
 
Correlating genome size, ploidy level, and reproductive mode variation by using a 
phylogenetic approach in Globba L. (Zingiberaceae)  
 
Introduction: Genome size is a useful 
taxonomic marker, which has been used 
along with many morphological 
characters to delimit infrageneric 
division in many taxa. Variation in the 
genome size (due to ploidy) is one of the 
best indicators of ongoing 
diversification, and this can be 
quantified by comparing ploidy levels of 
parents with their progeny. It has been 
shown that polyploidy is related to a 
breakdown of self-incompatibility, 
allowing uniparental reproduction 
(Mable, 2004), and that frequent 
formation and recombination of 
allopolyploid genomes may alter the 
genome structure, gene expression, and 
induce phenotypic changes (Soltis et al. 2009). Most interestingly, it has also been shown that 
hybridization and polyploidy are associated with changes in the mating system of plants, 
from sexuality to asexuality (Hajrudinovic et al. 2015).  

Globba L. is the fourth largest genus in the family 
Zingiberaceae and comprises about 100 species 
(Williams et al, 2002). This genus is distributed in Sri 
Lanka, India, Australia, and Southeast Asia 
(Leong-Skornickova & Newman 2015). In India, 
Globba is represented by about 14 species and they are 
confined to a few states mostly in the Western Ghats and 
in North-East India (Joe et al, 2019). The number of 
anther appendages has always been an essential 
character for classification at sectional rank. 
Morphologically, the genus was classified into three 
sections as follows: (1) Globba section Globba with four 

anther appendages; (2) Globba section Haplanthera without anther appendages; (3) Globba 
section Ceratanthera with two anther appendages. Some species of Globba attract 
horticultural interest due to the presence of colorful bracts and flowers, especially G. winitii. 
It is also known for its diversity in reproductive strategies wherein sexual (andromonoecy and 
hermaphrodites) and asexual (bulbils and rhizomes) reproduction has been documented. 
Interestingly there are a few species (G. marantina L., G. bulbifera, and G. schomburgkii) 
where seeds are rarely produced and bulbils are the primary means of propagation. 
Taxonomically, Globba is a complex genus because of high intrapopulation variations 
resulting from hybridization and polyploidization. The flowers, bracts, and bracteoles also 
easily fall so most herbarium specimens also look alike. The number of synonyms in this 
genus is ~75 which is close to the number of accepted species, which clearly depicts the 
taxonomic confusion within this genus. Although at first glance, all the species share many 
morphological characters, there are many characters that have been ignored in the past that 
could be of importance in the identification of different species. Some of these characters are 
andromonoecy, types of labellum base, the position of bulbil production and the ratio of the 
length of lateral staminodes to the length of the corolla lobes which often distinguish between 
related species.  



Polyploid complexes are common in the family Zingiberaceae. The genus Globba is 
represented by diverse chromosome numbers of 2n = 20, 22, 24, 28, 32, 34, 48, 64, and 96. 
However, x = 8 is considered as the basic chromosome number (Moonkaew et al, 2020). 
Formation of unreduced gamete and subsequent arisal of autopolyploids also been observed 
in Globba. Formation of triploids is common in this genus, which has led to one of the 
hypotheses that triploidization may be one of the important forces for speciation in this 
genus. (Takano & Okada, 2002). Once a triploid has arisen its survival may be guaranteed by 
vegetative propagation, by means of both rhizomes and bulbils produced on the 
inflorescence. However, there is confusion as the triploidy for Globba was suggested based 
on x=16 ( Takano & Okada, 2002) while Lim (1972) previously suggested x=8 (which would 
correspond to hexaploidy). Currently, the variations in the reproductive modes in Globba 
have not been evaluated by flow cytometry. 
 
Objectives:  Phylogenetic reconstruction of the genus Globba with 80% species coverage 
will be carried out to address:  
1. Is there any relation between ploidy level and reproductive mode variation? 
2. Is polyploidy clade-specific or does it show multiple independent origins? 
 

Methods: 
Taxonomic sampling: Tissue and voucher 
collection was initiated in 2019 and currently 
we have covered almost half of all the 
following Indian states: Meghalaya, West 
Bengal, Sikkim, Arunachal Pradesh, and 
Nagaland. This year we will extend our study 
in the rest of the states of North East India and 
complete the sampling in the above states. 
Fieldwork is scheduled in the months of July to 
October, which matches the flowering time of 
the plants. We will collect leaf material in silica 
gel for DNA extraction as well as flowers and 
fruits in fixatives for morphological studies. All 
vouchers will be deposited at BHPL herbarium, 
IISER Bhopal, India. 
Phylogeny reconstruction: To map the origin 
of polyploids in Globba a total evidence 
phylogenetic tree will be constructed using 
nuclear (ITS, CAM), plastid markers 
(matK,trnL,rps16), and morphology (floral and 

vegetative characters extracted from live plants, herbarium specimens, and a literature 
survey). SIMMAP (Stochastic character mapping of discrete traits on phylogenies) will be 
used to map characters on the total evidence tree. A phylogenetic tree would be constructed 
by using Likelihood and Bayesian framework. All 14 species will be scored for the following 
reproductive and vegetative characters: inflorescence length, inflorescence type, number of 
flowers, flower size, anther appendage number and shape, stamen length, position of labellum 
with respect to lateral staminodes and corolla lobes, fruit type, number of fruits, number of 
bulbils, the position of bulbil production, ligule shape and size. Different crossing 
experiments will be carried out to find out the self-compatibility rate in different species. 
Seeds will be collected in the field and viability of the seeds will be tested by germinating 
them in a controlled environment in the shade house at IISER-Bhopal.  
 
Genome size and ploidy level:  We will use leaves and seeds from all 14 species (at least 5 
populations per species and 10-30 samples per population) for flow cytometry. Rhizomes will 



be collected and grown in the shade house at IISER-Bhopal. Fresh leaves at least 5 per 
individual will be used for flow cytometry. Samples will be collected from multiple 
populations to quantify variation between populations. Fresh leaves from Oryza sativa will be 
used as an internal standard (Dolezel et al, 2007). 
 
Project significance: The total evidence phylogenetic tree of Indian Globba species, will 
give us a better insight into the factors that shape the current diversity and different floral 
forms in this genus. This will help in understanding the historical context of polyploids and 
reproductive character evolution i.e the number of times polyploidy has evolved and whether 
it may have evolved as a response to any ecological factor. Despite being one of the largest 
genus in the family Zingiberaceae, the reproductive ecology of Globba and the ecological and 
evolutionary relevance of the different reproductive modes is not known. This study will 
provide an insight into how polyploidy affects the reproductive ecology and how it may 
facilitate intraspecific variation in Globba. 
 
Budget and justification : 
My monthly scholarship provided by CSIR is  $348.63 per month. I receive 12,000 INR 
(167.37 USD) towards contingency expenses, which is not enough for my fieldwork and the 
funds from my supervisor does not cover the fieldwork expenses. Matching funds for the 
phylogenetic study is being provided by Dr. Vinita Gowda, through her grants at 
IISER-Bhopal. Grant money from IAPT will be used to cover costs associated with fieldwork 
in Northeast India. Last year (2019) I did fieldwork in a few states of North East India and 
was able to recognize seven species, which is important to ensure the success of my next 
fieldwork. I request IAPT for a total grant of US$ 1200 towards fieldwork in the northeastern 
states of India. All publications communicated from this study will acknowledge the 
contribution of IAPT. 
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