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SYNOPSIS 

Indian subcontinent is rich in plant biodiversity and associated with traditional medicinal 

practices. Ficus religiosa (Peepal tree) is a key stone species, huge semi-evergreen and lives 

for thousands of years. It belongs to the Moraceace family and to the groups of fig trees. The 

various parts of F. religiosa like bark, leaves, fruits and latex are used in traditional medicine 

to treat different disease conditions. F. religiosa is known for the Buddha’s meditation and 

enlightenment and popularly known as Bodhi Tree. 

 Peepal tree is generally believed to be unique in photosynthesis pathways in plant 

Kingdom, it believed to produce oxygen during night and day throughout its life cycle. In 

addition, its stomata are sunken and giant or hydathode, much larger than the normal stomata 

where it can store more water molecules. However, limited molecular studies have been carried 

out on F. religiosa to understand its molecular and physiological aspects.  

 In this study, we aimed to establish the molecular data of F. religiosa, using next 

generation sequencing technology. We have carried-out the whole genome sequencing and  

transcriptomic sequencing and  bioinformatics analyses. We sequenced the entire genome of 

the fig species F. religiosa using two next-generation technology platforms that use shotgun 

sequencing. Based on ab initio, homology, and mRNA evidence utilized for annotation, the 

assembled genome resulted in a size of 406 Mb and 35,093 protein-coding genes. The repetitive 

sequences made up around 53% of the entire genome. The gene expression patterns of the 

carbon fixation pathway were revealed by RNA sequencing from leaf samples collected at day 

and night period (2 PM and 2 AM, respectively). As a result, it was shown that the genome of 

Peepal is closely related to the genus Ficus (F. carica and F. macrocarpa), and relatively close 

to the genus M. notabilis in the same family. This study has provided the annotated genes and 

pathways related to carbon fixation, neural disease pathways, molecular, metabolic and 

physiological pathways. 

Genomic and transcriptomic analysis of Ficus religiosa reveals insights into carbon 

fixation pathway and neural disease pathways  

 

Synopsis 



 xiv 

List of publications 
 

1. Ashalatha, K. L., Arunkumar, K. P., & Gowda, M. (2023). Genomic and transcriptomic 
analysis of sacred fig (Ficus religiosa). BMC genomics, 24(1), 1-13. 
 

2. Ashalatha, K. L., & Gowda, M. (2019). Heritage of Neem–Peepal Tree Resides a Profound 
Scientific Facts. The Neem Genome, 13-19. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 1 

CHAPTER I 

 

GENERAL INTRODUCTION 

 

 

I.1 Peepal/Buddha tree (Ficus religiosa) 

Ficus (Moraceae) is considered as one of the largest genera of angiosperms, comprising species 

of trees, hemi-epiphytes, shrubs, climbers and creepers in the tropical and subtropical regions 

throughout the world [1]. Some of the fig species are F. religiosa, F. racemosa, F. carica, F. 

benjamina, F. glomerata, F. benghalensis, F. maxima, F. sycomorus, etc. Ficus species have 

important value in several areas such as religious, ecological, evolutionary, and medicinal. The 

co-evolution of Ficus and their pollinator fig wasps is an example to show obligate mutualism 

[2]. Longevity is an attractive feature of exclusive plants that have a lifespan of hundreds to 

thousands of years. Interestingly, F. benghalensis and F. religiosa species possess longevity 

charaters and not any other members from this genus [3]. 

 

The Peepal tree (Ficus religiosa L.) is a sacred fig hemi-epiphyte belonging to the family 

Moraceae, with a diploid sporophyte chromosome count (2n = 26) [4]. It is known to be a 

keystone species, long-lived deciduous tree species related to the ~755 to 800 fig species found 

worldwide [5]. Generally, the Peepal tree is thought to produce oxygen day and night, which 

is why it holds a special significance in communities across India. They have a special type of 

stomata, called sunken, giant, or hydathode at the lower leaf epidermis. These are larger than 

the normal stomata and either overlie veins or are mixed with normal stomata. Such stomata 

have been shown to retain gas and water molecules for a longer [6]. As far as we know, there 

is no scientific evidence that Peepal trees produce oxygen at night. 
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I.2 Cultural and Traditional practices associated with Peepal tree  

Indian subcontinent is rich in plant biodiversity and associated with traditional medicinal 

practices. The Peepal tree is a cosmopolitan species, having value for cultural and spiritual 

practices in Buddhism, Hinduism, and Jainism. It is popularly called the Bodhi tree, where 

Buddha is believed to have meditated and attained spiritual enlightenment underneath this tree. 

Hence, the culture is spread across Asia and it has been worshipped. Peepal has several 

vernacular names, like Pippali, Ashwatha, Arali, and so on; it is frequently found together with 

the Neem tree near Indian temples [7].  

 

I.3 Peepal tree in Ayurveda  

In Ayurveda, the Peepal tree has been classified as a Rasayana (a type of drug), whereby 

rejuvenators and antioxidants aid in relieving the body's stress [8]. Peepal tree alleviates Pitta 

and Kapha (Ayurvedic classifications), hence prescribed for treatment of the disorders like 

respiratory and inflammatory disorders, ulcers, stomatitis, hiccup, arthritis, gout, skin diseases, 

bone fracture, diabetes, etc., [8]. The various parts of F. religiosa like bark, leaves, fruits and 

latex are used in traditional medicine to treat different disease conditions like intestinal worms, 

neuro-disorders, dysentery, mumps, jaundice, heart diseases, diabetes, constipation, skin 

diseases, etc. 

 

In Ayurveda, F. religiosa belong to a class of drug called rasayana, which are rejuvenators, 

antioxidants that relive body stress. The Ayurvedic properties of F. religiosa include Rasa: 

kashaya (astringent), Guna: guru (heavy), ruksha (dry), Veerya: shita (cold) and Vipaka: katu 

(pungent). It has coloring or pigmenting (varnya) action, ability to arrest pain 

(vedanasthaapana), remove edematous swellings (shothahara) and conserves blood 

(raktasamgrahaka) [30]. The different parts of the F. religiosa tree such as, leaves, latex, bud, 
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stem, bark, roots, flowers, seeds, fruits have been used extensively in the traditional medicines. 

Peepal tree is of great Ayurvedic medicine for diabetes (Vd.7.16), (Ss.Ci.11.9), rheumatoid 

arthritis (Cs.Ci.29.158), asthma, inflammatory Disorders (Ah.U.25.29), wound healing 

(Cs.Ci.25.95, 113), burnt healing (Vm.45.21), severe colic (Sb.4.506), splint in fractures 

(Ss.Ci.3.6), relieving pain (Ss.U.21.9-10), infectious and sexual disorders (Ss.Ci.26.27). The 

bark forms an important ingredient of many Ayurvedic formulations, like 

“PanchaValkaladiTailum” this oil contains F. religiosa, F. benghalensis L., F. glomerata 

Roxb., F. infectoria Willd., Azadirachta indica A. Juss., Curcuma longa L. and Hemides 

musindicus R. Br. and “PanchaValkalaKashaya” (decoction containing F. religiosa, F. 

benghalensis, F. glomerata, F. infectoria and A. indica used for skin diseases to balance Pitta 

and Kapha (Panda, 2005; Singh and Panda, 2005). F. religiosa mollifies Pitta and Kapha, hence 

prescribed as an Ayurvedic remedy for the disorders associated with their imbalance like, 

respiratory disorders, ulcers, stomatitis, hiccup, arthritis, gout, skin diseases, allergies, 

inflammatory disorders, bone fracture, diabetes, etc [8]. More scientific studies and evidences 

are still required to prove it detail.  
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Some of the Ayurveda Shlokas describing the Peepal tree  

 
 

(Source: e-Nighantu (Collection of Āyurvedic Lexicons), Central Council for Research in Ayurvedic 

Sciences (CCRAS), New Delhi.  http://niimh.nic.in/ebooks/e- Nighantu/ ) 

 

I.4. Overview on studies of Peepal tree 

  

In animal models such as rats, the Peepal tree has been tested for the treatment of 

neurodegenerative disorders such as  Parkinson’s disease and Huntington's disease [9] [10], as 

well as anti-ulcer activity in albino mice [11]. 

Some of the previous studies shows that F. religiosa extracts are effective in treating 

neurological disorders: 

1. F. religiosa has been used traditionally for the treatment of neurodegenerative disorders 

including Parkinson’s disease (PD) and also been reported to possess antioxidant 
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activity, this plant may prove to be effective in the remedy of PD. Hence, it was 

evaluated for anti-Parkinson’s effect using neurotoxin induced Parkinson’s model in 

rats. The anti-Parkinson’s activity of petroleum ether extract of F. religiosa leaves was 

studied in haloperidol and 6 hydroxydopamine (6-OHDA) induced experimental 

animal models. The research showed the effects of F. religiosa using in vivo behavioral 

parameters like catalepsy, muscle rigidity, and locomotor activity and its effects on 

neurochemical parameters (MDA, CAT, SOD, and GSH) in rats [9]. 

2. Several plants have been reported in the literature that depicts AChE inhibitory activity. 

The most accepted strategy for the management of Alzheimer's disease is the use of 

acetyl cholinesterase (AChE) inhibitors. Here they have selected 37 traditional Indian 

medicinal plants (including the stem bark of F. religiosa) known to be useful in treating 

cognitive decline, improving memory or related CNS activities, and screened for their 

AChE inhibitory activity [12]. 

3. In Huntington’s disease, the study showed that the 14 days administration of 3-

nitropropoionic acid (NP) increased the oxidative stress in the brain. It significantly 

increased the level of lipid peroxidation and depletion of endogenous antioxidants 

enzyme such as catalase, superoxide dismutase and reduced glutathione. Treatment 

with higher dose of petroleum ether extract of F. religiosa (400 mg/kg) resulted in a 

decreased level of Malondialdehyde (MDA) and increased levels of Superoxide 

dismutase (SOD), Catalase and reduced Glutathione (GSH) that indicate antioxidant 

effect in the brain of 3 NP treated animals [10]. 

4. The study has shown the administration of the Ficus racemosa bark extract elevated 

acetyl choline (Ach) levels and improved memory in rats. The collective pharmalogical 

actions attributed by F. racemosa extract may serve as beneficial and supporting agent 

in the Alzheimer’s Disease [13]. 
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5. F. religiosa fig extract (FRFE) resulted in a significant improvement of memory, as its 

treatment attenuated the scopolamine-induced anterograde and retrograde amnesia 

dose-dependently. Further, cyproheptadine pre-treatment significantly reversed the 

anti-amnesic effect of FRFE. FRFE has anti-amnesic activity against scopolamine-

induced amnesia, in a dose-dependent manner. Inhibition of the anti-amnesic effect of 

FRFE by cyproheptadine substantiates the involvement of serotonergic pathways for 

its activity [14]. 

