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Abstract   

Costus speciosus (Koen ex. Retz.) Sm. is a major source of diosgenin, used for 

the commercial synthesis of cortisone, sex hormones and contraceptives. 

The genetic diversity analysis in wild populations of C. speciosus from 3 bio-

geographic regions viz., Western Ghats (WG), Eastern Ghats (EG) and Anda-

man and Nicobar Islands (AN) were done using 2 different Single Primer Am-

plification Reaction (SPAR) methods. A total of 70 accessions spanning these 

regions were used in the present study. The assay yielded a total of 314 am-

plicons of which 268 were polymorphic, exhibiting 85.35% of polymorphism. 

The prevalence of high rate of genetic differentiation (mean     Gst = 0.90) 

and low gene flow (mean Nm= 0.06) are the main attributes of the observed 

low diversity in these populations. The accessions clustered broadly under 2 

major groups corresponding to the three biogeographic zones with insular 

populations diverse from the mainland. This was further resolved by AMOVA 

analysis. C. speciosus is found to exist in different cytotypes exhibiting allo-

polyploidy. The differences in distribution and genetic fitness of the popula-

tion from EG and WG may be attributed to the allopolyploid nature of the 

taxa. In the present study, Island populations comprise very low heterozy-

gosity (Ht = 0.10) suggesting that the rate of fixation is more in these popula-

tions. Similarly, the rate of gene flow was almost     absent (Nm = 0.02). The 

higher levels of genetic similarity (0.99) may be due to an increase in fixation 

of the genes resulting from allopolyploidy. This is the first study on compar-

ative genetic diversity of C. speciosus using SPAR markers.   
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Introduction 

Costus speciosus (Koen ex. Retz.) Sm. is a member of the family Costaceae 

and genus Costus. The distribution of this tropical plant species is mostly 

confined to Southeast Asia, Malaysia and New Guinea. However, it is an  in-

troduced species in many islands and primarily cultivated in India for its 

therapeutic uses and horticultural value. It is an important medicinal plant, 

which stores appreciable amount of diosgenin, a steroidal sapogenin, in its 

rhizome (1). Diosgenin is used for the synthesis of cortisone, sex-hormones 

and contraceptives (2, 3). It grows wild throughout India and its populations 

are distributed at diploid, triploid and tetraploid levels  (4-8). The  species is 

reported to house high variation and many of them were ascribed to new 
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species prior to Schumann’s monograph in 1899 (9). The 

plant has been classified as being in the near threatened 

category as a result of overexploitation and other anthro-

pogenic   pressures (10).  

 PCR-based markers have been used extensively for 

measuring genetic variation at the intraspecies level (11, 

12). Due to their ubiquity, reliability and ease of designing 

the primers, PCR based markers are frequently employed 

in genetic diversity analysis in plants in which morphologi-

cal markers are few (13, 14). 

 Genetic diversity is essential for the long-term sur-
vival of species and therefore plays pivotal role in formu-

lating effective conservation strategy for the species (15, 

16). Also, genetic diversity helps to ensure survival of spe-

cies, as it provides better adaptability to the individuals. 

Therefore, identification of those adapted variants at inter 

and intrapopulation levels is key to their long-term conser-

vation. The advent of diverse molecular markers accelerat-

ed the inquisitiveness to understand the mechanism of 

evolution occurring in islands by measuring the quantum 

and distribution of genetic variation within and among 

populations (17-21). To this end, several novel DNA mark-

ers, both dominant and co-dominant, have been used for 

genome analysis to study genetic relationship (22, 23) at 

the inter-and intra-specific levels. 

Biogeographical Zones included in the study             

Being a tropical plant, C. speciosus is distributed through-

out the wet evergreen forests of India. Three biogeograph-

ical zones viz., Western Ghats, Eastern Ghats and Andaman 

and Nicobar Islands comprising of wet evergreen forest 

vegetation were selected for the present investigation.  

 

Western Ghats            

It is one of the global biodiversity hotspots comprising 

large variety of flora and fauna located (24-26) harbours 

more than 5800 species of plants, of which 2100 are en-

demics. The southern part of Western Ghats, comprising 

semi evergreen and evergreen forests, has maximum en-

demic flora. It harbours most of the rhizomatous and suc-

culent plant vegetation (27). 

Eastern Ghats           

Eastern Ghats is a discontinuous range of mountains set 

along eastern coast of India. It measures 1700 Km in the 

north-east south-west strike in the Indian Peninsula. The 

mountain ranges are rich in biodiversity comprising di-

verse vegetation’s like dry deciduous mixed forest to semi 

evergreen rain forest (28). 

Andaman and Nicobar Islands            

These islands are immensely rich in biodiversity. It com-

prises of 2500 species of angiosperms of which 10% are 

known to be endemic (29). These islands constitute the 

largest archipelago in Bay of Bengal, consisting 306 islands 

and 206 islets (30).   

 

Materials and Methods   

Sampling sites and collection of plant material            

Seventy accessions of C. speciosus were collected from 

different sites across Southern Western Ghats, Eastern 

Ghats and Andaman and Nicobar Islands (Fig. 1) (Table 1). 

The minimum distance between sampling sites is 35 km 

and within each population, the accessions were collected 

at an average distance of 5-8 km subject to availability. 
 
 

Fig. 1. Map showing populations of C. speciosus collected from mainland and island regions for the present study.  
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Accessions Population Location Lattitude Longitude 

