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1. Introduction 

The genus Areca L belongs to th e sub -tribe Arecinae and trib e Arecae in the 
family Arecace ae and comprises 45 species (Plan t List, 2013), growing in h ot and 
humid tropical regions of the wo rld. Among those, Areca catechu 1. is th e only 
cultiva ted species, cultiv ate d mainly in Ban gladesh , China , India, Indon esia, 
Malaysia, Myanmar, the Philippines, Sri lanka, Thailand and Vietnam. It is believed 
tha t the Sou th East Asian region is the cen tre of origin for A. catechu 1. (Bavappa 
et al., 1982). It is a monoecious, unbran ched p alm, w ide ly use d for masticator y 
purposes, either alone or along with slaked lim e, betel leaf (Piper betle L) and 
tobacco. The nuts also pla y a major role in many of the social, religiou s functions, 
known for its medicin al import ance. The nuts are being sold as ripe, dr ied , cured 
and processed form s. 

In India, the Areca palm is commonly cultivat ed in the plains and foothills of 
the Western Ghats region of states such as Kerala, Karnataka, Goa and some pa r ts 
of Maharashtra and Gujarat and in the North Eastern sta tes of Assam, Meghalay a 
and Wes t Beng al. Ind ia stands top in both area and production of arecanut in the 
world, where it is grown in an area of 446 th ou sand hectar es w ith produc tion of 
609thousand tones (FAOSTAT, 2013). The country accounts for 57 per cent in area 
and 53 per cent of the total wo rld production , of which the three states uiz., Kerala, 
Karnataka and Assa m contributing 90 pe r cent of area under cultivation and 95 
per cent of the production (Rajagopa l and Balasim ha, 2004). The crop provides 
economic secur ity for milli ons of peo ple and for many sole means of livelihood in 
the Indian sub-con tinent, South East Asian coun tries and also in some of the Pacific 
islands (Sanka ran et al. , 2013) . 
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2. Genetic Diversity in Arecanut 
A number of cultivars (ecotypes) have been identified from va rious arecan ut 

gro w ing regions within the coun try as well as from othe r p arts of the world 
(Bavappa, 1963). A field gene bank is being maintained at TCAR-Central Plan tat ion ;\1, 

Crops Resea rch Institute (CPCRI), Region al Sta tion, Vitt al, Karna taka, which is 
considered to be the largest assemblage of the Areca germ plasm in the world. A 
tot al of 173 access ions have been collected so far (TCAR-CPCRT,2016), tha t includes 
23 exotic accessions from va rious South East Asian countries representing three 
species oiz.,Areca catechu L., A. concinna Thw. and A. triandra Roxb.The indigen ou s 
collections, numbering 150, comprise of collections from Assa m, Goa, Guja ra t, 
Kar nata ka, Kera la, Mah ar ashtr a, Megh alaya, Tami l Na d u, Wes t Bengal, an d 
Anda man and Nicoba r group of Tslands (Ananda, 2006). 

Earlier work in arecanut were ma inly focused on stu dies on floral mo rpho logy, Figure 
cytogenetics, biochemis try, plant pathology an d plant physiology (Bha t, 1982; Joshi 
and Reddy, 1982; Bhat, 1985).Evaluation of arecanu t germplasm has been attemp ted 
using morphological traits and yield criteria (Ananda ei al., 2000; Rajesh , 2007). palms 
The informa tion ga the red regarding the d iversity, relationship, phylogeny amo ng embry 
areca nut accessions using morphological and biochemi cal approaches ar e not in.f1ore 
reliable as envi ronme ntal facto rs greatly influence yield, growth and d evelopment for the 
of perennial cro ps . Hen ce, DNA-based ma rker systems have been utilized for Sa 
assessme nt of gene tic dive rsity in arecanut in recent yea rs accessi 

the 30 3. Using DNA-based Markers in Arecanut reliabi 
Tn arecanut, the most wi dely used m olecul ar marker has been the Random ­ maxim 

Amplified Polymorphic DNA (RAPD), since it is cost effective, easy to handle, OPF-4 
versatile, and can distinguish sligh t changes in the polymorphic DNA among the showe 
populations. Rajesh et al. (2007) carr ied out op timization of RAPD protocol for OPH-8 
arecanut. Purush oth am et al. (2008) carried out assessme nt of exte nt of gene tic 1 show 
diversity in 11 arecanut cultiva rs collected from the Western Gha ts regions of Indi a groupE 
using RAPD technique. Two major clus ters we re formed of w hich ten cultivars The cit 
formed the major clus ter ('A' ) w hile Mohitnagar alone formed a sepa rate clus ter five ao 
('B') (Figure 14.1). Two un ique amplicons p rod uced by primers OPA-13 and OPA­
15 we re speci fic to all the cultiva rs in cluster 'A' . The cluster 'A' was subdiv ided 
in to two minor clus te rs, 'A / and'A ' com prising of nine cult ivar s and one cultivar Al z 
respectively. The sub-cluster 'A/ consisted of two minor clus ters 'Al . ' and 'Alb" 
w ith Mohitnagar inter se forming one gro up wh ile eight cultivars groupe d in to 
anothe r, segregated into three gro ups . The Maidhan varieties we re close ly linked 
with each othe r while the exotic Saigon-12 formed a distinct clade in this group . An 
unique band produced by the p rimer OPD-05 was specific Cluster 'A/.The results 
of the study revealed that despite their narr ow dist ribution in the Wes tern Ghats, 
the accessions showed moderate polym orphism . 

