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Abstract The Indian gooseberry, Phyllanthus emblica is

an important minor fruit crop having commercial signifi-

cance. Due to great tolerance to salinity and sodicity it is

well adapted to arid conditions of Rajasthan. Genetic

diversity studies of eight varieties Anand-2, Banarasi,

Chakaiya, Francis, Krishna, Kanchan, NA7 and NA10

were carried out. The morpho-physiological characteriza-

tion proved insufficient to distinguish studied varieties of

P. emblica. Ten RAPD primers exhibited an average of

56.18 % polymorphism in banding pattern and 83.1 % PIC.

They can be used as powerful markers to reveal genetic

diversity in P. emblica. Present study validates the utility of

ITS rDNA region being third generation molecular marker

as a reliable indicator of phylogenetic interrelationships,

especially for ITS regions as DNA barcode at higher levels

can serve as an additional approach for identification and

genetic cataloguing of P. emblica germplasm for crop

improvement.

Keywords Aonla � Genetic diversity � RAPD �
Single nucleotide polymorphisms

Introduction

Genetic resources of arid fruit crops have not been given

desired attention due to their comparatively less commer-

cial importance and limited research on genetic improve-

ment of cultivars. Opening of the world markets and

development of new biotechnological methods of genetic

modifications in high value commercial fruits would fur-

ther keep the attention away from these traditional arid

fruit crops leading to great loss in genetic diversity. The

genetic resources of Phyllanthus emblica are well adapted

to the stressed arid ecosystem having high potential for

mitigating inevitable climate change scenario, and hence

need immediate attention.

The Indian gooseberry under P. emblica (Aonla or amla),

syn: Emblica officinalis is in cultivation in India due to its

therapeutic, medicinal and neutraceutical properties since

time immemorial. It is an important minor fruit crop having

commercial significance. The crop is quite hardy, prolific

bearer and highly remunerative. It is said to be indigenous

to tropical south-east Asia. It is also reported to be the native

of India, Ceylon, Malaysia and China. This is a fruit of sub-

tropical region but its cultivation in topical climate is quite

successful. Soon after the fruit set in spring, the fruits

remain dormant through summer without any growth. This

makes it highly suitable fruit crop for arid region. Aonla is

not very exacting in its soil requirement and grows well in

sandy loam to clay soils in India. Due to great tolerance to

salinity and sodicity it is well adapted to arid conditions of

Rajasthan. To safeguard the existing diversity of P. emblica

and to achieve sustainable development based on the use of

available genetic wealth, promotion and conservation of

this species is of immense importance.

The fruit is used for diverse applications in healthcare,

food and cosmetic industry. Documentation has been done
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by different workers on various aspects like physico-

chemical properties [1], morpho-chemical characters [2],

genetic variability [3], genetic diversity for morphological

and biochemical traits [4], varietal wealth [5] and nutri-

tional value etc. It has been well studied for immunomod-

ulatory, anticancer, antioxidant and antiulcer activities [6].

In India, it is predominantly used as a cure for liver disor-

ders [7]. Besides this, the fruit extract has shown significant

anticancer activity [8], antioxidant supplement to promote

endothelial function and to restore wound healing compe-

tency [9] and management of type 2 diabetes mellitus [10].

Correct genotype identification of medicinal plant

material remains important for botanical drug industry. The

morphological determinants within P. emblica are highly

variable under different agro-climatic conditions. Due to its

cross pollination and wider adoptability, a large amount of

genetic variability exists in wild population as well as in

commercially cultivated varieties of aonla under different

growing belts. These varieties exhibit variation in their sex

ratio, fruit, maturity, yield, quality and chemical composi-

tion of fruits [4]. Limitations of chemical and morpholog-

ical approaches for authentication have generated need for

newer methods in quality control of botanicals [6]. Never-

theless, genetic makeup and the background is independent

of these variations. In the light of recent changes in agri-

cultural policies world over under GATT and protection to

breeder’s right to address IPR issues, it has become essen-

tial to take up the present investigation to molecularly

characterize and document the extent of genetic diversity

present in P. emblica for germplasm registration, docu-

mentation of biodiversity and crop improvement.

RAPD is one of the powerful molecular techniques

which has been applied to a wide range of crops to assess

genetic diversity, to evaluate genetic relationships between

accessions or cultivars and estimation of relatedness. In

recent years RAPD technique has been used to study the

genetic diversity in different sets of P. emblica [11–14].

Besides this some molecular techniques such as ISSR [15],

comparative studies of RAPD and ISSR markers [16],

development of Sequence Characterized Amplified Region

(SCAR) marker from the RAPD amplicon [6], SCAR and

AFLP markers for distinguishing species of the genus

Phyllanthus [17] and chloroplast trnL (UAA) intron iden-

tified as candidate gene [18].

Nuclear ribosomal Internal Transcribed Spacer (ITS)

evolves relatively faster and can be useful in determining

inter-species [19, 20] and sometimes intra-species rela-

tionships [21]. The rate and pattern of ITS sequence,

mutation, insertion deletions (INDELS) and ITS length

polymorphism are typically appropriate in resolving rela-

tionships within and among species and/or genera [22].