CS-1 pop1 Braemore 8⁰45¢54.37¢¢N 77⁰04¢53.48¢¢E 

CS-2 pop1 Braemore 8⁰45¢52.98¢¢N 77⁰05¢11.82¢¢E 

CS-3 pop1 Kulathpuzha 8⁰54¢25.04¢¢N 77⁰03¢41.43¢¢E 

CS-4 pop1 Kulathpuzha 8⁰54¢33.39¢¢N 77⁰03¢53.28¢¢E 

CS-5 pop1 Peppara 8⁰36¢58.59¢¢N 77⁰11¢35.37¢¢E 

CS-6 pop1 Peppara 8⁰37¢27.50¢¢N 77⁰11¢19.66¢¢E 

CS-7 pop1 Rosemala 8⁰54¢59.21¢¢N 77⁰10¢09.14¢¢E 

CS-8 pop1 Rosemala 8⁰55¢07.07¢¢N 77⁰10¢10.24¢¢E 

CS-9 pop2 Adimali 10⁰01¢03.41¢¢N 76⁰57¢26.77¢¢E 

CS-10 pop2 Adimali 10⁰00¢48.96¢¢N 76⁰57¢36.72¢¢E 

CS-11 pop2 Munnar 10⁰05¢25.22¢¢N 77⁰03¢04.03¢¢E 

CS-12 pop2 Munnar 10⁰05¢41.91¢¢N 77⁰03¢13.47¢¢E 

CS-13 pop3 Thattekkadu 10⁰06¢26.03¢¢N 76⁰42¢22.96¢¢E 

CS-14 pop3 Thattekkadu 10⁰06¢39.00¢¢N 76⁰42¢45.63¢¢E 

CS-15 pop3 Thattekkadu 10⁰06¢30.18¢¢N 76⁰43¢01.86¢¢E 

CS-16 pop3 Thattekkadu 10⁰06¢07.34¢¢N 76⁰42¢03.82¢¢E 

CS-17 pop3 Vazhachal 10⁰17¢34.71¢¢N 76⁰38¢54.94¢¢E 

CS-18 pop3 Vazhachal 10⁰17¢25.22¢¢N 76⁰38¢49.35¢¢E 

CS-19 pop3 Vazhachal 10⁰18¢08.83¢¢N 76⁰37¢33.35¢¢E 

CS-20 pop3 Vazhachal 10⁰18¢39.72¢¢N 76⁰38¢47.98¢¢E 

CS-21 pop3 Inchathotti 10⁰05¢40.37¢¢N 76⁰45¢14.14¢¢E 

CS-22 pop3 Inchathotti 10⁰05¢03.41¢¢N 76⁰45¢22.95¢¢E 

CS-23 pop4 Nelliampathy 10⁰32¢17.60¢¢N 76⁰41¢07.94¢¢E 

CS-24 pop4 Nelliampathy 10⁰32¢37.36¢¢N 76⁰40¢43.42¢¢E 

CS-25 pop5 Silent valley 11⁰04¢02.11¢¢N 76⁰31¢37.81¢¢E 

CS-26 pop5 Silent valley 11⁰04¢05.71¢¢N 76⁰31¢33.58¢¢E 

CS-27 pop5 Silent valley 11⁰04¢12.88¢¢N 76⁰31¢52.40¢¢E 

CS-28 pop5 Silent valley 11⁰04¢10.55¢¢N 76⁰31¢58.85¢¢E 

CS-29 pop5 Silent valley 11⁰04¢19.35¢¢N 76⁰30¢24.72¢¢E 

CS-30 pop5 Silent valley 11⁰04¢21.43¢¢N 76⁰30¢17.35¢¢E 

CS-31 pop5 Silent valley 11⁰04¢22.45¢¢N 76⁰30¢33.02¢¢E 

CS-32 pop5 Silent valley 11⁰04¢20.27¢¢N 76⁰30¢37.25¢¢E 

CS-33 pop6 Perinthalmanna 10⁰58¢36.89¢¢N 76⁰14¢15.07¢¢E 

CS-34 pop6 Perinthalmanna 10⁰58¢46.47¢¢N 76⁰13¢52.47¢¢E 

CS-35 pop7 Koilandy 11⁰27¢26.02¢¢N 75⁰40¢41.66¢¢E 

CS-36 pop7 Koilandy 11⁰27¢42.10¢¢N 75⁰40¢27.77¢¢E 

CS-37 pop8 Moodabidri 13⁰03¢39.34¢¢N 75⁰02¢13.25¢¢E 

CS-38 pop8 Ujire 13⁰59¢21.93¢¢N 75⁰21¢02.72¢¢E 

CS-39 pop9 Yana 14⁰35¢04.74¢¢N 74⁰33¢52.48¢¢E 

CS-40 pop9 Yana estate 14⁰34¢12.20¢¢N 74⁰33¢58.48¢¢E 

CS-41 pop10 Jamunamarathur 12⁰35¢50.12¢¢N 78⁰53¢15.63¢¢E 

CS-42 pop10 Jamunamarathur 12⁰36¢01.83¢¢N 78⁰53¢09.19¢¢E 

CS-43 pop11 Sreesylam 16⁰03¢35.15¢¢N 78⁰52¢36.81¢¢E 

CS-44 pop11 Sreesylam 16⁰03¢37.34¢¢N 78⁰52¢41.27¢¢E 

CS-45 pop11 Sreesylam 16⁰04¢13.29¢¢N 78⁰52¢44.56¢¢E 

Table 1. List of C. speciosus collected from different biogeographical zones for genetic diversity analysis  
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Genomic DNA isolation, RAPD and ISSR           

Total genomic DNA was isolated from the tender young 

leaves following CTAB method (31) with appropriate modi-

fications. The RAPD and ISSR protocols were standardized 

as reported by the authors earlier (32, 33). 

Genetic data analysis              

Amplification with each arbitrary primer was repeated 3 

times and those primers that produced reproducible and 

consistent bands were selected for data generation. Re-

producible marker products were scored against the pres-

ence or absence of a fragment. Dice coefficient of similarity 

defined as 2a/2a+u, where ‘a’ is the number of positive 

matches and ‘u’ the number of non-matches was comput-

ed using the WINDIST software. The scored binary matrix 

was analysed using the WINBOOT software (34). Cluster 

analysis by PCA was carried out using GenAlEx (version 6.1) 

(35). Analysis of Molecular Variance (AMOVA) was per-

formed to describe the genetic structure and variability 

among 2 populations. The components of Variance parti-

tioned within and among the populations were estimated 

from a Eulidean distance matrix using GenAlEx 6.1 with 

1000 random permutations. Genetic variation in different 

biogeographical zones were analysed for various parame-

ters. The genotype and allelic frequency data were used to 

compute the genetic diversity indices i.e. observed       

number of alleles (na), expected number of alleles (ne), 

Shannon index of genetic diversity (I) and Nei’s gene diver-

sity (h) at the population level using the statistical package 

POPGENE 1.3 (36). The sampling populations were as-

sumed to be in Hardy-Weinberg equilibrium implying that 

the population is at random mating. Based on the above 

assumption, the bands were scored and estimation of  

heterozygosity (Ht) was done according to the formula:    

Ht = 1-∑pi2 where pi is the frequency of the ith allele in the 

population.  

 

Results  

RAPD Polymorphism             

The 18 random primers used for diversity measurement in 
70 samples of C. speciosus (Table 2) provide interesting 
insights into the prevailing genetic variability in this en-
dangered species. Out of 182 amplicons, 149 were poly-
morphic (81.86%). On an average, the primers generated 

CS-46 pop12 Ramachandrapuram 17⁰15¢58.98¢¢N 80⁰45¢16.06¢¢E 

CS-47 pop12 Ramachandrapuram 17⁰16¢04.55¢¢N 80⁰45¢35.89¢¢E 

CS-48 pop12 Ramachandrapuram 17⁰16¢35.06¢¢N 80⁰45¢38.51¢¢E 

CS-49 pop13 Munjuluru 17⁰16¢57.71¢¢N 81⁰27¢17.14¢¢E 

CS-50 pop13 Munjuluru 17⁰17¢04.45¢¢N 81⁰27¢10.38¢¢E 

CS-51 pop13 Munjuluru 17⁰17¢16.62¢¢N 81⁰27¢18.17¢¢E 

CS-52 pop14 Maredumilli 17⁰35¢30.32¢¢N 81⁰42¢45.29¢¢E 

CS-53 pop14 Maredumilli 17⁰36¢08.32¢¢N 81⁰42¢40.92¢¢E 

CS-54 pop14 Maredumilli 17⁰36¢57.90¢¢N 81⁰42¢47.85¢¢E 

CS-55 pop15 Patanagudi 19⁰20¢30.71¢¢N 83⁰53¢35.11¢¢E 

CS-56 pop15 Patanagudi 19⁰20¢34.10¢¢N 83⁰53¢51.38¢¢E 

CS-57 pop15 Patanagudi 19⁰20¢55.37¢¢N 83⁰53¢44.83¢¢E 

CS-58 pop16 Sippighat 13⁰09¢32.97¢¢N 92⁰58¢19.03¢¢E 

CS-59 pop16 Sippighat 13⁰09¢33.97¢¢N 92⁰58¢22.02¢¢E 

CS-60 pop16 Sippighat 13⁰09¢39.07¢¢N 92⁰58¢12.99¢¢E 

CS-61 pop17 Dhanikhari 11⁰36¢28.96¢¢N 92⁰40¢35.05¢¢E 

CS-62 pop17 Dhanikhari 11⁰36¢43.23¢¢N 92⁰40¢47.62¢¢E 

CS-63 pop17 Dhanikhari 11⁰36¢45.21¢¢N 92⁰40¢58.01¢¢E 

CS-64 pop17 Dhanikhari 11⁰37¢03.90¢¢N 92⁰40¢47.48¢¢E 

CS-65 pop18 Indira bazar 10⁰36¢25.27¢¢N 92⁰31¢34.39¢¢E 

CS-66 pop18 Indira bazar 10⁰36¢26.35¢¢N 92⁰31¢34.47¢¢E 

CS-67 pop18 Indira bazar 10⁰36¢48.09¢¢N 92⁰31¢40.54¢¢E 

CS-68 pop18 Indira bazar 10⁰36¢53,85¢¢N 92⁰31¢42.22¢¢E 

CS-69 pop18 Indira bazar 10⁰36¢29.51¢¢N 92⁰31¢41.74¢¢E 

CS-70 pop18 Indira bazar 10⁰36¢02.33¢¢N 92⁰31¢58.75¢¢E 

https://plantsciencetoday.online
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10 amplicons and 8 polymorphisms per primer (Table 2). 
The number of amplicons generated was found to range 

from 1 to 17 with primer S62 yielded the maximum (17) 
whereas primer S77 gave the minimum (1). The various 
genetic diversity indices like Nei’s gene diversity at the 
population level (h), Shannon index (I), expected number 
of alleles (ne) etc., were calculated to measure the extent 
of variation. The accessions included in this study showed 
relatively low to moderate levels of genetic diversity,        
i.e. h = 0.29 and I = 0.43. The mean genetic diversity based 
on Nei’s statistics also supports the above data. The mean 
value of heterozygosity (Ht) observed in the various acces-
sions of C. speciosus was found to be 0.29.  The mean     
value of average heterozygosity value was 0.02. The de-
gree of genetic differentiation (Gst) is found to be 0.92.  
The gene flow (Nm) among all accessions is 0.04, which is 
too low. RAPD assay revealed relatively less gene flow and 
higher genetic differentiation rates among the populations 
collected from three biogeographical zones of peninsular 
India.  