6. The molecular mechanism of methanol extract of Ficus religiosa leaf (MFL)-mediated 

attenuation underlies the down-regulation of extracellular signal-regulated kinase 

(ERK), c-Jun N-terminal kinase (JNK) and p38 mitogen-activated protein kinase 

(MAPK) signaling pathway, and suppresses the nuclear factor kappaB (NF- κ B) 

activation. The results suggest that MFL exhibits anti-inflammatory properties in lipid 

polysaccharide (LPS)-induced activation of BV2 microglial cells, and that might have 

a therapeutic potential for various neurodegenerative diseases [15]. 

 

I.5. Genomic resources of Ficus species and other non-model plant species. 

Next-generation sequencing (NGS) technologies have accelerated the generation of draft 

genome sequences of Moraceae plant species. The genome size of Morus notabilis is 330 Mb 

[16], 333 Mb in Ficus carica  [17], 436 Mb in F. microcarpa and 370 Mb in  F. hispida [2].  

The genome sequencing of non-model plant species Peepal was first mentioned in The Neem 

Genome book chapter [7]. A recent study has generated the genomic resource of F. 

religiosa  (332 Mb) and F. benghalensis (392 Mb). However, they generated a limited size of 

genome assembly and genes (23,929) for the Peepal tree when compared to the present study 

[18]. Recently, a few research groups have attempted sequencing of non-model plant species 

like pineapple (Ananas comosus) and Kalanchoë species revealing the gene expressions of the 
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Crassulacean acid metabolism (CAM) pathway [19] [20]. The whole-genome sequencing has 

shown common or crystalline ice plants (Mesembryanthemum crystallinum) to switch from 

Calvin- Benson Cycle (C3) to CAM photosynthesis under a salt stress [21]. The study described 

by comparing both species with and without the C4 trait and different tissues within a C4 plant 

using RNA-seq suggests ways of integration into the underlying C3 metabolism [22]. These 

findings and other physiological features of the Peepal tree enabled us to characterize the 

pathways in the present work. 

 

I.6  Research objectives of the present study  

Despite its ecological, medicinal, cultural, and historic importance, the molecular biology and 

genomics studies on the Peepal tree are scanty. As Peepal is relevant to traditional medicinal 

practices and Buddha’s meditation, we envisaged elucidating the genome sequence and 

studying the transcriptome of photosynthetic tissue (leaf tissue) in diurnal and nocturnal 

periods. The objective of the present study was to generate a genome sequence and annotate 

genes of the Peepal tree. The transcriptomic analysis has been undertaken to identify the 

expression of genes in the diurnal and nocturnal periods for photosynthetic activity using a 

molecular approach. In this study, we aimed to characterize the genes involved in various 

physiological, biochemical metabolic, and other pathways.  Also, a comparative genomic 

analysis has been carried out to study the relationship of the Peepal tree with closely related 

species of its Moraceae family. 
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CHAPTER II 

 

MATERIALS AND METHODS 

 

II.1 Collection of leaf samples and extraction of nucleic acids  

The mature leaves were collected from a cultivated Peepal tree (15 years old) at a Private 

property, Anuganalu village, Hassan District, India (13.0647° N, 76.0363° E). We have 

followed a non-invasive method for collecting leaf samples. Genomic DNA was extracted from 

the leaves using the Qiagen DNeasy Plant Mini kit (Catalog #69106), and the quality and 

quantity of  DNA were confirmed using the Nanodrop. From the same Peepal tree, the leaf 

samples were collected and immediately placed on dry ice during the day (2 PM) and night (2 

AM) periods. Total RNA was isolated from the leaf samples using the QiagenRNeasy Plant 

Mini kit (Catalog #74904) method and was treated with RNase-free DNase I (Catalog 

#M0303S) from New England BioLabs for 30 min at 37 °C to remove residual DNA. RNA 

integrity and quantity were confirmed on Qubit and Tape station using a dsDNA HS (Catalog 

#32854) kit from Invitrogen and RNA screen tape from Agilent respectively. The sample 

collection for DNA seq and RNA seq is shown in the Figure II.1A, B.  

 

A)                                                                                B) 

                           

Figure II.1: The images shows  A) Leaf sample collection for DNA Seq from the Peepal tree 

B) Leaf sample collection for RNA Seq from the Peepal tree at 2:00 AM and 2:00 PM. 
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The gel electrophoresis image of the isolated DNA and RNA from the Peepal tree leaf sample 

were shown in the Figure IV.2 A, B. 

 
               A)                                                                          B)   

 

Figure II.2: A) Agarose gel electrophoresis image of DNA of F. religiosa (B) Agarose gel 

electrophoresis image of RNA of F. religiosa. 

 

II.2 DNA and RNA library preparation and sequencing 

We applied the two next-generation technology platforms having shotgun sequencing method, 

to sequence the whole-genome of fig species F. religiosa.  Whole-genome shotgun DNA 

library preparation was performed using the Illumina TrueSeq DNA sample preparation kit 

(FC-121-2001). The paired-end (PE) (2 x 100 nts) sequencing was carried out using Illumina 

HiSeq-1000. Also, to increase the size of genome data, we sequenced the genome with paired-

end (PE) (2 x 100 nts) using the MGISEQ-2000 platform. 

The RNA libraries were prepared using “TruSeq RNA Library Prep Kit v2 from Illumina®” 

with Illumina standardized protocol. The RNA libraries were quantified on Qubit (dsDNA HS 

kit) and validated on the TapeStation instrument (D1000 screen tape). These RNA libraries 

were used for sequencing with the Illumina HiSeq-2500 platform. 
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II.3 Genome size estimation and assembly 

Each of the Illumina and MGISEQ-2000 raw reads were processed for a quality check using 

the FastQC v0.11.6 tool [8]. Then filtering and trimming of raw reads were done to remove the 

low complexity bases using the TrimGalore-0.4.5 

(https://www.bioinformatics.babraham.ac.uk/projects/trimgalore/) and reads having quality 

value Q>20 and length above 20 bases were taken for constructing the assembly. To estimate 

the genome size, filtered reads were taken for the k-mer distribution (different k-mers from 21 

to 77) and abundance analysis using Jellyfish v1.1.12 [23] and GenomeScope v2.0 [24]. The 

separate Illumina and MGI Seq generated raw reads were used to construct the assembly using 

the tools SPAdes-3.13.0 [25] and MaSuRCA-3.2.9 [26] respectively. The parameters were the 

default k-mer sizes of 21, 33, and 55 for Illumina assembly. The constructed assemblies were 

used to build the super scaffolds using the tool SSPACE standard v3.0 [27].  

The combined Illumina HiSeq and MGISEQ  raw reads were used to construct the hybrid 

assembly using the assembler SPAdes-v3.13.0 [25]. The parameters were the default k-mer 

sizes 21, 33, and 55, with a 77 mer also set. The gaps in the assembly were closed by GMcloser-

1.6.2 [28]. The assembly statistics were obtained using the tool Quast v4.6.1 [29]. The 

completeness and evaluation of the assembly were done by BUSCOv3 tool [30] with the 

Embryophyte and Eukaryota database and by aligning the RNA-seq reads to the genome. 

II.4 Structural gene prediction and functional annotation 

Peepal tree assembled scaffolds were processed for structural and functional gene annotation 

using the MAKER-P v.2.31.10 software [31]. The RNA-sequenced data of Morus notabilis 

[16] consists of expression sequence tags (ESTs) and the GFF (Gene finding format) file which 
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contains the gene features and structures of genes, protein data of A. thaliana and RNA-

sequence data of Peepal tree were imported as evidence for annotation support. The structural 

and functional annotation of predicted genes and proteins was performed using BLASTP in the 

Uniprot database. The protein family, structures, and gene ontology (GO) terms were identified 

for protein-coding genes using InterProScan-V5.27-66.0 [32]. 

II.5 Gene family construction, identification of homologous and orthologous genes 

Protein sequences of A. thaliana, M. notabilis, P. persica, C. sativa, Z. jujuba, and the protein 

sequences of the current study F. religiosa were taken for the homologous and orthologous 

gene identification. The homologous genes were identified in F. religiosa proteome sequences 

using the BLASTP analysis against the other 5 proteomes of A. thaliana, M. notabilis, P. 

persica, C. sativa, and Z. jujuba. OrthoVenn2 [33] was used to cluster orthologous genes and 

identify the single-copy orthologous genes in all six proteomes. Further, these single-copy 

orthologous genes were used for constructing the phylogenetic tree using the tool MAFFT-v7 

[34]. 

II.6 Comparative genome analysis 

We downloaded the genomes of F. carica, F. microcarpa, and M. notabilis. We aligned these 

genomes against the Peepal tree genome assembly to understand their relationships using the 

BWA-V0.7.17 (Burrows-Wheeler Aligner) [35] and Samtools v1.7 [36]. 

II.7 Prediction of repetitive elements: TEs and SSR 

The RepeatModeller-open-1.0.11and RepeatMasker-4.0 tools were used for repeat library 

building and repeat identification in the assembly respectively. The MicroSAtellite 

identification tool (MISA) [37] was used for the identification of SSRs from assembled genome 
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sequences of F. religiosa. The parameters were set to identify perfect di-, tri-, tetra-, penta-, 

and hexa nucleotide motifs with a minimum threshold of 6, 5, 5, 5, and 5 repeats, respectively. 

II.8 Prediction of transcription factor families 

The families of transcription factors (TFs) were predicted in genome annotations and 

differentially expressed transcripts of the Peepal tree using Plant Transcription Factor Database 

v5.0 [38]. 

II.9 Non-coding RNA genes 

The transfer RNAs in the Peepal tree genome were found using tRNAscan-SE (v2.0.3) [39] 

with the ‘eukaryotes’ option. tRNAscan-SE software deployed with the covariance models 

identifies the primary sequence and secondary structure information of tRNA and gives the 

complete tRNA genes for the query genome and transcriptome sequences. tRNAscan-SE 

software is integrated with Infernal v1.1 to enhance the tRNA search with better covariance 

and other updated models. Using the isotype-specific covariance model provides the functional 

classification of tRNAs and in the first pass search cutoff score, 10 is set. The miRbase database 

(http://www.mirbase.org)  was used for the identification of putative miRNAs in the genome 

and unique identified transcripts sequence data based on the homology search. The long non-

coding RNAs (lncRNAs) were identified with the Coding Potential Calculator tools  [40]. 

