

of 1% FeCl3 solution. The appearance of blue colour indicated the presence of 

phenols.  
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3.3.1.5 Test for tannins: 

a. Gelatin test: About 1 ml of test solution was mixed with 1 ml of 1%

gelatin solution followed by a few drops of 10% NaCl solution and

mixed thoroughly. The appearance of a white precipitate indicated

the presence of tannins.

b. Braymer’s test: To 5 ml of test solution was added 3 drops of 10%

FeCl3 solution. The formation of a blue-green colour indicated the

presence of tannins.

3.3.1.6 Test for flavonoids: 

a. Shinoda Test: The extract was mixed with a few fragments of

magnesium ribbon, followed by the dropwise addition of concentrated

HCl. The appearance of pink scarlet colour indicated the presence of

flavonoids.

b. Lead acetate Test: To the plant aqueous extract, 10% lead acetate

solution was added. The appearance of a yellow precipitate indicated

the presence of flavonoids.

3.3.1.7 Test for Coumarins: 

NaOH Test: The test solution was mixed with 10% NaOH and a few drops of 

chloroform. The appearance of yellow colour indicated the presence of 

coumarins. 

3.3.1.8 Test for Alkaloids: 

a. Mayer’s test: To 1 ml of the test solution, a few drops of Mayer’s reagent

were added. The formation of a yellowish or white precipitate

indicated the presence of alkaloids.
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b. Wagner’s test: To 1ml of the test solution, a few drops of Wagner’s reagent

were added. The formation of a brown to reddish precipitate indicated the

presence of alkaloids.

c. Dragendorff’s test: To 1ml of the test solution, a few drops of Dragendorff’s

reagent were added. The appearance of an orange-brown precipitate

indicated the presence of alkaloids.

3.3.1.9 Test for Saponins: 

Froth test: To 2 ml of the test solution, 10 ml of distilled water was added. It 

was shaken well for a few minutes and was allowed to stand for some time. 

Persistent foam for 10 minutes indicated the presence of saponins. 

3.3.1.10 Test for Carbohydrates: 

a. Molisch’s test: The test solution was treated with 2 to 3 drops of 1%

alcoholic alpha naphthol and 2 ml conc. H2SO4 was added along the

sides of the test tube. A violet ring was observed at the junction of

two layers indicating the presence of carbohydrates.

Test for Reducing Sugars (Fehling’s Test)

To 1 ml of test solution, 0.5 ml of Fehling’s solution, A and B were 

added. The mixture was boiled in a water bath for 2 to 5 minutes. The 

appearance of a brick-red precipitate indicated the presence of 

reducing sugars. 

3.3.1.11 Test for Proteins 

a. Ninhydrin reagent: To 1 ml of test solution, 0.5 ml of Ninhydrin

reagent was added and mixed thoroughly. The appearance of a

purple colour showed the presence of proteins and free amino acids.
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b. Biurette test: To 1 ml of test solution, 0.5 ml of Biurette reagent

was added and mixed thoroughly. The purple colour showed

the presence of proteins and free amino acids.

3.3.2 Quantitative analysis 

3.3.2.1 Estimation of total phenolic compounds 

The standard procedure proposed by Singleton et al. (1999) was employed to 

determine total phenolic compounds in various plant extracts. Firstly, the 

stock solutions of plant extracts were prepared by mixing 1 mg of plant 

extracts (water and ethanol) in 1 ml of methanol to get a 1 mg/1 ml 

concentration. Using these stock solutions, 50 µl extract concentration was 

prepared by pipetting 50 µl of the stock solution and mixing it with 950 µl 

distilled water. To this solution, 5 ml of Folin-Ciocalteu reagent was added, 

vortexed, and left for 5 minutes. Finally, 4 ml of 20% Na2CO3 solution was 

added and incubated for 30 minutes. The percentage of light transmittance 

was determined at 756 nm using a UV-vis spectrophotometer. The total 

phenolic compounds was calculated using a standard curve where gallic acid 

(GA) was used as the standard. About 10 mg of gallic acid was dissolved in 10 

ml of distilled water in a volumetric flask and stirred well. Serial dilutions of 

gallic acid stock solution at 20, 30, 50, and 100 µl were prepared to determine 

the total phenolic compounds. For this, 20 µl, 30 µl, 50 µl and 100 µl of stock 

solution of GA was pipetted out and mixed with 980 µl, 970 µl, and 950 µl of 

distilled water, respectively. The gallic acid standard curve was plotted on a 

graph, which was further used to determine the total phenolic compounds in 

various plant extracts. Each analysis was performed in triplicate, and the 

values were expressed in mean ± SD. Results were expressed as mg GAE 

(gallic acid equivalents)/g dry extract. 
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3.3.2.3 Estimation of total flavonoid content 

The total flavonoid content in the plant extracts was determined using the 

method proposed by Chatattikun et al. (2013). This method is based on the 

formation of the flavonoid-aluminium complex, which has an absorptive 

maximum of 415nm. 1 ml of the plant extract was mixed with 4 ml of 

methanol and added with 1 ml of 10 % aluminium chloride hexahydrate 

(1g/10 ml distilled water), followed by 1 ml of 1M sodium acetate solution. 

The absorption at 415 nm was read after 45 minutes. The mixture was kept in 

the dark. About 3 4 ml of distilled water was taken as control. Quercetin was 

used as the standard reagent for the procedure. A calibration curve was 

prepared using different concentrations of Quercetin. A stock solution was 

prepared by weighing 10 mg of quercetin in 10 ml of distilled water. From 

this, serial dilutions were made to get 20, 40, 60, 80, and 100 µl concentrations 

of quercetin. The absorbance value was measured using a UV-vis 

spectrophotometer and was plotted on a graph. Each analysis was performed 

in triplicate, and the values were expressed in mean ± SD. The results were 

expressed as mg QE (quercetin equivalents)/g dry extract. 

3.3.2.4 Proximate Analysis 

3.3.2.4.1 Plant Materials 

Approximately 200 g of fresh fruits of S. travancoricum was collected from 

the field. The fruits were washed in running tap water to remove dirt and 

dust particles and patted dry. The fruits were sorted into three categories: 

fully ripened, semi-ripened and raw, depending on their ripening stage. The 

fresh pulp including the peel were separated from the seeds and ground into 

a fine paste, and stored in airtight containers at 4°C until analyzed. 
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Standard protocols (Sadasivam & Manickyam, 1992) and instruments were 

used for colourimetric estimation. UV Spectrophotometer (Eli Co India Ltd, 

Model SL 160) was used for the estimation of total carbohydrates, protein, 

amino acids, ascorbic acid, dietary fibre, total flavonoids, phenol, pectin, the 

Atomic Adsorption Spectrophotometer (Eli Co India Ltd, SL 194) and 

Inductively coupled plasma mass spectrometry (ICP-MS, Thermo Scientific 

ICAP Qc) were used for the detection of mineral components and heavy 

metals of the samples respectively. 

3.3.2.4.2 Estimation of carbohydrates (Phenol & Sulphuric Acid method) 

The standard solution (glucose) at 0.2, 0.4, 0.6, 0.8, and 1 ml (0.1mg/ml) were 

taken in test tubes. Distilled water was added to each test tube to bring the 

final volume to 1 ml. In each tube, 1 ml of 5% phenol and 5 ml of 96% 

sulphuric acid were sequentially added and thoroughly mixed to ensure 

complete mixing with the standard. After a duration of 10 minutes, all the 

tubes were transferred to a water bath set at a temperature range of 25 30°C 

and left for a period of 15 minutes. A blank sample was prepared by adding 

1 ml of distilled water. The optical density (O.D) of each tube was measured 

at a wavelength of 490 nm using a UV spectrophotometer. The phenol and 

sulphuric acid methods were repeated using 0.2 ml of fruit samples. The 

optical densities of the sample solutions were determined. The total 

carbohydrates in the sample solution were calculated using the standard 

graph. 
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About 1g of the sample was weighed and ground well with a mortar and 

pestle in a 10 ml buffer. Centrifuge and use the supernatant for protein 

estimation. Different dilutions of BSA solutions were prepared by mixing 

stock BSA solution (1 mg/ml) and water in a test tube. The Bovine Serum 

Albumin (BSA) range is 0.05 to 1mg/ml. The final volume in each test tube 

was 5 ml. From these different dilutions, 0.2ml protein solution was pipetted 

out to different test tubes, and 2 ml of alkaline copper sulphate reagent was 

added. The solution was mixed well and incubated at room temperature for 10 

minutes. Then, 0.2 ml of Folin-Ciocalteau reagent to each test tube and 

incubated for 30 minutes. The optical density was recorded at 660 nm using a 

UV spectrophotometer. The absorbance was plotted against protein 

concentration to get a standard calibration curve. The absorbance of the 

unknown sample was checked, and the concentration of the unknown sample 

was determined using the standard curve. 

3.3.2.4.4 Estimation of Fats 

About 1 5 g of the plant sample is massed into a polypropylene centrifuge 

bottle. Sodium acetate was added so that the total volume was 32 ml. Aliquots 

of methanol and chloroform were added, and the bottles were capped and 

shaken again for 30 minutes. Finally, an aliquot of water is added, and the 

bottles are shaken a final time for 30 minutes. Finally, an aliquot of water is 

added, and the bottles are shaken a final time for 30 minutes. Centrifuge tubes 

were used to hold 20 ml aliquots of the chloroform layer. These are then 

centrifuged for 10 minutes and allowed to set in a 25°C water bath for 15 

minutes. The samples are then evaporated to dryness, placed in a hot air 

oven for 30 minutes, and cooled for at least 30 minutes. Finally, total lipid 

content was determined using the following formula: 
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Total fat (g/100g wet weight)  =        (W2-W1) × VC × 100 

(VA × SW) 

Where W2 is the weight of the glass tube and dried extract (g), W1 is the 

weight of the empty dried glass tube (g), VC is the total volume of chloroform 

(ml), VA is the volume of extract dried (ml), and SW is the weight of sample 

assayed (g). 

3.3.2.4.5 Estimation of Ascorbic acid 

 Reagents 

 Trichloro Acetic Acid (TCA) (4%), 2, 4-dinitrophenyl hydrazine reagent 

(DNPH) (2%) in 9N H2SO4, Thiourea (10%), Sulphuric acid (85%), Ascorbic 

acid solution: 100 µg/ml in 4% TCA. 

Extraction 

Ascorbic acid was extracted from 1g of the plant sample using 4% TCA, and 

the volume was made up to 10 ml with the same. The supernatant obtained 

after centrifugation at 2000 rpm for 10 minutes was treated with a pinch of 

activated charcoal, shaken vigorously using a vortex mixer and kept for      

5 minutes. The charcoal particles were removed by centrifugation, and 

aliquots were used to estimate. 

Procedure 

About 1 ml of ascorbic acid was taken. The volume was made up to 2 ml with 

4% TCA. Then, 0.5 ml of DNPH reagent was added to all the tubes, 

followed by t w o  drops of 10% thio urea solution. The contents were mixed 

and incubated at 37oC for 3 hours, forming osazone crystals. The crystals were 

dissolved in 2.5 ml of 85% sulphuric acid in the cold. To the blank alone, 

DNPH reagent and thiourea were added after the addition of sulphuric acid. 
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The tubes were cooled in ice, and absorbance was read at 540 nm in a 

spectrophotometer. The ascorbic acid concentration in the samples was 

calculated using the standard graph and expressed in terms of mg/g of 

sample. 

3.3.2.4.6 Estimation of Anthocyanins 

Reagents used 

pH 1.0 buffer (0.025 M potassium chloride), pH 4.5 buffer (0.4 M sodium 

acetate), Ethanol, 0.1 M HCl. 

Preparation of Sample 

The fresh fruit pulp was extracted with 95% ethanol and HCl mixtures in a 1:2 

ratio for 1 hr using a magnetic stirrer. The mixture was filtered, and the 

supernatant solution was used for further analysis.  

Spectrophotometric Determination 

The absorbance was measured after 30 min of preparation for the 2 test 

solutions of pH 1.0 and 4.5 using a spectrophotometer at 520 nm and 700 nm. 

Distilled water was used as the blank. 

Calculations: 

The anthocyanin   pigment  concentration (as cyanidin-3-glucoside 

equivalents) was calculated using the following equation: 

Anthocyanin concentration =     A x MW x DF x103  

e x L 

Where, A= (A520nm-A700nm) pH(1.0)-(A520nm-A700nm)pH4.5, MW=449.2 g 

mol G1 for cyanidin-3-glucoside; DF =Dilution factor; L = Path length (cm);
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e =26,900 molar extinction coefficient, in L/mol cm for cyanidin-3-glucoside; 

103 = Factor for conversion from g to mg. 

3.3.2.4.7 Estimation of Minerals 

The elements Sodium (Na), Potassium (K), Calcium (Ca), Magnesium (Mg) 

and Phosphorous (P) were analysed by AAS (Pinnacle 900 H, Perkin Elmer). 

The samples were subjected to dry ashing at 500 C for 6 hours. The ash was 

dissolved in 1 N HCl, filtered and introduced into the AAS instrument. Iron 

(Fe), Copper (Cu), Zinc (Zn), Manganese (Mn), Selenium (Se), Chromium (Cr), 

Cobalt (Co), Cadmium, Lead and Mercury were analysed by ICP-MS (Thermo 

Scientific ICAP Qc). For analysis of minerals using ICP-MS, the samples were 

subjected to microwave digestion (Anton Paar, Multiwave 3000) and 

introduced into the instrument. The values are expressed as mean ± standard 

deviation on a fresh weight basis.  

3.3.3 Leaf Essential Oil Profiling 

3.3.3.1 Isolation of Essential Oil 

The leaves of  S. travancoricum were collected from eight populations in five 

different districts of Kerala. The fresh leaves were separated and washed 

thoroughly three times with tap water and finally rinsed with distilled water. 

The plant materials were chopped into small pieces (<1cm) by a sterile plant 

cutter.  

Chopped fresh leaf sample materials were subjected to hydrodistillation using 

a Clevenger apparatus for about 3 hours to extract oil. The essential oils were 

measured directly in the extraction burette, and the quantity of essential oil 

(%) was calculated as volume (ml) per 100 g of plant material. The oils were 

collected in amber-coloured glass tubes, dehydrated using anhydrous sodium 

sulphate, sealed with parafilm, and stored at 4° C for further analysis. 
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3.3.3.2   GC-MS Analysis of Essential Oil 

The essential oil sample was filtered through a 0.22 m syringe filter before 

the analysis. About 1 l of the filtered sample was analysed using GC-MS 

(QP-2010-Shimadzu) equipped with a Rxi-5Sil MS column of 30 m length, 0.25 

mm diameter, and 0.25 m thickness. The chromatographic conditions 

included helium gas (99.999%) used as the carrier gas with a constant flow of 

1 ml/min at 250°C injection temperature, and a split injection mode was used. 

The oven temperature started at 60°C (isothermal for 2 min), with an increase 

of 3°C/min to 200°C for 5 min, then 10°C/min to 280°C for 5 minutes. EI mass 

spectra were measured at 70 eV, over the 50 500 amu mass range, and the ion 

source temperature was maintained at 200°C. The total GC running time was 

66.66 minutes.  

3.3.3.3  Identification of the Essential Oil Components 

The essential oil components were identified by calculating their relative 

retention indices under temperature-programmed conditions for n-alkanes 

(C7 to C33). Individual compounds were identified by comparing their mass 

spectra with the database from the Library of the National Institute of 

Standard and Technology (NIST, 2018) and Wiley 8. A dendrogram was 

constructed to compare the chemical signatures of eight populations, 

employing principal component analysis using SPSS (v.29). 

3.4.1 Molecular Characterization 

3.4.1.1 Sampling 

Eight populations of Syzygium travancoricum were collected from the southern 

Western Ghats. Twenty-four species of Syzygium were archived from NCBI 

(National Centre for Biotechnology Information) to understand the 

phylogenetic placement of populations of S. travancoricum (Appendix 6). 



Materials and Methods 

Characterization of Syzygium travancoricum Gamble (Myrtaceae), a critically endangered endemic species of Kerala   50 

3.4.1 DNA isolation 

The genomic DNA was extracted using NucleoSpin® Plant II Kit (Macherey-

Nagel). About 100 mg of fresh leaf tissue was homogenized using liquid 

nitrogen, and the powdered tissue was transferred to a microcentrifuge tube. 

400 µl of PL1 buffer was added and vortexed for 1 minute, followed by 10 µl 

of RNase solution. The homogenate was incubated at 65°C for 10 minutes. The 

lysate was transferred to a Nucleospin filter and centrifuged at 11000 x g for 2 

minutes. The flow-through liquid was collected, and the filter was discarded. 

Later, 450 µl of buffer PC was added and mixed well. The solution was 

transferred to a Nucleospin Plant II column, centrifuged for 1 minute, and 

discarded the flow-through liquid. This was followed by adding 400 µl of 

PW1 buffer to the column, centrifuging at 11000 x g for 1 minute, and 

discarding the flow-through liquid.  Then 700 µl PW2 was added, centrifuged 

at 11000 x g, and the flow-through liquid was discarded. Finally, 200 µl of 

PW2 was added and centrifuged at 11000 x g for 2 minutes. The column was 

transferred to a new 1.7 ml tube, and 50 µl of buffer PE was added and 

incubated at 65°C for 5 minutes. The column was then centrifuged at 11000 x g 

for 1 minute to elute the DNA. The eluted DNA was stored at 4°C. 

3.4.2 Agarose Gel Electrophoresis 

The quality of the DNA isolated was checked using agarose gel 

electrophoresis. 1µl of 6X gel-loading buffer (0.25% bromophenol blue, 30% 

sucrose in TE buffer pH 8.0) was added to 5µl of DNA. The samples were 

loaded to 0.8% agarose gel prepared in 0.5X TBE (Tris-Borate-EDTA) buffer 

containing 0.5 µg/ml ethidium bromide. Electrophoresis was performed with 

0.5X TBE as electrophoresis buffer at 75 V until the bromophenol dye front 

migrated to the bottom of the gel. The gels were visualized in a UV 
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transilluminator (Genei), and the image was captured under UV light using a 

Gel documentation system (Bio-Rad).  

3.4.3  PCR Amplification 

PCR amplification reactions were carried out in a 20 µl reaction volume which 

contained 1X Phire PCR buffer (containing 1.5 mM MgCl2), 0.2 mM each 

dNTPs (dATP, dGTP, dCTP and dTTP), 1 µl DNA, 0.2 µl Phire Hotstart II 

DNA polymerase enzyme, 0.1 mg/ml BSA and 3% DMSO, 0.5M Betaine,           

5 pM of forward and reverse primers (White et al., 1990). 

Table 1. Details of primers used in the study 

Target Primer Name Direction   

ITS 
ITS-5F Forward GGAAGTAAAAGTCGTAACAAGG 

ITS-4R Reverse TCCTCCGCTTATTGATATGC 

matK 
MATK-XF Forward TAATTTACGATCAATTCATTC 

MATK NR1 Reverse ACAAGAAAGGCGAAGTAT 

rbcL 
RBCL-AF Forward ATGTCACCACAAACAGAGACTAAAGC 

RBCL-724R Reverse TCGCATGTACCTGCAGTAGC 

The PCR amplification was carried out in a PCR thermal cycler (GeneAmp 

PCR System 9700, Applied Biosystems).  

3.4.3.2  PCR amplification profile  

ITS and rbcL 

95 oC  - 30 sec 
95 oC -   5 sec 
58 oC - 10 sec 40 cycles 
72 oC - 15 sec 
72 oC -           60 sec 
  4 oC -  



Materials and Methods 

Characterization of Syzygium travancoricum Gamble (Myrtaceae), a critically endangered endemic species of Kerala   52 

matK 

95 oC  -    30 sec 
95 oC -    5 sec 
50 oC -    10 sec 10 cycles 
72 oC -    15 sec 

95 oC -    5 sec 
50 oC -    10 sec 30 cycles 
72 oC -    15 sec 
72 oC - 60 sec 
  4 oC -    

3.4.3.3 PCR amplicons 

The PCR products were checked in 1.2% agarose gels prepared in 0.5X TBE 

buffer containing 0.5 µg/ml ethidium bromide. 1 µl of 6X loading dye was 

mixed with 5 µl of PCR products, and electrophoresis was performed at 75V 

power supply with 0.5X TBE as electrophoresis buffer for about 1-2 hours 

until the bromophenol blue front had migrated to almost the bottom of the 

gel. The molecular standard used was a 2-log DNA ladder (NEB). The gels 

were visualized in a UV transilluminator (Genei), and the image was captured 

under UV light using a Gel documentation system (Bio-Rad).  

3.4.3.4 ExoSAP-IT Treatment 

ExoSAP-IT (Thermo Fisher Scientific, 2021) consists of two hydrolytic 

enzymes, Exonuclease I and Shrimp Alkaline Phosphatase (SAP), in a 

specially formulated buffer for the removal of unwanted primers and dNTPs 

from a PCR product mixture with no interference in downstream 

applications. 5 µl of PCR product was mixed with 2 µl of ExoSAP-IT and 

incubated at 37°C for 15 minutes, followed by enzyme inactivation at 80 C for 

15 minutes (Applied Biosystems, 2021).  
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3.4.3.5 Sequencing using BigDye Terminator v3.1 

The sequencing reaction was done in a PCR thermal cycler (GeneAmp PCR 

System 9700, Applied Biosystems) using the BigDye Terminator v3.1 Cycle 

sequencing Kit (Applied Biosystems, USA) following manufacturer protocol. 