ISSR Profiling               

The ISSR analysis was carried out with 18 primers with few 
of them anchored at the 3' end for increased specificity. 
Out of 132 products generated, 113 were polymorphic 
thereby showing 85.6% polymorphism. The primers on an 
average generated 8 products and the mean number of 
polymorphism per primer is 6 (Table 3). The accessions 

showed relatively low to moderate levels of genetic diver-
sity, i.e. h = 0.23 and I = 0.36. The mean value of heterozy-
gosity (Ht) was found to be 0.23. The degree of genetic 
differentiation (Gst) and gene flow (Nm) among accessions 
was 0.57 and 0.38 respectively. The diversity measures as 
indicated reveal less diversity at the inter and intra-
population levels.  

SPAR analysis      

SPAR analysis was carried out to estimate the efficiency of 

SPAR markers (ISSR and RAPD) in estimating the genetic 

diversity indices of taxa collected from different geograph-

ical zones (Table 4). The combined data set from RAPD and 

ISSR patterns was performed (37). The assay yielded a  

total of 314 amplicons of which 268 were polymorphic,        

exhibiting 85.35% of polymorphism. An average of 7.44 

products per primer was polymorphic. The % of               

polymorphic loci, when samples from different biogeo-

graphic regions were pooled, ranged from 22.29% 

(Andaman and Nicobar Islands) to 70.06% (Western Ghats). 

The samples from Western Ghats showed relatively higher 

genetic diversity (Na= 1.70±0.46; Ne= 1.34±0.32; h= 0.21± 

0.18; I= 0.33±0.25) compared to samples from other bioge-

ographic regions in the study. The degree of genetic differ-

entiation (Gst) is found to be highest in samples from    

Andaman and Nicobar islands (0.96), followed by Eastern 

Ghats (0.92) and Western Ghats (0.82). The gene flow (Nm) 

among all samples was analysed and found to be higher 

among populations from the Western Ghats compared to 

Sl. 
No: 

RAPD 
Primer 
series 

RAPD Primer   
sequence 

No. of 
Bands 

No. of Polymor-
phic Bands 

1 C61 TGT CAT CCC C 15 13 

2 C 62 GTG AGG CGT C 17 17 

3 C 63 GGG GGT CTT T 6 4 

4 C 64 CCG CATCTA C 15 15 

5 C 65 GAT GAC CGC C 8 7 

6 C66 GAA CGG ACT C 10 10 

7 C 67 GTC CCG ACG A 14 10 

8 C 68 TGG ACC GGT G 10 9 

9 C 69 CTC ACC GTC C 10 10 

10 C 70 TGT CTG GGT G 8 6 

11 C 71 AAA GCT GCG G 9 2 

12 C 73 AAG CCT CGT C 8 8 

13 C 74 TGC GTG CTT G 14 8 

14 C76 CACACTCCAG 6 5 

15 C77 TTCCCCCCAG 1 1 

16 C78 TGAGTGGGTG 12 12 

17 C79 GTTCCCAGCC 10 8 

18 C80 ACTTCGCCAC 9 4 

Total No. of Bands 182 149 

Mean per primer 10.11 8.27 

Percentage Polymorphism 81.86 % 

Table 3. List of ISSR primers and their sequence used for diversity analysis of  
C. speciosus  

Sl. 
No: 

ISSR 
Primer 

series 
ISSR Primer sequence 

No. of 
Bands 

No. of 
Polymor-

phic Bands 

1 808 AGAGAGAGAGAGAGAGC 4 3 

2 809 AGA GAG AGA GAG AGA GG 4 4 

3 811 GAG AGA GAG AGAGAG AC 11 4 

4 815 CTC TCT CTC TCT CTC TG 9 9 

5 816 CAC ACA CAC ACA CAC AA 9 9 

6 817 CAC ACA CAC ACA CAC AA 9 9 

7 823 TCT CTC TCT CTC TCT CC 6 5 

8 826 ACA CAC ACA CAC ACA CC 10 8 

9 827 ACA CAC ACA CAC ACA CG 7 7 

10 834 AGA GAG AGA GAG AGA GYT* 11 11 

11 835 AGA GAG AGA GAG AGA GYC* 9 9 

12 836 AGA GAG AGA GAG AGA GYA* 11 11 

13 840 GAG AGA GAG AGA GAG AYT* 4 2 

14 841 GAG AGA GAG AGA GAG AYC* 6 4 

15 843 CTCTCTCTCTCTCTCTRA** 7 1 

16 844 CTC TCT CTC TCT CTC TRC** 3 3 

17 847 CAC ACA CAC ACA CAC ARC 8 8 

18 848 CAC ACA CAC ACA CAC ARG 6 6 

Total No. of Bands 132 113 

Mean per primer 7.55 6.27 

Percentage Polymorphism 85.6 % 

Table 2. List of RAPD primers and their sequence used for diversity analysis of  
C. speciosus  
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other biogeographical regions. The mean value of gene 

differentiation (Gst) was found to be 0.90 indicating high 

level of gene differentiation. While the estimate of gene 

flow (Nm) is 0.06 indicating very low gene flow among the 

populations. 

Cluster analysis               

The genetic relatedness among 70 accessions was re-

vealed by cluster analysis based on Nei’s genetic distance 

(GD) (38) of SPAR. It was observed that mostly all individu-

als in the biogeographical zone were arranged in the same 

cluster. The accessions of C. speciosus clustered broadly 

under three major groups corresponding to the 3 biogeo-

graphical zones. All accessions from the Western Ghats 

were grouped and constituted cluster I. Similarly, acces-

sions from the Eastern Ghats formed cluster II and samples 

from Andaman and Nicobar Islands constituted the cluster 

III (Fig. 2). Cluster analysis clearly shows that the popula-

tions from Andaman and Nicobar Islands are diverse from 

the mainland populations. This was further resolved by 

AMOVA analysis carried out to study the variation between 

the mainland and island populations of C. speciosus      (Fig. 

3). It was found that there is substantial genetic variation 

among the population harboring the Andaman and Nico-

bar Islands compared to the populations on the mainland. 

Population Structure             

PCA analysis separated the populations following their 

spatial distribution, similar to the phenogram (Fig. 4). The 

first coordinate (39.98%) separated the Western Ghats 

population from the island population (Andaman and 

Nicobar Islands). The second coordinate (29.70%) separat-

ed the insular populations from the mainland populations.  

 

Discussion 

Genetic Diversity of C. speciosus in the Western and East-

ern Ghats             

In the present analysis, genetic diversity was studied in     

C. speciosus along three biogeographical regions. The het-

erozygosity level in the Western Ghats was 0.23. Although 

the heterozygosity level was less in these taxa, the hetero-

zygosity in the Western Ghats population was notably 

higher compared to the other 2 regions (0.14 and 0.10 for 

the Eastern Ghats and Andaman and Nicobar Islands re-

spectively). This may be attributed to the allopolyploid 

nature of this taxon (4, 6, 39, 40). Populations from all the  

2 regions showed increased Gst value, which is a charac- Fig. 2. UPGMA clustering of populations of C. speciosus from different biogeo-
graphical regions of peninsular India using SPAR markers.  