II.10 Transcriptome sequencing, assembly, and annotation  

High-quality stranded RNA sequencing (ssRNA-seq) reads were assembled into putative 

transcripts using Trinity v2.9.0 [41]. Assembled transcripts were passed through Transdecoder 

v5.02 [42] to predict the coding sequences. The transcripts were clustered to find the unigenes 

by removing the redundant transcripts using the tool CD-HIT-est v.0.0.1 [43] with a 95% 
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sequence identity threshold. Transcripts assembled from Trinity and CD-HIT-v0.0.1 were used 

in downstream analyses for gene prediction. Unigenes were used to predict the putative genes 

using the NCBI non-redundant (nr) database using the BLASTX program and proteins were 

predicted from the Uniprot database using the BLASTP program. The Trinity assembled 

transcripts were annotated using Trinotate- V3.11. The raw reads were mapped to scaffold 

assembled genome using Cufflinks-v2.2.1 [44] and considered as reference assembly. 

II.11 Transcript quantification and differential gene expression analysis 

The estimation of transcripts abundance was determined using RNA-Seq by Expectation-

Maximization (RSEM) tool [45], which quantifies transcript level abundance from RNA-seq 

data. RSEM first generates and pre-processes a set of reference transcript sequences and then 

aligns reads to reference transcripts followed by an estimation of transcript abundances. 

Normalized transcripts obtained from the transcript quantification methods were used in the 

next step for the differential gene expression analysis. FPKM and Trimmed Mean of M-values 

(TMM) are calculated to understand the expression levels of genes in day and night samples of 

the Peepal tree. For further analysis, the gene expression was estimated using FPKM and TMM 

value minimum ≥1. The TMM value was used to cluster the genes according to their expression 

pattern using the edgeR package in the R tool. The parameters used in the differential 

expression analysis were a probability value P-value of 0.001 and a fold change value of log2. 

The expression value was also determined for assembled transcripts to verify the expression of 

genes predicted from gene models. The differentially expressed genes were annotated using 

BLAST2GO Annotation software [46]. 
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II.12 Pathway Analysis 

The annotated genes from the assembled genome and the differentially expressed genes from 

the Peepal tree leaf tissues collected during the day (2 PM) and night (2 AM) were used for 

pathway analysis in the KAAS (KEGG Automatic Annotation Server) (KEGG) server [47] 

using the BBH (bi-directional best hit) method and the search against a default set of 40 

eukaryotic organisms. It provided the list of pathways where the candidate genes were mapped 

based on the orthologous homology alignment. 
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CHAPTER III 

 

RESULTS 

 

 

III.1 De novo hybrid assembly using Illumina and MGI short reads 

 

We used two next-generation technology platforms to sequence the whole genome of the fig 

species, the Peepal tree. A total of 266 and 645 million paired-end reads were generated from 

Illumina HiSeq1000 and MGISEQ-2000 platforms respectively. The data of 88.44 billion high-

quality bases (Quality>20) was used for genome assembly.  

 

 

Table III.1: Details on raw sequence data of F. religiosa genome and transcriptome 

 

Sample 

(Period of 

collection) 

 

Data 

type 

Library 

type 

Sequencer Insert 

length 

(base) 

Number of 

reads 

(paired-end) 

Number of 

bases (paired-

end) 

Leaf  DNA 

Seq 

Paired-

end 

Illumina 

HiSeq 

387-390 266,593,648 23,943,191,355 

Leaf  DNA 

Seq 

Paired-

end 

MGISEQ-

2000 

409-420 645,008,220 64,500,822,000 

    Total 911,601,868 88,444,013,355 

Leaf (Day -2 

PM) 

RNA 

Seq 

Paired-

end  

 

Illumina 

HiSeq 

 

250-500 56,472,586 5,613,340,767 

Leaf (Night -

2 AM) 

 

RNA 

Seq 

Paired-

end  

 

Illumina 

HiSeq 

 

250-500 54,997,562 5,469,938,094 

    Total 111,470,148 11,083,278,861 

 

A hybrid assembly was performed using a sequencing depth of 65.5X Illumina reads and 

158.86X MGI reads. The raw data details are given in the Table III.1. The evaluation of the 

distribution of k-mers in both Illumina and MGI reads to estimate the genome size provided 
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genome sizes of 319 Mb and 273 Mb respectively (Figures III.1A and III.1B). The combination 

of Illumina and MGI reads was used for assembling the genome. Hybrid genome assembly 

yielded a genome of 406 Mb. The contig N50 length is 5,817 bp and the largest contig length 

is 148 Kb. The  GC content of the Peepal tree genome is 34.23%. The gap-closing step was 

performed for the hybrid assembly. There were 35,811 (5.5%) misassembled contigs and 

604,807 (94.4%) truly assembled contig sequences in the final assembled genome.  

            

 

Table III.2: Final assembly and annotation of Peepal genome 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The workflow of the genome assembly is presented in the supplementary material (Figure 

III.2). The final scaffold assembly of the genome is given in Table III.2 and the statistics of 

assembly contigs and scaffolds are shown in the Table III.3. The alignment of raw reads to the 

hybrid genome sequence was performed, which mapped 99.5% and 99.27% of Illumina and 

MGI reads respectively (Text data III.1A and III.1B). 

Features Final assembly 

Total length of assembled 

sequence (Mb) 

406,103,086 

Number of scaffolds/contigs 202,258 

Minimum scaffold length 

(bp) 

200 

Maximum scaffold length 

(bp) 

148,483 

GC % 34.23 

N50 (bp) 5,817 

L50 17,605 

Number of annotated genes 35,093 
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Figure III.1A: The kmer histogram distribution for the Illumina reads using the 

GenomeScope tool. 

 
 

Figure III.1B: The k-mer histogram distribution for the MGI reads using the GenomeScope 

tool. 
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The completeness of the Peepal tree genome assembly was assessed with the BUSCO tool. The 

results showed that 76.5% (232 out of 303) and 84.1% (1,210 out of 1,440) of genes were 

conserved as single-copy orthologs in eukaryotic and plant universal data sets, respectively. 

Out of 232 complete genes in the Eukaryota database, 214 are single-copy orthologs, 18 are 

duplicates, 57 are fragmented and 14 are missing. Out of 1,210 complete genes in the 

Embryophyte database, 1,173 are single-copy orthologs, 37 are duplicates, 105 are fragmented 

and 125 are missing (Figures III.3A and III.3B). The transcriptome sequence reads aligned 

with the assembled genome showed that 99.46% of all reads were mapped and of these 88.25% 

of paired reads were mapped (Text data III.2). 

Figure III.2: Flow chart of De Novo Whole Genome Analysis (WGA) of Ficus religiosa 
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Table III.3: Contig and scaffold assembly statistics of F. religiosa genome 

 

Contig assembly Illumina assembly MGI 

assembly 

Hybrid 

assembly 

No. of contigs 92,794 234,282 136,974 

Largest contig (bp) 45,835 29,929 95,945 

Total assembled 

bases 

248,292,704 300,267,781 307,589,416 

Minimum scaffold 

length (bp) 

56 300 78 

Maximum scaffold 

length (bp) 

39,390 29,929 95,945 

GC % 33.13 33.40 33.61 

N50 (bp) 4,862 1,481 3,916 

L50 14,285 54,768 19,679 

Scaffold assembly Illumina assembly MGI 

assembly 

Hybrid 

assembly 

Gap closed 

assembly 

No. of scaffolds 87,060 118,027 121,895 121,696 

Largest scaffold 

(bp) 

56,337 54,685 174,746 174,006 

Total assembled 

bases 

264,662,650 345,020,555 386,980,121 381,047,120 

Minimum scaffold 

length (bp) 

56 300 78 78 

Maximum scaffold 

length (bp) 

56,337 54,685 174,748 174,748 

GC % 32.99 33.44 33.69 33.70 

N50 (bp) 5,340 4,771 6,482 6,385 

L50 13,703 20,196 15,619 15,539 
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Text data III.1A The statistics of Illumina reads mapped to Peepal hybrid whole genome 

  

281217169 + 0 in total (QC-passed reads + QC-failed reads) 

266593648 + 0 primary 

0 + 0 secondary 

14623521 + 0 supplementary 

0 + 0 duplicates 

0 + 0 primary duplicates 

279840572 + 0 mapped (99.51% : N/A) 

265217051 + 0 primary mapped (99.48% : N/A) 

266593648 + 0 paired in sequencing 

133296824 + 0 read1 

133296824 + 0 read2 

146303940 + 0 properly paired (54.88% : N/A) 

264362740 + 0 with itself and mate mapped 

854311 + 0 singletons (0.32% : N/A) 

105379514 + 0 with mate mapped to a different chr 

80340131 + 0 with mate mapped to a different chr (mapQ>=5) 

  

Text data III.1B The statistics of MGI reads mapped to Peepal hybrid whole genome 

  

647258709 + 0 in total (QC-passed reads + QC-failed reads) 

645008220 + 0 primary 

0 + 0 secondary 

2250489 + 0 supplementary 

0 + 0 duplicates 

0 + 0 primary duplicates 

642546929 + 0 mapped (99.27% : N/A) 

640296440 + 0 primary mapped (99.27% : N/A) 

645008220 + 0 paired in sequencing 

322504110 + 0 read1 

322504110 + 0 read2 

498335748 + 0 properly paired (77.26% : N/A) 

639033956 + 0 with itself and mate mapped 

1262484 + 0 singletons (0.20% : N/A) 

135314868 + 0 with mate mapped to a different chr 

100064168 + 0 with mate mapped to a different chr (mapQ>=5) 

Text data III.2 The statistics of transcriptome reads mapped to Peepal hybrid whole genome 

 

127288304 + 0 in total (QC-passed reads + QC-failed reads) 

0 + 0 secondary 

15818156 + 0 supplementary 

0 + 0 duplicates 

126599752 + 0 mapped (99.46% : N/A) 

111470148 + 0 paired in sequencing 

55735074 + 0 read1 

55735074 + 0 read2 

98367496 + 0 properly paired (88.25% : N/A) 

110544540 + 0 with itself and mate mapped 

237056 + 0 singletons (0.21% : N/A) 

5078802 + 0 with mate mapped to a different chr 

4371548 + 0 with mate mapped to a different chr (mapQ>=5) 
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III.2 Genome and pathways annotation                                                                                           

We identified 35,093 protein-coding genes with the complete structures in the Peepal tree 

genome (Additional file 1: Text file S1.1 and Additional file 2: Text file S1.2). RNA-seq data 

from two leaf tissue samples of the Peepal tree and alternative reference ESTs from Morus 

notabilis and Arabidopsis thaliana protein sequences were used as protein homology evidence 

during genome annotation. Based on a homology search using BLASTN, out of 35,093 genes 

predicted, 32,255 genes (91.9%) were having evidence from transcriptome assembly. About 

76.3% of RNA-seq reads from the day and night leaf tissue samples were mapped to the 

annotated genes in the Peepal tree.  