Gene tic fide lity of arecanut plantlets that we re derived th rough direct somatic L 
embryogenes is from the Yellow Leaf Disease (YLD) resistant arecanu t palms was 

Fi~ 
carr ied out by Karun ei al. (2008) utilizin g RAPD mark ers (Figure 14.2). Eight ( 

plantlets derived through direct soma tic embryogenes is from the YLD moth er 
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sy, Figure 14.1: Dendrogram Showing RAPD Marker Based Genetic Distance among the 
shi 11 Arecanut Cult ivars from Western Ghats (Purusholham et et., 2008). 
.ed 
17). palms were studied. It was concluded that the plantlets derived from di rec t somatic 

embryogenesis showed less variation under in vitro con d itions and hence themg 
10 t inflorescence cu lture derived plantlets cou ld be employed fo r m ass multip lication 

fo! the desi rable qualities in the elite palms. 

for 
m t 

Sanka ran et at. (2013) asse ssed the genetic diversity among 10 arecanut 
accessions from the Andaman and N icobar Islands using RAPD markers . Among 
the 30 RAPD primers, 11 were se lected to de tect polymorphism based on their 
reliability in pooled DNA. They considered the primers OPF-16, which produced 

) m maximum number of bands (49), OPF-8 and OPH-35 (producing 48 bands each), 
lle, OPF-41 and OPF-9 each produced a minimum number of 39 bands. Their stud ies 
th e sh ow ed that the percentage of polymorphism ranged from 50 to 100, with primers 
for OPH-8, OPH-35, OPP-46 and OPF-8 showing 100 per cent polymorphism while OPF­
tic 1 showing only 50 per cent. The di versity analysis revealed that the accessions were 
:iia grouped in two clusters as wild ones segregated from th e cu ltivated nine accessions . 
ars The cluster of cultivated ecotypes was further sp lit into two clades w ith four an d 
ter five accessions respectively . These results were in conformity with those obtained 
'A ­
.ed 
lar 

'lb ' 

to 
.ed 
An 
tits 
Its, 

rtic 
las Figure 14.2: RAPD Banding Profile of in vi tro Propagated Plantlets and Field 
~ht Grown Mother Palms [A1-A8: Plantlets derived from the mother palm AS; 
1er B1-B8: Plantlets derived from the mother palm B9] (Karun et el., 2008). 
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by Purush otham et ai. (2008) as huge variability amo ng the wild and cultiva ted 
ge notypes w as obse rved . It implied that selection of app ropria te accessions of 
arecanu t for hybridizati on or br eeding programs is imperati ve. 

Hu et al. (2009) report ed isolation of nine novel micr osatellite loci from A.catechu 
germplasm conserved in Taiwan . When the se SSRs were utilized for ge rm plasm 
eva luation, 5-15 alleles were de tected; null alleles we re also recorded in five loci. 
The first large scale s tudies of estima tion of ge ne tic diversit y in arecan u t w ere 
conducted by Bhar ath et al. (2012), who stu died the ge netic diversity amo ng 60 
arecanu t accessions utilizing mi crosatellite m arkers . Nine microsat ellit e markers 
specific to areca nut, isolat ed earlier by Hu etal. (2009), w ere employed for ana lys is . 
The accessio ns stud ied w ere the collections from Konkan , No rth East region and 
Anda m an and Nicobar Islands of Indi an sub-con tinen t, an d exo tic collections from 
differ ent ar ecanut growing regions of South East Asia and Pacific Islands. The 
results sho we d that all of the microsa tellites showed p olymorphism excep t one . The 
clu ster analys is revealed that they formed tw o m ajor clusters: Clus te r I comprised 
of exclus ive ly the Konkan collections and Clus ter II was formed due to collections 
from Nor th East and exo tic collections . Amo ng the collections fro m India, Konkan 
collectio ns forme d two distinct clusters. 