Table 4. Mean value of genetic diversity indices in C. speciosus from diverse biogeographical zones using SPAR markers (RAPD + ISSR)  

Mean h I Nm Gst Ht Hs PL % PL 

Cluster I 

Western Ghats 
0.21 0.33 0.11 0.82 0.23 0.04 220/314 70.06% 

Cluster II 

Eastern Ghats 
0.14 0.19 0.05 0.92 0.14 0.02 80/314 25.47% 

Cluster III 

Andaman & Nicobar Islands 
0.10 0.14 0.02 0.96 0.10 0.004 70/314 22.29% 

Ht-heterozygosity at the polymorphic loci, Hs-average heterozygosity, Gst-degree of genetic differentiation, h-Nei’s gene diversity at population level, I- Shan-
non index of genetic diversity, PL- Polymorphic Loci, %PL- percentage Polymorphic Loci.  

https://plantsciencetoday.online


7 

Plant Science Today, ISSN 2348-1900 (online) 

teristic of selfing species, annuals, vegetatively propagat-

ing and early successional species (41). The population 

from the Eastern Ghats showed relatively low heterozy-

gosity levels compared to the Western Ghats. Although,  C. 

speciosus is cultivated for its medicinal utility and as an 

ornamental plant in these areas, natural wild populations 

are confined to wet evergreen forest vegetation. Such veg-

etations are scanty and found only in isolated patches 

throughout the Eastern Ghats.  Random fluctuations in 

allele frequency in fragmented populations reduce genetic 

variation which is evident in populations of Eastern Ghats 

(Ht = 0.14). The distribution of wild populations of                

C. speciosus in the Western Ghats is abundant throughout. 

However, the distribution tends to reduce towards the 

semi-arid and arid tropical zones. The PCA analysis of   

populations from the Western Ghats and Eastern Ghats 

revealed genetic relatedness among the populations from 

these 2 biogeographical regions (Fig. 5). A higher rate of 

variance is seen in the populations from the Western Ghats 

compared to the populations from the Eastern Ghats 

(which have very less genetic distance among the popula-

tions). These results were further substantiated with     

molecular variance analysis (AMOVA) of these 2 popula-

tions (Fig. 6). Hierarchical analysis of molecular variance 

(AMOVA) in GenAlEx was carried out to segregate genetic 

variation occurring within and among populations in the 

target sites i.e the island and mainland. The AMOVA com-

ponent of variance includes FPT, an analogue of FST (35, 

42-44).  

Genetic diversity of C. speciosus on Andaman & Nicobar 

Islands               

Oceanic islands are windows for understanding the pat-

tern and process of evolution. They have served as case 

studies for formulating and refining hypotheses on bioge-

ography, evolution and ecological processes  (7, 45-49). 

Studies indicate that Island populations contain less varia-

tion than their mainland counterparts, a phenomenon 

usually resulting from the founder effect and genetic drift 

in these small populations (50-52). Consequently, these 

populations facing genetic drift, restricted gene flow and 

inbreeding exhibit higher rates of genetic differentiation.   

A previous study on genetic diversity of C. speciosus in An-

daman and Nicobar Islands using RAPD markers showed 

relatively high rates of genetic similarity (29, 53). In the 

present study, a more precise and stringent marker sys-

tem, ISSR, was used in addition to RAPD to assess the ge-

netic diversity of the Island populations. The study shows 

the  prevalence of high rate of Gst (0.96) in island popula-

tions of C. speciosus compared to populations in the other 

two biogeographical zones on the mainland. The heterozy-

gosity level in the island populations of Andaman and 

Nicobar was estimated to be 0.10, indicating the increased 

inbreeding in the population. Similarly, reduced % of poly-

Fig. 3. AMOVA analysis showing the percentage of molecular variance in 
populations of C. speciosus from Mainland (WG and EG) and Island (Andaman 
and Nicobar Islands) biogeographical regions.  

Fig. 4. Two-dimensional Principal Co-ordinate analysis of populations of C. speciosus from three biogeographic zones of peninsular India using SPAR markers.  
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morphic loci (22.29%) suggests increased homozygosity in 

the alleles and the rate of gene flow (Nm = 0.02) is almost 

negligible, apparently indicating the presence of genetic 

drift in the island population of C. speciosus. It has been 

observed that the gene flow between the populations from 

Andaman Island and the Nicobar Islands is very less and 

negligible. We assume that the absence of potential dis-

persal agents and the presence of ocean forming a natural 

barrier between these islands are the elements for the re-

duction in gene flow. This might have led to widespread 

selfing and shifting to the vegetative mode of multiplica-

tion, for its survival in these islands. This corroborates with 

the low heterozygosity and high Gst level found in island 

populations of C. speciosus. The low genetic diversity in 

this species may be due to the recent environmental or 

anthropogenic habitat deterioration on these islands  (54, 

55). 

Effect of allopolyploidy on evolution and speciation of C. 

speciosus             

It has been suggested that structural and numerical chang-
es in the genetic material bear direct relationship to the 

evolution of the particular taxa. Karyomorphological data 

has helped researchers better understand the events    

occurring in evolution (56-59). The abundance of growth of 

taxa belonging to Zingiberaceae is suspected to be due to 

the existence of polyploid cytotype forms (60-63).           

Incidentally, C. speciosus is also found to exist in different 

cytotypes like diploid, triploid and tetraploid forms             

(4-6, 64-66). Previous studies revealed that C. speciosus is 

segregated in these different biogeographical zones and 

exists at different ploidy levels. For instance, as diploids in 

the Eastern Ghats, triploids and hexaploids in the Anda-

man and Nicobar islands, and tetraploids in the Western 

Ghats and Southern part of Indian Peninsula (4, 6, 39, 67). 

These studies suggest the role of allopolyploidy in the evo-

lution of these cytotypes. Instances of karyomorphology 

and its effects on events of evolution are reported in some 

genera like Chlorophytum (68, 69), Smilax (70), Vernonia 

(71) and Blumea (72). Interestingly, the phenomenon of 

polyploidy has been suggested as the source of evolution 

in plants (73-80). 

 The differences in the distribution and genetic fit-
ness of population from the Eastern Ghats and the Western 

Ghats may be attributed to the allopolyploid nature of the 

taxa. The wild populations in the Eastern Ghats are pre-

dominantly diploid in nature. However, polyploids are also 

found in the domesticated populations. It may have been 

introduced from other biogeographical regions for cultiva-

tion. The populations from the Western Ghats have a      

variety of cytotypes, mostly tetraploids along with diploid 

populations, which are restricted to wet evergreen popula-

tions. The formation of tetraploids may be due to the sta-

ble heterosis events seen in allopolyploids (81-83). The 

polyploids usually acquire neo-functionalization or sub-

functionalization, which helps them in potential niche  

expansion by an increase of flexibility and adaptability in 

the taxa’s response to environmental changes (84-86). The 

predominant distribution of C. speciosus in the Western 

Ghats may be due to the increased adaptability of the taxa 

to variable microclimatic conditions and varying vegeta-

Fig. 5. Two-dimensional Principal Co-ordinate analysis of populations of C. speciosus from Western Ghats and Eastern Ghats.  

Fig. 6. AMOVA analysis showing the percentage of molecular variance in popu-
lations of C. speciosus from Western Ghats and Eastern Ghats.  
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tion. However, studies reveal that there may be a substan-

tial reduction in fitness in such taxa (82). Polyploidy in-

creases homogeneity in the taxa as increase in the rate of 

fixation of alleles may lead to decrease in genetic diversity 

of the populations; which is evident in the populations 

from all the three biogeographical regions of peninsular 

India. Tetraploid populations contain twice the number of 

copies of genes compared to the diploid populations. 

Therefore, they can harbour a large amount of genetic di-

versity owing to more mutations and thus lower the im-

pact of genetic drift. A similar rate of migration of individu-

als between populations will lead to low degree of genetic 

differentiation in polyploids compared to diploid popula-

tions (87-92). Similar results are evident in the Western and 

Eastern Ghats populations of C. speciosus in Peninsular 

India.  The genetic similarity in the Western Ghats (0.72) is 

less compared to the Eastern Ghats (0.90). 

 Previous studies reveal the fact that populations of 

C. speciosus on the Andaman and Nicobar Islands mostly 

comprised of triploids and hexaploids apart from diploids. 