 

Based on the sequence similarities, the complete set of annotated genes and their amino acid 

sequences were used in the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 

analysis [47]. This result showed the pathways in metabolism, biosynthesis of secondary 

metabolites, genetic and environmental information processing, and signal transduction 

pathway were common as several others.  The top 5 highest gene count for pathways like  

Ribosome (123 genes), Spliceosome (96 genes), Oxidative phosphorylation (86 genes), 

Thermogenesis (82 genes), and RNA transport (74 genes) was found. In addition, important 

candidate genes were also found for human disease pathways like Huntington's disease (68 

genes), Parkinson’s disease (57 genes), Alzheimer's disease (55 genes), and others shown in 

Table III.4 and the neural pathways is shown in the Figure III.4 (A, B, C).  
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Table III.4: Top 10 pathways with highest gene counts in F. religiosa genome   

 

Pathway names Gene counts 

Ribosome 123 

Spliceosome 96 

Oxidative phosphorylation 86 

Thermogenesis 82 

RNA transport 74 

Protein processing in endoplasmic 

reticulum 

73 

Huntington disease 68 

Parkinson disease 57 

Endocytosis 55 

Alzheimer disease 55 
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A) 
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B) 
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C) 

 

 

 

Figure III.4: Graphical representation of genome annotated genes of Ficus religiosa mapped to reference  

A) Huntington disease pathway (map05016),  

B) Parkinson disease pathway (map05012),  

C) Alzheimer disease pathway (map05010) from KEGG.  

The green color boxes indicate F. religiosa genes mapping on the reference and the white boxes  

indicate no mapping. 

Source: The permission to use of KEGG pathway image is granted under the CC BY 4.0 open-access license  

from Kanehisa Laboratories and sources are listed in the references. 
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III.3 Protein family and Gene Ontology analysis                    

The protein family (Pfam) ID and Gene Ontology (GO terms) were assigned to genes using an 

InterProScan module [32]. Out of 35,093 genes, 24,163 consisted of Pfam IDs that were 

distributed across 3,759 types of Pfam domains, and their gene ontology (GO) terms were also 

identified. The Pfam domain consisting of proteins that were large in the Peepal tree genome 

included 3-Deoxy-D-manno-octulosonic-acid transferase, Ring finger domain, PPR repeat 

family, Helix-loop-helix DNA-binding protein, DYW family of nucleic acid deaminases, 

Lysine methyltransferase, Putative GTPase activating protein for Arf, Ankyrin repeats and 

others (Additional file 3: Table S1).     

Catalase is an antioxidant enzyme known to catalyze H2O2 into water and oxygen. We 

identified the gene sequences for the Catalase gene (FRLM_016351-RA) and its isozyme 

CAT1 Catalase isozyme 1 (FRLM_016350-RA), (FRLM_012250-RA) in the Peepal genome 

annotation. Two catalase genes were identified in the differential expression of transcriptome 

data: the KatE gene known as a monofunctional catalase, and the KatG gene known as a 

catalase-peroxidase [48]. KatE gene also known as CatB, is differentially expressed during the 

day and night period with the Fragments Per Kilobase of transcript per Million mapped reads 

(FPKM) values 937.49 and 1786.02 respectively. KatG gene is differentially expressed during 

the day and night, with the FPKM values 162.03 and 81.53 respectively. The KatE gene has 

been reported to be involved in physiological pathways such as glyoxylate and dicarboxylate 

metabolism, tryptophan metabolism, MAPK signaling pathway – plant, FoxO signaling 

pathway, and serine-pyruvate transaminase pathway. The KatG gene is involved in tryptophan 

metabolism, tyrosine metabolism, biosynthesis of secondary metabolism, and drug metabolism 

pathways. 
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III.4 Identification of homologous, orthologous, and singleton genes                                                                            

To understand the gene evolution and relationships among F. religiosa and other taxa, we 

performed homologous and orthologous gene detection analysis for the Peepal tree with an 

additional 5 species. Homologous gene identification and orthologous clustering of the 

proteomes of six species, including the model organism A. thaliana, M. notabilis (closest 

relative species of Ficus), and other closely related species of the Moraceae family were 

selected for the analysis. Based on proteome sequence homology analysis, 29,516 homologous 

genes were found in Arabidopsis thaliana, 29,924 in Morus notabilis, 29,750 in Cannabis 

sativa, 29,909 in Prunus persica, and 29,830 in Ziziphus jujuba with respect to F. religiosa 

proteome sequences (35,093). F. religiosa, A. thaliana, M. notabilis, C. sativa, P. persica, and 

Z. jujuba form a cluster of 24,310 orthologous genes and are conserved within the species. The 

number of specific orthologous gene clusters identified was 15,016 in F. religiosa, 16,170 in 

A. thaliana, 16,517 in M. notabilis, 15,921 in C. sativa, 16,655 in P. persica, and 17,235 in Z. 

jujuba. A total of 1,184 single-copy gene clusters were found across the six species and the 

number of specific singletons identified was 10,154 in F. religiosa, 4,469 in A. thaliana, 2,284 

in M. notabilis, 1,912 in C. sativa, 1,802 in P. persica, and 4,209 in Z. jujuba (Figure III.5).  

The identified single-copy clusters were used to illustrate the taxonomic and phylogenetic 

relationships among a group of species. Based on the similarity of proteomes and single-copy 

orthologous clustering, we deduced the phylogenetic tree for F. religiosa and the other five 

species. The multiple sequence alignment (MSA) and Neighbour-Joining (NJ) methods were 

used for constructing an evolutionary phylogenetic tree.  It was found that F. religiosa is closely 

related to M. notabilis by having more similarities in their proteomes as they are evolving from 

the Moraceae family, followed by  C. sativa, Z. jujuba, P. persica, and A. thaliana (Figure 

III.6). 
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Figure III.5: Orthologous clustering of 6 species using proteome data deduced 24310 

orthologous gene clusters and 1184 single-copy gene clusters across the above 6 species 
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III.5 Comparative analysis of Peepal tree genome 

We aligned the genome of the Peepal tree with those of the three Moraceae family members, 

F. carica, F. microcarpa, and M. notabilis. Comparison of our assembly against these genomes 

resulted in a mapping of  88.62% to F. carica, 89.6% to F. microcarpa, and 46.9% to M. 

notabilis. The results showed Peepal genome to be closer to the genus Ficus (F. carica and F. 

microcarpa) and also relatively closer to the genus Morus of the same family. The statistics of 

genome sequence alignment of  F. religiosa against F. carica, M. notabilis, F. microcarpa 

genomes is presented in the supplementary material (Text data S3).  

  

 

Figure III.6: Phylogenetic analysis of Ficus religiosa with other plant species like A. 

thaliana, C. sativa, M. notabilis, Z. jujuba, P. persica 
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Text data III.3: The statistics of genome sequence alignment of  F. religiosa against F. carica, M. notabilis, F. 

microcarpa genomes 

 

#F. carica assembly v/s F. religiosa assembly 

549342 + 0 in total (QC-passed reads + QC-failed reads) 

0 + 0 secondary 

347084 + 0 supplementary 

0 + 0 duplicates 

486801 + 0 mapped (88.62% : N/A) 

0 + 0 paired in sequencing 

0 + 0 read1 

0 + 0 read2 

0 + 0 properly paired (N/A : N/A) 

0 + 0 with itself and mate mapped 

0 + 0 singletons (N/A : N/A) 

0 + 0 with mate mapped to a different chr 

0 + 0 with mate mapped to a different chr (mapQ>=5) 

 

#M. notabilis assembly v/s F. religiosa assembly 

277314 + 0 in total (QC-passed reads + QC-failed reads) 

0 + 0 secondary 

75056 + 0 supplementary 

0 + 0 duplicates 

130283 + 0 mapped (46.98% : N/A) 

0 + 0 paired in sequencing 

0 + 0 read1 

0 + 0 read2 

0 + 0 properly paired (N/A : N/A) 

0 + 0 with itself and mate mapped 

0 + 0 singletons (N/A : N/A) 

0 + 0 with mate mapped to a different chr 

0 + 0 with mate mapped to a different chr (mapQ>=5) 

 

#F. microcarpa assembly v/s F. religiosa assembly  

536874 + 0 in total (QC-passed reads + QC-failed reads) 

0 + 0 secondary 

334616 + 0 supplementary 

0 + 0 duplicates 

481026 + 0 mapped (89.60% : N/A) 

0 + 0 paired in sequencing 

0 + 0 read1 

0 + 0 read2 

0 + 0 properly paired (N/A : N/A) 

0 + 0 with itself and mate mapped 

0 + 0 singletons (N/A : N/A) 

0 + 0 with mate mapped to a different chr 

0 + 0 with mate mapped to a different chr (mapQ>=5) 
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III.6 Repeats in the genome of the Peepal tree 

Repeat library building and repeat identification were performed using the ReapeatModeller 

and RepeatMasker tools (www.repeatmasker.org) respectively. De novo repeat identification 

resulted in 53.55% (269.62 Mb) repetitive sequences in the Peepal tree genome. The RNA 

elements, long terminal repeats (LTR) constitute about 5% of repeats and 43.71% of these 

repeats did not belong to any of the annotated repeats families. The 53.55% of repetitive 

sequences in the Peepal tree genome are closest to its Moraceae family species, 47% are found 

in the closest species mulberry (M. notabilis), 46.5% in F. microcarpa, and 48.9% in F. hispida. 

The repetitive sequences were classified into known categories, such as LINE1 (0.19%), long 

terminal repeat retrotransposon (5.09%), DNA transposons (1.09%), and simple repeats 

(3.25%) and unclassified (43.71%) shown in Table III.5.  