Bhara th et al. (2015) carried out RAPD ana lys is using 14 polymorphic in 60 
access ions [43 indigeno us (Konkan I and II, Maidhan, North Eas t and And arnan 
and N icobar Islands) and 17 exotic ge rmplasm] collec ted from various parts of 
Sou th East As ia and Pacific region (British Solomon Islands, China / Fiji, Indon esia, 
Singapore, Sri Lan ka and Vietna m), and conserved in the field gene bank of ICAR­
CPCRI, Regional Sta tion, Vitta l, Kamataka, India . While analyzing the results 
obtaine d from RAPD analysis (Figure 14.3), a maximum of 13 bands we re ob tained 
using the primers OPF-6 while only five amplified fragmen ts w ere obtaine d for 
OPAF-19. Sha nnon's indices sh owed a grea t va ria tion wi th minimum va lues for 
OPAF-19 and maximum for OPAF-6 and the minimum gene diversity was recorded 
for OPA F-6 and maximum for OPM- 13. The cluster analysis revealed that the 
genotypes were segrega ted into two clus ters w ith Cluster I comprised of all exo tic 
accessions, North Eas t access ions and th ose from Anda man and N icobar Islan ds, 
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Figu re 14.3: RAPD Banding Prof iles Generated using Prime r OPAF-2 in di stinct acc 
Arecan ut Accessions. M: Standard 1 Kb ladder (M) (Bharath et al., 2015) . 
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ed Figure 14.4: A UPGMA Dendrogram Based on RAPD Data fo r the 
for 60 Arecanut Access ions (Bharath et ei., 2015). 
for 
ed while Cluster II comprised of purely the indigenous ones/ oiz., Konkan I, Konkan 
h e II and Maidhan collections, It was obse rved that collections from North East and 
tic Andaman and Nicoba r Islands sha red similarity with the local Sou th Kanara and 
is, Wayanad accessions in the Cluster t despite their geographical distances,H irehalli 

Tall, a Maidhan collection/ formed a distinct accession in Cluster II. It wa s conclude d 
that there existed a h igh level of genetic diversity am ong those sixty accessions that !. 
were ana lyzed , 

Rajesh et al. (2016a) undertook analysis of genetic div ersity among six arecanut 
accessions oiz., Mangala, Sumangala, Sreemangala, Mohitnagar , Swarnam angala 
and a natural dwarf mutant (Hi rehalli Dwarf), using SCoT markers to eva luate 
the applicability of thes e markers in genetic diversity studie s in arecanut . Using 10 
SCoT primers, describ ed by Collard and Mackill (2009)/ 82 band were produced 
among the accessions, of which 58 (70.73 per cent) were found to be polymorphic 
The highest genetic similarity value of 0.89 was found between th e Swarnamangala 
and Mohitnagar and the lowest value of 0.63 was noticed between the Hirehalli 

J Dwarf and Mohitnagar.The dendrogram constructed utilizing the UPGMA grouped 
the cu ltiva rs based on their geographical origins, w ith Hirehalli Dwarf forming a 
distinct accession (Figure 14.5). 
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Figure 14.5 : Dendrogram Showing the Genetic Relationship among the
 
Six Arecanut Accessions using SCoT Analysis (Rajesh et al., 2016a).
 

Rajesh et al. (2016b) carried out stu dies utili zing Start Codon Targeted (SCoT) 
m arkers to identify m olecular m arker(s) capable to differentiate tall / dw arf tr ait 
in arecanu t. Tall cu ltivars (Ma nga la, Su ma ngala, Sreema ngala, Mo hitnagar, 
Swa rnamanga la and Hireha lli Tall) and the na tural mutant of areca nu t (H ireha lli 
Dwarf) we re screene d util izing 25 SCoT prime rs described by Collard and Mackill 
(2009). One of th e p rime rs, SCoT11, produced an arn plicon of around 1300 bp ba nd 
specific to all the tall cultivars, which was absent in the dwarf cu ltivars (Figure 
14.6). The DNA fragmen t was purified , cloned and sequenced. A SCAR marker ., 
capable of distinguishing tall /dw arf trait in arecanut. was also develop ed an d 
valida ted, which could ensure supply of genuine hybri d planting material to the 
farming comm unity . 
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Figure 14.6: Banding pattern of pooled DNA of tall and dwarf palms with the primers
 
SCoT01- SCoT12. Arrowhead represent polymorphic band of SCoT11 primer
 

specific to tall accession. M: High range ladder.T:Tall bulk. D: Dwarf bulk.
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4. Conclusion 
In perenn ial cro ps such as arecanut, the m orphological and bi och em ical 

methods for characterizati on of germ plasm/evaluation of gene tic relationships, 
yield parameters etc. have their ow n limitation s. Hence, advanced biotechnological 
approach es, such as utili zation of DNA-based molecular ma rkers, are to be explore d . 
Desp ite its dem onst rated utility in other crops, on ly few studies have been carried 
ou t in arecanu t us ing molecular markers. As arecanut is an econo mically important 
pl antati on crop , there is a need to characte rize th e arecanut ge rm plasm using 
molecular markers. Such studi es w ould aid in selection of desirable parents and 
clones with desirable traits amo ng ar ecanut germplasm grown in various agr o 
clim atic zones and geographical regi ons of the world . 
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