It was suggested (93, 94) that the triploid individuals are 

most likely sterile. Later, researchers (95), determined that 

polyploidy may often lead to extinction than diversifica-

tion. In the present study, the island populations comprise 

very low heterozygosity (Ht = 0.10) suggesting the rate of 

fixation is more in these populations. The gene flow 

among the populations on islands is almost absent        

(Nm = 0.02). The higher levels of genetic similarity (0.99) in 

certain accessions may be attributed to the increase in the 

fixation of genes resulting from the allopolyploidy. The 

interaction and gene flow between the populations are 

minimal suggesting a higher risk of extinction in these is-

land populations. Interestingly, other genetic diversity 

indices measured also substantiate a similar scenario.   

 

Conclusion   

The present study assumes significance as it provides fur-
ther insight in to the pattern and extent of genetic varia-
tion in this medicinal plant. This is the first study on the 
comparative genetic diversity of C. speciosus using SPAR 
markers. The genetic diversity of C. speciosus in all the 
three biogeographical regions showed relatively very low 
levels of heterozygosity. Albeit, C. speciosus is reported to 
have wide spread distribution, the density of the popula-
tion is seen to be higher in the wet evergreen vegetation 
compared to other vegetation patterns. The prevalence of 
many micro-climatic zones in the Western Ghats and     
allopolyploidy in the taxa may have contributed to         
increased heterozygosity in C. speciosus of Western Ghats. 
The protection of existing patches of natural populations 
coupled with biotechnological intervention is not only  
essential but also a viable method for the long-term con-
servation of this taxa. 

 

Acknowledgements    

We greatly acknowledge the Director, Jawaharlal Nehru 
Tropical Botanic Garden & Research Institute, Thiruvanan-
thapuram and the Vice Chancellor of Central University of 

Kerala, Kasaragod, for all the supports rendered through-
out this study.   

 

Authors contributions   

MK carried out plant sample collection, conducted the 
experiments, analysed the data and prepared the draft 
manuscript. KS refined the data analysis, improved the 
manuscript. PP conceptualized the research problem, de-
signed the experiments and finalized the manuscript.   

 

Compliance with ethical standards   

Conflict of interest: The authors declare that they have no 
conflict of interest in the work reported in this paper.   

Ethical issues: None. 

 

References   

1. Sabitha A, Sulakshana G, Patnaik S. Costus speciosus, An Antidi-
abetic Plant-Review. FS. 2012; Jan 1;FS J Pharm Res. 
(3):52-53.  

2. Dasgupta B, Pandey VB. A source of diosgenin (Costus specio-
sus). Experientia. 1970;26:475-76. https://doi.org/10.1007/
BF01898450 

3. Jesus M, Martins APJ, Gallardo E, Silvestre S. Diosgenin: Recent 
Highlights on Pharmacology and Analytical Methodology. J Anal 
Methods Chem. 2016;2016:4156293. https://
doi.org/10.1155/2016/4156293 

4. Subrahmanyam GV. Intraspecific polyploidy in Costus speciosus. 
Curr Sci. 1978;47:435-36. 

5. Nagendra P, Abraham PZ. Polyploisy and speciation in Costus 
speciosus (Koenig) J E Smith.   Curr Sci. 1981;50:26-29. 

6. Chattopadhyay S, Sharma AK. Genetic diversity in Costus specio-
sus (Koen.) Sm. Cytologia. 1983;48:209-14. https://
doi.org/10.1508/cytologia.48.209 

7. Tyagi BR, Gupta MM. Ploidy status and diosgenin content in 
Costus speciosus (Koen.) Sm. Cytologia. 1987;52(1):41-46. 
https://doi.org/10.1508/cytologia.52.41 

8. Pawar VA, Pawar PR. Costus speciosus: An Important Medicinal 
Plant. 2012;3(7):6.  

9. Specht CD, Stevenson DW. A new phylogeny-based generic clas-
sification of Costaceae (Zingiberales). Taxon. 2006;55(1):153-63. 
https://doi.org/10.2307/25065537 

10. Maji P, Ghosh Dhar D, Misra P, Dhar P. Costus speciosus (Koen ex. 
Retz.) Sm.: Current status and future industrial prospects. In-

dustrial Crops and Products. 2020; Sep 15;152:112571. https://

doi.org/10.1016/j.indcrop.2020.112571 

11. Virk PS, Ford-Lloyd BV, Jackson MT, Newbury HJ. Use of RAPD 

for the study of diversity within plant germplasm collections. 

Heredit. 1995;74(2):170-79. https://doi.org/10.1038/hdy.1995.25 

12. Amiteye S. Basic concepts and methodologies of DNA marker 

systems in plant molecular breeding. Heliyon. 2021; Sep 30;7

(10):e08093. https://doi.org/10.1016/j.heliyon.2021.e08093 

13. Mohanty S, Panda MK, Acharya L, Nayak S. Genetic diversity and 

gene differentiation among ten species of Zingiberaceae from 

Eastern India. 3 Biotech. 2014;4:383-90. https://doi.org/10.1007/

s13205-013-0166-9 

14. Hossain MdA, Hossen M, Karim MdR. Molecular Markers: Indis-
pensable Tools for Genetic Diversity Analysis and Crop Improve-
ment Biotechnology. 2020; Jan 29;  

15. Frankel OH. Genetic conservation: our evolutionary responsibil-

https://doi.org/10.1007/BF01898450
https://doi.org/10.1007/BF01898450
https://doi.org/10.1155/2016/4156293
https://doi.org/10.1155/2016/4156293
https://doi.org/10.1508/cytologia.48.209
https://doi.org/10.1508/cytologia.48.209
https://doi.org/10.1508/cytologia.52.41
https://doi.org/10.2307/25065537
https://doi.org/10.1016/j.indcrop.2020.112571
https://doi.org/10.1016/j.indcrop.2020.112571
.%20https:/doi.org/10.1038/hdy.1995.25
https://doi.org/10.1016/j.heliyon.2021.e08093
https://doi.org/10.1007/s13205-013-0166-9
https://doi.org/10.1007/s13205-013-0166-9


 10    MANIKANTAN ET AL 

https://plantsciencetoday.online 

ity. Genetics. 1974;78(1):53-6 https://doi.org/10.1093/

genetics/78.1.53 

16. Govindaraj M, Vetriventhan M, Srinivasan M. Importance of ge-
netic diversity assessment in crop plants and its recent advanc-
es: An overview of its analytical perspectives. Genetics Research 

International. 2015; Mar 19;2015:e431487. https://

doi.org/10.1155/2015/431487  

17. Crawford DJ, Tago-Nakazawa M, Stuessy TF, Anderson GJ, Ber-
nardello G., Ruiz E, Jensen RJ, Baeza C, Wolfe AD, Silva M.  Inter-

simple sequece repeat (ISSR) variation in Lactoris fernandeziana 
(Lactoridaceae), a rare endemic of the Juan Fernández Archipel-

ago, Chile. Plant Species Biology. 2001;16:185-92. https://
doi.org/10.1046/j.1442-1984.2001.00065.x 

18. Emerson BC. Evolution on oceanic islands: molecular phyloge-

netic approaches to understanding pattern and process. Mol 
Ecol. 2002;11:951-66. https://doi.org/10.1046/j.1365-

294X.2002.01507.x 

19. Sharma K, Agrawal V, Prasad M, Gupta S, Kumar R, Prasad M. 
ISSR marker-assisted selection of male and female plants in a 

promising dioecious crop, Jojoba (Simmondsia chinensis) Plant 
Biotechnol Rep. 2008;2:239-43. https://doi.org/10.1007/s11816-

008-0070-7 

20. Das  A, Kesari V, Satyanarayana VM, Parida A, Rangan L. Genetic 
relationship of Curcuma species from Northeast India using PCR

-based markers. Molecular Biotechnology. 2011;49(1):65-76. 
https://doi.org/10.1007/s12033-011-9379-5 

21. Ronquist F, Sanmartín I. Phylogenetic methods in biogeogra-

phy. Annual Review of Ecology, Evolution and Systematics. 
2011;42:441-64. https://doi.org/10.1146/annurev-ecolsys-

102209-144710 

22. Sang-Bok Lee, Soren KR. Molecular markers in some medicinal 
plants of the Apiaceae family. Euphytica. 2000;114:87-91. 

https://doi.org/10.1023/A:1003919416122 

23. Mondini L, Noorani A, Pagnotta MA. Assessing plant genetic 
diversity by molecular tools. Diversity. 2009; Sep;1(1):19-35. 

https://doi.org/10.3390/d1010019 

24. Subramanyam  K, Nayar  MP. Vegetation and phytogeography of 
the Western Ghats. In: Ecology and Biogeography in India. 