Table III.5: Repeat content in the assembled F. religiosa genome 

 

Classification Copy 

number 

DNA content (nt) DNA content (%) 

Non-LTR Retrotransposon    

LINE1 2,723 939,296 0.19 

LTR-Retrotransposon 134,518 25,612,270 5.09 

DNA transposons 25,332 5,494,527 1.09 

Unclassified 1,805,148 220,080,246 43.71 

Interspersed repeats - 252,126,339 50.07 

Simple Sequence repeats 

(SSR) 

368,277 16,386,007 3.25 

Low complexity 45,966 2,238,964 0.44 

Total repeat size in Mb (%)  269.62 Mb 53.55 % 

 

http://www.repeatmasker.org/
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III.7 Simple sequence repeats (SSRs) 

We identified SSRs from the assembled Peepal tree genome. In total, 799,992 SSRs were 

identified on 267,593 sequences, which are composed of mono- (606,169), di-   (143,113), tri- 

(34,327), tetra- (11,791), penta- (2,911), and hexa- (1,681) type repeats (Table S5.1). Among 

mono repeats, the ‘A/T’ (73.91%) type was the highest followed by ‘C/G’ (1.87%). Similarly, 

the ‘AT /TA’, ‘AG/CT’, ‘AC/GT’, and ‘CG/CG’ types of di repeats were in 9.8%, 2.76%, 

1.41%, and 0.09% fractions, respectively. ‘AAT/ATT’, ‘AAG/CTT’ ‘ATA/TAT’, ‘TTA/TTC’, 

and ‘GAA/TAA’, were the most abundant tri repeats and ‘AAAT’ was predominant in tetra 

repeats. The detailed distribution of all types of repeats and statistics is shown in the Table III.6 

and in the supplementary material (Additional file 4: Table S2). 

Table III.6:  Simple sequence repeats (SSR) prediction in the genome of F. religiosa 

 

Features Numbers 

No. of sequences 1,189,520 

Total size of sequences (bp) 503,523,744 

Total no. of identified SSRs 799,992 

No. SSR containing sequences 267,593 

Mono repeats 606,169 

Di repeats 143,113 

Tri repeats 34,327 

Tetra repeats 11,791 

Penta repeats 2,911 

Hexa repeats 1,681 

 III.8 Transcription Factors (TFs)  

Transcription factors act in regulating gene expression driven by several external and internal 

signals by activating or suppressing the downstream genes. The MAKER annotated protein 

sequences of Peepal tree genome assembly were used for BLAST analysis with the Plant 
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Transcription Factor Database v5.0 [38] using the A. thaliana protein sequence as a reference. 

A total of 1,264 protein sequences from 35,093 protein-coding genes with genome annotation 

shows evidence for 56 families of Transcription factors  (Additional file 5: Table S3). The TFs 

families include the ERF, M-type MADS, ARF, DBB, MIKC MADS, WOX, C3H, G2-like, 

MYB, TALE, B3, HB-other, and MYB-related family proteins.  The transcription factors play 

an important role in regulating growth, developmental processes, and environmental responses 

in the plant’s [49].  

III.9  Transcriptome sequencing, assembly, and annotation 

 

De novo transcriptome assembly was performed for the mature leaf samples of the Peepal tree 

collected during the day and night periods. The assembly was performed for each sample and 

also a combined assembly was performed for the reads of both samples.  

The combined transcriptome assembly resulted in 152.8 Mb assembled bases with an N50 

length of 2,076 bp and an average transcript length of 13.16 Kb and 42.17% GC content. The 

transcriptome assembly and annotation workflow are given in the supplementary material 

(Figure III.7). The statistics of assembly contigs and sequence assembled contigs are also 

provided in the Table III.7.  

Table III.7: Assembly Statistics of F. religiosa Transcriptome 

Counts of transcripts Assembly (Day - 2PM) 

 

Assembly (Night -2AM) Combined 

Assembly 

Number of genes 35,928 36,271 43,227 

Number of transcripts 82,679 90,498 116,038 

Percent GC 42.75 42.42 42.17 

Contig N50 (nts) 1,914 2,053 2,076 

Median contig length 929 1,011 969 

Average Contig (nts) 1238.49 1332.73 1316.83 

Total assembled bases 102,397,092 120,608,982 152,802,655 

 



 35 

The de novo assembled transcript sequences (116,038) were processed for annotation. De novo 

assembled transcripts were clustered to exclude the redundant transcripts and identified 26,479 

unique transcripts sequences. The statistics of unigenes are given in Table III.8. De novo 

assembled transcripts and unigenes were annotated to find the structural and functional genes.  

Table III.8: Statistics of Uni-genes in Peepal Transcripts 

Features Sample (Day - 2 PM) Sample (Night - 2 AM) Combined 

Sample 

Number of genes 22,597 23,360 26,479 

Number of transcripts 16,912 16,780 18,173 

Percent GC 46.37 46.24 46.25 

Contig N50 (nts) 1,404 1,407 1,374 

Median contig length 813 801 753 

Average Contig (nts) 1060.06 1055.95 1017.44 

Total assembled bases 23,954,145 24,667,005 27,055,237 

The protein families were identified for the uniquely characterized transcripts of RNA data. 

Out of 26,479 transcripts, Pfam IDs for 19,175 were distributed across 3,977 types of protein 

family (Pfam) domains and their gene ontology (GO) terms were also identified (Additional 

file 6: Table S4). Pfam IDs and GO terms were assigned to predict the function of unique gene 

sequences and encoded translated proteins. 

III.10 Differential gene expression analysis of diurnal and nocturnal period 

transcriptome data    

The differentially expressed genes (35,182) from the day and night periods of leaf tissue 

samples of the Peepal tree (Additional file 7: Table S5.1) were used for the pathway analysis. 

The top 272 highly up-regulated differentially expressed transcripts were identified for diurnal 

and nocturnal periods (Additional file 8: Table S5.2).  
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The TFs were identified from the differentially expressed transcripts. From the day sample, 2 

transcripts coded for specific TFs like C3H family protein and nuclear factor Y, subunit A7 

(NF-YA7), and in the night period sample, the 6 transcripts coded for specific TFs like ERF 

family protein, CONSTANS-like 2, MYB-related family protein shown in the Table III.9. In 

plants, the nuclear factor-YA has a role in drought stress responses. In rice, NF-YA7 is 

involved in the drought tolerance pathway which is independent of the Abscisic acid manner 

[50]. Expression of C3H and NF during the day could influence plant growth and development 

in the Peepal tree. The Ethylene response factor ERF105 showed as the cold-regulated 

transcription factor gene of Arabidopsis [51]. In the Peepal tree, ERF, MYB -related family 

proteins like REVEILLE 1 (RVE1) [52] and late elongated hypocotyl gene (LHY) are 

expressed during the night period. RVE1 functions in the circadian clock and auxin pathways 

and LHY maintains the circadian rhythm in Arabidopsis [53]. Both the RVE1 and LHY are 

found expressed in night-specific Peepal tree transcripts indicating the active circadian rhythms 

and pathways during the dark time. 

Table III.9 Families of Transcription factors (TFs) identified in transcripts from day and night 

leaf samples 

 

Day leaf sample 

 

Transcript ID Family 

Best hit in A. 

thaliana 

E-

value 

Description 

of Family 

FPKM 

(day) 

FPKM 

(night) 

TRINITY_DN8525_c0_g1_i14 NF-YA AT1G30500.2 

6.00E-

78 

nuclear 

factor Y, 

subunit A7 4.512 0.366 

TRINITY_DN7886_c1_g1_i1 C3H AT4G29190.1 

8.00E-

76 

C3H family 

protein 54.377 4.366 
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Night leaf sample  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Transcript ID Family 

Best hit in A. 

thaliana 

E-

value 

Description 

of Family 

FPKM 

(day) 

FPKM 

(night) 

TRINITY_DN9099_c2_g8_i1 ERF AT5G51190.1 

3.00E-

37 

ERF family 

protein 17.225 174.909 

TRINITY_DN9136_c3_g1_i3 DBB AT3G02380.1 

2.00E-

61 

CONSTANS-

like 2 8.319 123.196 

TRINITY_DN10449_c1_g2_i6 MYB_related AT1G18330.1 

2.00E-

54 

MYB_related 

family 

protein 4.3 47.347 

TRINITY_DN10449_c2_g1_i15 MYB_related AT5G17300.1 

5.00E-

67 

MYB_related 

family 

protein 6.65 144.695 

TRINITY_DN9519_c3_g2_i11 MYB_related AT1G01060.3 

1.00E-

153 

MYB_related 

family 

protein 0.329 53.994 

TRINITY_DN9519_c3_g2_i17 MYB_related AT1G01060.3 

1.00E-

147 

MYB_related 

family 

protein 0.388 7.898 
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Figure III.7: Flow chart of De novo Transcriptome Analysis of Ficus religiosa  
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III.11 Non-coding RNA genes in the Peepal tree genome 

Based on a coding potential calculator (CPC), de novo-based assembled transcripts (26,691)  

were further categorized into protein coding (19,911) and non-coding (6,780). Based on 

BLASTN analysis, out of 6,780 non-coding transcripts, 4,219 transcripts targeted genome-

annotated genes and 2,561 remained non-coding. A total of 30,973  Cufflinks assembled 

transcripts (reference-based alignment with genome assembly) were further categorized into 

protein-coding (7,163) and non-coding (23,810). Out of 23,810 non-coding transcripts, 14,605 

were having alignment to genome-annotated genes using BLASTN. Further, categorization of 

specific day and night sample transcripts resulted in 6,628 (day) and 7,339 (night) protein-

coding and 20,528 and 25,494 non-coding transcripts respectively. From these non-coding 

transcripts, 18,893 (day) and 22,232 (night) transcripts were aligned to MAKER-P predicted 

genes using BLASTN. The remaining transcripts were considered to be non-coding transcripts, 

as we did not find any match to predicted gene evidence to support them. Hence, the majority 

of RNA sequences are found to have protein-coding sequences, while the non-coding genes 

have been shown biologically relevant in recent years, and deepen studies are needed to 

understand their functions.  

miRNAs: microRNAs are a major class of non-coding RNAs. Based on the homology search, 

we identified the microRNA precursors using the miRbase database (http://www.mirbase.org).  

These microRNAs belong to MIR396, MIR2916, MIR156, MIR164, MIR6236, MIR166, 

MIR168, and MIR395 families. Among the identified miRNAs, MIR408 was found to be 

specific to the night period transcripts of the Peepal tree. MIR 408 was identified on the genes 

like TPK5 Two-pore potassium channel 5, prfA peptide chain release factor 1, and also on 

proteins of unknown function in the Peepal genome. MIR408 is a highly conserved microRNA 

http://www.mirbase.org/
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in plants and is involved in enhancing photosynthesis by mitigating the efficiency of irradiation 

utilization and the capacity for carbon dioxide fixation [54]. 

The unigene transcripts were used to identify the microRNAs. MIR168 and MIR166 homologs 

were identified on the two transcripts. We identified the miRNAs on genomic scaffolds based 

on mapping the transcriptome data to the genome. This provides information on miRNAs 

specific to the day and night leaf tissue transcriptome. We identified 23 and 25 pre-miRNA 

expressions in the day and night period respectively shown in the Table III.10. The statistics of 

transfer RNAs (tRNA) were identified in the genome and their details are given in the Table 

III.11. 