The PCR mix consisted of the following components: 

PCR Product (ExoSAP treated) -      10-20 ng 

Primer -      3.2 pM (either Forward or Reverse) 

Sequencing Mix -      0.28 µl 

5x Reaction buffer -      1.86 µl 

Sterile distilled water -      made up to 10 µl 

The sequencing PCR temperature profile consisted of a 1st cycle at 96 C for 2 

minutes followed by 30 cycles at 96 C for 30 sec, 50 C for 40 sec and 60 C for 4 

minutes for all the primers.  

3.4.3.6 Post-Sequencing PCR Clean up 

A master mix I of 10 µl milli Q and 2 µl 125 mM EDTA per reaction was 

prepared. About 12 µl of master mix, was added to each reaction containing 

10 µl of reaction contents and was properly mixed. A master mix II of 2 µl of 

3M sodium acetate at pH 4.6 and 50 µl of ethanol per reaction was prepared. 

About 50 µl of master mix II was added to each reaction, and the contents 

were thoroughly mixed by inverting followed by incubation at room 

temperature for 30 minutes. Then it was centrifuged at 14,000 rpm for 30 

minutes. The supernatant was decanted and mixed with 100 µl of 70% 

ethanol.  The filtrate was again centrifuged at 14,000 rpm for 20 minutes. The 

above step was repeated twice to ensure complete cleaning. Finally, the 
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supernatant was decanted, and the pellet was air-dried. The cleaned-up air-

dried product was sequenced in ABI 3500 DNA Analyzer, Applied 

Biosystems RapidHIT ID System v. 1.3 (Thermo Fisher Scientific, 2021). 

3.4.3.7  Sequence Analysis 

The sequence quality was checked using Sequence Scanner Software v1 

(Applied   Biosystems).  

3.4.3.8 Sequence edit and alignment 

The sequences were edited in Bioedit (Hall, 1999). The low-quality sequences 

at the 5' and 3' ends of the sequence were removed Geneious 9.1.6 (Wong et 

al., 2020). Multiple sequence alignment was performed using the MUSCLE 

algorithm which is inbuilt  in MEGA X (Kumar et al., 2016). BLAST test was 

performed for the newly generated sequences in this study to check the 

homology and a threshold cut-off of 99 per cent identity was determined for 

the top match in each test (Altschul et al. 1990). After the alignment, the 

twenty-four DNA sequences (3 loci each) of eight populations were deposited 

in NCBI-GenBank, and the accession numbers are tabulated in Appendix 5. 

To create the phylogenetic dataset, twenty-five Syzygium species were 

obtained from GenBank for matk, rbcl, and ITS, and the details are given in 

Appendix 6. 

3.4.4.2 Molecular Data 

Parsimony analyses were performed on four data sets: DS1: matk; DS2: rbcL; 

DS3: ITS; DS4: concatenated matk, rbcL, ITS, and morphology) in PAUP 4.0b 

10 (Swofford, 2002). The molecular data matrix and combined data matrices 

are summarized in Appendix 7 and 8, respectively. All characters were 

viewed as unordered and equal in weight. 
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Parsimony analysis 

independently for each dataset using tree-bisection-reconnection (TBR) 

branch-swapping, 1,000 random stepwise addition, holding only one tree at 

each step during stepwise addition, gaps were treated as missing, all 

characters were unordered and had equal weight.  

Bayesian Phylogenetic analysis for concatenated dataset 

Bayesian phylogenetic analysis was performed by combining the 

morphological, anatomical and molecular data, including eight populations of 

S. travancoricum and twenty-four Syzygium species that are obtained from 

Genbank in MrBayes 3.2.6. (Huelsenbeck & Ronquist, 2001). Best-fit model 

was analysed based on Bayesian Information Criterion (BIC) within MrBayes 

using the command call

5M generations using a sample frequency of 1000 trees. 25% burn-in 

discordance was enforced to omit the trees at the initial runs towards tree 

stabilization to attain high levels of posterior probability distribution. For the 

concatenated dataset, the data was partitioned, and set parameters were given 

as default except for the morphological dataset. Parameters and trees were 

summarized simultaneously to derive the tree attributes. The majority-rule 

consensus tree was viewed in figtree and the PP values were enabled in 

percentage on all branches for further interpretation.   

3.5 Pharmacological Studies 

3.5.1. Antimicrobial Assay 

3.5.1.1 Test Organisms 

Test organisms were collected from the National Collection of Industrial 

Microorganisms (NCIM) CSIR-NCL, Pune and maintained as reference stocks 
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in a deep freezer at -18°C to -20°C. The bacterial strains were revived, 

subcultured, and kept at 2 8°C in non-selective agar slants. These cultures 

were used for assessment. 

3.5.1.2 Media preparation 

For bacterial culture, Muller Hinton Agar (MHA) medium was used. MHA 

was prepared and sterilized for 15 minutes at 121°C. Following sterilization, 

about 20 ml of medium was poured into the sterile petri dishes and allowed 

to solidify. For fungal culture, Sabouraud Dextrose Agar (SDA) medium 

was used. 

3.5.1.3 Inoculum 

Bacterial pure cultures were used as the inoculum. Three to four similar 

bacterial colonies were chosen and transferred into approximately 5 ml of 

suitable broth, such as Tryptone Soya Broth (TSB - Himedia M 1263). It was 

then incubated for 8 12 hours at 37°C until light to moderate turbidity 

developed. 

3.5.1.4 Procedure 

The antimicrobial assay was carried out using the disc diffusion method. 

The oil was tested for antibacterial activity against four Gram-positive 

bacterial strains, Bacillus cereus, Bacillus subtilis, Staphylococcus aureus and 

Streptococcus mutans, as well as four Gram-negative bacterial strains, 

Escherichia coli, Salmonella typhimurium, Klebsiella pneumoniae and 

Pseudomonas aeruginosa. About 30 µl of the essential oil was dissolved in 

Dimethyl Sulfoxide (DMSO) at a ratio of 1:2. The Whatman No.1 filter 

paper discs of 6 mm diameter were soaked with 10 µl of diluted essential 

oil and placed aseptically on the surface of agar plates at uniform intervals 

and incubated for 24 hours at 37 C. Oxoid Streptomycin Antimicrobial 
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susceptibility discs at 10 µg concentration were used as the positive 

control. Similarly, filter paper discs impregnated with 10 µl of the solvent 

DMSO were used as a negative control. The diameter of the discs, as well 

as the inhibition zones, was measured.  

The antifungal effect of the oil was also investigated using the disc 

diffusion method as described earlier. A total of three fungal species 

(Candida albicans, Aspergillus niger, and Penicillium chrysogenum) were 

obtained from the National Collection of Industrial Microorganisms 

(NCIM) CSIR-NCL, Pune and cultured in Sabouraud Dextrose Agar (SDA) 

medium. Dilution of the oil in DMSO was carried out at a 1:2 ratio, and 

control discs soaked with 10µl of DMSO alone were used in conjunction 

with the test discs. Both assays were carried out in triplicate, and the 

results were calculated as the mean with the standard deviation of 

triplicates. 

3.5.2. Antioxidant assay 

The antioxidant activity of S. travancoricum plant extracts was determined 

using DPPH and Ferric Reducing Antioxidant Power (FRAP) Assays. 

3.5.2.1 DPPH Assay 

The free radical scavenging property of the extracts was determined according 

to the method described by Baliyan et al., 2022. A 100 ml stock solution of 0.2 

mM DPPH (1,1-diphenyl-2- picrylhydrazyl) was prepared by weighing 7.83 

mg DPPH and dissolving in 100 ml methanol. The leaf and bark extracts in 

water were used for the DPPH analysis. The plant extracts were serially 

diluted for 10, 20, 30, 40 and 50 µl concentrations. The experiments were done 

under complete darkness, and for this, test tubes were completely covered 

with aluminium foil and kept under darkness for 30 minutes. 1ml methanol 
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mixed with 1ml DPPH solution was used as the control. Absorbance was read 

at 517 nm in a UV spectrophotometer.  

The 50% inhibitory concentration (IC50) of each extract that can scavenge 50% 

of DPPH radicals was calculated by linear regression using the equation,  y = 

1.8195x, R² = 0.9958 for leaf extract and y = 1.9761x, and R² = 0.9868 for bark 

extract respectively.  

Radical scavenging activity was expressed as the percentage of inhibition and 

was calculated using the following formula: 

Scavenging activity (%) = [(AC - AS) / AC] x 100% 

where AC is the absorbance of DPPH control, and AS is the absorbance of 

DPPH mixed with extract or gallic acid solution. The result was reported as 

IC50 values and gallic acid equivalents (µg GAE /ml). 

3.5.2.2 Ferric Reducing Antioxidant Power Assay 

The reducing power of the extracts was determined according to the method 

described by Oyaizu (1986), with some modifications. Leaf extracts of 

S. travancoricum in water, ethanol and the leaf essential oil were analyzed for 

their antioxidant properties using this method. The plant extracts at five 

different concentrations of methanolic extracts (20, 40, 60, 80, and 100 g/ml) 

and L-

3Fe 

(CN)6). The mixture was incubated at 50°

trichloroacetic acid (TCA) was added, and the mixture was centrifuged at 

chloride (FeCl3). In each case, the experiment was performed in triplicate. 
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Afterwards, the absorbances were measured spectrophotometrically at 

-vis spectrophotometer and the absorbance values were 

recorded. FRAP values were obtained by comparing the absorbance values at 

750 nm in test solutions with those containing ferrous ions in a known 

concentration of Ascorbic acid. They were expressed as mg/100 g Ascorbic 

equivalent (AAE) using the standard curve equation: y = 0.0141x + 0.0429,     

R² = 0.9895. The 50% inhibitory concentration (IC50) of extracts was also 

calculated by linear regression. 

3.5.3 In vitro cytotoxicity 

3.5.3.1 Reagents used: 

DMEM media  - Sigma Aldrich, USA D5648 

Fetal Bovine Serum  - Gibco, US orgin-  

0.25% Trypsin - Invitrogen, USA 25200-056 

MTT  - Sigma Aldrich M5655 

3.5.3.2 Equipments Used: 

Micropipettes - F1 Thermoscientific USA 

CO2 Incubator - Eppendorf, GERMANY 

Phase Contrast Microscope - Olympus, JAPAN with Optika Pro 5 
Camera 

ELISA Reader - ERBA, GERMANY 

Culture Plates and Flasks  - NUNC, Thermoscientific USA 

Image Magnification - 10X 

3.5.3.3 Procedure 

L929 (Fibroblast) cell line was initially procured from the National Centre for 

Eagles medium, DMEM (Sigma Aldrich, USA). The cell line was cultured in a 
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25 cm2 tissue culture flask with DMEM supplemented with 10% FBS (Foetal 

Bovine Serum), L-glutamine, sodium bicarbonate (Merck, Germany) and an 

antibiotic solution containing: Penicillin (100 U/ml), Streptomycin

(100 µg/ml), and Amphoteracin B (2.5 µg/ml). Cultured cell lines were kept at 

37°C in a humidified 5% CO2 incubator (NBS Eppendorf, Germany). The 

viability of cells was evaluated by direct observation of cells by an Inverted 

phase contrast microscope and followed by the MTT assay method.  

3.5.3.4 Cells seeding in 96 well plates 

Two-day-old confluent monolayer of cells was trypsinized, and the cells were 

suspended in 10% growth medium; 100 µl cell suspension (5 x 103 cells/well) 

was seeded in 96 well tissue culture plate and incubated 

humidified 5% CO2 incubator.  

3.5.3.5 Preparation of compound stock 

1mg of sample was weighed and dissolved in 1ml 0.1% DMSO using a 

cyclomixer. The sample solution was filtered through a 0.22 µm millipore 

syringe filter to ensure sterility.  

3.5.3.6 Cytotoxicity Evaluation 

After 24 hours, the growth medium was removed, the freshly prepared 

sample solution was five times serially diluted by two-fold dilution (100 µg, 

50 µg, 25 µg, 12.5 µg, 6.25 µg in 500 µl of DMSO). Each concentration of 100 µl 

was added in triplicates to the respective wells and incubated at 37°C in a 

humidified 5% CO2 incubator. Non-treated control cells were also maintained. 

3.5.3.7 Cytotoxicity Assay by Direct Microscopic observation 

The entire plate was observed after 24 hours of treatment in an inverted phase 

contrast tissue culture microscope (Olympus CKX41 with Optika Pro5 CCD 
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camera), and microscopic observations were recorded as images.  Any 

detectable changes in the morphology of the cells, such as rounding or 

shrinking of cells, granulation and vacuolization in the cytoplasm of the cells, 

were considered indicators of cytotoxicity.      

3.5.3.8 Cytotoxicity Assay by MTT Method 

Fifteen mg of MTT (Sigma, M-5655) was reconstituted in 3 ml PBS until 

completely dissolved and sterilized by filter sterilization. 

After 24 hours of the incubation period, the sample content in wells was 

removed, and 30 µl of reconstituted MTT solution was added to all test and 

cell control wells; the plate was gently shaken well, then incubated at 37°C in 

a humidified 5% CO2 incubator for 4 hours. After the incubation period, the 

supernatant was removed, and 100 µl of MTT Solubilization Solution 

(Dimethyl sulphoxide: DMSO, Sigma Aldrich, USA) was added, and the wells 

were mixed gently by pipetting up and down to solubilize the formazan 

crystals. The absorbance values were measured using a microplate reader at a 

wavelength of 540 nm (Talarico et al., 2004). 

The percentage of growth inhibition was calculated using the formula: 

% of viability =    Mean OD of the Samples         x 100 

Mean OD of the control group 

3.5.4 In vitro Anticancer Assay 

B16 (Human skin cancer) cell lines were initially procured from National 

Centre for Cell Sciences (NCCS), Pune, India and maintained Dulbe

modified Eagles medium, DMEM (Sigma Aldrich, USA). The cell line was 

cultured in a 25 cm2 tissue culture flask with DMEM supplemented with 10% 

FBS (Foetal Bovine Serum), L-glutamine, sodium bicarbonate (Merck, 

Germany) and an antibiotic solution containing: Penicillin (100U/ml), 
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Streptomycin (100 µg/ml), and Amphoteracin B (2.5 µg/ml). Cultured cell 

lines were kept at 37°C in a humidified 5% CO2 incubator (NBS Eppendorf, 

Germany). The viability of cells was evaluated by direct observation of cells 

by an inverted phase contrast microscope and followed by the MTT assay 

method.  

3.5.4.1 Cells seeding in 96 well plates 

Two-day-old confluent monolayer of cells was trypsinized, and the cells were 

suspended in 10% growth medium; 100 µl cell suspension (5x103 cells/well) 

was seeded in 96 well tissue culture plate and incubated at 37°C in a 

humidified 5% CO2 incubator.  

3.5.4.1.1 Preparation of compound stock 

1 mg of sample was weighed and dissolved in 1ml 0.1% DMSO using a 

cyclomixer. The sample solution was filtered through a 0.22 µm syringe filter 

to ensure sterility.  

3.5.4.1.2 Anticancer Evaluation 

After 24 hours, the growth medium was removed. Each freshly prepared 

compound in 5% DMEM were five times serially diluted by two-fold dilution 

(50 µg, 25 µg, 12.5 µg, 6.25 µg, 3.125 µg in 500µl of 5% DMSO) and each 

concentration of 100 µl were added in triplicates to the respective wells and 

incubated at 37°C in a humidified 5% CO2 incubator. Non-treated control cells 

were also maintained. 

3.5.4.1.3 Anticancer Assay by Direct Microscopic observation 

The entire plate was observed after 24 hours of treatment in an inverted phase 

contrast tissue culture microscope (Olympus CKX41 with Optika Pro5 CCD 

camera), and microscopic observations were recorded as images. Any 
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detectable changes in the morphology of the cells, such as rounding or 

shrinking of cells, granulation and vacuolization in the cytoplasm of the cells, 

were considered indicators of cytotoxicity.      

3.5.4.1.4 Anticancer Assay by MTT Method 

Fifteen mg of MTT (Sigma, M-5655) was reconstituted in 3 ml PBS 

(Phosphate-buffered saline) until completely dissolved and sterilized by filter 

sterilization. After 24 hours of the incubation period, the sample content in 

wells was removed, and 30µl of reconstituted MTT solution was added to all 

test and cell control wells; the plate was gently shaken well, then incubated at 

37°C in a humidified 5% CO2 incubator for 4 hours. After the incubation 

period, the supernatant was removed, and 100 µl of MTT Solubilization 

Solution (Dimethyl sulphoxide, DMSO, Sigma Aldrich, USA) was added. The 

wells were mixed gently by pipetting up and down to solubilize the formazan 

crystals. The absorbance values were measured using a microplate reader at a 

wavelength of 540 nm (Talarico et al., 2004). 

The percentage of growth inhibition was calculated using the formula: 

% of viability =    Mean OD of the Samples x 100 

        Mean OD of the control group 

3.5.4.2 Analysis of Cell Apoptosis by Flow Cytometry 

Flow cytometry is a technology that simultaneously measures and analyzes 

multiple physical characteristics of single particles, usually cells, as they flow 

in a fluid stream through a beam of light. The properties measured include a 

rnal complexity, and relative 

fluorescence intensity. These characteristics are determined using an optical-

to-electronic coupling system that records how the cell or particle scatters 

incident laser light and emits fluorescence. 
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Fig. 3. Schematic representation of flow cytometric analysis of cells 

3.5.4.2.1 Principle 

Apoptosis is a carefully regulated process of cell death that occurs as a normal 

part of development. Inappropriately regulated apoptosis is implicated in 

and cancer. Apoptosis is distinguished 

from necrosis, or accidental cell death, by characteristic morphological and 

biochemical changes, including compaction and fragmentation of the nuclear 

chromatin, shrinkage of the cytoplasm, and loss of membrane asymmetry. 

The FITC Annexin V/Dead Cell Apoptosis Kit (ThermoFisher Scientific, CA, 

USA) with FITC Annexin V and PI for flow cytometry provided a rapid and 

convenient assay for apoptosis. The kit contained recombinant annexin V 

conjugated to fluorescein (FITC annexin V), as well as a ready-to-use solution 

of the red-fluorescent propidium iodide (PI) nucleic acid binding dye. PI was 

impermeant to live and apoptotic cells but stained dead cells with red 

fluorescence, binding tightly to the nucleic acids in the cell. After staining a 

cell population with FITC annexin V and PI in the provided binding buffer, 
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apoptotic cells showed green fluorescence, dead cells showed red and green 

fluorescence, and live cells showed little or no fluorescence. These 

populations can easily be distinguished using a flow cytometer with the 488 

nm line of an argon-ion laser for excitation. 

Apoptosis, or programmed cell death, is an important and active regulatory 

pathway of cell growth and proliferation. Cells respond to specific induction 

signals by initiating intracellular processes that result in characteristic 

physiological changes. Among these are the externalization of 

phosphatidylserine (PS) to the cell surface, cleavage and degradation of 

specific cellular proteins, compaction and fragmentation of nuclear 

chromatin, and loss of membrane integrity (in late stages). Annexin V is a 

calcium-dependent phospholipid-binding protein with a high affinity for PS, 

a membrane component normally localized to the internal face of the cell 

membrane. Early in the apoptotic pathway, molecules of PS are translocated 

to the outer surface of the cell membrane where Annexin V can readily bind 

detect PS on the external membrane of apoptotic cells. A dead cell marker is 

also used to indicate cell membrane structural integrity. It is excluded from 

live, healthy cells, as well as early apoptotic cells. Four populations of cells 

can be distinguished in this assay such as (i) non-apoptotic cells: Annexin V 

(-) and 7-AAD (-); (ii) early apoptotic cells: Annexin V (+) and 7-AAD (-); (iii) 

late stage apoptotic and dead cells: Annexin V (+) and 7-AAD (+); (iv) mostly 

nuclear debris: Annexin V (-) and 7-AAD (+). 

3.5.4.2.2 Procedure 

BI6 melanoma cell line was cultured as per standard procedures described 

earlier and treated with a compound with their IC50 concentration (57.26 

µg/ml) and incubated for 24 hours. The cells were trypsinized after incubation 
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and 100 l of cells in suspension were transferred to separate tubes. About 

100 l of the MuseTM Annexin V and Dead Cell Reagent were added to the 

tubes. The tubes were mixed thoroughly by pipetting up and down or 

vortexing at a medium speed for 3 to 5 seconds, then incubating for 20 

minutes at room temperature in the dark. The cells were analyzed in a flow 

cytometer using Muse flow cytometry software. Cells were gated against 

untreated control cells and analyzed for apoptosis using Muse FCS 3.0 

software. 

3.5.4.3 In vitro ROS measurement using DCFDA 

B16 (melanoma) was initially procured from the National Centre for Cell 

Sciences (NCCS), Pune, India and maintained 

medium, DMEM (Sigma Aldrich, USA). The cell line was cultured in a 25 cm2 

tissue culture flask with DMEM supplemented with 10% FBS, L-glutamine, 

sodium bicarbonate and the antibiotic solution containing Penicillin (100 

U/ml), Streptomycin (100 µg/ml), and Amphoteracin B (2.5 µg/ml). Cultured 

cell lines were kept at 37°C in a humidified 5% CO2 incubator (NBS 

Eppendorf, Germany). IC50 concentration of the sample (57.26 µg/ml) was 

added and incubated for 24 hours. Untreated control cells were also 

maintained. 