Springer, Netherlands. 1974;178-96. https://doi.org/10.1007/978
-94-010-2331-3_7  

25. Ali  S, Ripley SD. Handbook of the birds of India and Pakistan 

(compact edition). New Delhi: Oxford University Press;1983. 

26. Myers N, Mittermeier RA, Mittermeier CG, da Fonseca GAB, Kent 
J. Biodiversity hotspots for conservation priorities. Nature. 
2000; Feb 1;403:853-58. https://doi.org/10.1038/35002501 

27. Rao RR. Floristic Diversity In Western Ghats: Documentation, 
Conservation and Bioprospection– A priority agenda for action. 
Sahyadri: Western Ghats Biodiversity Information System. EN-

VIS @CES, 2016; Indian Institute of Science, Bangalore. 

28. Pullaiah T. Medicinal Plants in Andhra Pradesh. New Delhi: Re-
gency Publication; India. 2002. 

29. Mandal AB, Thomas VA, Elanchezhian R. RAPD pattern of Costus 
speciosus Koen ex. Retz., an important medicinal plant from the 
Andaman and Nicobar Islands. Curr Sci. 2007;93(3):369-73. 

30. Arisdason W, Lakshminarasimhan P. An outline of plant diversi-
ty in the Andaman and Nicobar Islands. 8.  

31. Murray MG, Thompson WF. Rapid isolation of high molecular 
weight plant DNA. Nucleic Acids Res. 1980; Oct 10;8(19):4321-25. 

https://doi.org/10.1093/nar/8.19.4321 

32. Padmesh P, Reji JV, Jinish Dhar M, Seeni S. Estimation of genet-
ic diversity in varieties of Mucuna pruriens using RAPD. Biol 

Plant. 2006; Sep 1;50(3):367-72. https://doi.org/10.1007/s10535-
006-0051-z 

33. Padmesh P, Mukunthakumar S, Vineesh PS, Skaria R, Hari Ku-

mar K, Krishnan PN. Exploring wild genetic resources of Musa 

acuminata Colla distributed in the humid forests of southern 

Western Ghats of peninsular India using ISSR markers. Plant Cell 

Rep. 2012; Sep 31;(9):1591-601. https://doi.org/10.1007/s00299-

012-1273-5 

34. Yap  IV, Nelson RJ. WinBoot: a program for performing boot-

strap analysis of binary data to determine the confidence limits 

of UPGMA-based dendrograms. International Rice Research 

Institute, Manila. 1996;1-22. 

35. Peakall R, Smouse PE. genalex 6: genetic analysis in Excel. Pop-

ulation genetic software for teaching and research. Molecular 

Ecology Notes. 2006;6(1):288-95. https://doi.org/10.1111/j.1471-

8286.2005.01155.x 

36. Yeh FC, Yang RC, Boyle  T. POPGENE version 1.31. University of 

Alberta, Canada. 1999. 

37. Manners V, Kumaria S, Tandon P. SPAR methods revealed high 

genetic diversity within populations and high gene flow of Van-

da coerulea Griff ex Lindl (Blue Vanda), an endangered orchid 

species. Gene. 2013; Apr 25;519(1):91-97. https://

doi.org/10.1016/j.gene.2013.01.037 

38. El-Esawi MA, Germaine K, Bourke P, Malone R. Genetic diversity 

and population structure of Brassica oleracea germplasm in 

Ireland using SSR markers. Comptes Rendus Biologies. 2016; 

Mar 1;339(3):133-40. https://doi.org/10.1016/j.crvi.2016.02.002 

39. Subrahmanyam GV, Khoshoo TN. Cytological studies in the 

genus Costus. Cytologia. 1986;51:737-48. https://

doi.org/10.1508/cytologia.51.737 

40. Caspel P, Poulsen A, Moeller M. New chromosome counts of 

Asian costaceae and initial insights into the genome evolution 

of the family. Edinburgh Journal of Botany. 2021; Mar 10;78:1-

13. https://doi.org/10.24823/EJB.2021.337 

41. PK. A Metapopulation Perspective on Genetic Diversity and 

Differentiation in Partially Self-Fertilizing Plants. Evolution. 

2002;56(12):2368-73. https://doi.org/10.1111/j.0014-

3820.2002.tb00162.x 

42. Wright  S. The interpretation of population structure by F-

statistics with special regard to systems of mating. Evolu-

tion.1965; 395-420. https://doi.org/10.1111/j.1558-

5646.1965.tb01731.x 

43. Emerson BC. Evolution on oceanic islands: molecular phyloge-

netic approaches to understanding pattern and process. Mol 

Ecol. 2002; Jun;11(6):951-66. https://doi.org/10.1046/j.1365-

294X.2002.01507.x 

44. Meirmans PG, Liu S. Analysis of Molecular Variance (AMOVA) for 

Autopolyploids. Frontiers in Ecology and Evolution. 2018. 

https://www.frontiersin.org/articles/10.3389/fevo.2018.00066. 

https://doi.org/10.3389/fevo.2018.00066 

45. Carlquist S, Baldwin BG, Carr GD. Tarweeds and silverswords: 

evolution of the Madiinae (Asteraceae) Missouri Botanical Gar-

den Press, St. Louis, Missouri, USA. 2003. 

46. Givnish  TJ, Millam  KC, Mast  AR, Paterson  TB, Theim  TJ, Hipp  

AL, Sytsma  KJ. Origin, adaptive radation and diversification of 

the Hawaiian lobeliads (Asterales: Campanulaceae). In: Pro-

ceedings of the Royal Society of London B: Biological Sciences. 

2009;276(1656):407-16. https://doi.org/10.1098/rspb.2008.1204 

47. García-Verdugo C, Fay MF. Ecology and evolution on oceanic 

islands: broadening the botanical perspective. Botanical Jour-

nal of the Linnean Society. 2014;174(3):271-75. https://

doi.org/10.1111/boj.12154 

48. Kueffer C, Drake DR, Fernández-Palacios JM. Island biology: 

looking towards the future. Biology Letters. 2014; Oct 31;10

(10):20140719. https://doi.org/10.1098/rsbl.2014.0719 

49. Borregaard M, Amorim I, Borges P, Sarmento Cabral J, Fernán-

https://plantsciencetoday.online
https://doi.org/10.1093/genetics/78.1.53
https://doi.org/10.1093/genetics/78.1.53
https://doi.org/10.1155/2015/431487
https://doi.org/10.1155/2015/431487
https://doi.org/10.1046/j.1442-1984.2001.00065.x
https://doi.org/10.1046/j.1442-1984.2001.00065.x
https://doi.org/10.1046/j.1365-294X.2002.01507.x
https://doi.org/10.1046/j.1365-294X.2002.01507.x
https://doi.org/10.1007/s11816-008-0070-7
https://doi.org/10.1007/s11816-008-0070-7
https://doi.org/10.1007/s12033-011-9379-5
https://doi.org/10.1146/annurev-ecolsys-102209-144710
https://doi.org/10.1146/annurev-ecolsys-102209-144710
https://doi.org/10.1023/A:1003919416122
https://doi.org/10.3390/d1010019
https://doi.org/10.1007/978-94-010-2331-3_7
https://doi.org/10.1007/978-94-010-2331-3_7
https://doi.org/10.1038/35002501
https://doi.org/10.1093/nar/8.19.4321
https://doi.org/10.1007/s10535-006-0051-z
https://doi.org/10.1007/s10535-006-0051-z
https://doi.org/10.1007/s00299-012-1273-5
https://doi.org/10.1007/s00299-012-1273-5
https://doi.org/10.1111/j.1471-8286.2005.01155.x
https://doi.org/10.1111/j.1471-8286.2005.01155.x
https://doi.org/10.1016/j.gene.2013.01.037
https://doi.org/10.1016/j.gene.2013.01.037
https://doi.org/10.1016/j.crvi.2016.02.002
https://doi.org/10.1508/cytologia.51.737
https://doi.org/10.1508/cytologia.51.737
https://doi.org/10.24823/EJB.2021.337
https://doi.org/10.1111/j.0014-3820.2002.tb00162.x
https://doi.org/10.1111/j.0014-3820.2002.tb00162.x
https://doi.org/10.1111/j.1558-5646.1965.tb01731.x
https://doi.org/10.1111/j.1558-5646.1965.tb01731.x
https://doi.org/10.1046/j.1365-294X.2002.01507.x
https://doi.org/10.1046/j.1365-294X.2002.01507.x
https://doi.org/10.3389/fevo.2018.00066
https://doi.org/10.1098/rspb.2008.1204
https://doi.org/10.1111/boj.12154
https://doi.org/10.1111/boj.12154
https://doi.org/10.1098/rsbl.2014.0719