Table III.10: Details on long non-coding RNAs, miRNAs in De novo transcripts, reference-

based transcripts and genome 

 

Genes Total 

transcrip

t / contig 

No. of 

coding 

transcrip

ts 

No. of 

non-

coding 

transcrip

ts 

Non-

coding 

transcripts 

v/s genome 

annotated 

genes 

(BLASTN) 

miRNAs 

families 

(micro 

RNAs) 

predicted  

Homologou

s miRNA in 

other 

organisms 

No. of 

transcript

s consists 

miRNAs  

De novo 

transcripts 

26,691 19,911 6,780 4,219 MIR 168 

and its 

subfamilie

s 

mdm, ppe, 

tcc, mes, crt, 

csi, ccl, 

gma, mtr, 

fve, vun, 

aau, lja, 

cme, vvi, 

ptc, nta, lus, 

bra, aof, nta, 

rco, cln, pta, 

far 

2 

Reference 

based 

transcript 

30,973 7,163 23,810 14,605 MIR396, 

MIR7534, 

MIR166, 

MIR6236, 

MIR399, 

MIR168, 

MIR4995, 

MIR2916, 

MIR171, 

csi, fve, 

gma, ccl, 

ptc, sly, atr, 

tcc, mes, 

nta, pab, 

ppe, vvi, 

cme, mdm, 

lja, cln, pta, 

mmu, crt, 

30 
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MIR3629, 

MIR5523, 

MIR8576, 

MIR6173, 

MIR156, 

MIR393, 

MIR827, 

MIR172, 

MIR167, 

MIR529, 

MIR394, 

MIR398, 

MIR408, 

MIR5538, 

MIR162, 

mtr, vun, 

aau, lus, bra, 

aof, aly, ath, 

rco, peu, 

bdi, bcy, 

bgy, hbr, 

amg, zma, 

sof, sbi, ghr, 

cas, osa, 

eun, ata, 

vca, ctr, 

bna, pab, 

egu, dpr, 

cca, far, cpa, 

hpe, htu 

Day 

sample 

transcript 

27,156 6,628 20,528 18,893 MIR7534, 

MIR166, 

MIR6236, 

MIR168, 

MIR4995, 

MIR2916, 

MIR11602

, MIR171, 

MIR396, 

MIR3629, 

MIR5523, 

MIR8576, 

MIR6173, 

MIR156, 

MIR393, 

MIR827, 

MIR399, 

MIR167,  

MIR529, 

MIR398, 

MIR5141, 

MIR5538, 

MIR162 

lja, cln, pta, 

mmu, mdm, 

ppe, tcc, 

mes, crt, csi, 

ccl, gma, 

mtr, fve, 

vun, aau, 

cme, vvi, 

ptc, nta, lus, 

bra, aof, aly, 

ath, rco, 

peu, pla, atr, 

bdi, bcy, 

bgy, hbr, 

amg, aau, 

lus, zma, 

sof, sbi, sly, 

ghr, cas, 

osa, eun, 

ata, vca, 

ppe, aof, 

dpr, cca, far, 

cas, ahy, 

gra, rgl, cpa, 

vun, hpe, 

htu 

26 

Night 

sample 

transcript 

32,833 7,339 25,494 22,232 MIR396, 

MIR166, 

MIR6236, 

MIR399, 

MIR168, 

MIR4995, 

MIR11602

, 

MIR5523, 

csi, fve, 

gma, ccl, 

ptc, sly, atr, 

tcc, mes, 

nta, pab, 

ppe, vvi, 

cme, mdm, 

cln, pta, 

mmu, crt, 

31 
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MIR6173, 

MIR827, 

MIR167, 

MIR5538, 

MIR5141, 

MIR408, 

MIR7534, 

MIR2916, 

MIR171, 

MIR3629, 

MIR8576, 

MIR156, 

MIR393, 

MIR398, 

MIR162 

and their 

subfamilie

s 

mtr, vun, 

aau, lja, lus, 

bra, aof, aly, 

ath, rco, pla, 

bdi, bcy, 

bgy, hbr, 

amg, zma, 

sof, sbi, ghr, 

cas, osa, 

eun, ata, 

vca, rgl, 

peu, hbr, 

dpr, cca, far, 

cas, ahy, 

gra, cpa, 

hpe, htu 

Genome 121,696 - - - MIR2916, 

MIR8175, 

MIR6236, 

MIR396, 

MIR7534, 

MIR166, 

MIR156, 

MIR157, 

MIR164, 

MIR395, 

MIR399, 

MIR319, 

MIR297, 

MIR529, 

MIR168, 

MIR4995, 

MIR5538, 

MIR11602

, MIR171, 

MIR172,  

MIR160, 

MIR169, 

MIR396, 

MIR8576, 

MIR3629, 

MIR2111, 

MIR390, 

MIR6300, 

MIR6236, 

MIR5523, 

MIR167, 

MIR170, 

peu, ath, 

mmu, csi, 

fve, gma, 

ccl, ptc, sly, 

atr, tcc, mes, 

nta, pab, 

ppe, vvi, 

cme, mdm, 

lja, cln, pta, 

hbr, aof, 

aqc, rco, 

vun, bcy, 

bgy, lus, 

vca, gra, 

mtr, stu, 

cpa, cas, 

bna, aly, ctr, 

rgl, ssl, eun, 

nta, dpr, bdi, 

pta, osa, 

mml, mdm, 

ahy, crt, 

aau, bra, 

hbr, atr, stu, 

pla, cca, 

pvu, ghb, 

amg, zma, 

sof, sbi, ghr, 

htu, hpa, ssl, 

egu, far,   

429 
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MIR6173, 

MIR5141, 

MIR5368, 

MIR159, 

MIR393, 

MIR6478, 

MIR8005, 

MIR827, 

MIR394, 

MIR398, 

MIR397, 

MIR408, 

MIR828, 

MIR477 

and their 

subfamilie

s 

 

Table III.11: Statistics of Transfer RNAs predicted in the genome 

 

Features Numbers 

No. bases in tRNAs 83,569 

Total tRNAs predicted 1,104 

Average tRNA length 75 

Infernal-confirmed tRNAs 1,046 

tRNAs decoding standard 20 amino 

acids 

890 

Suppressor tRNAs 2 

tRNAs with unknown isotypes 4 

Predicted pseudogenes 150 

tRNAs with introns 59 

 

 

III.12 GO enrichment Analysis 

 

The Gene Ontology (GO) analysis was performed with the Blast2Go tool for the up-regulated 

genes obtained from the Differential gene expression analysis. GO enrichment is classified 

under three categories, genes which are having gene ontology terms and function for biological 

process, cellular process and molecular process. The GO terms for enriched genes of highly 

expressed genes from night sample on the basis of sequence percentage is given in the Table 

III.12 and for day sample is given in the Table III.13. The bar chart representing the GO terms 

for enriched genes of up regulated genes in night sample and day sample is given in the Figure 
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III.8 (A and B) respectively. and for the night sample in the Figure. The GO enrichment 

analysis of night sample resulted the GO terms for the genes involved in biological process are 

cellular component organization or biogenesis, signalling, localization, response to stimulus, 

regulation of biological process, biological regulation, cellular process and metabolic process; 

GO terms of genes involved in cellular process are protein containing complex, organelle part, 

membrane part, membrane, organelle, cell part and cell; GO terms of genes involved in 

molecular process are transporter activity, catalytic activity and binding. The GO enrichment 

analysis of day sample resulted the GO terms for the genes involved in biological process are 

response to stimulus, cellular process and metabolic process; GO terms of genes involved in 

cellular process are protein-containing complex, organelle part, organelle, cell, cell part, 

membrane and membrane part; GO terms of genes involved in molecular process are catalytic 

activity and binding. The pie chart for all the three GO term categories for night sample are 

shown below in the Figure III.9A, III.9B, III.9C and for the day sample are given in the Figure 

III.10A, III.10B, III.10C. 

 

Table III.12: GO terms for enriched genes of highly expressed genes from night sample 

 

GO Name Percent of Seqs (%) 

binding 44.23076923 

metabolic process 43.26923077 

cell 43.26923077 

cell part 42.30769231 

cellular process 41.34615385 

intracellular 40.38461538 

intracellular part 39.42307692 

intracellular organelle 37.5 

organelle 37.5 

intracellular membrane-bounded organelle 35.57692308 

membrane-bounded organelle 35.57692308 

catalytic activity 35.57692308 

cellular metabolic process 33.65384615 

primary metabolic process 32.69230769 

organic substance metabolic process 32.69230769 

nitrogen compound metabolic process 30.76923077 
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A) 

 
B) 

 

 
 

Figure III.8: Bar graph representing the GO terms for enriched genes of up regulated genes 

in A) Night sample B) Day sample 
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Figure III.9A: Genes involved in the biological process and their GO terms. in night sample 

 

 
 

Figure III.9B: Genes involved in the cellular process and their GO terms in night sample 
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Figure III.9C: Genes involved in the molecular process and their GO terms in night sample 

 

Table III.13: GO terms for enriched genes of highly expressed genes from day sample 

 

GO Name % Seqs 

binding 58.73015873 

ion binding 53.17460317 

cellular process 51.58730159 

metabolic process 50.79365079 

cell 50 

cell part 49.20634921 

intracellular 49.20634921 

intracellular part 47.61904762 

primary metabolic process 46.03174603 

organic substance metabolic process 46.03174603 

cellular metabolic process 45.23809524 

organelle 44.44444444 

intracellular organelle 43.65079365 

membrane-bounded organelle 42.06349206 

intracellular membrane-bounded organelle 42.06349206 

cytoplasm 41.26984127 

nitrogen compound metabolic process 41.26984127 

organonitrogen compound metabolic process 37.3015873 

cytoplasmic part 36.50793651 

protein metabolic process 35.71428571 

cellular protein metabolic process 35.71428571 
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cellular macromolecule metabolic process 35.71428571 

macromolecule metabolic process 35.71428571 

protein modification process 34.92063492 

macromolecule modification 34.92063492 

protein-containing complex 34.92063492 

cellular protein modification process 34.92063492 

plastid 31.74603175 

catalytic activity 31.74603175 

thylakoid 30.95238095 

generation of precursor metabolites and energy 30.95238095 

photosynthesis 28.57142857 

 

 
 

 

 

 

Figure III.10A: Genes involved in the biological process and their GO terms in day sample 
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Figure III.10B: Genes involved in the cellular process and their GO terms in day sample 

 

 

 
Figure III.10C: Genes involved in the molecular process and their GO terms in day sample 
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III.13 Identification of carbon fixation pathway in Peepal tree 

The study was conducted to analyse the gene expression patterns in the leaf tissues of the Peepal 

tree under the diurnal (2:00 PM) and the nocturnal period (2:00 AM). Through the pathway 

analysis, the candidate genes for carbon fixation pathways like the CAM pathway, Calvin-

Benson cycle (C3) pathway, and C4 - Dicarboxylic pathway were identified and estimated based 

on their transcript abundance.  