3.5.4.3.1 Principle 

- dichlorofluorescein diacetate 

(DCFDA; Sigma Aldrich), a fluorogenic dye that measures hydroxyl, peroxyl 

and other ROS activity within the cell. After diffusion into the cell, DCFDA is 

deacetylated by cellular esterases to a non-fluorescent compound, which ROS 

later - dichlorofluorescein (DCF), which emits green 

fluorescence upon excitation with a blue filter. Carboxy-H2DCFDA is non-
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fluorescent, but in the presence of ROS, when this reagent is oxidized, it 

becomes green fluorescent.  

3.5.4.3.2 Procedure 

The cells were washed with PBS, added 50 µl of DCFDA, and incubated for 30 

minutes. After incubation, the excess dye was washed with PBS and 

fluorescence was imaged in a fluorescent microscope (Olympus CKX41 with 

Optika Pro5 CCD camera) the fluorescence was measured using a fluorimeter 

at 470 nm excitation and emission at 635 nm (Qubit 3.0, Life Technologies, 

USA) and expressed in arbitrary units. 

3.5.4.4 Determination of Mitochondrial Membrane Potential by Flow 

Cytometry 

Mitochondria are important cellular organelles that maintain crucial cellular 

energy balance, are a primary site of production of free radicals, and in 

addition, contain key regulators of cell death processes such as apoptosis. 

Mitochondria changes are thus highly sensitive indicators of cell health and 

stress. Cellular energy produced during mitochondrial respiration is stored as 

an electrochemical gradient across the mitochondrial membrane, and this 

accumulation of energy in healthy cells creates a mitochondrial membrane 

m) that enables the cell to drive the synthesis of ATP. Loss of the 

mitochondrial inner transmembrane potential is often, but not always, 

observed to be associated with the early stages of apoptosis. The collapse of 

this potential is believed to coincide with the opening of the mitochondrial 

permeability transition pores, leading to the release of cytochrome C into the 

cytosol, which then triggers the downstream events in the apoptotic cascade.  

Mitochondrial membrane potential changes have been implicated in 

apoptosis, necrotic cell death, and caspase-independent cell death processes. 
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Depolarization of the inner mitochondrial membrane potential is thus a 

reliable indicator of mitochondrial dysfunction and cellular health, which has 

become increasingly important in studying apoptosis, drug toxicity and 

MitoPotential Dye, a cationic, lipophilic dye to detect changes in the 

mitochondrial membrane potential and 7-AAD as an indicator of cell death. 

High membrane potential drives the accumulation of MitoPotential dye 

within the inner membrane of intact mitochondria, resulting in high 

fluorescence. Cells with depolarized mitochondria demonstrate a decrease in 

fluorescence and a downward shift. This parameter is displayed in the 

MitoPotential axis. A dead cell marker (7-AAD) is also used to indicate cell 

membrane structural integrity and cell death. It is excluded from live, healthy, 

and early apoptotic cells. Dead cells thus show increased fluorescence in the 

viability axis. Four populations of cells can be distinguished in this method 

such as: (i) (LL) Live cells with depolarized mitochondrial membrane: 

MitoPotential (-) and 7-AAD (-); (ii) (LR) Live cells with intact mitochondrial 

membrane: MitoPotential (+) and 7-AAD (-); (iii) (UR) Dead cells with 

depolarized mitochondrial membrane: MitoPotential (+) and 7-AAD (+); (iv) 

(UL) Dead cells with intact mitochondrial membrane: MitoPotential (-) and 7-

AAD (+). 

3.5.4.4.1 Reagent Preparation 

BI6 cells were cultured as per standard procedures described earlier, treated 

with a compound with their IC50 concentration (57.26 g/ml), and incubated for 

24 hours. Cells were trypsinized and subjected to flow cytometry as per the 

following procedures. 

Dye 1:1000 in 1X assay buffer. After centrifugation, the cells were 
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resuspended in 1X assay buffer and added with 95 l mitopotential working 

solution. It was further mixed thoroughly by vortexing and was incubated for 

20 minutes in a 37°C CO2 incubator. After incubation, 5 l of Muse 

MitoPotential 7-AAD was added to each well, mixed thoroughly by vortexing 

for 3 to 5 seconds, and kept for incubation for another 5 minutes. The samples 

were loaded onto a flow cytometer (Millipore, USA), and the events were 

acquired after gating and correlated with controls. 

3.5.4.5 Analysis of DNA content and Cell cycle analysis 

Monitoring the ability of cells to proliferate is critical for assessing cell health 

during toxicity studies. The most accurate method of doing this is by directly 

measuring DNA synthesis. The basic principle of the MUSE cell cycle kit is a 

standard ethanol fixation and detergent permeabilization, which is sufficient 

to gain access to the DNA during the active cell cycle. The kit utilizes a 

premixed reagent which includes the nuclear DNA intercalating stains 

propidium iodide (PI), which discriminates cells at different stages of the cell 

cycle based on the differential DNA content in the presence of RNAase to 

increase the specificity of DNA staining in each phase (G0/G1, S and G2/M). 

BI6 cells were cultured per standard procedures described earlier, treated 

with a compound with their IC50 concentration (57.26 µg/ml), and incubated 

for 24 hours. The cells were digested and transferred to a 12 x 75 mm 

polystyrene tube. The minimum recommended number of cells for fixation in 

a tube is 1×106 cells. The samples were then centrifuged at 3000 rpm for 5 

minutes. The supernatant was removed without disturbing the pellet. After 

centrifugation, the cells appeared as visible pellets on the bottom of the tube. 

The appropriate volume of PBS was added to each tube (i.e., 1ml of PBS per 

1×106 cells), and the contents were mixed by pipetting several times. The cells 
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were centrifuged at 3000 rpm for 5 minutes. The supernatant was discarded 

without disturbing the cell pellet, leaving approximately 50 µl of PBS per

1 × 106 cells. The pellet was resuspended in the residual PBS by repeated 

pipetting. The resuspended cells were finally added dropwise into the tube 

containing 1ml of ice-cold 70% ethanol while vortexing at medium speed. The 

tube was capped and incubated at -20°C. 

3.5.4.5.1 Staining of Cell Cycle 

After the overnight incubation, the samples were centrifuged at 3000 rpm for 

5 minutes at room temperature. The supernatant was removed, and 250 µl 

PBS was added to the pellet. Then the centrifugation was done again at the 

same rpm and time. The pellet was taken after discarding the supernatant; 

250 µl of cell cycle reagent was added and was incubated in the dark for 30 

minutes. Finally, it was analyzed using a Flow Cytometer and Gating was 

performed with reference to untreated control cells.  

3.5.5 Anti-inflammatory Assay 

RAW 264.7 cell line was initially procured from National Centre for Cell 

medium, DMEM (Sigma Aldrich, USA). The cell line was cultured in 25 cm2 

tissue culture flask with DMEM supplemented with 10% FBS, L-glutamine, 

sodium bicarbonate (Merck, Germany) and antibiotic solution containing 

Penicillin (100 U/ml), Streptomycin (100 µg/ml), and Amphotericin B

(2.5 µg/ml). The cultured cell lines were kept at 37°C in a humidified 5% CO2 

incubator (NBS Eppendorf, Germany).  

The cells were grown to 60% confluency, followed by activation with 1 µl 

lipopolysaccharide (LPS). LPS-stimulated RAW cells were exposed to 

different concentrations (6.25, 12.5, 25 µg/ml) of sample solution and 
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incubated for 24 hours. After incubation, the anti-inflammatory assays were 

performed using the cell lysate. 

3.5.5.1 Cyclooxygenase (COX) activity 

The COX activity was assayed using the method of Walker and Gierse (2010). 

About 100µl cell lysate was incubated with Tris-HCl buffer (pH 8), 

glutathione 5 mM/l, and haemoglobin 5 mM/l for 1 minute at 25°C. The 

reaction was initiated by the addition of arachidonic acid 200 mM/l and 

terminated after 20 minutes of incubation at 37°C by the addition of 200µl of 

10% trichloroacetic acid in 1 N hydrochloric acid. After centrifugation and the 

addition of 200µl of 1% thiobarbituric acid, the tubes were boiled for 20 

minutes. After cooling, the tubes were centrifuged for three minutes. COX 

activity was determined by reading absorbance at 632 nm, and percentage 

inhibition of COX activity was determined as per the following formula, 

% inhibition = ((Absorbance of control-Absorbance of test)/Absorbance of 

control) × 100 

3.5.5.2 Lipoxygenase (LOX) activity 

The determination of LOX activity was done as per the method described by 

Axelrod et al. (1981). The reaction mixture comprised Tris-HCl buffer (pH 7.4), 

50 µl of cell lysate, and sodium linoleate (200 µl) and was made up to 2 ml. 

The LOX activity was monitored as an increase of absorbance at 234 nm 

(Agilent Cary 60), which reflects the formation of 5-hydroxyeicosatetraenoic 

acid. The percentage inhibition of the enzyme was calculated as, 

% inhibition = ((Absorbance of control-Absorbance of test)/Absorbance of 

control) × 100 
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3.5.5.3 Myeloperoxidase (MPO) activity 

The cell lysate was homogenized in 50 mM potassium phosphate buffer and 

0.57% hexadecyltrimethyl ammonium bromide (HTAB). The samples were 

centrifuged at 2000 g for 30 minutes at 4°C, and the supernatant was assayed 

for MPO activity. MPO in the sample was activated by the addition of 50 mM 

phosphate buffer (pH 6) containing 1.67 mg/ml guaiacol and 0.0005% H2O2. 

The change in absorbance at 460 nm was measured. MPO activity was 

presented as units per ml of cell lysate. One unit of MPO activity (U) was 

defined as degrading    1 µM of peroxide per minute at 25°C. 

U = ( OD · 4 · Vt · dilution factor) / (L · £470 t · Vs) 

Where OD = density change; Vt = total volume (1.1 ml); L=light path (1 cm); 

£470 = extinction coefficient for tetraguaiacol (26.6 mM-1cm-1) 

3.5.5.4 Inducible Nitric Oxide Synthase 

Nitric oxide synthase activity was determined by the method described by 

Salter et al. (1996). The cell lysate was homogenized in 2 ml of HEPES buffer. 

-

tol (DTT), 

oxygenated haemoglobin and 0.1 ml cell lysate. An increase in absorbance 

was recorded at 401 nm, and the enzyme activity was determined as per the 

following equation. 

% inhibition = ((Absorbance of control-Absorbance of test)/Absorbance of 
control) × 100 
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3.5.5.6 Estimation of Cellular Nitrite Levels 

The level of nitrites was estimated by the method of Lepoivre et al. (1990). To 

0.5 ml of cell lysate, 0.1 ml of 3% sulphosalicylic acid was added and vortexed 

well for 30 minutes. The samples were then centrifuged at 5,000 rpm for 15 

minutes. The protein-free supernatant was used for the estimation of nitrite 

levels. To 200 l of the supernatant, 30 l of 10% NaOH was added, followed 

by 300 l of Tris-HCl buffer and mixed well. To this, 530 l of Griess reagent 

(1% sulphanilamide, 2% phosphoric acid and 0.1% N-1-naphthyl ethylene 

diaminedihydrochloride) was added and incubated in the dark for 10 15 

minutes, and the absorbance was read at 540 nm against a blank (Griess 

reagent). Sodium nitrite solution was used as the standard. The amount of 

nitrite present in the samples was estimated from the standard curves 

obtained. 

3.5.6 Antidiabetic assay 

The leaf extracts and leaf essential oil of S. travancoricum (STEO) were used for 

analyzing the antidiabetic properties. The leaf extracts included water extract 

(STWE) and ethanol extract (STEE). 

3.5.6.1 Lipase inhibitory assay 

Lipase inhibitory assay was carried out using the methodology described by 

Laya et al. (2023). About 20 l of the sample at varying concentrations of 

(0 250 µg/ml) and 40 l of pNPP (p-Nitrophenol palmitate) solution were 

filled in a 96 well microplate. Thereafter, the mixture was preincubated in a 

water bath at 37°C for 15 minutes. Then, 20 l of the enzyme (10 units/ml) 

already prepared using the buffer (0.1 M, pH 6.8) was filled in each well 

before incubating in a water bath at 37°C for 40 minutes. After cooling at 

room temperature, the absorbance was measured at 410 nm using the 
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microplate reader. The control having -amylase alone without any inhibitor 

represented 100% enzyme activity. The enzyme activity at various 

concentrations was measured as follows: 

Inhibition (%) = 100 × (AC  AS)/(AC) 

Where AS, AC is the Absorbance of Control and Absorbance of the sample. 

3.5.6.2 -amylase assay 

-amylase activity was tested using the methodology described by Sekhon-

Loodu and Rupasinghe (2019). The plant extracts at varying concentrations 

(0-250 µg/ml) were used as test solutions for the analysis. The test solution, 

enzyme and soluble starch were dissolved in 20 mM sodium phosphate buffer 

containing 6 mM NaCl (pH 6.9). To each test solution was added 250 l of 

pancreatic porcine - amylase (1 U/ml, dissolved in the buffer at pH 6.9). The 

mixture was pre-incubated at 37°C for 15min before the addition of 250 l of 

0.5% starch. The mixture was then vortexed and incubated again at 37°C for 

15 minutes, followed by 1 ml of dinitrosalicylic acid colour reagent, which 

was used for the termination of the reaction. The tubes were placed in a 

boiling water bath for 5 minutes, followed by cooling at room temperature. 

About 200 l of the reaction mixture was taken into a 96-well plate, and the 

absorbance was read at 540 nm using the microplate reader. The control 

having -amylase alone without any inhibitor represented 100% enzyme 

activity, and the enzyme activity at various concentrations was measured as 

follows: 

Inhibition (%) = 100 × (AC  AS)/(AC) 

Where AS, AC is the Action of control and action of the sample. 

3.5.6.3 -glucosidase inhibitory assay  
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-glucosidase inhibitory activity was tested using the methodology described 

by Sekhon-Loodu and Rupasinghe (2019). The test extracts were taken at 

different concentrations varying from (0 250 µg/ml). The reaction mixture 

containing 20 l extract at each concentration, 20 l -glucosidase and 60 l of 

10 mM potassium phosphate buffer (pH 6.8) were pre-incubated at 37°C for 

15 minutes, followed by the addition of 20 l of 5 mM p-nitrophenol-a-D-

glucopyranoside substrate in a 96-well microplate. The mixture was then 

incubated at 37°C for the reaction to take place. After 15 minutes, 80 l of stop 

solution containing 200 mM sodium carbonate was added. The absorbance 

was recorded at 405 nm using the microplate reader. The control having -

glucosidase alone without any inhibitor represented 100% enzyme activity, 

and the action of various extract concentrations was measured as follows. 

Inhibition (%) = 100 × (AC  AS)/(AC) 

Where AS, AC is the Absorbance of Control and Absorbance of the sample. 

3.5.6.4 Statistical analysis 

All experiments were performed in triplicates and the data is presented as a 

mean ± standard deviation. 

3.6 Conservation Strategies 

An ex situ conservation strategy was taken up via establishing green spaces at 

five locations distributed across different districts in Kerala, which focused on 

providing specific benefits to the community and the biodiversity, such as 

(i) to safeguard vital ecological processes and life-support systems necessary 

for human survival; (ii) to conserve the genetic resource from endangerment; 

(iii) to promote ethical and responsible use of genetic resources that benefit 

both rural populations and commercial enterprises; (iv) to preserve and 

evaluate the germplasm for futuristic research. 
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3.6.1 Study areas 

The ex situ conservation was first conducted at Elavally Grama Panchayath, at 

a latitude of 10.58° N and a longitude of 76.09° E in the Chavakkad Taluk, 

Thrissur district, Kerala. This village is comprised of small islands like 

Kakkathuruth and Kaniyamthuruth, paddy fields, wetlands, and small hilly 

areas. Rising sea levels cause flooding and storm surges in this area during 

the monsoons, which is very dangerous for the community.  

The second area selected was Panjal Grama Panchayath, at latitude of 

10.7215° N and a longitude of 76.03055° E in the Thalappilly Taluk, Thrissur 

district, Kerala. This area is situated on the banks of Nila, Bharathapuzha. The 

third area was Varavur Grama Panchayath, at latitude of 10.43836° N and a 

longitude of 76.121933° E in the Thalappilly Taluk, Thrissur district, Kerala. 

This area is also near the bank of Bharathapuzha. The fourth area selected was 

Government College, Chittur, located on the banks of the Shokanashini River in 

the Chittur-Tattamangalam area with latitude of 10.677238° N and a 

longitude of 76.716339° E in Palakkad district, Kerala. The fifth area was 

Enadimangalam Grama Panchayath, at latitude of 9.73234° N and a longitude 

of 76.4854° E in the Adoor Taluk, Pathanamthitta district, Kerala.  

3.6.2 Plant propagation methods 

3.6.2.1 Seed germination 

The seeds were collected from the ripe fruits of S. travancoricum populations 

in the Kalasamala sacred grove, Thrissur, from June to July 2017. The fruits 

were cleaned to remove the pulp and other trash and were shade-dried for 24 

hours at room temperature. The dried seeds were sown in a germinating 

medium of coir pith, vermicompost, and sand at a 1:1:1 ratio in small poly 

bags.  
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3.6.2.2 Vegetative Propagation via stem cuttings 

Healthy and disease-free secondary branches were randomly collected from 

the S. travancoricum populations during the same period. Semi-soft wood 

branches were chosen for preparing stem cuttings. 

3.6.2.3 Rooting 

The secondary branches of S. travancoricum trees were used as a source for the 

semi-softwood cuttings, which ranged in length from 10 to 15 centimetres and 

contained 3 to 4 nodes. The basal cut was made directly under the node 

without causing damage to the surrounding tissue. The cuttings that retained 

at least 2 centimetres of the plant's basal end were submerged in a solution of 

IBA (2000 ppm) in ethanol and distilled water at 1:1 proportion for 1 minute. 

The cuttings were then planted in polythene bags containing sand and clay in 

a ratio of 1:1 (w/w). Watering was done twice daily to the stem cuttings until 

the first shoots sprouted. 

3.6.2.4 Planting of propagules 

Forty healthy saplings were used for planting. The saplings were transplanted 

to the selected areas during the commencement of the northeast monsoon. 

First, the land was thoroughly ploughed to ensure easy water drainage. Then, 

small pits of appropriate size (50 cm x 50 cm x 50 cm) were dug out and 

preconditioned with moistened coir pith or coconut husk, which was finally 

covered with a thin layer of soil. The seedlings and rooted stem cuttings were 

planted into these pits and watered sufficiently. The growth of the saplings 

was monitored regularly to ensure adequate growth. 
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of morphological and genetic traits can further be utilised to 

validate our findings for determining species distinctiveness between 

more Syzygium populations and reconstructing these taxa's phylogeny. A 

few morphological traits, such as blaze colour, leaf size, leaf shape, leaf base, 

leaf tip, petiole size, the number of lateral nerves in the leaf blade, the size 

and position of the inflorescence, the length of the peduncle, and the nature 

of sepals are found to be diagnostic in distinguishing the two species. 

Specimens examined: 

INDIA. Kerala, Kollam Dist.: Aickad, 4 Apr. 1988, C. N. Mohanan 
CAL0000029238 

INDIA. Kerala, Kollam Dist.: Kodumon, 1 Mar. 1979, C. N. Mohanan 
CAL00000214404 

INDIA. Kerala, Wayanad Dist.: Lakkidi, 20 Mar. 1984, R. T. Balakrishnan 
CALI162932 

INDIA. Kerala, Wayanad Dist.: Pookode, 10 Apr. 2001, A. K. Pradeep 
CALI162930 

INDIA. Kerala, Wayanad Dist.: Pookode, 10 Apr. 2001, A. K. Pradeep 
CALI162931 

INDIA. Kerala, Travancore, 6 Mar. 1994, T. F. Bourdillon MH00002090 
INDIA. Kerala, Koncan, 26 Feb. 2004, P. Lakshminarasimhan K000260039 
INDIA. Kerala, Thiruvananthapuram Dist.: JNTBGRI Palode, 24 Apr. 2019, 
     P.S.Smitha 320 STC03055
INDIA. Kerala, Thiruvananthapuram Dist.: Idinjaar, 24 Apr. 2019, P.S.  