11 

Plant Science Today, ISSN 2348-1900 (online) 

dez-Palacios J, Field R et al. Oceanic island biogeography 

through the lens of the general dynamic model: Assessment and 
prospect. Biological Reviews. 2017; May 1;92:830-53. https://

doi.org/10.1111/brv.12256 

50. Barrett SCH, Husband  BC, Brown  AHD, Clegg  MT, Kahler  AL, 
Weir  BS. The genetics of plant migration and colonization. Plant 

population genetics, breeding and genetic resources. 1990;254-
77. 

51. Larson BM, Barrett SC. Reproductive biology of island and main-

land populations of Primula mistassinica (Primulaceae) on Lake 
Huron shorelines. Canadian Journal of Botany. 1998;76(11):1819

-27. https://doi.org/10.1139/b98-150 

52. Furlan E, Stoklosa J, Griffiths J, Gust N, Ellis R, Huggins RM et al. 
Small population size and extremely low levels of genetic diver-

sity in island populations of the platypus, Ornithorhynchus anat-
inus. Ecol Evol. 2012; Apr;2(4):844-57. https://doi.org/10.1002/

ece3.195 

53. Chaudhary A, Mair L, Strassburg BBN, Brooks TM, Menon V, 
McGowan PJK. Subnational assessment of threats to Indian 

biodiversity and habitat restoration opportunities. Environ Res 
Lett. 2022; Apr;17(5):054022. https://doi.org/10.1088/1748-9326/

ac5d99 

54. Schlaepfer DR, Braschler B, Rusterholz HP, Baur B. Genetic 
effects of anthropogenic habitat fragmentation on remnant 

animal and plant populations: a meta-analysis. Ecosphere. 
2018;9(10):e02488. https://doi.org/10.1002/ecs2.2488 

55. Sarath P, Dev SA, Sreekumar V, Dasgupta M. Anthropogenic 

threats and habitat degradation challenge the conservation of 
palm genetic resources—an appraisal of current status, threats 

and look-ahead strategies. Biodivers Conserv. 2022. Available 
from: https://doi.org/10.1007/s10531-022-02512-8 

56. Love A, Love D.  Plant Chromosomes. J Cramer Inder A B Cortner 

Verlag Commanditgesellschaft. 1975. 

57. Stebbins, GL. Chromosomal Evolution in Higher Plants. Edward 
Arnold LTD, London. 1971;87-89. 

58. de Resende KFM. Karyotype Evolution: Concepts and Applica-
tions. In: Bhat TA, Wani AA, editors. Chromosome Structure and 

Aberrations New Delhi: Springer India. 2017;p. 181-200. Availa-

ble from: https://doi.org/10.1007/978-81-322-3673-3_9. https://
doi.org/10.1007/978-81-322-3673-3_9 

59. Sun W, Wang H, Wu R, Sun H, Li Z. Karyomorphology of three 

endemic plants (Brassicaceae: Euclidieae and Arabideae) from 
the Qinghai-Tibet Plateau and its significance. Plant Diversity. 

2020; Jun 1;42(3):135-41. https://doi.org/10.1016/
j.pld.2020.03.002 

60. Chakravorti AK. Multiplication of chromosome numbers in rela-

tion to speciation in Zingeberaceae. Sci Cult. 1948;14:137-40. 

61. Sharma AK, Bhattacharya NK. Cytology of several members of 
Zingeberaceae and a study of intensity of their chromosome 
complements. La cellule. 1959;59:299-346. 

62. Nopporncharoenkul N, Chanmai J, Jenjittikul T, Anamthawat-
Jónsson K, Soontornchainaksaeng P. Chromosome number 
variation and polyploidy in 19 Kaempferia (Zingiberaceae) taxa 
from Thailand and one species from Laos. Journal of Systemat-
ics and Evolution. 2017;55(5):466-76. https://doi.org/10.1111/
jse.12264 

63. Anamthawat-Jónsson K, Umpunjun P, Anamthawat-Jónsson K, 
Umpunjun P. Polyploidy in the Ginger Family from Thailand. 
Chromosomal Abnormalities. IntechOpen. 2020. Available from: 
https://www.intechopen.com/state.item.id. https://
doi.org/10.5772/intechopen.92859 

64. Ramachandran K. Chromosome numbers in Zingeberaceae. 
Cytologia. 1969;34:213-21. https://doi.org/10.1508/
cytologia.34.213 

65. Eksomtramage L, Sirirugsa P, Sawangchote P, Jornead S, Sak-

nimit T, Leeratiwong C. Chromosome number of some monocot 
species from Ton-Nga-Chang Wildlife Sanctuary, southern Thai-
land. Thai Forest Bulletin (Botany). 2001;(29):63-71. 

66. Lodh D, Basu S. Karyomorphological analysis and cytotypic 
diversity in natural populations of Costus speciosus Koen. ex 
Retz. Nucleus. 2013; Dec 1;56(3):155-62. https://doi.org/10.1007/
s13237-013-0092-6 

67. Manju Baby I, Mathew PJ, Mathew PM. Cytological studies in 
Cheilocostus speciosus (Koenig) Specht. (Costaceae). J cytol 
Genet. 2013;14(NS):115-22.  

68. Mathew PM, Thomas KJ.Cytological studies in Chlorophytum. 
New Botanist 1974;1:34-45. 

69. Lekhak MM, Adsul AA, Yadav SR. Cytotaxonomical investigations 
into the genus Chlorophytum from India. Kew Bulletin. 2012;67
(2):285-92. https://doi.org/10.1007/s12225-012-9355-7 

70. Vijayavalli B, Mathew PM. Cytotaxonomy of the Liliaceae and 
allied families. Trivandrum, India: Continental Publishers. 1990. 

71. Mathew A, Mathew PM. (). Cytological studies on the South Indi-
an Compositae. In: PKK Nair (Editor), Glimpses in plant sciences 
Vol VII, Cytological Research Monograph. New Delhi: Today and 
Tomorrow Printers & Publishers. 1988. 