 

The transcriptome data contained 20 putative genes involved in the carbon fixation module of 

CAM, C3, and C4 including the key genes fructose-bisphosphate aldolase class I, fructose-1,6-

bisphosphate, phosphoenolpyruvate carboxylase (PEPC/PPC), phosphoenolpyruvate 

carboxylase kinase (PPCK), NAD+ and NADP+, malate dehydrogenase (MDH) and pyruvate 

orthophosphate dikinase (PPDK) genes (Additional file 9: Table S6). Gene mapping was 

completed for CAM and C4 cycle pathways and could not find a mapping for three genes in 

the C3 cycle pathway. Those three genes, fructose-6-phosphate phosphoketolase (EC 4.1.2.22) 

and phosphoketolase (EC 4.1.2.9) were purified in Acetobacter xylinum [55] and 

sedoheptulokinase (EC 2.7.1.14) was shown in Bacillus species [56]. These three genes were 

not found in the Peepal tree for the C3 cycle. 

The differentially expressed genes from transcriptomic data were mapped to the reference 

carbon fixation in photosynthetic organisms pathway on the KEGG database (Figure III.11) 

[57], [58], and [59]. The diagrammatic representation of the genes involved in the carbon 

fixation pathway is shown in the Figure III.12. 
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Figure III.11: Graphical representation of differentially expressed genes of Ficus religiosa mapped to 

reference Carbon fixation in photosynthetic organisms pathway (map00710) from KEGG. The green 

color boxes indicate F. religiosa genes mapping on the reference and the white boxes indicate no 

mapping.  

 

Source: The permission to use of KEGG pathway image is granted under the CC BY 4.0 open-access 

license from Kanehisa Laboratories and sources are listed in the references. 
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Figure III.12: Diagrammatic representation of candidate genes of Carbon fixation pathway 

(C3, C4, CAM cycle) 
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The important genes expressed in the C3 cycle are rubisco and glyceraldehyde-3-phosphate 

dehydrogenase. Ribulose-bisphosphate carboxylase (RuBP carboxylase or rubisco) small 

chain enzyme that is enriched in leaf tissue collected during the day (2 PM). Rubisco is the 

most abundant protein in chloroplasts. The glyceraldehyde-3-phosphate dehydrogenase 

(NADP+) is enriched in day sample leaf tissue, the enzyme responsible for the reversible 

conversion of glyceraldehyde 3-phosphate to ribulose bisphosphate using ATP, the acceptor 

for CO2. The trancriptomic genes have been mapped to the C3 cycle except for the three genes 

mentioned above. [60]. 

The signature genes responsible for the CAM cycle were expressed in the Peepal tree during 

the night. The phosphoenolpyruvate carboxylase kinase (PPCK), NAD(P)-ME (maeB), and  

Malate dehydrogenase (MDH) transcripts were highly enriched in the photosynthetic leaf tissue 

collected during the night period than the day. It indicates that the Peepal tree adapts to the 

CAM pathway and can fix nocturnal carbon dioxide using the PEP carboxylase (PEPC) enzyme 

and accumulate malate by the enzyme malate dehydrogenase. The transcriptomic genes of the 

Peepal tree have been  completely mapped to the KEGG pathway of the CAM cycle. 

In the C4 Dicarboxylic cycle, the high expression of glutamate-glyoxylate aminotransferase 

enzyme (GGAT) in the leaf tissue collected during the night period (2 AM) indicates the 

photorespiration in the Peepal tree. The carbon fixation begins in the mesophyll cells, where 

CO2 is converted into bicarbonate. It adds the 3-carbon acid phosphoenolpyruvate (PEP) by 

an enzyme called phosphoenolpyruvate carboxylase. The product of this reaction is the four-

carbon acid oxaloacetate, which is reduced to malate another four-carbon acid [61]. The second 

highest expression is NADP-malate dehydrogenase (MDH), which converts the oxaloacetate 

generated by PEPC to malate. The differentially expressed genes from the Peepal tree had a 

complete mapping to the C4 cycle. The gene expression pattern of the carbon-fixation pathway 

https://www.britannica.com/science/enzyme
https://www.britannica.com/science/oxaloacetate
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in the Peepal tree suggests that the plant switches between the C3, C4, and CAM cycles during 

the diurnal and nocturnal periods. The FPKM and Trimmed Mean of M-values (TMM) values 

of the differentially expressed genes for the carbon fixation pathway are shown in Figures 

III.13A, B, C, and III.14A, B, and C. 
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CHAPTER IV 

 

DISCUSSION 

 

IV.1 SUMMARY 

This study generated and annotated the genomics and transcriptomics data for the keystone 

species Peepal tree (F. religiosa). This plant species is well known for Buddha’s enlightenment 

while he was meditating underneath this tree. This tree is being worshipped as birth giving, 

regenerative and medicinally valued for many diseases and this culture is spread across Asia. 

Generally, Peepal tree is known for high production of oxygen throughout the day as well as 

during night time, but there is a lack of scientific evidence. We used two next-generation 

sequencing technologies to sequence the Peepal genome and characterized the hybrid whole 

genome. The assembled genome resulted in a size of 406 Mb with 35,093 protein-coding genes, 

based on ab initio, homology, and mRNA evidence used for annotation. A total of about 53% 

of the genome consisted of the repetitive sequences. Photosynthetic tissues at distinct 

conditions (diurnal and nocturnal) were used for RNA sequencing to understand the genes, 

proteins, and molecular pathways. The transcriptome analysis yielded 26,691 unique 

transcripts. The completeness of the Peepal tree genome was confirmed based on BUSCO 

analysis and comparative analysis of transcriptome data. Based on BUSCO analysis, 84.1% of 

genes had completeness of Peepal tree genome assembly for the conserved genes in plant 

universal single-copy orthologs data set (embryophyta database) and 81.5% had single-copy 

orthologs in the genome; and 76.5% which indicates the completeness of Peepal tree genome 

assembly for the conserved genes in  eukaryotic universal single-copy orthologs data set 

(eukaryota database) and 70.6% had single- copy orthologs in the genome, it has provided the 

confidence for the downstream analyses. We compared the genomes of the three Moraceae 

family members, F. carica, F. microcarpa, and M. notabilis, with the Peepal tree. According 
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to the findings, the Peepal genome is considerably more similar to the genera Ficus (F. carica 

and F. microcarpa) than it is to the related genus Morus. 

The downstream analysis has been carried out to understand the molecular functions in the 

photosynthesis of the Peepal tree in the diurnal and nocturnal periods. We performed the 

downstream analysis of genomic and transcriptomic data to understand the microRNAs, TFs, 

and molecular pathways of the Peepal tree. The miRNA MIR408 was identified to be specially 

expressed in the in Peepal leaf tissue during the night period. The miRNA MIR408 responds 

to copper deficiency and light in Arabidopsis [62]. In O. sativa, MiR408 plants were efficient 

at saving and converting light energy into sugars, suggesting that miR408 can promote 

photosynthesis by down-regulating the uclacyanin (UCL8) gene [63]. Thus, MIR408 found 

specific expression in transcripts of night period leaf tissue of the Peepal tree indicating the 

similar conversion of light energy and accumulation of sugars at night. It may also aid in 

photosynthesis by enhancing carbon fixation. 

In the current study, Catalase gene expression was found to be high in the night period 

transcripts of Peepal tree leaf tissue. A previous study on the Peepal tree showed that leaf tissue 

collected at night time exhibited the scotoactive opening of stomata during the night, which 

indicates that through the stomatal opening molecular oxygen (O2) is released by the action of 

catalase enzyme on hydrogen peroxide (H2O2) [64]. The physiological interaction between 

catalase and its substrate H2O2 in the plant was determined by quantifying H2O2 and assaying 

the catalase, in which catalase showed a 4-fold increase in activity, especially during the night. 

Peepal tree has a higher amount of H2O2 deposition during the night than day [64], which is an 

indication of pathway switching between carbon fixation pathways.  

The RNA sequencing from diurnal (2 PM) and nocturnal (2 AM) leaf samples showed the gene 

expression patterns of the carbon fixation pathway. The gene expression of mRNA in the C3, 
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C4 and CAM cycles indicated that depending on the carbohydrate, amino acids biosynthesis 

and metabolism and environmental conditions the plant switches between these three cycles in 

a time-structured manner.  

The day mRNA expression data suggested Peepal tree can carry out the diurnal carbon fixation 

by the C3 cycle. GGAT plays an important role in the biosynthesis and metabolism of major 

amino acids. GGAT is involved in the photorespiratory process. It catalyzes the reaction of 

glutamate and glyoxylate in the 2-oxoglutarate and glycine .High expression of GGAT in the 

C4 cycle indicates that there could be photorespiration in the Peepal tree during the night. Plants 

adapt to the CAM cycle to grow during water constraints and increase the level of carbon 

dioxide uptake than their C3 and C4 cycles [65]. The Peepal tree study provides information on 

plants using the CAM pathway to fix nocturnal carbon dioxide using the PEP carboxylase 

(PEPC) enzyme and the accumulation of malate by the enzyme malate dehydrogenase.  

The Peepal tree gene expression analysis for the C3, C4, and CAM cycles suggested that plants 

could switch between these three cycles depending on the carbohydrate, amino acids 

biosynthesis, metabolism, and environmental conditions. In the Kalanchoë fedtschenkoi 

genome study, the convergence in protein sequence and re-scheduling of diel transcript 

expression of genes was reported to be involved in nocturnal CO2 fixation, stomatal movement, 

heat tolerance, circadian clock, and carbohydrate metabolism with the other CAM species in 

comparison with non-CAM species [20]. Some of the previous studies in the pineapple genome 

revealed the gene lineage transition from C3 photosynthesis to CAM, and CAM-related genes 

exhibit a diel expression pattern in photosynthetic tissues [19]. The evolution of CAM 

in Agave from C3 photosynthesis shows that the core metabolic components required for CAM 

have ancient genomic origins which could be traceable to non-vascular plants while regulatory 
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proteins required for diel re-programming of metabolism have shared among the recent origin 

of C3, C4, and CAM species [66].  