Smitha 321 STC02988
INDIA. Kerala, Kollam Dist.: Shendurney, 24 Apr. 2019, P.S. Smitha 322 

STC03084
INDIA. Kerala, Thrissur Dist.: Kalassamala, 26 Apr. 2019, P.S. Smitha 323 

STC03075
INDIA. Kerala, Wynad Dist.: Pookode, 27 Apr. 2019, P.S. Smitha 324 STC03013 
INDIA. Kerala, Wynad Dist.: MSSRF, 27 Apr. 2019, P.S. Smitha 325 STC03093 
INDIA. Kerala, Kannur Dist.: Konginichalkavu, 28 Apr. 2019, P.S. Smitha 

326 STC03077
INDIA. Kerala, TBGRI, Palode, 30 Apr. 2019, P.S. Smitha 327 STC03037
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Fig. 12. Syzygium travancoricum - Bark T.S. A. JNTBGRI; B. Idinjaar;
C. Kollam; D. Thrissur; E. MSSRF; F. Pookode; G. Konginichalkavu;
H. Paliyeri Mookambika Kavu
Bars: A: 200 µm, B-H: 500 µm
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Fig. 13a. Syzygium travancoricum - Stem T.S. A. JNTBGRI; B. Idinjaar;
C. Kollam; D. Thrissur; E. MSSRF; F. Pookode; G. Konginichalkavu;
H. Paliyeri Mookambika Kavu

Bars: A-H: 500 µm G: 200 µm
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CHAPTER 5    DISCUSSION 

5.0  Systematic analysis of Syzygium travancoricum Gamble 

Characterization of Syzygium travancoricum Gamble 

(Myrtaceae), an endemic endangered species of Kerala

comprehensive understanding of this unique endemic species of the 

Myrtaceae family. Through various perspectives, including morphological, 

anatomical, histochemical, phytochemical, molecular, and pharmacological 

analysis, the study was able to provide a detailed characterization of this 

endemic and endangered species. Additionally, the study also established a 

conservation strategy by creating green spaces to protect S. travancoricum 

from further endangerment. The study focused on eight populations of the 

species located in five districts of Kerala, and the results obtained are 

discussed briefly. 

5.1 Morphological characterization 

The characters observed in the live specimens were compared with type 

specimens and original protologues during the study to determine their 

morphological characteristics. This involved close examination of various 

aspects of the plants, including its vegetative characteristics such as habit, 

bark, blaze colour, young branchlets, stem, leaves, petiole size, number of 

secondary nerves, intramarginal nerves, as well as their reproductive 

characteristics, such as peduncle size, inflorescence, sepals, petals, stamen, 

anther, L.S of the ovary, number of ovules, fruits, and seeds. A thorough 

evaluation of these features enabled a deeper understanding of the 

populations and their unique characteristics. 

The morphological characteristics of live samples from six populations 

collected from JNTBGRI, Idinjaar, Kollam, Thrissur, MSSRF and 
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Konginichalkavu perfectly matched with the characteristics outlined in the 

protologue as well as type material of S. travancoricum. The chief characteristic 

features included medium to large-sized trees; bark longitudinally fissured 

and greyish brown, reddish brown blaze, tetragonous branchlets, chartaceous, 

leaf ratio wider than long, leaf shape ovate-oblong, lamina size (area) 8 10 x 

5 6 cm; leaf base narrow and decurrent, leaf margin entire undulate, lateral 

nerves 10 5 pairs, cymose corymbose inflorescence which was terminal and 

axillary; long peduncle 8 10 cm long. However, in the current study, it was 

observed that the populations from Pookode (Wynad) and Paliyeri 

Mookambika Kavu (Kannur) exhibited distinct characteristics that are similar 

to S. stocksii as mentioned in the protologue. These populations were large-

sized trees with greyish brown blaze colour and large-sized leaves that 

measured 15 20 cm in length and 8 10 cm in breadth. The shape of the leaves 

was elliptic to obovate, with an obtuse base and an obtusely acuminate tip 

without oblique ends. The petiole was shorter and thinner without a distinct 

groove. The number of lateral nerves ranged between 18 and 20, and the 

intra-marginal veins were prominent, though they faded towards the 

margins. The inflorescence of these populations was comparatively shorter, 

measuring 5 10 cm in size with a peduncle length of 2 5 cm. Consequently, it 

is evident from these morphological observations that these populations 

could be confidently categorized as S. stocksii. 

5.2 Anatomical and Histochemical Characterization 

According to this research findings, all populations shared common 

anatomical features. Still, certain populations exhibited significant differences 

in key features such as stomatal types, midrib vascular shape, distribution of 

midrib sclerenchyma, number of adaxial palisade layer, presence of druses 

and prismatic crystals, nature of pith, and cross-sectional shape of twigs. 
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These unique anatomical characteristics, combined with other traits, could be 

useful in species delineation. In the transverse section, both adaxial and 

abaxial epidermal cells of leaves in all populations were wider, squarish, to 

rectangular shaped with paracytic stomatal type except for the Pookode and 

Paliyeri Mookambika Kavu populations which possessed anisocytic type of 

stomata. This research findings corroborate with earlier findings on the leaf 

anatomy of Syzygium species (Khatijah et al., 1992; Noorma & Moore, 1996; 

Kantachot et al., 2007).  

A single-layered adaxial palisade tissue was consistent in all the samples; 

however, the distribution was continuous in S. travancoricum but 

discontinuous in S. stocksii populations. The adaxial surface of the midrib was 

concave and grooved, while the abaxial surface was convex in all samples. 

The vascular system was found to be bicollateral. The adaxial and abaxial 

with straight arms to the midrib vasculature in both the lamina and petiole. 

However, the Pookode and Paliyeri Mookambika Kavu samples showed 

incurved margins with discontinuous phloem branched into lateral partitions. 

The sclerenchyma sheath was continuous in S. travancoricum but was 

discontinuous in these populations. In lateral vein bundles, vertical bundle 

sheath extensions were usually absent in S. travancoricum, whereas they were 

present in these populations. The present study, however, did not reveal any 

observable crystal macro pattern. Nonetheless, it was noted that 

S. travancoricum had mainly druses, while S. stocksii had predominantly 

prismatic crystals. 

The anatomical findings of the present study concur with previous findings of 

Khatijah et al. (1992), who also claimed that the midrib vascular type is an 

effective marker for species diagnosis among Syzygium populations. 
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Additionally, other anatomical characteristics, such as foliar sclereids, midrib 

sclerenchyma, adaxial palisade layer, and bundle sheath extensions, were 

discovered, which can be combined with stomatal types, midrib vascular 

system, and crystals to enhance species identification. However, the number 

and thickness of palisade layers in mesophyll did not exhibit any taxonomic 

significance and may be influenced by environmental factors. Oil glands were 

present in all samples, but any distinct patterns in their frequency or 

distribution were not observed.  

S. travancoricum, in particular, was unambiguously observed to have oil 

cavities that actively secrete aromatic volatile oil in various parts of the plant. 

It was also identified that these secretory cavities are located abundantly in all 

parts of the plant, including the hypodermal regions of the stem, leaf, and 

petiole. This research finding definitively corroborates earlier literature on the 

presence of secretory cavities in other Syzygium species, which had previously 

provided indeterminate information regarding the specific plant parts where 

these structures are present (Khatijah et al., 1992; Merrill & Perry, 1939). 

The histochemical characterization revealed that S. travancoricum 

populations possessed significant secondary metabolites, including tannin, 

lignin, starch, and essential oils, which are found in different plant parts. It is 

noteworthy that oil cavities were observed not only in the leaves but also in 

the petiole and stem. Additionally, the study has confirmed that numerous 

secretory substances have yielded positive test results, suggesting their 

accumulation within the cellular structures. These substances play a 

significant role in the distinct aroma of the leaves. 

Syzygium is a genus with a diverse range of species, and according to Nair 

and Rana (2017), the taxonomy of this genus is quite complex. Therefore, 

there is a significant requirement for in-depth studies on the different species 
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within this group to determine their taxonomic classification. Conducting 

morphological and anatomical studies could aid in future ecological and 

phytosociological research and provide additional evidence to validate the 

taxonomic classification of the group, as well as identify new species. In the 

present study, it was discovered that S. travancoricum populations differed in 

terms of key anatomical characteristics such as type of stomata, midrib 

vasculature, midrib sclerenchyma, crystal types and frequency, distribution of 

adaxial palisade layer, adaxial phloem partition, pith and stem cross-section 

which could be useful in species delineation. 

5.2.1. Comparative morphological and anatomical characterization 

The morphological findings of the study recommended that S. travancoricum 

populations diverged into two species based on concrete morphological 

characteristics. Similarly, the anatomical analysis of eight populations based 

on key anatomical characteristics also provided substantial evidences for 

species dileneation. The comparative analysis based on UPGMA also 

provided a comprehensive understanding of the distinguishing features of S. 

travancoricum populations, strongly recommending their interpretation as two 

distinct species. 

5.3 Phytochemical characterization 

5.3.1 Essential Oil Profiling 

The GC-MS profiling of eight populations revealed thirty three 

phytochemicals of significant medicinal value. Among the different classes of 

compounds, sesquiterpenoids comprised a major proportion of the essential 

oil constituents in S. travancoricum populations, accounting for more than 60% 

of the total oil content. The major sesquiterpenoids identified were  -

caryophyllene and -caryophyllene epoxide, which accounted for 80% of 
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sesquiterpenoids. Other sesquiterpenes discovered were -geraniol, 

-farnesene, -selinene, and -selinene. Monoterpenoids were the second 

most abundant compound, accounting for more than half of the essential oil. 

The major monoterpenoid compounds identified were -pinene, -pinene,  

-ocimene, -myrcene, -limonene, and -terpineol isomers. +-cembrene 

represented the diterpenoid compounds. Aside from that, phenol was present 

in moderate amounts, and the diglyceride compound 1, 3 diolein was present 

in trace amounts.  

S. travancoricum comprised more of non-oxygenated sesquiterpenoids than 

oxygenated sesquiterpenoids. Similarly, acyclic monoterpenoids were the 

most common type of monoterpene, followed by bicyclic monoterpenoids 

and monocyclic monoterpenoids. The presence of some unusual chemical 

compounds such as viridiflorol, +-cembrene, 6 epi-shyobunol, 1, 3 diolein, and 

calerene epoxide was observed in Pookode leaf samples. The chemical profile 

of S. travancoricum populations revealed chemical diversity regarding major 

chemical compound composition and concentration.  

The current study employed principal component analysis (PCA) to 

investigate the interrelationship between eight populations of S. travancoricum 

based on the chemical composition of their leaf essential oil. The findings 

unveiled significant disparities in the phytochemical composition. 

Concurrently, it unveiled specific common attributes within certain 

populations, facilitating the categorization of said populations into three 

primary components, namely PCA1, PCA2, and PCA3, predicated on their 

chemical composition (Figure 21). The populations collected from JNTBGRI, 

Thrissur, and MSSRF exhibited a higher degree of genetic relatedness. On the 

contrary, there were notable differences in the chemical constituents between 

the populations of Paliyeri Mookambika Kavu and Pookode. The volatile 
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constituents found in this study corroborate with the constituents that are 

commonly found in several plants of the Myrtaceae family and belonging to the 

Syzygium genus, such as S. cumini (Machado et al., 2013),  S. aromaticum (Raina 

et al., 2001; Pino et al. 2001; Srivastava et al., 2005; Razafimamonjison et al., 

2014), S. calophyllifolium (Vignesh et al., 2013), S. benthamianum (Deepika et al., 

2013), S. jambos (Ghareeb et al., 2017; Rezende et al., 2013)), S. lineatum, 

S. hancei, S. caryophyllatum (Khanh & Ban, 2020), and S. grande (Huong et al., 
2017).  

Hence, it is evident from these research reports that each plant species has a 

unique phytochemical composition, which may be influenced by ecological 

and climatic differences, as well as the age and chemotype of the plants. These 

compositional patterns might have contributed to the variability in the 

phytoconstituents among different populations of S. travancoricum. The leaf 

samples from Pookode and Paliyeri Mookambika Kavu exhibited maximum 

variability concerning chemical constituents and percentage composition. 

These compositional patterns may contribute to the wide range of biological 

activities of S. travancoricum essential oil. -caryophyllene is reported to have 

anticancer, analgesic, and anti-inflammatory properties (Zheng et al., 1992; 

Fidyt et al., 2016; Ames et al., 2018). Other notable compounds identified in 

most samples were -ocimene, -ocimene, -pinene, and -pinene. -ocimene 

is a major compound reported in the essential oils of Coreopsis triloba and 

Coronilla orientalis, which have been claimed to inhibit acetylcholinesterase, 

butyrylcholinesterase, and -glucosidase (Renda et al., 2019). The potential 

effects of other major compounds, such as viridiflorol, +-cembrene, 6 epi-

shyobunol, 1, 3 diolein, and calerene epoxide, in this species are intriguing for 

future research. The antibacterial and anticancer properties of -humulene 

have already been reported (Jang et al., 2020). Thus, the present study 

confirms that S. travancoricum may be an important source for the extraction 

of essential oil, as it contains a high percentage of -caryophyllene and -
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pinene, which has antitumor, antibacterial, antifungal, and inactivation of 

phospholipase and esterase activities (Xu et al., 2018; Hou et al., 2019;      

Kovae et al., 2015; Silva et al., 2012). Hence, the essential oils from the leaves of  

S. travancoricum offer hope that this plant species could serve as the 

foundation for developing new biologically active substances with 

commercial value. 

5.3.2 Phytochemical screening of extracts 

The results of the phytochemical characterization provided encouraging 

evidence for the pharmaceutical properties of S. travancoricum due to an 

abundance of phenol and flavonoid content. Based on the analysis conducted, 

it was found that the leaf and bark water extracts of S. travancoricum had a 

higher concentration of phenolic compounds and flavonoids compared to 

ethanol extracts. Moreover, it was also observed that the plant leaves 

contained more of these phytochemicals than the bark. These findings suggest 

that the extraction method and the part of the plant used can significantly 

affect the concentration of these phytochemicals.  

Flavonoids are a natural polyphenolic compound known for their numerous 

health benefits. Due to their beneficial properties such as antioxidants,

anti-inflammatory effects, antidiabetic properties, and antiallergic effects, 

these substances are in high demand among individuals seeking to enhance 

their overall well-being. Moreover, the leaf and bark extracts of  

S. travancoricum exhibited a diverse range of phytochemical constituents, 

including tannins, terpenoids, steroids, alkaloids, carbohydrates, reducing 

sugars, and proteins. Fruits at various stages of maturity were discovered to 

possess high nutritional value, containing abundant vitamins, minerals, and 

dietary fibres. Multiple research studies have documented the occurrence of 

various chemical compounds in the genus Syzygium, including triterpenes, 
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hydrolysable tannins, anthocyanins, flavonoids, chromone derivatives, 

phenylpropanoids, and phloroglucinol derivatives (Ayyanar & Subash-Babu, 

2012; Reynerston et al., 2008; Djoukeng et al., 2005; Kuiate et al., 2007; Hu et al., 

2020; Zhang et al., 2020).  

5.4 Molecular characterisation 

Phylogenetic data 

The molecular systematics of the genus Syzygium are poorly understood, 

which led to a dearth of literature in this particular research domain (Parnell 

et al., 2007). There is a lack of comprehensive studies on the Syzygium-Eugenia 

group in its primary areas of diversity despite its vast genus and global 

distribution (Govaerts et al., 2008). Understanding the phylogeny of Syzygium 

poses significant challenges. One of the main objectives of this study was to 

investigate the evolutionary relationships among the populations of

S. travancoricum. The study was conducted by analysing the morphological, 

molecular, and combined morphological and molecular data of the 

specimens, including 24 Syzygium species retrieved from NCBI. 

The study utilized both morphological and molecular data to identify unique 

genetic lineages within S. travancoricum populations. Furthermore, the 

phylogenetic analyses confirmed the differentiation of S. travancoricum from 

S. stocksii (Fig. 25 & Fig. 26). The Bayesian phylogenetic tree revealed 

paraphyletic relationships between these two species in relation to the 

concatenated dataset. The results suggest that S. travancoricum has undergone 

divergence, leading to the formation of two genetically distinct lineages. This 

justifies its classification as an independent species rather than a synonymous 

designation of S. stocksii. The study also highlights that integrating 

morphological and genetic data would be an effective and combinatorial 

approach for resolving species conflicts at the infra-specific level, specifically 
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at deeper nodes. Biffin et al. (2006) examined the correlation between the 

group Syzygium Gaertn. by applying parsimony and Bayesian analysis of 

cpDNA sequences. Vasconcelos et al. (2017) conducted a phylogenetic analysis 

of the tribe Myrteae, utilizing one nuclear (ITS) and seven chloroplast DNA 

regions. This study examined maximum likelihood and Bayesian inference 

methods in constructing phylogenetic trees. Craven and Biffin (2010) 

proposed an infrageneric classification for Syzygium based on its evolutionary 

relationship using plastid and nuclear DNA sequences, further supported by 

morphological evidence. Hence, this present study proposes the necessity of 

conducting research with Indian sampling subset to understand 

phytogeography and its species diversification in the Indian subcontinent.  

5.5 Pharmacological characterization 

The present study investigated the pharmacological properties of

S. travancoricum, specifically its antimicrobial, antioxidant, anticancer, 

cytotoxic, anti-inflammatory, and antidiabetic properties. Several research 

studies have provided ample evidence of the therapeutic potential of 

Syzygium species and their importance in traditional, classical, and modern 

medicine (Ayyanar et al., 2013; Costa et al., 2013).  

5.5.1 Antimicrobial property 

The antimicrobial activity of essential oils derived from S. travancoricum 

leaves was evaluated against eight bacterial and three fungal strains. The 

essential oils exhibited notable antibacterial efficacy, specifically against B. 

cereus, S. mutans, and E. coli. The essential oil of S. travancoricum demonstrated 

significant inhibitory activity against Gram-positive and   Gram-negative 

bacteria. Gram-positive bacteria exhibited greater sensitivity to the essential 

oil compared to Gram-negative bacteria. Among the three fungal strains 

tested, C. albicans exhibited significant inhibition of essential oil compared to 
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the positive control, Clotrimazole. Similar findings were reported by Shafi et 

al., 2002; Joji and Beena, 2011; Rahnama et al., 2012; Thinh et al., 2022, and Saroj 

et al., 2015). 

The mechanism behind the antimicrobial property of S. travancoricum could 

be ascribed to the presence of some unique sesquiterpenoids in the leaf 

essential oil. Previous research studies have also suggested similar 

correlations, where -terpineol demonstrated profound antimicrobial and 

antiplasmodic properties, as well as the ability to enhance the skin's 

permeability to lipid-soluble compounds (Williams & Barry, 1991; Lim et al., 

2012). Similarly, -pinene, -pinene, trans-caryophyllene, 1,3,6-octatriene, 

delta-3-carene, -caryophyllene, and limonene in S. cumini, were responsible 

for its antimicrobial activity against various pathogenic bacterial strains 

(Mohamed et al., 2013). Hence, it is evident from the given results that the 

antimicrobial activity of S. travancoricum leaf essential oil is attributed to its 

phytochemical compounds, such as -pinene, -pinene, caryophyllene, 1,3,6-

octatriene, calarene, -humulene, and -limonene. 

5.5.2 Antioxidant property 

The antioxidant activity of leaf extracts from S. travancoricum was comparable 

with that of ascorbic acid, as demonstrated by DPPH and FRAP assays. The 

leaf and bark extracts demonstrated strong antioxidant activity, with  IC50 

values of 27.48 µg/ml and 25.30 µg/ml, respectively, compared to the standard 

quercetin, which had an IC50 value of 24.09 g/ml. Moreover, the IC50 values 

corresponded precisely with the phenol concentration observed in the leaves 

and bark. The results of the present study corroborated with     Uddin et al. 

(2022), who also reported antioxidant properties of S. cymosum, S. paniculatum, 

and S. caryophyllatum, ascribed to polyphenols, tannins, and flavonoids.  
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Several previous studies in Syzygium (Ruan et al., 2008; Mzindle, 2017; 

Wathsara et al., 2020) also support the results of the present study and suggest 

that leaf and bark contain high levels of antioxidants. This also confirms their 

potential use in various formulations for treating disorders caused by 

excessive oxidative stress. The antioxidant potential of essential oil was found 

to be moderate compared to leaf and bark extracts, possibly due to the limited 

presence of phenols in the essential oil. 

5.5.3 Cytotoxicity   

The cytotoxicity of S. travancoricum essential oil was assessed using the MTT 

assay, revealing moderate toxicity against the L929 fibroblast cell line. The 

observed effect could be attributed to the synergistic interaction of the active 

components present in the oils. Prashar et al. (2006) found comparable 

outcomes when studying the effects of S. aromaticum oil on human skin cancer 

cells. Essential oils have been shown to possess anticancer properties through 

multiple mechanisms, such as activating detoxifying enzymes, inducing DNA 

damage caused by oxidative stress, exerting antimetastatic and cytotoxic 

effects, inhibiting cell viability, inducing cell cycle arrest or apoptosis, 

reducing phosphate-Akt expression levels, inhibiting MMP-2 and protein 

leakage, and suppressing cell viability (Dwivedi et al., 2011). Batiha et al. 

(2020) identified eugenol, humulene, and caryophyllene as significant 

components of the essential oil in S. aromaticum exhibiting cytotoxic and 

antitumor properties.  

5.5.4 Anticancer Activity 

The anticancer property of S. travancoricum essential oil was assessed using 

the MTT assay, revealing effective anti-proliferative activity against the B16 

melanoma cell line. The possible mechanism attributed to this anticancer 

activity was further assessed via cell apoptosis, ROS activity, mitochondrial 

membrane potential, cell cycle, and DNA content analyses.  
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5.5.4.1 Cell Apoptosis 

This study aimed to determine the mechanisms underlying the anticancer 

activity of S. travancoricum essential oil. The results revealed that apoptosis 

was induced in the B16 melanoma cell line treated with S. travancoricum 

essential oil, causing cell death in cancer cells. Apoptosis induction can act as 

a mechanism that enables naturally occurring anti-cancer agents to activate 

cell death. Unlike cytotoxic agents, which can harm normal cells, the dys-

regulatory apoptosis machinery focuses specifically on cancer cells. Therefore, 

these agents can be employed as an effective complementary treatment to 

chemotherapy. These plant-derived natural alternatives can help to reduce the 

chances of cancer recurrence by inducing programmed cell death. Numerous 

studies have been conducted on the anti-cancer properties of various plant 

compounds like alkaloids, terpenes, and polyphenols. D-limonene and 

perillyl alcohol have demonstrated their ability to induce apoptosis in cancer 

cell lines, inhibiting cancer growth (Klener et al., 2006; Chaudhry et al., 

2022).  These findings highlight the potential of plant-derived compounds for 

developing cancer treatments. 