72. Salles-de-Melo M, Lucena R, Semir J, Carvalho R, Pereira R, Isep-
pon A. Karyological features and cytotaxonomy of the tribe 
Vernonieae (Asteraceae). Plant Systematics and Evolution. 2010; 
Mar 1;285:189-99.  https://doi.org/10.1007/s00606-010-0277-2 

73. Blanc G. Wolfe KH. Widespread paleopolyploidy in model plant 
species inferred from age distributions of duplicate genes. Plant 
Cell. 2004;16:1667-78. https://doi.org/10.1105/tpc.021345 

74. Chen Z. Genetic and epigenetic mechanisms for gene expres-
sion and phenotypic variation in plant polyploids. Annu Rev 
Plant Biol. 2007;58:377-406. https://doi.org/10.1146/
annurev.arplant.58.032806.103835 

75. Soltis P, Soltis D. The role of hybridization in plant speciation. 
Ann Rev Plant Biol 2009;60:561-88. https://doi.org/10.1146/
annurev.arplant.043008.092039 

76. Madlung A, Henkhaus N, Jurevic L, Kahsai EA, Bernhard J.  Natu-
ral variation and persistent developmental instabilities in geo-
graphically diverse accessions of the allopolyploid Arabidopsis 
suecica. Physiol Plant Stebbins G L (1971). Chromosomal evolu-
tion in higher plants. 2012;144:123-33. https://doi.org/10.1111/
j.1399-3054.2011.01526.x 

77. Madlung A. Polyploidy and its effect on evolutionary success: 
old questions revisited with new tools. Heredity. 2013; Feb;110
(2):99-104. https://doi.org/10.1038/hdy.2012.79 

78. Mallick PK. Karyotypic Analysis of four Species of Genus Blumea 
(Asteraceae) from Nepal. International Journal of Applied Sci-
ences and Biotechnology. 2018; Jun 29;6(2):115-21. https://
doi.org/10.3126/ijasbt.v6i2.20414 

79. Zhang K, Wang X, Cheng F. Plant Polyploidy: Origin, Evolution 
and Its Influence on Crop Domestication. Horticultural Plant 
Journal. 2019; Nov 1;5(6):231-39. https://doi.org/10.1016/
j.hpj.2019.11.003 

80. Van de Peer Y, Ashman TL, Soltis PS, Soltis DE. Polyploidy: an 
evolutionary and ecological force in stressful times. The Plant 
Cell. 2021; Jan 1;33(1):11-26. https://doi.org/10.1093/plcell/
koaa015 

81. Ohno S. Evolution by Gene Duplication. Springer Verlag: New 
York. 1970. https://doi.org/10.1007/978-3-642-86659-3 

82. Comai L. The advantages and disadvantages of being polyploid. 
Nat Rev Genet. 2005;6:836-46. https://doi.org/10.1038/nrg1711 

83. Baduel P, Bray S, Vallejo-Marin M, Kolář F, Yant L. The “Polyploid 
Hop”: Shifting challenges and opportunities over the evolution-
ary lifespan of genome duplications. Frontiers in Ecology and 
Evolution. 2018;6. Available from: https://www.frontiersin.org/
articles/10.3389/fevo.2018.00117. https://doi.org/10.3389/

https://doi.org/10.1111/brv.12256
https://doi.org/10.1111/brv.12256
https://doi.org/10.1139/b98-150
https://doi.org/10.1002/ece3.195
https://doi.org/10.1002/ece3.195
https://doi.org/10.1088/1748-9326/ac5d99
https://doi.org/10.1088/1748-9326/ac5d99
https://doi.org/10.1002/ecs2.2488
https://doi.org/10.1007/s10531-022-02512-8
https://doi.org/10.1007/978-81-322-3673-3_9
https://doi.org/10.1007/978-81-322-3673-3_9
https://doi.org/10.1016/j.pld.2020.03.002
https://doi.org/10.1016/j.pld.2020.03.002
https://doi.org/10.1111/jse.12264
https://doi.org/10.1111/jse.12264
https://doi.org/10.5772/intechopen.92859
https://doi.org/10.5772/intechopen.92859
https://doi.org/10.1508/cytologia.34.213
https://doi.org/10.1508/cytologia.34.213
https://doi.org/10.1007/s13237-013-0092-6
https://doi.org/10.1007/s13237-013-0092-6
https://doi.org/10.1007/s12225-012-9355-7
https://doi.org/10.1007/s00606-010-0277-2
https://doi.org/10.1105/tpc.021345
https://doi.org/10.1146/annurev.arplant.58.032806.103835
https://doi.org/10.1146/annurev.arplant.58.032806.103835
https://doi.org/10.1146/annurev.arplant.043008.092039
https://doi.org/10.1146/annurev.arplant.043008.092039
https://doi.org/10.1111/j.1399-3054.2011.01526.x
https://doi.org/10.1111/j.1399-3054.2011.01526.x
https://doi.org/10.1038/hdy.2012.79
https://doi.org/10.3126/ijasbt.v6i2.20414
https://doi.org/10.3126/ijasbt.v6i2.20414
https://doi.org/10.1016/j.hpj.2019.11.003
https://doi.org/10.1016/j.hpj.2019.11.003
https://doi.org/10.1093/plcell/koaa015
https://doi.org/10.1093/plcell/koaa015
https://doi.org/10.1007/978-3-642-86659-3
https://doi.org/10.1038/nrg1711
https://doi.org/10.3389/fevo.2018.00117


 12    MANIKANTAN ET AL 

https://plantsciencetoday.online 

fevo.2018.00117 

84. Adams K, Wendel J. Polyploidy and genome evolution in plants. 
Curr Opin Plant Biol. 2005;8:135-41. https://doi.org/10.1016/

j.pbi.2005.01.001 

85. Moore RC, Purugganan MD. The evolutionary dynamics of plant 
duplicate genes. Curr Opin Plant Biol. 2005; 8:122-28. https://
doi.org/10.1016/j.pbi.2004.12.001 

86. Lynch M. The Origins of Genome Architecture. Sinauer: Sunder-
land, MA. 2007. 

87. Haldane JBS. Theoretical genetics of autopolyploids. J Genet. 
1930;22:359-72. https://doi.org/10.1007/BF02984197 

88. Moody ME, Mueller LD, Soltis DE. Genetic-variation and random 
drift in autotetraploid populations. Genetics 134:1993;649-57. 
https://doi.org/10.1093/genetics/134.2.649 

89. Obbard DJ, Harris S, Pannell JR. Simple allelic-phenotype diver-

sity and differentiation statistics   for allopolyploids. Heredity. 
2006;97:296-303. https://doi.org/10.1038/sj.hdy.6800862 

90. Birchler JA. Genetic consequences of polyploidy in plants. In: 

Soltis PS, Soltis DE, Editors. Polyploidy and Genome Evolution. 
Berlin, Heidelberg: Springer; 2012. Available from: https://

doi.org/10.1007/978-3-642-31442-1_2 

91. Assoumane A, Zoubeirou AM, Rodier-Goud M, Favreau B, Bez-

ançon G, Verhaegen D. Highlighting the occurrence of tetra-
ploidy in Acacia senegal (L.) Willd. and genetic variation pat-

terns in its natural range revealed by DNA microsatellite mark-
ers. Tree Genetics and Genomes. 2013; Feb 1;9(1):93-106. 

https://doi.org/10.1007/s11295-012-0537-0 

92. Meirmans PG, Van Tienderen PH. The effects of inheritance in 
tetraploids on genetic diversity and population divergence. 

Heredity. 2013;110:131-37. https://doi.org/10.1038/hdy.2012.80 

93. Levin D. Minority cytotype exclusion in local plant populations. 
Taxon. 1975; 24:35-43. https://doi.org/10.2307/1218997 

94. Kovalsky IE, Roggero Luque JM, Elías G, Fernández SA, Solís 
Neffa VG. The role of triploids in the origin and evolution of poly-

ploids of Turnera sidoides complex (Passifloraceae, Turneroide-

ae). J Plant Res. 2018; Jan 1;131(1):77-89. https://
doi.org/10.1007/s10265-017-0974-9 

95. Mayrose I, Zhan SH, Rothfels CJ, Magnuson-Ford K, Barker MS, 

Rieseberg LH.  Recently       formed polyploid plants diversify at 
lower rates. Science. 2011;333:1257. https://doi.org/10.1126/

science.1207205  

https://plantsciencetoday.online
https://doi.org/10.3389/fevo.2018.00117
https://doi.org/10.1016/j.pbi.2005.01.001
https://doi.org/10.1016/j.pbi.2005.01.001
https://doi.org/10.1016/j.pbi.2004.12.001
https://doi.org/10.1016/j.pbi.2004.12.001
https://doi.org/10.1007/BF02984197
https://doi.org/10.1093/genetics/134.2.649
https://doi.org/10.1038/sj.hdy.6800862
https://doi.org/10.1007/978-3-642-31442-1_2
https://doi.org/10.1007/978-3-642-31442-1_2
https://doi.org/10.1007/s11295-012-0537-0
https://doi.org/10.1038/hdy.2012.80
https://doi.org/10.2307/1218997
https://doi.org/10.1007/s10265-017-0974-9
https://doi.org/10.1007/s10265-017-0974-9
https://doi.org/10.1126/science.1207205
https://doi.org/10.1126/science.1207205