The plant model Arabidopsis encodes several orthologues of human proteins that function in 

mechanisms similar to those in other eukaryotes [67] [68]. Previous findings showed that 70% 

of oncogenes involved in cancer have orthologs in Arabidopsis, 67% in D. melanogaster, 72% 

in C. elegans, and 41% in S. cerevisiae. This ‘disease gene’ similarity is comparable to that 

observed in other model organisms [69]. The research in Arabidopsis and many other model 

systems has led to the discovery or analysis of genes and processes important to human health. 

Previous studies showed that the Peepal tree has been tested for the treatment of 

neurodegenerative disorders such as  Parkinson’s disease and Huntington's disease [9], [10], as 

well as anti-ulcer activity in animal models. [11]. The studied showed the effects of Peepal tree 

using in vivo behavioral parameters like catalepsy, muscle rigidity, and locomotor activity and 

its effects on neurochemical parameters (MDA, CAT, SOD, and GSH) in rats [9]. Another 

study showed that methanol extract of F. religiosa has proven anti-inflammatory properties in 

LPS-induced activation of BV2 microglial cells, and it might have therapeutic potential for 

various neurodegenerative diseases [15]. In the present work, we found that Peepal genes show 

similarities with human disease pathways, which can be utilized to further understand the 

traditional medicinal practices. The gene expression data for carbon fixation pathway is an 

indication of physiological changes in Peepal tree. This is an indication to support the previous 

data of stomatal structure of Peepal tree and its one of the reason of storing more moisture, 

water and gaseous molecule in this plant [6]. Such as, generally believed to plant produces 

more oxygen and may have helped Buddha’s meditation and enlightenment. There is no direct 

evidence how significantly Peepal tree has influenced Buddha’s meditation or enlightenment. 

Thus, plant research opens up new frontiers in terms of drug development and treatment of 
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diseases of great importance to human health. Plants seem to be a part of this diverse portfolio 

of tools necessary to understand fundamental cellular processes. 

In summary, the genome data and transcript abundance evidence indicate the molecular switch 

in the carbon fixation pathway of the Peepal tree (F. religiosa) during the day and night periods 

depending on its physiological and environmental conditions. Our study is a foundation for 

further experiments to determine the underlying mechanisms in C3, C4, and CAM metabolism. 

 

 

IV.2 CONCLUSION 

 

In this study, we generated the genomic and transcriptomic data for Peepal/Bodhi tree. 

Genomic data pathway analyses identified the genes associated with several physiological, 

biochemical, metabolic, and disease pathways. Differential expression data from diurnal and 

nocturnal leaf tissue samples of Peepal revealed gene expression patterns in the carbon fixation 

pathway during light and dark. The transcript abundance indicates that plants could switch 

between the three C3, C4, and CAM pathways. Genome, transcriptome  resources is provided 

with the prediction of  genes, proteins and its related pathways from Peepal. Accordingly, the 

Peepal genome has been shown to be closely related to the genera Ficus, and relatively close 

to the Morus genus of the same family. We have also characterized the genes that are involved 

in different biological pathways. The well-annotated genome for the Peepal tree will have 

broader implications for studies regarding the physiology, evolution, conservation of species, 

and human neurological diseases. 

IV. Future investigations: 

Preliminary Study on Stomata of Ficus religiosa 
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There are few evidences from Peepal tree leaf tissues which have shown the sctoactive opening 

of the stomata during night [64]. Based on previous studies and the present study data, we 

hypothesized that the Peepal tree leaf tissues can exhibit opening and closing of stomata 

throughout day and night. It could be the reason either due to organic acid metabolism, 

enzymes, gaseous molecules, molecular, physiological and environmental changes in the plant. 

The objective of this study was to observe the stomatal movement (opening and closing) on an 

hourly basis for complete 24 hours in a day.   

Materials and Methods: 

We collected leaf samples from a Peepal tree near Patanjali block at The University of Trans-

Disciplinary Health Sciences and Technology (TDU), Yelahanka, Bengaluru, every for 24 

hours to analyze the stomatal movement. In the months of July 2018, June 2019 and November 

2019, we collected the leaf samples. Leaf tissues were peeled from the lower epidermis of the 

leaf (abaxial side) of F. religiosa  using the blade and transferred into the petridish containing 

the water. The specimen was transferred to the slide, a drop of 50% glycerol was added on the 

peel and covered with cover slip. The leaf peel was observed under the Compound light 

microscope (Olympus CX-33) under 10X and 40X magnification to confirm the presence of 

stomata. After the identification of stoma, the specimens were washed with the water and 

treated 1% saffranine. The specimens were washed again with the water and dehydrated 

through alcohol-xylol grades ( 25%, 50%, 75%, 100% series for 20 minutes at each grade) and 

mounted using DPX. The prestaining and staining procedure was performed according to [70]. 

All permanent slides were examined by Olympus CX-33 Compound light microscope and 

photographed using Olympus CX-33 magCam camera (at 40X magnification) and magnum 

software. 
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Results: 

From this stomatal experiment we observed that there is an opening and closing of stomata 

during the diurnal and nocturnal periods. We have provided the information an open and close 

of the stomata for every hour in the F. religiosa leaf tissue. We observed that some stomata are 

open, slight open, close, few open and close types in the leaf tissues for every hour in 24hrs 

time format in different seasonal years, the details were given below in the Table 1 and Figure 

1A, B, C, D, E, F, G, H, I, J, K and L.  We observed that stomata were completely closed during 

12 AM, 5 AM, 6 AM, 3 PM, 4 PM, 5 PM, 6 PM, 7 PM, 11 PM; slight opening of stomata 

during 7 AM, 8 AM, 9 AM, 8 PM, 9 PM, 10 PM, 1 PM (Few open and close), 2 PM (Few open 

and close); stomata are fully open during 10 AM, 11AM, 12 PM, 2AM, 3AM and 4 AM. This 

data on the stomatal opening and closing indicates that the stomata in Peepal tree leaf exhibits 

between the type of stomata such as  of photoactive (open in day time) and scotoactive (open 

in night time) stomata based on its physiological mechanisms. Hence, we suggest further study 

and investigation is required to confirm this data using high-end microscopes. This preliminary 

data provides the indication of stomatal movement during day and night periods in F. religiosa 

leaves but further verification is required to confirm more evidently.  

Table IV. 1: Stomatal movement observation in 24 hours for different seasonal years. 

Time period July 2018 June 2019 Nov 2019 Observation 

12AM Close Close Close Close 

1AM Slight open Slight open Slight open Slight open 

2AM Open Open Open Open 

3AM Open Open Open Open 

4AM Open Open Open Open 
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5AM Close Close Close Close 

6AM Close Close Not taken  Close 

7AM Slight open Slight open Not taken Slight open 

8AM Slight open Slight open Not taken Slight open 

9AM Slight open Slight open Not taken Slight open 

10AM Open Open Open Open 

11AM Open Open Open Open 

12PM Open Open Open Open 

1PM Close Open Few open & close Few open & close 

2PM Few open & close Few open & close Few open & close Few open & close 

3PM Close Close Close Close 

4PM Close Close Close Close 

5PM Close Close Close Close 

6PM Close Close Close Close 

7PM Close Close Close Close 

8PM Slight open Slight open Slight open Slight open 

9PM Slight open Slight open Slight open Slight open 

10PM Slight open & 

close 

Slight open & 

close 

Slight open & 

close 

Slight open & 

close 

11PM Close Close Close Close 
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Figure IV. 1A: Distribution stomata from lower epidermis of Peepal tree leaf tissue collected 

at 12 AM and 12 PM(July 2018, June 2019 and November 2019) 
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Figure IV. 1B: Distribution stomata from lower epidermis of Peepal tree leaf tissue collected 

at   1 AM and 1 PM (July 2018, June 2019 and November 2019) 
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Figure IV.1C: Distribution stomata from lower epidermis of Peepal tree leaf tissue collected 

at   2 AM and 2 PM (July 2018, June 2019 and November 2019) 
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Figure IV. 1D: Distribution stomata from lower epidermis of Peepal tree leaf tissue collected 

at   3 AM and 3 PM (July 2018, June 2019 and November 2019) 
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Figure IV. 1E: Distribution stomata from lower epidermis of Peepal tree leaf tissue collected 

at   4 AM and 4 PM(July 2018, June 2019 and November 2019) 
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Figure IV. 1F: Distribution stomata from lower epidermis of Peepal tree leaf tissue collected 

at   5 AM and 5 PM(July 2018, June 2019 and November 2019) 
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Figure IV. 1G: Distribution stomata from lower epidermis of Peepal tree leaf tissue collected 

at   6 AM and 6 PM(July 2018 and June 2019) 
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Figure IV. 1H: Distribution stomata from lower epidermis of Peepal tree leaf tissue collected 

at   7 AM and 7 PM(July 2018 and June 2019) 
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Figure IV. 1I: Distribution stomata from lower epidermis of Peepal tree leaf tissue collected 

at   8 AM and 8 PM(July 2018 and June 2019) 
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Figure IV. 1J: Distribution stomata from lower epidermis of Peepal tree leaf tissue collected 

at   9 AM and 9 PM(July 2018 and June 2019) 
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Figure IV. 1K: Distribution stomata from lower epidermis of Peepal tree leaf tissue collected 

at   10 AM and 10 PM(July 2018, June 2019 and November 2019) 
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Figure IV. 1L: Distribution stomata from lower epidermis of Peepal tree leaf tissue collected 

at   11 AM and 11 PM(July 2018 and June 2019) 

Summary: 

From the Peepal leaf tissues study, we observed the stomatal opening and closing in diurnal 

and nocturnal periods. It indicates the physiological changes happening in the leaf tissues of 

Peepal tree during day and night. The stomatal opening and closing observations from this 

study indicates that the stomata in Peepal tree leaf might exhibits both photoactive (open in day 

time) and scotoactive (open in night time) stomata. This stomatal changes observed in the 

present study is an indicative  of an oxygen synthesis during throughout the day and night.  

This data acts as an substantial support to the previous studies of Peepal tree stomata are 

sunken, giant, or hydathode at the lower leaf epidermis. Such stomata have been shown to 
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retain gas and water molecules for a longer [6]. It could be one of main reason that under the 

Peepal tree, there is much cooler condition and also people believe that this tree produces more 

oxygen throughout the day and night. We need further more investigations and high-end 

microscopical and physiological research on this work to confirm this data more evidently.  
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APPENDIX I   

Research Article 

Genomic and transcriptomic analysis of sacred  

fig (Ficus religiosa) 
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APPENDIX II 

BOOK CHAPTER: 

Heritage of Neem - Peepal tree resides a profound scientific facts  
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