5.5.4.2 ROS activity 

This study utilized flow cytometry to evaluate the reactive oxygen species 

(ROS) level in cancer cell lines treated with S. travancoricum leaf essential oil. 

The findings demonstrated a threefold rise in ROS production (indicated by 

green fluorescence) in the treated cell lines. The ROS production level in B16 

cancer cells was higher in treated cells compared to control cells, leading to 

apoptosis in cancer cells. The results strongly indicate that the IC50 

concentration of essential oil (57.26 µg/ml) can induce cell death in human 

B16 melanoma cells through ROS-dependent and ROS-independent 

mechanisms. Elevated levels of ROS and impaired mitochondrial function, 
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commonly observed in cancer, can lead to oxidative damage to cellular 

structures such as genomic and mitochondrial DNA. This damage can cause 

alterations in metabolic processes and signalling pathways, ultimately 

contributing to various human diseases, including inflammation, cancer, 

mitochondrial and neurodegenerative diseases, diabetes, chronic diseases, and 

ageing (Kudriyavktseva et al., 2016; Picca et al., 2020; van der Vliet et al., 2018).  

5.5.4.3 Mitochondrial Membrane Potential 

The mitochondrial potential of B16 melanoma cells treated with the essential 

oil of S. travancoricum was analyzed. The results demonstrated a significant 

decrease in mitochondrial membrane potential in the S. travancoricum leaf 

essential oil-treated B16 melanoma cells compared to the control, strongly 

indicating the disruption of mitochondrial metabolic activity in B16 

melanoma cells. Loss of the mitochondrial inner transmembrane potential is 

often observed to be associated with the early stages of apoptosis. The 

collapse of this potential is believed to coincide with the opening of the 

mitochondrial permeability transition pores, leading to the release of 

cytochrome C into the cytosol, which then triggers the downstream events in 

the apoptotic cascade. Mitochondrial membrane potential changes have been 

implicated in apoptosis, necrotic cell death, and caspase-independent cell 

death processes. Depolarization of the inner mitochondrial membrane 

potential is thus a reliable indicator of mitochondrial dysfunction and cellular 

health, which has become increasingly important in the study of apoptosis, 

drug toxicity and multiple disease states (Udensi & Tchounwou, 2014; 

Elkhateeb et al., 2018). 

5.5.4.4 Cell Cycle Analysis 

Apoptosis and cell cycle are crucial regulatory systems that control cell 

growth. The flow cytometric cell cycle distribution analysis in S. travancoricum 
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leaf essential oil-treated B16 melanoma cells confirmed the antiproliferative 

properties of the S. travancoricum leaf essential oil during mitosis. The impact 

of S. travancoricum essential oil on the cell cycle was assessed to determine 

the ability to inhibit B16 cell growth. The results revealed that S. travancoricum 

essential oil stopped the B16 cell cycle in the S and G2/M phases and induced 

apoptosis after 24 hours. The results corroborated with the previous study 

reported by Fernandez-Gil et al. (2019), who also claimed that cell cycle arrest 

at the G0/G1, S, and/or G2/M phases can result in apoptosis. The present 

study demonstrated for the first time the antiproliferative effect of 

S. travancoricum essential oil based on cell cycle disruption. The inhibitory 

concentration of oil specifically blocked the cell cycle at the S-phase and 

prevented cells from entering the proliferative phase. Additionally, the 

S-phase transition offers a powerful checkpoint during the cell cycle that can 

influence B16 cell proliferation. This suggests that the apoptotic response is 

influenced by cellular sensitivity during the S-phase.  

The present study also demonstrated that the G2/M checkpoint in the cell 

cycle is a potential target for anticancer therapy. Cells with DNA damage 

cannot divide or repair their damaged DNA, and hence, the damaged cells 

may be able to enter mitosis and undergo apoptosis if the G2/M arrest 

checkpoint is compromised. The results of the present study demonstrated 

that S. travancoricum essential oil-induced cell cycle arrest in the S and G2/M 

phases can lead to apoptosis in B16 cell line which can be effectively used in 

cancer therapy.  

5.5.5 Antiinflammatory property 

The results of the present study indicated that the essential oil of 

S. travancoricum exhibited substantial anti-inflammatory properties using 

in vitro assays. The essential oil treated LPS-activated RAW 264.7 cells 
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demonstrated significant reduction in the activity of cyclooxygenase enzymes, 

associated with inflammatory responses, compared to untreated (control) 

cells. A concentration of 25 g/ml, exhibited an inhibition rate exceeding 60%. 

Thus, the results indicated that S. travancoricum essential oil could be an 

effective anti-inflammatory agent.  

The enzyme lipoxygenase (LOX) produces leukotrienes during the 

metabolism of arachidonic acid (Wisastra & Dekker, 2014). Inhibiting 

lipoxygenase activity is considered anti-inflammatory, and the 

S. travancoricum essential oil was found to be an effective inhibitor in this 

study. Myeloperoxidase produces hypochlorous acid (HOCl) and is primarily 

expressed in neutrophils. While myeloperoxidase and HOCl can kill 

pathogens, they can also damage tissue and cause cytotoxicity, leading to 

inflammation (Aratani, 2018). Hence, inhibiting myeloperoxidase activity is 

considered an effective anti-inflammatory property, and in the present study, 

the ability of S. travancoricum leaf essential oil to inhibit myeloperoxidase 

activity was evaluated. The results showed that the essential oil effectively 

inhibited myeloperoxidase activity, with enzyme activity decreasing as 

essential oil concentration increased. A higher essential oil concentration 

displayed a higher inhibitory effect than the standard drug. Inflammatory 

conditions increase cellular nitrite levels and the presence of the nitric oxide 

synthase enzyme. Therefore, the drug's anti-inflammatory properties can be 

assessed by quantifying inducible nitric oxide synthase and cellular nitrite 

levels. This study observed that the application of S. travancoricum leaf 

essential oil to the LPS-activated RAW 264.7 cell line resulted in decreased 

levels of nitric oxide synthase (iNOS) and cellular nitrite concentration. 

Increasing the essential oil concentration resulted in a progressive decrease in 

cellular nitrite and nitric oxide synthase levels. A significant body of literature 

exists on sesquiterpenes with anti-inflammatory properties obtained from 
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essential oils of different plant species. Caryophyllene and caryophyllene 

epoxide are the major sesquiterpenoids found in the leaf essential oil of 

S. travancoricum. These compounds are believed to contribute to its anti-

inflammatory properties. Machado et al. (2013); Chanudom and Tangpong 

(2015); Siani et al. (2013), and Qamar et al. (2021, 2022) have reported similar 

findings in S. cumini. 

5.5.6 Antidiabetic Properties 

The literature suggests that the primary mechanism of action for the anti-

diabetic potential of certain compounds involves inhibiting enzymes involved 

in carbohydrate metabolism, including -glucosidase, maltase, and

-amylase. The results of antidiabetic activity revealed that the water and 

ethanol leaf extracts of S. travancoricum effectively suppressed the activity of 

lipases, -amylase, and -glucosidase enzymes in a dose-dependent manner. 

In comparison to other extracts, the leaf essential oil of S. travancoricum 

exhibited moderate inhibitory properties against lipase (26.8%), -amylase 

(63.22%), and glucosidase (53.55%). The moderate antidiabetic effects of     

S. travancoricum essential oil may be attributed to the oxygenated terpenoids, 

specifically monoterpenes and sesquiterpenes. These terpenoids can bind to 

amino and sulfhydryl groups of enzymes, resulting in a conformational 

change and subsequent loss of enzyme activity. This mechanism suggests that 

the moderate antidiabetic effects observed could be due to the inhibition of 

enzymes by these volatile components. Consistent with prior research 

(Zulcafli et al., 2020; Rudrapal et al., 2022), it is anticipated that the inhibitory 

activity of S. travancoricum essential oil can be attributed to -pinene and -

pinene.  

The research findings of this study indicated that the leaf extracts of 

S. travancoricum resulted in remarkable reductions in glucose levels compared to 
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the untreated control group.  The antidiabetic activity of the plant can be 

attributed to the presence of antioxidants, mainly polyphenols, as indicated by 

previous studies (Banda et al., 2018; Umeno et al., 2016). In diabetes, hormone-

sensitive lipase exhibits enhanced ability to convert triacylglycerols into fatty 

acids, leading to increased release of fatty acids into the bloodstream. Rajaei et al. 

(2015) found that this process promotes the transformation of surplus fatty acids 

into phospholipids and cholesterol within the liver. Previous research has 

demonstrated that saponins and phenolic compounds derived from plants have 

notable anti-hyperlipidemic properties (Banda et al., 2018; Adeneye et al., 2011; 

Francis et al., 2002;  Marrelli et al., 2016).  

The present study has demonstrated that leaf extracts of S. travancoricum have 

antihyperglycemic and antihyperlipidemic properties. The study also 

proposes that additional research and in vivo application of S. travancoricum 

extracts would be advantageous for comprehending the underlying 

mechanism and advancing the development of antidiabetic medications. The 

limited effectiveness of current antidiabetic drugs is attributed to their sole 

focus on blood glucose levels, neglecting the treatment of hyperlipidemia. The 

current research findings indicate that S. travancoricum leaf extracts possess 

noteworthy anti-hyperglycemic properties, which can efficiently alleviate 

hyperlipidemia, comorbidity commonly linked with diabetes. 

5.6 Conservation Strategies 

S. travancoricum is an endemic endangered tree species confined to rain-fed 

environments, including sacred groves, myristica swamps, and riversides, as 

it has specific habitat preferences. These ecosystems are important because 

they serve as natural water reservoirs. S. travancoricum plays a vital role in 

ecosystem restoration due to its resilient root systems, capable of 

withstanding floods and replenishing groundwater resources. Unfortunately, 
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the populations of S. travancoricum are under significant threats from habitat 

destruction, inbreeding, low seed germination potential, and climate change. 

In addition, the disruptions to these delicate habitats can also lead to 

heightened surface water runoff, resulting in monsoon flooding, erosion, and 

dry stream beds throughout the year. This can cause reduced water 

absorption and retention, diminished soil quality, and negative impacts on 

agriculture (Chandran & Mesta, 2008). Therefore, it is imperative to take 

prompt action to safeguard this endangered plant species. Conservation 

efforts, mainly via ex situ conservation methods, were utilised to increase the 

population size. This study also aimed to establish green spaces in five 

different Grama Panchayaths across Kerala as an effective strategy for the ex 

situ conservation of S. travancoricum.  

The ex situ conservation strategies were carried out by identifying secure 

locations and implementing small-scale restoration initiatives in 

those selected areas that were currently uninhabited or had the potential to be 

suitable for establishment. Appropriate propagation methods were 

also accomplished to increase the population by conducting seed germination 

experiments, utilising shoot cuttings, and establishing a standardised planting 

technique. The current study identified that S. travancoricum exhibits a 

diminished rate of seed germination, potentially attributed to its limited seed 

regeneration capacity and vulnerability to early pest infestations. 

Nevertheless, stem cuttings have demonstrated a significant level of 

responsiveness to rooting when treated with IBA (2000 ppm). Furthermore, it 

has been discovered that implementing a planting technique using coconut 

husk, which focuses on preserving soil moisture, can significantly enhance the 

viability of transplanted plants. This method aids in the successful 

establishment of saplings, thereby mitigating the low survival rate of 

seedlings due to their susceptibility to environmental fluctuations. In 
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contemporary conservation practices, in situ conservation is widely 

acknowledged as the most effective method for safeguarding endangered 

species within their native habitats. However, there is an increasingly 

prevalent recognition of the significance of ex situ conservation endeavours. 

Implementing ex situ conservation is currently recognised as a vital 

component for ensuring the survival of various species (Kramer et al., 2011; 

Oldfield & Newton, 2012; Pritchard et al., 2012).  

This study highlights the significance of field gene banks as green spaces due 

to their various functions, such as acting as local climate change buffers and 

offering ornamental and aesthetic plantations. Trees can effectively mitigate 

the impacts of climate change by sequestering carbon dioxide from the 

atmosphere. Unused land areas have the potential to serve as suitable sites for 

the creation of green spaces. These spaces can serve various purposes, such as 

minimizing the impact of increasing greenhouse gas emissions and 

protecting against natural disasters like floods and droughts. Ex situ gardens 

or green spaces have multiple benefits, including soil erosion prevention, 

water contamination prevention, and wildlife habitat preservation. 

Furthermore, the presence of endangered or threatened tree species in living 

collections presents a valuable opportunity for experts to engage in extensive 

research regarding their growth patterns, reproductive processes, strategies 

for managing diseases, and potential reactions to climate change. Additional 

research is required to investigate the carbon storage potential of trees in 

established green spaces despite the well-established significance of forests in 

carbon sequestration. Planting trees on educational campuses and 

government organisations can effectively mitigate climate change and 

promote the significance of green spaces.  
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CHAPTER 6    CONCLUSION AND MAJOR FINDINGS 

Syzygium travancoricum Gamble, commonly referred to as 'Poriyal,' 

'Vathamkollimaram,' 'Kulirmavu,' or 'Kollignaval,' is an endangered tree species 

belonging to the genus Syzygium. It is endemic to the southern Western Ghats 

region of India. According to the IUCN (2022), Red List of Threatened Species, 

this tree species has been categorized as "Critically Endangered" because they 

are at risk of extinction and can only survive in rain-fed areas due to its 

specific habitat requirements. Moreover, the taxonomic status of 

S. travancoricum has been debated among taxonomists due to recent confusion 

and synonymization with S. stocksii. There is an ongoing debate among 

taxonomists regarding the classification of this species. Identification of 

Syzygium species is challenging because of the scarcity of diagnostic 

morphological characteristics. Hence, accurate diagnostic characteristics are 

crucial for addressing the taxonomic challenges associated with these species,  

effective utilisation of plant resources and preserving genetic resources. The 

present study aimed to provide a comprehensive characterization of the 

species S. travancoricum which may provide taxonomic resolution for two 

species in response to an urgent need. Moreover, there is a dearth of literature 

regarding the morpho-anatomical, histochemical, phytochemical, molecular 

and pharmacological characteristics of S. travancoricum. Also, there is a 

notable absence of extensive research and proactive measures focused on 

identifying and mitigating the barriers encountered by endangered or rare 

species to promote their population growth and resolve their challenges. 

Hence, conducting a thorough characterization of this species 

before establishing and carrying out conservation strategies and engaging in 

bioprospecting and product development endeavours is crucial. So, the 
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Characterization of Syzygium travancoricum Gamble 

(Myrtaceae), a critically  aimed to 

comprehensively investigate the morphology, anatomy, phytochemistry, 

molecular phylogeny, and pharmacological benefits of this species. 

Additionally, it aimed to propose ex situ conservation strategies for future 

bioprospecting. 

Plant samples of S. travancoricum were collected from eight populations 

located at JNTBGRI, Palode; Idinjaar; Kollam; Kalassamala sacred grove in 

Thrissur district; Pookode; MSSRF, Wynad; Konginichalkavu, and Paliyeri 

Mookambika Kavu at Kannur district. The collection period spanned from 

March 2018 to June 2022. The morphological characteristics were compared to 

the protologue and type specimens retreived from the herbarium repositories 

of Kew Botanical Garden and the Botanical Survey of India, Coimbatore. 

Despite morphological similarities, Pookode (Wynad) and Paliyeri 

Mookambika Kavu (Kannur) had distinct morphological characteristics. 

These traits included a greyish-brown blaze and larger leaves measuring 15

20 cm long and 8 10 cm wide. The leaves were elliptic and obovate with 

obtuse bases and acuminate tips without oblique ends. These populations also 

had shorter, thinner petioles without grooves, 18 20 lateral nerves, and 

prominent intra-marginal veins that faded towards the leaf margins. The 

inflorescence in these populations was 5 10cm long and had a 2 5 cm 

peduncle. The fruit also differed in colour and size. The present study found 

that S. travancoricum has distinct morphological characteristics, including 

blaze colour, leaf size, shape, base, tip, petiole size, number of lateral nerves in 

the leaf inflorescence size and position, peduncle length, and fruit size and 

colour. The sample populations had no overlapping characters, so we 

concluded that the two species are distinct, and our recommendation is to 

reinstate S. travancoricum. The study suggests using additional morphological 
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traits from multiple populations to confirm the distinctiveness of Syzygium 

species and reconstruct the phylogeny. 

The findings of the anatomical examination indicated that all populations 

exhibited common anatomical characteristics. However, key characteristics 

varied significantly in some populations. Stomatal types, midrib vascular 

shape, midrib sclerenchyma distribution, number of adaxial palisade layers, 

druses and prismatic crystals, pith type, and twig cross-sectional shape 

differed. The transverse section showed all leaf populations had wider, 

squarish to rectangular adaxial and abaxial epidermal cells. Except for the 

Pookode and Paliyeri Mookambika Kavu populations, stomata were mostly 

paracytic. The adaxial palisade tissue in all samples was single-layered. 

S. travancoricum and S. stocksii populations had distinct distribution patterns. 

The former had a continuous distribution, while the latter was discontinuous. 

The upper midrib surface was concave and grooved, while the lower surface 

was convex in all samples. The bicollateral vascular system was noted, with 

upper and lower phloem completely surrounding the xylem. This created a 

unique 'U' shape with straight midrib vasculature extensions in the leaf blade 

and petiole. However, the samples from Pookode and Paliyeri Mookambika 

Kavu had incurved margins with adaxial phloem partitions, which further 

split into lateral partitions. The sclerenchyma sheath was continuous in 

S. travancoricum but discontinuous in S. stocksii. Plant crystals are 

predominantly comprised of calcium oxalate and exhibit diverse shapes and 

distributions within plant tissues without discernible macroscopic crystal 

patterns. However, it was observed that S. travancoricum exhibited a 

predominance of druses, whereas S. stocksii displayed a higher prevalence of 

prismatic crystals. In conclusion, this investigation has successfully identified 

variations in significant anatomical features among the eight populations of 

S. travancoricum. These variations encompass differences in stomata type, 
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midrib vasculature, midrib sclerenchyma, crystal types and frequency, 

distribution of the adaxial palisade layer, adaxial phloem partition, pith, and 

stem cross-section. These characteristics have the potential to be valuable for 

distinguishing between different species. The potential value of unique 

anatomical features becomes apparent when considering their combination 

with other characteristics for species identification. The results of 

histochemical analysis revealed the presence of a variety of significant 

secondary metabolites in different plant vegetative parts of S. travancoricum. 

The metabolites constituted tannin, lignin, starch, and essential oil. Oil 

cavities have been found in various parts of plants, including the leaves, 

petioles, and stems. During the histochemical investigation, it was observed 

that most of the secretory substances exhibited positive reactions in the test. 

This suggests that these secondary metabolites accumulate within the cells of 

vegetative parts like leaves bark, and stem, contributing to this species' 

characteristic leaf aroma and distinctiveness. The UPGMA phylogram 

constructed based on comparative morphology and anatomy of eight 

populations with other 25 Syzygium species also revealed clear divergence of 

two populations into S. travancoricum and S. stocksii and their paraphyletic 

relationships. 

The qualitative analysis of leaf and bark extracts of S. travancoricum identified 

various classes of secondary metabolites, such as alkaloids, flavonoids, 

saponins, tannins, steroids, phenols, and terpenoids. The quantitative 

evaluation of leaf and bark extracts of S. travancoricum indicated the existence 

of significant amounts of secondary metabolites, including phenolic 

compounds and flavonoids. The concentration of chemical constituents in the 

water extract was higher than that of the ethanol extract. Furthermore, the 

leaves displayed a higher concentration of phytoconstituents compared to the 

bark. The results of the nutritional composition and mineral contents of
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S. travancoricum fruit samples at different stages of ripening found that the 

fruits contain a diverse range of essential nutrients such as vitamins, minerals, 

phenols, anthocyanins, phenolic acids, and carbohydrates. Significant 

amounts of minerals, including Sodium, Potassium, Calcium, Magnesium, 

and Phosphorus, were detected. The samples exhibited higher concentrations 

of Potassium (137.55 170.39 mg/100g) and Calcium (40.75 47.99 mg/100g) in 

comparison to the other dietary minerals. The samples exhibited variability in 

the concentrations of Magnesium (10.88 11.54 mg/100g), Sodium (12.33 14.63 

mg/100g), and Phosphorus (13.66 14.17 mg/100g). In addition, trace amounts 

of microelements, including Iron, Copper, Nickel, Chromium, Zinc, and 

Cobalt, were identified. The mineral content of the raw fruits was found to be 

the highest, followed by semi-ripe and ripened fruits. 

S. travancoricum populations exhibited significant variations in the 

composition and concentration of major chemical compounds within their 

chemical profiles. The chemo-profiling results of the leaf essential oil of 

S. travancoricum populations, by GC-MS analysis, indicated a predominance 

of non-oxygenated sesquiterpenoids over oxygenated sesquiterpenoids in 

terms of concentration. The most common monoterpene observed was acyclic 

monoterpenoids, followed by bicyclic and monocyclic monoterpenoids. The 

Pookode leaf samples exhibited the presence of unique chemical compounds, 

including viridiflorol, +-cembrene, 6 epi-shyobunol, 1, 3 diolein, and calerene 

epoxide. The study affirms the potential of S. travancoricum as a valuable 

source for the development of commercially significant biologically active 

substances such as -caryophyllene and -pinene, which possess antitumor, 

antibacterial, antifungal and anti-inflammatory properties.  

The study on molecular taxonomy provided a detailed idea regarding the 

similarities and dissimilarities between different taxa of Syzygium Gaertn. The 
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Bayesian phylogenetic tree indicated paraphyletic relationships between these 

two species in relation to the concatenated dataset. The findings indicate that 

S. travancoricum underwent divergence, resulting in two genetically distinct 

lineages. This encourages its categorization as a distinct species rather than 

being considered as a synonym of S. stocksii.  

The antimicrobial assays revealed remarkable antimicrobial activity of the 

essential oils of S. travancoricum against specific strains of both   

Gram-positive and Gram-negative bacteria, as well as fungal strains. The 

essential oil exhibited inhibitory effects on B. subtilis, B. cereus, E. coli, and 

S. mutans compared to the positive and negative controls. The antioxidant 

assays demonstrated that the extracts of S. travancoricum had antioxidant 

properties, The results of the DPPH assay indicated that S. travancoricum 

leaf and bark extracts possessed significant amount of antioxidants with 

IC50 values of 27.48 g/ml and 25.30 g/ml, respectively. The FRAP assay 

results also suggested that the antioxidant activities were more 

remarkable in water extracts, followed by ethyl alcohol extracts and 

essential oil.  The potential applications of S. travancoricum in various 

industries, such as pharmaceuticals, foods, cosmetics, dentistry, and 

agriculture, have been indicated by this research. 

The S. travancoricum essential oil was tested for cytotoxicity on the L929 

fibroblast cell line using MTT assay. The essential oil showed moderate 

cytotoxicity LC50 of 65.09. The anticancer property of S. travancoricum leaf 

essential oil was evaluated by exploring the underlying mechanisms, such as 

cell apoptosis, reactive oxygen species (ROS), mitochondrial potential, and 

cell cycle analysis. Treatment of B16 melanoma cell line with the essential oil 

at its IC50 concentration significantly increased late apoptotic or necrotic B16 

cells, demonstrating its effectiveness in inducing cell death. Moreover, ROS 
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production was increased significantly in essential oil treated B16 cancer cells, 

ultimately leading to apoptosis. The findings demonstrate that the IC50 

concentration of S. travancoricum essential oil has the potential to stimulate 

intracellular ROS production in cancer cells when compared to the control 

group. Additionally, S. travancoricum leaf essential oil treated B16 cells  

exhibited a notable decrease in mitochondrial membrane potential compared 

to untreated cells suggesting that the essential oil interferes with 

mitochondrial metabolic activity. Similarly, the research findings on cell cycle 

analysis suggest that the S. travancoricum leaf essential oil  induced cell cycle 

arrest, specifically in the S-phase. The proportion of B16 cells in the G2/M 

phase decreased to 4.1%, representing a nearly 50% reduction compared to 

the control group, indicating significant anti-cancer properties. Hence the 

above results confirms that S. travancoricum leaf essential oil   has the potential 

to be used as a therapeutic agent for cancer treatment.  

Various assays were used to compare the anti-inflammatory activity of the 

leaf essential oil of S. travancoricum with that of the standard Diclofenac 

sodium. As observed through COX and LOX assays, the essential oil of 

S. travancoricum demonstrated significant anti-inflammatory effects on LPS-

activated RAW 264.7 cell line. The drug diclofenac inhibited 96.44% of the 

target, while the essential oil of S. travancoricum at a concentration of  25 

g/ml inhibited more than 60%. In this study, we observed that the 

application of S. travancoricum essential oil to LPS-induced RAW 264.7 

cell lines resulted in a decrease in the levels of nitric oxide synthase (iNOS) 

and cellular nitrite concentration. Similarly, the study also demonstrated the 

effectiveness of S. travancoricum leaf essential oil to inhibit myeloperoxidase 

activity, which decreased as the concentration of essential oil increased. The 

anti-diabetic properties of S. travancoricum extracts (water, ethanol, essential 

oil) were evaluated using lipase inhibition assay, -amylase inhibition assay 
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and -glucosidase inhibition assay. The water and ethanol leaf extracts of 

S. travancoricum were observed to inhibit lipases, -amylase, and -

glucosidase in a dose-dependent manner. The water extract exhibited greater 

potency compared to the other extracts. 

The distribution of S. travancoricum has been impeded by several factors, such 

as habitat loss, alterations in land use, and insufficient fruit production. In 

addition, the wetland habitats of this species have been greatly affected by 

human construction and improper garbage disposal, emphasising the 

urgency of implementing conservation measures. Several green spaces were 

established in five different grama Panchayaths in Thrissur, Palakkad and 

Pathanamthitta districts of Kerala to safeguard this endemic and endangered 

tree species. In these locations, we could potentially conserve about 200 trees. 

The conserved genetic material can effectively modify the existing 

environmental conditions of these areas and could also contribute to carbon 

sequestration.  Establishing a green space of this nature will play a crucial role 

in safeguarding the biodiversity of the endangered plants in our state. This 

initiative will not only increase awareness among the local population but 

also offer a dependable source of high-quality planting materials for 

interested cultivators, thereby promoting the growth of many potential plant 

species. 
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MAJOR FINDINGS OF THE STUDY 

The primary goal of the present research titled, "Characterization of 

Syzygium travancoricum Gamble (Myrtaceae), an endemic endangered 

species of Kerala" was to acquire a thorough comprehension of this 

distinctive endemic endangered species belonging to the Myrtaceae family. 

By employing a range of analytical approaches, such as morphological, 

anatomical, histochemical, phytochemical, molecular, and pharmacological 

analyses of eight populations of S. travancoricum situated within five districts 

of Kerala, the study successfully conducted a comprehensive characterization 

of this species. Furthermore, the investigation also formulated a conservation 

strategy by creating green spaces to safeguard S. travancoricum from further 

endangerment. The major findings of the study are summarized below.

The morphological characteristics of live samples from six populations, 

namely JNTBGRI, Idinjaar, Kollam, Thrissur, MSSRF, and Konginichalkavu, 

exhibited a precise correspondence with the characteristics described in 

the protologue, as well as the type material of S. travancoricum.

Pookode (Wynad) and Paliyeri Mookambika Kavu (Kannur) populations 

exhibited distinct characteristics that resemble those described in the 

protologue and type material for S. stocksii. 

Pookode (Wynad) and Paliyeri Mookambika kavu (Kannur) displayed 

discernible traits that closely resembled those of S. stocksii, including the 

presence of large elliptic to obovate-shaped leaves measuring 

approximately 15 20 cm in length and 8 10 cm in breadth, featuring an 

obtuse leaf base with an obtusely acuminate tip, without any oblique ends, 

short petiole without any prominent groove, the lateral nerves ranged 

from 18-20, with noticeable intra-marginal veins, albeit diminishing 
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towards the margins, short inflorescence measuring 5 10 cm in size, 

accompanied by a short peduncle ranging from 2 5 cm. 

The populations of S. travancoricum exhibited variations in important 

anatomical features, including stomatal type, midrib vasculature, midrib 

sclerenchyma, crystal types and frequency, distribution of the adaxial 

palisade layer, adaxial phloem partition, pith, and stem cross-section. 

A comprehensive histochemical analysis of S. travancoricum populations 

revealed that major phytochemical constituents, including tannin, lignin, 

starch, and essential oils, were consistently present in all populations. 

UPGMA phylogram of S. travancoricum based on morphological and 

anatomical characters exhibited clade divergence for Pookode and Paliyeri 

Mookambika Kavu, showing close relatedness to S. stocksii.

Qualitative phytochemical analysis of leaf and bark extracts of  S. 

travancoricum exhibited a diverse range of phytochemicals such as 

alkaloids, flavonoids, saponins, tannins, steroids, phenols, and terpenoids.

The water extracts of the leaves of S. travancoricum exhibited the highest 

concentration of phenolic compounds (240.2 mg GAE/g) than ethanol 

extracts. 

The water extracts of both leaf and bark demonstrated the highest 

flavonoid content, with 78 mg QUE/g and 40 mg QUE/g, respectively, 

compared to ethanol extracts.

The nutrient analysis of S. travancoricum fruit samples at various stages of 

ripening demonstrated that these fruits possess a copious reservoir of vital 

nutrients, encompassing vitamins, minerals, phenols, anthocyanins, and 

carbohydrates. 
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Potassium and Calcium were identified as the major minerals, ranging 

from 137.55 170.39 mg/100g and 40.75 47.99 mg/100g, respectively.

The leaf essential oil of S. travancoricum comprised a complex mixture of 

monoterpenoids, diterpenoids, and sesquiterpenoids

The GC-MS profile of S. travancoricum populations showed variations in the 

composition and concentration of major chemical compounds. 

The sesquiterpenoid compounds, -caryophyllene and caryophyllene 

epoxide, -geraniol, -farnesene, and -selinene were the primary 

constituents, comprising more than 60% of the total oil content, followed 

by monoterpenoids that included -pinene, -pinene, ocimene isomers, 

myrcene, -limonene, and -terpineol. Diterpenoids were present in trace 

quantities. 

Phylogenetic tree constructed based on DNA barcodes (matK, ITS and rbcL) 

using Bayesian inference exhibited clade divergence for Pookode and 

Paliyeri Mookambika Kavu, showing close relatedness to S. stocksii with 

73% branch support.

Phylogenetic tree constructed based on combined morphological and 

molecular data exhibited distinct clade divergence for Pookode and 

Paliyeri Mookambika Kavu, showing close relatedness to S. stocksii with 

100% branch support confirming reinstatement of S. travancoricum from  

S. stocksii

The antimicrobial study showed that the leaf essential oil S. travancoricum

had inhibitory effects on selected bacterial strains such as B. subtilis, 

B. cereus, E. coli, and S. mutans compared to the positive and negative 

control groups. However, the essential oil demonstrated moderate activity 
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against few bacterial strains, including Pseudomonas aeruginosa, 

Staphylococcus aureus, Salmonella typhimurium, and Klebsiella pneumoniae.

The leaf and the bark extracts of S. travancoricum exhibited significant 

antioxidant potential, with IC50 values of 27.48 g/ml and 25.30 g/ml, 

respectively.

S. travancoricum leaf essential oil had moderate cytotoxicity with an LC50

value of 65.09 g /ml against the L929 fibroblast cell line. 

S. travancoricum leaf essential oil exhibited significant antiproliferative 

effects against the B16 melanoma cell line with an IC50 value of 57.26

g/ml.

Cell apoptosis analysis demonstrated that S. travancoricum leaf essential oil 

has the potential to induce cellular apoptosis, effectively inhibiting cancer 

cell proliferation in the B16 melanoma cell line. 

A significant increase in reactive oxygen species (ROS) production, as 

evidenced by the green fluorescence in the S. travancoricum leaf essential 

oil-treated B16 melanoma cells compared to the control, led to apoptosis in 

the cancer cells. 

The administration of S. travancoricum leaf essential oil to B16 melanoma 

cells resulted in a substantial decrease in mitochondrial membrane 

potentials compared to the control group. 

The analysis of cell cycle distribution indicated a reduction in cell 

accumulation during the G0/G1 and G2/M phases after a 24-hour 

treatment with the essential oil, indicating induced cell cycle arrest, 

specifically in the S-phase. 
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The anti-inflammatory effects of the leaf essential oil of S. travancoricum

were statistically significant in the LPS-activated RAW 264.7 cell line, as 

evidenced by the results of COX and LOX assays. 

The application of S. travancoricum leaf essential oil on LPS-induced    

RAW 264.7 cell lines reduced the levels of nitric oxide synthase (iNOS) 

and cellular nitrite concentration. 

Applying S. travancoricum leaf essential oil on LPS-induced RAW 264.7 cell 

lines inhibited the myeloperoxidase activity, confirming the anti-

inflammatory activity. 

The water extract of S. travancoricum leaves demonstrated higher 

inhibitory effects on lipases, -amylase, and -glucosidase than other 

extracts. 

Approximately 200 trees were conserved by establishing green spaces in 

five distinct Grama Panchayaths in the districts of Thrissur, Palakkad, and 

Pathanamthitta in Kerala. 
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CHAPTER  7    FUTURE RECOMMENDATIONS 

The primary objective of our study was to gain a comprehensive 

understanding of the endemic and endangered species, S. travancoricum 

Gamble, belonging to the Syzygium genus. To accomplish this task, eight 

populations from five districts in Kerala were meticulously analyzed using 

various techniques such as morphological, anatomical, histochemical, 

phytochemical, molecular, and pharmacological analyses. Our research 

findings have conclusively resolved existing uncertainties surrounding the 

morphology and correct identification of two Syzygium species. However, we 

propose several additional research areas that could be prioritized in future 

research endeavours.  

Based on a comparative analysis with prior research, our findings have 

substantiated the utility of  ITS, matK, and rbcL as DNA barcodes for the 

identification of Syzygium species, as well as for the construction of 

reasonably dependable molecular phylogenies within the genus. However, 

utilization of contemporary phylogenetic methodologies can be incorporated 

to understand the taxonomy of S. travancoricum comprehensively. Moreover, 

incorporating additional Syzygium species in forthcoming investigations will 

be imperative to delineate the taxonomic ambiguities among closely related 

taxa. 

Further preclinical and clinical research is necessary to confirm the overall 

pharmacological efficacy of S. travancoricum leaf essential oil. Extensive 

research is necessary to optimise individualised and targeted cancer care by 

exploring the therapeutic potential of S. travancoricum leaf essential oil in 

combination with cancer medications, given the promising outcomes 

observed thus far.  
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APPENDIX 1 - MORPHOLOGICAL CHARACTERS 
ANALYSED IN THE STUDY 

 Sl. No Characters 

  1 abit

1 Blaze colour 

2 Leaf ratio 

3 Leaf shape 

4 Lamina size (area) 

5 Leaf base 

6 Leaf margin 

7 Leaf apex 

8 Petiole size 

9 Petiole length 

10 Petiole shape 

11 No. of lateral nerves 

12 Inflorescence position 

13 Peduncle length 

14 Petal shape 

15 Flower bud shape 

16 Sepal shape 

17 Anther size 

18 Fruit size 

19 Fruit colour 

20 Fruit shape 
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APPENDIX 2 - ANATOMICAL CHARACTERS 
ANALYSED IN THE STUDY 

Sl. No. Characters 

1. Lateral vein orientation

2. Lateral vein loop

3. Stomata

4. Epidermis abaxial anticlinal cell wall

5. Lamina cuticular ornamentation

6. Leaf crystals

7. Midrib adaxial surface cross-section

8. Midrib abaxial surface cs

9. Midrib adaxial phloem partition

10. Midrib vascular shape

11. Midrib sclerenchyma

12. Lamina adaxial cell shape (cs)

13. Lamina abaxial cell shape (cs)

14. Adaxial palisade layer

15. Abaxial palisade layer

16. Lateral vein bundle sheath extension

17. Foliar sclereid

18. Twig cross-section (mature)

19. Pith
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APPENDIX 3 - MORPHOLOGICAL AND ANATOMICAL 
DATA WITH CHARACTER CODING 

Characters Character Codes 
Habit 0, Large tree; 1, Medium tree; 2, Small tree 
Blaze colour 0, Reddish brown; 1, Greyish brown; 2, Creamy brown 

Leaf ratio 
0, Wider than long; 1, Two times longer than wide; 2, 
Longer than wide 

Leaf shape 0, Ovate oblong; 1, Elliptic to obovate; 2, Obovate 

Lamina size (area) 0, 5-10 cm x 0-4 cm; 1, 10-15 cm x 4-8 cm; 2, 15-20 cm x 8-
12 cm; 3, 20-25 cm x12-16 cm 

Leaf base 0, Narrow decurrent; 1, Obtuse; 2, Attenuate; 3, Cuneate 
Leaf margin 0, Entire undulate; 1, Entire  

Leaf apex 0, Obtuse folded; 1, Obtuse to acuminate; 2, Obtuse to 
round 

Petiole size 0, Stout; 1, Thin 
Petiole length 0, 0-1 cm; 1, 1-2 cm; 2, 2-3 cm 

Petiole shape 
0, presence of groove on upper side; 1, absence of groove 
on upper side 

No. of secondary 
lateral nerves 0, 10-15 pairs; 1, 18-20 pairs 
Inflorescence 
position 0, Terminal and axillary; 1, Axillary; 2, Terminal 
Peduncle length 0, 0-4 cm; 1, 4-8 cm; 2, 8-12 cm 

Petal shape 1, five-lobed calyptrate; 2, five-lobed round or acute; 3, 
five-lobed campanulate 

Flower bud shape 0, Dome; 1, Pyriform 

Sepal shape 0, Triangular, green coloured with purple-coloured tips; 
1, Triangular, green coloured, rounded tips 

Anther size 0, 0-5 mm x 0-3 mm; 1, 5-10 mm x 3-6 mm 
Fruit size 0, 2-3 mm; 1, 3-4 mm; 2, 5-6 mm; 3, 6-12 mm 
Fruit shape 0, Globose; 1, Sub-globose; 2, Oval 
Fruit colour 0, Pinkish purple; 1, Purplish Black; 2, Black 
Lateral vein 
orientation 0, Parallel; 1, Irregular; 2, Reticulate 
Lateral vein loop 0, Present; 1, Absent 
Stomata 0, Paracytic; 1, Anisocytic; 2, Anomocytic 
Epidermis abaxial 
anticlinal cell wall 0, Straight; 1, Straight curved; 2, Curved 
Lamina cuticular 
ornamentation 0, Curved undulate; 1, Smooth; 2, Striate 
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Leaf crystals 
0, druses predominant; prismatic crystals absent; 1, 
prismatic crystals predominant; druses absent; 2, Both 
druses and prismatic crystals present 

Midrib adaxial 
surface cross-
section 0, Canaliculate; 1, Flat 
Midrib abaxial 
surface cross-
section 

0, Convex; 1, Flat 

Midrib adaxial 
phloem partition 0, Absent; 1, Present 
Midrib vascular 
shape 

0, Arc with straight margins; 1, Arc with incurved 
margins; 2, Arc with interrupted bundles 

Midrib 
sclerenchyma 0, Discontinuous; 1, Continuous 
Lamina adaxial 
cell shape (CS) 0, equal width and height; 1, wider than high 
Lamina abaxial 
cell shape (CS) 0, equal width and height; 1, wider than high 
Adaxial palisade 
layer 0, Single layered; 1, Multilayered 
Adaxial palisade 
layer 0, Continuous; 1, Discontinuous 
Lateral vein 
bundle sheath 
extension 0, Absent; 1, Present 
Foliar sclereid 0, Absent; 1, Present 
Twig cross-section 
(mature) 0, Terete; 1, Angular and winged; 2, Sub-terete 
Pith 0, Angular, 1, rectangular, 2, circular 
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APPENDIX 4 - DATA MATRIX OF PHYLOGENETIC 
ANALYSIS USING MORPHOLOGICAL AND ANATOMICAL 

CHARACTERS 

Taxon/Characters 123456789101112131415161718192021222324252627282930313233343536373839 

Species 1 S. acuminatissimum  022303111010212203020001{2}001001100000111 

Species 2 S. aquem 212121110001022223330001{2}012000000000101 

Species 3 S. aromaticum 2111 1 1 3 0 1 1 2
1 2 2 0 0 1 0 4 3 3 0
0 1{2} 0 0 2 0 0 0 0 1 0
0 0 0 1 0 1 

Species 4 S. caryophyllatum 2 0 0 0 0 2 1
2 0 0 0 0 2 2 0 0 1 0
4 0 2 0 0 1{2} 0 0 2 0 1
0 0 0 0 0 0 0 0 0 1 

Species 5 S. claviflorum 0 1 1 1 2 2 1 1
1 0 1 1 2 0 2 0 2 1 4
3 4 0 0 1{2} 2 1 2 0 0 1
1 0 1 0 0 0 0 0 1 

Species 6 S. cumini 0 1 2 1 1 3 1 1
1 0 1 0 0 1 1 1 1 1 4
2 4 0 0 2 0 1 2 0 0 0
0 0 0 0 0 0 0 0 1 

Species 7 S. cymosum 0 1 1 1 3 3 0 3
1 2 1 0 0 1 2 2 1 4 3
0 0 0 0 2 0 1 2 0 0 0
0 0 0 0 0 0 0 0 1 

Species 8 S. gardneri 0 0 1 3 0 1 0 3
1 1 1 0 0 2 2 1 1 1 2
2 0 0 0 2 1 1 2 0 0 0
0 0 1 1 0 0 0 0 1 

Species 9 S. grande 0 1 1 1 3 2 0 1
1 2 1 1 2 2 2 0 1 1 4
2 5 0 0 2 0 0 2 0 0 0
0 0 0 0 1 0 0 0 1 

Species 10 S. hemisphericum 1 1 0 1 1 1 0
1 0 2 0 0 0 1 2 2 3 1
4 2 6 0 0 2 0 2 2 0 1
0 0 0 0 0 0 0 0 0 1 

Species 11 S. jambos 2 1 2 1 2 1 1 1
0 0 0 1 0 2 2 2 2 3 3
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3 0 0 0 2 0 0 2 0 0 0
0 1 0 0 0 0 0 0 1 

Species 12 S. lanceolatum 2 1 2 1 1 3 1 1
1 0 1 0 0 1 1 1 1 1 4
2 4 0 0 2 2 1 2 0 0 0
0 0 1 1 0 0 0 0 1 

Species 13 S. luehmannii 1 0 2 1 0 3 1 3
1 1 1 0 0 2 0 1 2 1 4
3 4 0 0 2 2 0 1 0 1 1
0 0 0 0 0 0 0 1 1 

Species 14 S. malaccense 0 1 2 1 2 1 1 1
0 0 0 1 0 2 2 2 2 3 3
3 3 0 0 2 2 2 2 0 0 0
0 0 0 0 1 0 0 0 0 

Species 15 S. nervosum 1 0 1 1 2 2 0 1
1 0 1 0 1 1 2 2 1 0 3
0 0 0 0 2 0 0 2 0 0 0
2 0 1 0 0 0 1 1 0 

Species 16 S. oblatum 0 1 1 1 2 3 0 2
0 2 0 2 2 1 0 1 1 1 4
0 5 0 0 2 1 0 2 0 0 0
0{2} 0 0 0 1 0 1 1 0 

Species 17 S. palghatense 1 1 2 1 0 3 1 1
0 0 1 0 2 0 0 2 1 0 4
0 3 0 0 2 1 0 2 0 0 0
0 0 0 0 0 0 1 1 1 

Species 18 S. polyanthum 1 1 1 1 3 1 0 1
1 1 1 1 1 1 0 1 1 1 3
1 1 0 0 2 1 2 0 0 0 0
3 0 0 0 1 0 1 1 0 

Species 19 S. rubicundum 0 0 2 1 1 0 0 1
1 0 1 0 0 1 0 2 1 0 2
0 2 0 0 2 1 0 2 0 0 0
0 0 0 0 0 0 1 1 0 

Species 20 S. samarengense 2 1 2 1 2 1 1 1
0 0 0 1 0 2 2 2 2 3 3
3 0 0 0 2 0 0 2 0 0 0
0 1 0 0 0 0 1 1 0 

Species 21 S. stocksii 0 1 1 1 3 1 0 1
1 1 1 1 1 1 0 1 1 1 3
1 1 0 0 1 0 0 2 0 0 0
1{2} 1 0 0 0 1 1 0 1 

Species 22 S. tamilnadensis 1 2 2 1 1 3 1 2
1 0 1 0 2 2 0 0 1 0 3
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0 6 0 0 1 0 0 2 0 0 0
0 0 0 0 0 0 0 1 0 

Species 23 S. tetragonum 1 1 0 1 1 3 1 1
1 0 1 0 2 2 0 0 1 0 3
0 0 0 0 1 0 0 1 0 0 0
3 "0,1" 0 0 0 0 1 1 0 

Species 24 S. travancoricum 1 0 0 0 1 0 0 0
0 2 0 0 0 2 0 0 0 1 2
1 0 0 0 0{1} 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 

Species 25 S. zeylanicum 2 1 2 1 3 1 1 4
1 0 1 0 0 0 0 1 2 1 3
2 6 0 0 0{1} 2 0 2 0 0 0
0 0 0 0 0 0 0 1 0 

Species 26 JNTBGRI 1 0 0 0 1 1 0 0
0 2 0 0 0 2 0 0 0 1 2
1 0 0 0 0{1} 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 

Species 27 IDINJAAR 1 0 0 0 1 1 0 0
0 2 0 0 0 2 0 0 0 1 2
1 0 0 0 0{1} 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 

Species 28 KOLLAM 1 0 0 0 1 1 0 0
0 2 0 0 0 2 0 0 0 1 2
1 0 0 0 0{1} 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 

Species 29 THRISSUR 1 0 0 0 1 1 0 0
0 2 0 0 0 2 0 0 0 1 2
1 0 0 0 0{1} 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 

Species 30 KONGINICHALKAVU 1 0 0 0 1 1 0
0 0 2 0 0 0 2 0 0 0 1
2 1 0 0 0 0{1} 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 

Species 31 PALIYERIKAVU 0 1 1 1 3 1 0 1
1 1 1 1 1 1 0 1 1 1 3
1 1 0 0 1 0 0 1 0 0 0
1{2} 1 0 0 0 1 0 0 1 

Species 32 POOKODE 0 1 1 1 3 1 0 1
1 1 1 1 1 1 0 1 1 1 3
1 1 0 0 1 0 0 1 0 0 0
1{2} 1 0 0 0 1 0 0 1 

Species 33 MSSRF 1000110002000200012 1 0 0 0 0{1} 0
0 0 0 0 0 0 0 0 0 0 0
0 1 0
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APPENDIX 5 - DNA SEQUENCES DEPOSITED AT GENBANK 

Loci Samples GenBank Accession No. 

ITS 

IDINJAAR 
KOLLAM 
JNTBGRI 
WYANAD 
PALIYERIKAVU 
POOKODE 
KONGINICHALKAVU 
THRISSUR 

MN064801 
MN064802 
MN064803 
MN064804 
OL375229 
OL375228 
ON597486 
ON597488 

matK 

IDINJAAR 
KOLLAM 
JNTBGRI 
THRISSUR 
WYNAD 
POOKODE 
PALIYERIKAVU 
KONGINICHALKAVU 

MN072849 
MN072850 
MN072851 
MN072852 
MN072853 
OL473988 
OL473989 
OL473990 

rbcL 

IDINJAAR 
KOLLAM 
JNTBGRI 
WYANAD 
PALIYERIKAVU 
POOKODE 
KONGINICHALKAVU 
THRISSUR 

MN072854 
MN072855 
MN072856 
MN072857 
OL473984 
OL473985 
OL473986 
OL473987 
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ANNEXURE 6 - GENBANK REFERENCES OF THE SELECTED 
SYZYGIUM SPECIES INCLUDED IN PHYLOGENETIC TREE 
CONSTRUCTION 

Loci Species GenBank Accession 

ITS 

Syzygium_acuminatissimum 
Syzygium_aquem 
Syzygium_aromaticum 
Syzygium_caryophyllatum 
Syzygium_claviflorum 
Syzygium_cumini 
Syzygium_cymosum 
Syzygium_gardneri 
Syzygium_grande 
Syzygium_hemisphericum 
Syzygium_jambos 
Syzygium lanceolatum 
Syzygium_luehmannii 
Syzygium_malaccense 
Syzygium nervosum 
Syzygium_oblatum 
Syzygium palaghatense 
Syzygium_polyanthum 
Syzygium_rubicundum 
Syzygium_samarengense 
Syzygium_tamilnadensis 
Syzygium_tetragonum 
Syzygium_travan_GENBK 
Syzygium_zeylanicum 

MW854216 
JF682809 
KX079334 
OR055972 
MH109177 
JX856510 
OM218687 
KT970719 
KT982669 
JX856511 
KC815991 
KT982670 
AY187197 
MN104141 
MH884765 
MW854197 
KT982674 
MW854218 
KT982675 
OP897497 
KT982672 
KR532644 
KY607797 
EF026650 

matK 

Syzygium_acuminatissimum 
Syzygium_aquem 
Syzygium_aromaticum 
Syzygium_caryophyllatum 
Syzygium_claviflorum 
Syzygium_cumini 
Syzygium_cymosum 
Syzygium_gardneri 
Syzygium_grande 

MW854112 
DQ088559 
MH101982 
KU301785 
MW854091 
DQ088575 
MT864815 
KT907477 
AB925279 
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Syzygium_hemisphericum 
Syzygium_jambos 
Syzygium lanceolatum 
Syzygium_luehmannii 
Syzygium_malaccense 
Syzygium nervosum 
Syzygium_oblatum 
Syzygium palaghatense 
Syzygium_polyanthum 
Syzygium_rubicundum 
Syzygium_samarengense 
Syzygium_tamilnadensis 
Syzygium_tetragonum 
Syzygium_travan_GENBK 
Syzygium_zeylanicum 

AB925274 
GUI35056 
KT936452 
JN564161 
KT936453 
DQ088595 
AB924759 
KT936457 
MW854105 
KT936458 
AY525141 
KY018931 
KR531550 
KT936460 
DQ088619 

rbcL 

Syzygium_acuminatissimum 
Syzygium_aquem 
Syzygium_aromaticum 
Syzygium_caryophyllatum 
Syzygium_claviflorum 
Syzygium_cumini 
Syzygium_cymosum 
Syzygium_grande 
Syzygium_jambos 
Syzygium_luehmannii 
Syzygium_malaccense 
Syzygium nervosum 
Syzygium_oblatum 
Syzygium_polyanthum 
Syzygium_samarengense 
Syzygium_tetragonum 
Syzygium_travan_GENBK 
Syzygium_zeylanicum 

MW854145 
OK052789 
MH101978 
KU301786 
KF496648 
GU135224 
KM896098 
AB925485 
GU135219 
KM896171 
LC381850 
DQ088595 

  MH113353 
 MW854138 
AB925321 
KR530117 
MW427216 
OK052796 
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 APPENDIX  7  - COMBINED MOLECULAR DATA 

#NEXUS 
[ TITLE ] 
BEGIN DATA; 

 DIMENSIONS NTAX=32 NCHAR=1543; 
     FORMAT MISSING=? GAP=- datatype=dna interleave=yes; 

MATRIX 
[ITS=464] 
Syzygium_acuminatissimum    GGCGGGCCTCGCCCAATGTCCCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGC?TTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTAAACAAGAGAGCG
ATGCTCCCGTCACCCCAGACATGGTGCGTGCGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCATTGGTCGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACTTGGGTGCGTATGATGGCCTCCCGAGACAACCTTGTCCCGGTTGG
CCCAAAATCGAGCGTTGGAGCGA 
Syzygium_aquem              GGTGGGCCTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCTGCCGCCCCAGACATGGTGCGCGCGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCCTCGGCTTAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_aromaticum         GGTGGGCCTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGCCGTCCCGGACATGGTGCGCGTGCGGGATGCCATGCAATCTCCCA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACTCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTACGTTGGCCTCCCGAGATGACCTTATCCCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_caryophyllatum     GGTGGGCCTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGTTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGTGTGTGCGGGATGCCATGCAATCTCCTT-
CTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_claviflorum        GGTGGGCCTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTACGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_cumini             GGTGGGCCTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGTGCCCAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGCGCGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAACTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_cymosum            GGTGGGCCTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGTTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTT-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_gardneri           GGTGGGCCTCGCCCAACGTCTCT-AAACGCTTGGATGGCACGGGTGCCTGC-
GGGCGCTCGGGTTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTT-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_grande             GGTGGGCCTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGCGCCTAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
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ATGCTCCCGTCGCCCCAGACATGGTGCGCGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGTGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_hemisphericum      GGCGGGCCTCACCCAACGTCTCC-AGACGCTCGGATGGCCCGGGTGCCTGC-
GGGCGCTCGGGC-
TTCTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGC
CCCAGACATGGTGCGTGCGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAAGCTTCGGTTGAGGGCACGT
TTGCCTGGGTGTCACACGCGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGGGCGGGACTTGGGTGCGTACGT
TGGCCTCCCGAGACGAACTTATCCCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_jambos             GGCGGGC-TCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCCAC-
GGGCGCTCGGGC-
TTCTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGC
CCCAGACATGGTGCGTGCGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAAGCTTCGGTTGAGGGCACGT
TTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGAGCGGGACTTGGGTGCGTACGT
TGGCCTCCCGAGATGAACTTATCCCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_lanceolatum        GGCGGGCCTTGCCCAACGTGCCC-AGACGCTTGGATGGCACGGGCGCCTA--
AGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCTGCCACCCCAGACATGGTGCGTGCGTGGGATGCCATGCAATCTCCTATTTATTCATAACGACTCTCGGC
AACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGGTGTGAATTGCAGAATCCCGT
GAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-AAGCTT--GCT-
AGGGCACGTTTGCCTGGGTGTCACACACGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGTGCGGGACTTGGG
TGCGTATGTTGGCCTCCCGAGACGACCTCGTCCCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_luehmannii         GGCGGGCTTTGCCCAATGTCCCCAAGACGCTTGGATGGCACGGGTGCCTAT--
GGTGCT?GGGC-
TTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCATCAC
CCCAGACATGGTGCGTGCGTGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG--AGCTTCGGTT-
AGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTCAAATCGGGCGGGTGGGAATTGGG
TGCGTATGTTGGCCTCCCGAGACAACCTCGTCGCGGTTGGCCCAAAATCGAGCGTCGGAGC?A 
Syzygium_malaccense         GGCGGGCCTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGC-
TTCTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGYCGC
CCCAGACATGGTGCGTGYGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGAACTTATCCCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_nervosum           GGTGGGCCTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_oblatum            GGCGGGTCTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCCA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGCTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_palghatense        GGCGGGCCTTGCCCAACGTCCCC-AGACGCTTGGATGGCACGGGCGCATA--
AGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCTGCCACCCCAGACATGGTGCGTGCGTGGGATGCCATGCAATCTCCTATTTATCCATAACGACTCTCGGC
AACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGGTGTGAATTGCAGAATCCCGT
GAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-AAGCTT--GCT-
AGGGCACGTTTGCCTGGGTGTCACACACGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGGGCGGGACTTGGG
TGCGTATGTTGGCCTCCCGAGACGACCTCGTCCCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_polyanthum         GATGGGCCTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCGGACATGGTGCGCGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
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AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_rubicundum         GGTGGGCTTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGTTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGTGTGTGCGGGATGCCATGCAATCTCCTT-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_samarengense       GGTGGGCCTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCKCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTKAACAAGAGAGCG
ATGCTCCYGCCGCCCCAGACATGGTGCGYGCGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCCTCGGCTTAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGYGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGGCCYAAAATCGAGCGTTGGAGCGA 
Syzygium_tamilnadensis      GGTGGGCCTCGCCCAACGTCTCC-ATACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGATCG
ATGCTCCCGCCGCCCCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_tetragonum         GGCGGGCTTTGCCCAATGTCCCCAAGACGCTTGGATGGCACGGGTGCCTAT--
GGTGCT?GGGC-
TTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCATCAC
CCCAGACATGGTGCGTGCGTGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG--AGCTTCGGTT-
AGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTCAAATCGGGCGGGTGGGAATTGGG
TGCGTATGTTGGCCTCCCGAGACAACCTCGTCGCGGTTGGCCCAAAATCGAGCGTCGGAGC?A 
Syzygium_travan_GENBK       ------------------------------------------------TAC-GGGCGCTCGGGC--
TTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGCC
CCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_travan_Idinjaar    TGTGGGCTTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGC--
TTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGCC
CCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_travan_JNTBGRI     TGTGGGCTTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGC--
TTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGCC
CCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_travan_Kollam      TGTGGGCTTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGC--
TTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGCC
CCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_travan_Kongini     TGTGGGCTTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGC--
TTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAACGATGCTCCCGCCGCC
CCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAAAACGTACCGAACTGCGATACTTGG
TGTGAATTGCAAAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCCCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_travan_MSSRF       TGTGGGCTTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGC--
TTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGCC
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CCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_travan_Paliyerik -------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
--------------------------------------- 
Syzygium_travan_Pookode     TTGGGGGTTTGGCCAAAGTTTTC-
CGGCGGTTGGGTGGCAAGGGTGCCTACGGGGCGTTGGGGT--
TTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGCC
CCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_travan_Thrissur    TGTGGGCTTCGTCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGC--
TTTYTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGCC
CCARACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAARAACGTASCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_zeylanicum         GGCGGGCTTTGCCCAATGTCCCC-AGACGCTCGGATGGCACGGGCGCCTAC--
GGCGCTCGGGCTTTTCCTCGGCGACATAACGAACCCCGGCGCGGAATGCGCCAAGGAGCTTCAACAAGAGAGCGA
TGCTCCCATCACCCCAGACATGGTGCGTGCGTGGGATGTCGTGCATTCTCCCA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG--AGC-TCGGTT-
AGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAA--CCTCGCCTCGAATCGGGCG-
GTGGGAATTGGGCGCGTACGTTGGCCTCCCGAGACGACCTCGTCCCGGTTGGCCCAAAATCGAGCTTCGGAGCGA 

[matk=592] 
Syzygium_acuminatissimum     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGTCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGTTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTACGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCGTTAGTAAACCGACCCGGG
CTGA 
Syzygium_aquem     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACACCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGTAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_aromaticum     
CAAAAGGTAATACAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTC
CGTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGA
ACATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTCTTCTGATTCTGATGAATAAATGGAAATATTAC
CTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGGATCGATATAAACCAATTATGCAAGT
ATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGTGGTACGAAGTCAAATGCTAGAAAA
TTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATTATTCCTCTGATTGGATCATTGTCTA
AAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGGCTGA 
Syzygium_caryophyllatum     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCACCTTTCTTTTTCTC
CGTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGA
ACATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCAT-------------------------- 
Syzygium_claviflorum     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
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GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGTAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGT
GGTACGAAGTAAAATGCTAGAAAATTCATTTATAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAAT
TATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGG
GCTGA 
Syzygium_cumini     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCACCTTTCTTTTTCTC
CGTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGA
ACATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGGTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATTGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_cymosum             CAAAAGG---
TCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCCGTAATCAATC
TTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGAAA------
AACATTTTGCCAAAGTCTTCTTTGATA---ATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT-
--ATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------TTC---------
AATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGGATCGATATAAA
CCAATTATGCAAGTATTCTCT---
CTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGTGGTACGAAGTAAAATGCTAGAAAATTCATTTATA
ATAAA---TGCTATGAAGAAGTTCGAGACAATAGTTCCAATTATTCCTC---
TTGGATCATTGTCTAAAGCGAATTTTTGTAACACAT---GGCATCCCATTAGTAAACCGACCCGGGCTGA 
Syzygium_gardneri     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCACCTTTCTTTTTCTC
CGTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGA
ACATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAATACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_grande     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCACCTTTCTTTTTCTC
CGTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGA
ACATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGGTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATTGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_hemisphericum     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATTAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_jambos     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_lanceolatum     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTACGCGTGGTTTCAACCAGGAAGG
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ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTCAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_luehmannii     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCGTCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTACGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_malaccense     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAACCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATACACCAATTATGCAAGTATTCTCTTGACTTTTTGGGTTATCGTTCAAGCGTACGACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTCTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_nervosum     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCSA?CTTCTCATTTACGGBCAACATCTTCTGGAATCTYTTTTGAGCSAAWCTATTTYTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTYTTTGATAATGATTTYYAG?GCMTCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTYTGATGAATAAATGGMAATATTACCTTGTTACTTYATGGCAATVTCATTTTTATGCGTGGTTTCAACCMCGAAG
GATCGAT?TAAACCAATTATGCAAGTATTCTYTTGACTTTTTGGGCTATCSTTYAAGCGTACGACTAAATTYTTCAG
TGGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTYCSAGACAMTAGTTCCAA
TTATTCCTCTGATTGGATCATTGTYTAAAGCGAATTYTTGKWACACATTAGGGCATCCCATTAGTAAACCGACCCG
GGCTGA 
Syzygium_oblatum      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCACCTTTCTTTTTCTC
CGTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGA
ACATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGGTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATTGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_palghatense      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTACGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTCAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGATTTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA
Syzygium_polyanthum      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATCAGTAAACCGACCCGGG
CTGA 
Syzygium_rubicundum      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCACCTTTCTTTTTCTC
CGTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGA
ACATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
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Syzygium_samarengense     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTAGATAATTCTCATATATGTGAATA?GAATCCATCTTTTTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACACCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGTAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGATTTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_tamilnadensis      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCACCTTTCTTTTTCTC
CGTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGA
ACATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGGTTCAAAAGATACGCCTC------TTCTGATGAATAAATGG---
TATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGGATTGATATAAACCAATTATG
CAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGTGGTACGAAGTCAAATGCTAG
AAAATTCATTTCTAATAAATATTGCTATGAAGAAGTTCGAGACAATAGTTCCAATTATTCCTCCGATTGGATCATT
GTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGGCTGA 
Syzygium_tetragonum      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCAATATAAAACAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_GENBK      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_Idinjaar     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_JNTBGRI      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_Kollam     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_Kongini     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
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TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_MSSRF 
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_Paliyerik    
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_Pookode     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_Thrissur     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_zeylanicum      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCGTCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTACGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTYTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAAT
TATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGATCCGG
GCTGA 

[rbcL=487] 
Syzygium_acuminatissimum  
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAGCTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACGACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGT
TATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_aquem      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
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Syzygium_aromaticum      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTATACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_caryophyllatum      ------
CTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCCTGCTGA
GGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTTACCAG
CCTTGATCGTTATAAAGGAAGATGCTACGGCATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTTATGTA
GCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTTGGGTTC
AAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCCCGCCTC
ATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACCTAAATT
GGGGTTATCCGCTAAGAACTACGG 
Syzygium_claviflorum     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTGACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_cumini     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TGCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCT
TACCAGCCTTGATCGTTATAAAGGAAGATGCTACGACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATG
TTATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATT
TGGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGC
CCGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAAC
CTAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_cymosum     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_gardneri    -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------- 
Syzygium_grande      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TGCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCT
TACCAGCCTTGATCGTTATAAAGGAAGATGCTACGACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATG
TTATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATT
TGGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGC
CCGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAAC
CTAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_hemisphericum    -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------- 
Syzygium_jambos      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TGCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCT
TACCAGCCTTGATCGTTATAAAGGAAGATGCTACGACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATG
TTATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATT
TGGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGC
CCGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAAC
CTAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_lanceolatum    -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------- 

Syzygium_luehmannii     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
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GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CACCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_malaccense     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACGACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGT
TAYGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATT
TGGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGC
CCGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAAC
CTAAATTGGGATTATCCGCTAAGAACTACGG 
Syzygium_nervosum    -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------- 
Syzygium_oblatum      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TGCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCT
TACCAGCCTTGATCGTTATAAAGGAAGATGCTACGACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATG
TTATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATT
TGGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGC
CCGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAAC
CTAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_palghatense   -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------- 
Syzygium_polyanthum      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TGCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCT
TACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGT
TATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTAGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_rubicundum    -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------- 
Syzygium_samarengense        -----------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------
ATGTATTTGGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTC
CAAGGCCCGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACT
ATTAAACCTAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_tamilnadensis   -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------- 
Syzygium_tetragonum      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACGACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGT
TATGTAGCTTACCCTTTAGACCTTTTCGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
GAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_travan_GENBK      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_travan_Idinjaar     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
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Syzygium_travan_JNTBGRI      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_travan_Kollam     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_travan_Kongini     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGA---------------------------------------------------------------------- 
Syzygium_travan_MSSRF      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_travan_Paliyerik    
ATTATACTCCTGACTATGAAACCAAAGATAGTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTAG---------------------------------------
-------------------------------------------------------------------------------------- 
Syzygium_travan_Pookode     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTAT-----
-----------------------------------------------------------------------------------------------------------------------------------------------------------
------------------------ 
Syzygium_travan_Thrissur     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCACCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_zeylanicum      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAAGTGTGTGGACCGATGGGCT
TACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGT
TATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
; 
END; 
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APPENDIX 8  COMBINED MORPHOLOGICAL AND MOLECULAR 
DATA 

#NEXUS 
[ TITLE ] 
BEGIN DATA; 

 DIMENSIONS NTAX=32 NCHAR=1582; 
     FORMAT MISSING=? GAP=- datatype=mixed(DNA:1-1543, STANDARD:1544-1582) interleave=yes; 

MATRIX 
[ITS=464] 
Syzygium_acuminatissimum GGCGGGCCTCGCCCAATGTCCCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGC?TTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTAAACAAGAGAGCG
ATGCTCCCGTCACCCCAGACATGGTGCGTGCGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCATTGGTCGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACTTGGGTGCGTATGATGGCCTCCCGAGACAACCTTGTCCCGGTTGG
CCCAAAATCGAGCGTTGGAGCGA 
Syzygium_aquem              GGTGGGCCTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCTGCCGCCCCAGACATGGTGCGCGCGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCCTCGGCTTAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_aromaticum         GGTGGGCCTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGCCGTCCCGGACATGGTGCGCGTGCGGGATGCCATGCAATCTCCCA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACTCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTACGTTGGCCTCCCGAGATGACCTTATCCCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_caryophyllatum     GGTGGGCCTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGTTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGTGTGTGCGGGATGCCATGCAATCTCCTT-
CTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_claviflorum        GGTGGGCCTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTACGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_cumini             GGTGGGCCTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGTGCCCAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGCGCGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAACTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_cymosum            GGTGGGCCTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGTTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTT-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_gardneri           GGTGGGCCTCGCCCAACGTCTCT-AAACGCTTGGATGGCACGGGTGCCTGC-
GGGCGCTCGGGTTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTT-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
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AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_grande             GGTGGGCCTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGCGCCTAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGCGCGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGTGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_hemisphericum      GGCGGGCCTCACCCAACGTCTCC-AGACGCTCGGATGGCCCGGGTGCCTGC-
GGGCGCTCGGGC-
TTCTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGC
CCCAGACATGGTGCGTGCGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAAGCTTCGGTTGAGGGCACGT
TTGCCTGGGTGTCACACGCGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGGGCGGGACTTGGGTGCGTACGT
TGGCCTCCCGAGACGAACTTATCCCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_jambos             GGCGGGC-TCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCCAC-
GGGCGCTCGGGC-
TTCTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGC
CCCAGACATGGTGCGTGCGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAAGCTTCGGTTGAGGGCACGT
TTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGAGCGGGACTTGGGTGCGTACGT
TGGCCTCCCGAGATGAACTTATCCCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_lanceolatum        GGCGGGCCTTGCCCAACGTGCCC-AGACGCTTGGATGGCACGGGCGCCTA--
AGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCTGCCACCCCAGACATGGTGCGTGCGTGGGATGCCATGCAATCTCCTATTTATTCATAACGACTCTCGGC
AACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGGTGTGAATTGCAGAATCCCGT
GAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-AAGCTT--GCT-
AGGGCACGTTTGCCTGGGTGTCACACACGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGTGCGGGACTTGGG
TGCGTATGTTGGCCTCCCGAGACGACCTCGTCCCGGTTGGCCCAAAATCGAGCGTTGGAGCGA
Syzygium_luehmannii         GGCGGGCTTTGCCCAATGTCCCCAAGACGCTTGGATGGCACGGGTGCCTAT--
GGTGCT?GGGC-
TTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCATCAC
CCCAGACATGGTGCGTGCGTGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG--AGCTTCGGTT-
AGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTCAAATCGGGCGGGTGGGAATTGGG
TGCGTATGTTGGCCTCCCGAGACAACCTCGTCGCGGTTGGCCCAAAATCGAGCGTCGGAGC?A 
Syzygium_malaccense         GGCGGGCCTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGC-
TTCTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGYCGC
CCCAGACATGGTGCGTGYGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGAACTTATCCCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_nervosum           GGTGGGCCTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_oblatum            GGCGGGTCTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCCA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGCTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_palghatense        GGCGGGCCTTGCCCAACGTCCCC-AGACGCTTGGATGGCACGGGCGCATA--
AGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCTGCCACCCCAGACATGGTGCGTGCGTGGGATGCCATGCAATCTCCTATTTATCCATAACGACTCTCGGC
AACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGGTGTGAATTGCAGAATCCCGT
GAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-AAGCTT--GCT-
AGGGCACGTTTGCCTGGGTGTCACACACGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGGGCGGGACTTGGG
TGCGTATGTTGGCCTCCCGAGACGACCTCGTCCCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_polyanthum         GATGGGCCTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
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ATGCTCCCGTCGCCCCGGACATGGTGCGCGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_rubicundum         GGTGGGCTTCGCCCAACGTCTCT-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGTTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCG
ATGCTCCCGTCGCCCCAGACATGGTGTGTGTGCGGGATGCCATGCAATCTCCTT-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCC-
AACCCCTCGCCTTGAATTGGGCGGGCGGGACCTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGG
CCTAAAATCGAGCGTCGGAGCGA 
Syzygium_samarengense       GGTGGGCCTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCKCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTKAACAAGAGAGCG
ATGCTCCYGCCGCCCCAGACATGGTGCGYGCGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCCTCGGCTTAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGYGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGGCCYAAAATCGAGCGTTGGAGCGA 
Syzygium_tamilnadensis      GGTGGGCCTCGCCCAACGTCTCC-ATACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGCTTTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGATCG
ATGCTCCCGCCGCCCCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCCCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_tetragonum         GGCGGGCTTTGCCCAATGTCCCCAAGACGCTTGGATGGCACGGGTGCCTAT--
GGTGCT?GGGC-
TTTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCATCAC
CCCAGACATGGTGCGTGCGTGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG--AGCTTCGGTT-
AGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTCAAATCGGGCGGGTGGGAATTGGG
TGCGTATGTTGGCCTCCCGAGACAACCTCGTCGCGGTTGGCCCAAAATCGAGCGTCGGAGC?A 
Syzygium_travan_GENBK       ------------------------------------------------TAC-GGGCGCTCGGGC--
TTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGCC
CCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_travan_Idinjaar    TGTGGGCTTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGC--
TTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGCC
CCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_travan_JNTBGRI     TGTGGGCTTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGC--
TTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGCC
CCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_travan_Kollam      TGTGGGCTTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGC--
TTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGCC
CCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_travan_Kongini     TGTGGGCTTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGC--
TTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAACGATGCTCCCGCCGCC
CCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAAAACGTACCGAACTGCGATACTTGG
TGTGAATTGCAAAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
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AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCCCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_travan_MSSRF     TGTGGGCTTCGCCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGC--
TTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGCC
CCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_travan_Paliyerik -------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
--------------------------------------- 
Syzygium_travan_Pookode     TTGGGGGTTTGGCCAAAGTTTTC-
CGGCGGTTGGGTGGCAAGGGTGCCTACGGGGCGTTGGGGT--
TTTCTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGCC
CCAGACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_travan_Thrissur    TGTGGGCTTCGTCCAACGTCTCC-AGACGCTTGGATGGCACGGGTGCCTAC-
GGGCGCTCGGGC--
TTTYTCGGCGGCACAACGAACCCCGGCGCGGAATGCGCCAAGGAACTTTAACAAGAGAGCGATGCTCCCGCCGCC
CCARACATGGTGCGTGTGCGGGATGCCATGCAATCTCCTA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAARAACGTASCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG-
AAGCTTCGGTTGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAACCCCTCGCCTTGAATTGGGCGG
GCGGGACTTGGGTGCGTATGTTGGCCTCCCGAGATGACCTTATCTCGGTTGGCCCAAAATCGAGCGTTGGAGCGA 
Syzygium_zeylanicum         GGCGGGCTTTGCCCAATGTCCCC-AGACGCTCGGATGGCACGGGCGCCTAC--
GGCGCTCGGGCTTTTCCTCGGCGACATAACGAACCCCGGCGCGGAATGCGCCAAGGAGCTTCAACAAGAGAGCGA
TGCTCCCATCACCCCAGACATGGTGCGTGCGTGGGATGTCGTGCATTCTCCCA-
TTATTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGG
TGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCG--AGC-TCGGTT-
AGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCTAA--CCTCGCCTCGAATCGGGCG-
GTGGGAATTGGGCGCGTACGTTGGCCTCCCGAGACGACCTCGTCCCGGTTGGCCCAAAATCGAGCTTCGGAGCGA 

[matk=592] 
Syzygium_acuminatissimum     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGTCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGTTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTACGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCGTTAGTAAACCGACCCGGG
CTGA 
Syzygium_aquem      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACACCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGTAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_aromaticum      
CAAAAGGTAATACAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTC
CGTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGA
ACATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTCTTCTGATTCTGATGAATAAATGGAAATATTAC
CTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGGATCGATATAAACCAATTATGCAAGT
ATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGTGGTACGAAGTCAAATGCTAGAAAA
TTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATTATTCCTCTGATTGGATCATTGTCTA
AAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGGCTGA 
Syzygium_caryophyllatum      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCACCTTTCTTTTTCTC
CGTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGA
ACATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
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ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCAT-------------------------- 
Syzygium_claviflorum     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGTAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGT
GGTACGAAGTAAAATGCTAGAAAATTCATTTATAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAAT
TATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGG
GCTGA 
Syzygium_cumini     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCACCTTTCTTTTTCTC
CGTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGA
ACATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGGTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATTGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_cymosum             CAAAAGG---
TCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCCGTAATCAATC
TTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGAAA------
AACATTTTGCCAAAGTCTTCTTTGATA---ATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT-
--ATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------TTC---------
AATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGGATCGATATAAA
CCAATTATGCAAGTATTCTCT---
CTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGTGGTACGAAGTAAAATGCTAGAAAATTCATTTATA
ATAAA---TGCTATGAAGAAGTTCGAGACAATAGTTCCAATTATTCCTC---
TTGGATCATTGTCTAAAGCGAATTTTTGTAACACAT---GGCATCCCATTAGTAAACCGACCCGGGCTGA 
Syzygium_gardneri     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCACCTTTCTTTTTCTC
CGTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGA
ACATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAATACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_grande      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCACCTTTCTTTTTCTC
CGTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGA
ACATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGGTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATTGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_hemisphericum      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATTAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_jambos      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
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Syzygium_lanceolatum      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTACGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTCAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_luehmannii     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCGTCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTACGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_malaccense     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAACCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATACACCAATTATGCAAGTATTCTCTTGACTTTTTGGGTTATCGTTCAAGCGTACGACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTCTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_nervosum     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCSA?CTTCTCATTTACGGBCAACATCTTCTGGAATCTYTTTTGAGCSAAWCTATTTYTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTYTTTGATAATGATTTYYAG?GCMTCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTYTGATGAATAAATGGMAATATTACCTTGTTACTTYATGGCAATVTCATTTTTATGCGTGGTTTCAACCMCGAAG
GATCGAT?TAAACCAATTATGCAAGTATTCTYTTGACTTTTTGGGCTATCSTTYAAGCGTACGACTAAATTYTTCAG
TGGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTYCSAGACAMTAGTTCCAA
TTATTCCTCTGATTGGATCATTGTYTAAAGCGAATTYTTGKWACACATTAGGGCATCCCATTAGTAAACCGACCCG
GGCTGA
Syzygium_oblatum      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCACCTTTCTTTTTCTC
CGTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGA
ACATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGGTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATTGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_palghatense      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTACGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTCAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGATTTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_polyanthum      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATCAGTAAACCGACCCGGG
CTGA 
Syzygium_rubicundum      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCACCTTTCTTTTTCTC
CGTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGA
ACATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
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TAGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_samarengense     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTAGATAATTCTCATATATGTGAATA?GAATCCATCTTTTTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACACCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGTAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGATTTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_tamilnadensis      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCACCTTTCTTTTTCTC
CGTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGA
ACATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGT
TAGATATCAAGGAAAATCAATTCTGGGTTCAAAAGATACGCCTC------TTCTGATGAATAAATGG---
TATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGGATTGATATAAACCAATTATG
CAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACCACTAAATTCTTCAGTGGTACGAAGTCAAATGCTAG
AAAATTCATTTCTAATAAATATTGCTATGAAGAAGTTCGAGACAATAGTTCCAATTATTCCTCCGATTGGATCATT
GTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGGCTGA 
Syzygium_tetragonum      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCAATATAAAACAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_GENBK      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATATAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_Idinjaar     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_JNTBGRI      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_Kollam     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
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ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_Kongini     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_MSSRF 
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_Paliyerik    
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_Pookode     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_travan_Thrissur     
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCATCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTATGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTTTTTAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATT
ATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGACCCGGG
CTGA 
Syzygium_zeylanicum      
CAAAAGGTAATCCAAGATTATTCTTGTTCCTATATAATTCTCATATATGTGAATACGAATCCGTCTTTCTTTTTCTCC
GTAATCAATCTTCTCATTTACGGTCAACATCTTCTGGAATCTTTTTTGAGCGAATCTATTTCTATGTAAAAATAGAA
CATTTTGCCAAAGTCTTCTTTGATAATGATTTTCAGTGCATCCTATGGTTCTTCAAAGATCCTTTCATGCATTATGTT
AGATATCAAGGAAAATCAATTCTGGCTTCAAAAGATACGCCTC------
TTCTGATGAATAAATGGAAATATTACCTTGTTACTTTATGGCAATATCATTTTTACGCGTGGTTTCAACCAGGAAGG
ATCGATAGAAACCAATTATGCAAGTATTCTCTTGACTTTTTGGGCTATCGTTCAAGCGTACGACTAAATTCTTCAGT
GGTACGAAGTCAAATGCTAGAAAATTCATTTYTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAAT
TATTCCTCTGATTGGATCATTGTCTAAAGCGAATTTTTGTAACACATTAGGGCATCCCATTAGTAAACCGATCCGG
GCTGA 

[rbcL=487] 
Syzygium_acuminatissimum  
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAGCTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACGACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGT
TATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_aquem      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
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TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_aromaticum      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTATACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_caryophyllatum      ------
CTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCCTGCTGA
GGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTTACCAG
CCTTGATCGTTATAAAGGAAGATGCTACGGCATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTTATGTA
GCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTTGGGTTC
AAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCCCGCCTC
ATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACCTAAATT
GGGGTTATCCGCTAAGAACTACGG 
Syzygium_claviflorum     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTGACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_cumini     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TGCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCT
TACCAGCCTTGATCGTTATAAAGGAAGATGCTACGACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATG
TTATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATT
TGGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGC
CCGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAAC
CTAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_cymosum     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_gardneri    -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------- 
Syzygium_grande      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TGCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCT
TACCAGCCTTGATCGTTATAAAGGAAGATGCTACGACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATG
TTATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATT
TGGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGC
CCGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAAC
CTAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_hemisphericum    -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------- 
Syzygium_jambos      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TGCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCT
TACCAGCCTTGATCGTTATAAAGGAAGATGCTACGACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATG
TTATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATT
TGGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGC
CCGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAAC
CTAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_lanceolatum    -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------- 
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Syzygium_luehmannii     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CACCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_malaccense     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACGACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGT
TAYGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATT
TGGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGC
CCGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAAC
CTAAATTGGGATTATCCGCTAAGAACTACGG 
Syzygium_nervosum    -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------- 
Syzygium_oblatum      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TGCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCT
TACCAGCCTTGATCGTTATAAAGGAAGATGCTACGACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATG
TTATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATT
TGGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGC
CCGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAAC
CTAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_palghatense   -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------- 
Syzygium_polyanthum      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TGCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCT
TACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGT
TATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTAGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_rubicundum    -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------- 
Syzygium_samarengense        -----------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------
ATGTATTTGGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTC
CAAGGCCCGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACT
ATTAAACCTAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_tamilnadensis   -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------- 
Syzygium_tetragonum      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACGACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGT
TATGTAGCTTACCCTTTAGACCTTTTCGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
GAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_travan_GENBK      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_travan_Idinjaar     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
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ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_travan_JNTBGRI      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_travan_Kollam     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_travan_Kongini     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGA---------------------------------------------------------------------- 
Syzygium_travan_MSSRF      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_travan_Paliyerik    
ATTATACTCCTGACTATGAAACCAAAGATAGTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTAG---------------------------------------
-------------------------------------------------------------------------------------- 
Syzygium_travan_Pookode     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTAT-----
-----------------------------------------------------------------------------------------------------------------------------------------------------------
------------------------ 
Syzygium_travan_Thrissur     
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTT
ACCACCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTT
ATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 
Syzygium_zeylanicum      
ATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCC
TCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAAGTGTGTGGACCGATGGGCT
TACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGT
TATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTT
GGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTACTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGCCGTCCCCTATTGGGATGTACTATTAAACC
TAAATTGGGGTTATCCGCTAAGAACTACGG 

[Morphology=39] 
Syzygium_acuminatissimum 02230311101021220302000{12}001001100000111 
Syzygium_aquem 21212111000102222333000{12}012000000000101 
Syzygium_aromaticum 21111130112122001043300{12}002000010000101 
Syzygium_caryophyllatum 20000212000022001040200{12}002010000000001 
Syzygium_claviflorum 01112211101120202143400{12}212001101000001 
Syzygium_cumini 012113111010011111424002012000000000001 



Appendices 

Characterization of Syzygium travancoricum Gamble (Myrtaceae), a critically endangered endemic species of Kerala 

Syzygium_cymosum  011133031210012214300002012000000000001 
Syzygium_gardneri  001301031110022111220002112000001100001 
Syzygium_grande 011132011211222011425002002000000010001 
Syzygium_hemisphericum 110111010200012231426002022010000000001 
Syzygium_jambos 212121110001022223330002002000010000001 
Syzygium_lanceolatum 212113111010011111424002212000001100001 
Syzygium_luehmannii 102103131110020121434002201011000000011 
Syzygium_malaccense 012121110001022223333002222000000010000 
Syzygium_nervosum  101122011010112210300002002000201000110 
Syzygium_oblatum 011123020202210111405002102000{02}00010110 
Syzygium_palghatense 112103110010200210403002102000000000111 
Syzygium_polyanthum 111131011111110111311002120000300010110 
Syzygium_rubicundum 002110011010010210202002102000000000110 
Syzygium_samarengense 212121110001022223330002002000010000110 
Syzygium_tamilnadensis 122113121010220010306001002000000000010 
Syzygium_tetragonum 1101131110102200103000010010003{01}0000110 
Syzygium_travan_GENBK 10001000020002000121000{01}000000000000010 
Syzygium_travan_Idinjaar 10001100020002000121000{01}000000000000010 
Syzygium_travan_JNTBGRI 10001100020002000121000{01}000000000000010 
Syzygium_travan_Kollam 10001100020002000121000{01}000000000000010 
Syzygium_travan_Kongini 10001100020002000121000{01}000000000000010 
Syzygium_travan_MSSRF 10001100020002000121000{01}000000000000010 
Syzygium_travan_Paliyerik 011131011111110111311001001000{12}10001001 
Syzygium_travan_Pookode 011131011111110111311001001000{12}10001001 
Syzygium_travan_Thrissur 10001100020002000121000{01}000000000000010 
Syzygium_zeylanicum 21213114101000012132600{01}202000000000010 
; 
END; 
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