This complex has several domains that evolve at varying

rates and thus have different phylogenetic utilities. The ITS

polymorphism might occur at generic, specific or individ-

ual levels, making it useful for phylogenetic evolutionary

and bio-geographical diversity studies. ITS sequences have

been widely used in several species [23]. The present study

was undertaken to assess the extent of genetic diversity and

relationship among different varieties of P. emblica based

on nuclear rDNA and RAPD polymorphism for crop

improvement.

Material and Methods

Germplasm Evaluation

Eight varieties namely Anand-2, Banarasi, Chakaiya,

Francis, Krishna, Kanchan, NA7 and NA10 were planted at

a spacing of 6 9 6 m in three replications in the field gene

bank at horticulture block of Central Arid Zone Research

Institute, Jodhpur during 1998–1999. Data were recorded

for fruit morphological characteristics and yield of aonla

varieties from 15 year old plants. Twenty mature fruits

were harvested randomly from each variety to record

observations on morpho-chemical parameters. Fruit size

(length and girth) was measured with the help of digital

vernier caliper while fruit weight, pulp: stone ratio and

stone weight were taken by digital top pan balance. The

number of stripes was counted visually and dry matter was

obtained by oven drying of fruit pulp. The total soluble

solids (TSS) were determined with Erma Hand Refrac-

tometer (0–32�Brix). Ten fruits from each variety per

replication were weighed and volume estimated by water

displacement method.

DNA Fingerprinting

The genomic DNA was extracted from one gram of com-

posite fresh leaves of each P. emblica variety. A hybrid

protocol for genomic DNA isolation was developed using

initial steps of CTAB method [24] and subsequently col-

umns and solutions of the Plant Genomic DNA Purification

spin kit (Hi-media Company) developed by Singh et al.

[25] was followed. The genomic DNA was finally eluded

using 200 ll of Tris–EDTA buffer at 10,000 rpm for 1 min

to obtain high molecular weight pure DNA for finger-

printing. DNA was quantified with UV/VIS spectropho-

tometer by measuring OD260 and OD280. The quantified

DNA samples were diluted in TE buffer to make a final

concentration of 50 ng/ll for PCR reactions.

RAPD-PCR Analysis

The decamer random primers of OPA, OPB and OPP series

(Operon Technologies) were used for screening of eight
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varieties of P. emblica. Based on the reproducibility of

scorable bands the RAPD was finally performed using 10

decamer arbitrary primers. Hot-start PCR for the amplifi-

cation of DNA was carried out in a 25 ll volume of

reaction in a 0.2 ml microfuge PCR tube. A reaction tube

typically consisted of decamer primer, 50 pmol; dNTP

mix, 0.25 mM (Bangalore Genei); MgCl2, 2.5 mM (Sigma

Chem); Taq DNA polymerase 1 U (Bangalore Genei); 109

PCR buffer, 5 mM (Tris–HCl, pH 8.3, 15 mM MgCl2),

250 mM KCl, genomic DNA 50 ng in dH2O). RAPD-PCR

amplification was performed in a thermal cycler (Corbett

Research, USA) with initial denaturation step of 94 �C for

3 min followed by 36 amplification cycles of 94 �C for

40 s, 50 �C for 40 s and 72 �C for 2 min and final elon-

gation at 72 �C for 7 min. Amplicons were separated on a

1.6 % agarose gel pre-stained with ethidium bromide

solution using 19 TAE buffer. The gels were run for 3 h at

60 V. The size of the amplified fragments was determined

using 1 kb ladder (MBI Fermentas). All RAPD reactions

were performed twice to test the reproducibility of the

amplicon profiles.

Molecular Analysis of RAPD

The RAPD amplification products were scored as present

(1) and absent (0) of scorable loci for each primer acces-

sion combination. Molecular data were entered into a

binomial matrix and were used to determine Jaccard’s

similarity coefficient with NTSYS-pc software [26]. Most

informative primers were selected based on high poly-

morphism information content (PIC) value of individual

primers as calculated by the following formula.

PIC ¼
Xn

i¼1

2Fð1� FÞ

where F is frequency of presence of marker band, i is

discrimination rate (DR) which was estimated to test the

efficacy of individual primers in distinguishing the isolates,

employing the following formula. DR = number of pairs

of isolates differentiated/total number of pairs.

ITS Amplification

Polymerase chain reaction (PCR) universal primers namely

ITS-1 (5
0
TCC GTA GGT GAA CCT GCG G 3

0
) and ITS-4

(5
0
TCC TCC GCT TAT TGA TAT GC 3

0
) were used to

amplify the internal transcribed spacer (ITS) region of

ribosomal DNA, which encompasses the 5.8S gene. Each

PCR amplification was performed in a total volume of

50 ll containing: 1 U Taq DNA polymerase (Sigma

Chem), 2.5 mM MgCl2, 160 lM dNTP mix (MBI Fer-

mentas), 50 pmol of each of the ITS-1 and ITS-4 primers

(Bangalore Genei), and 50 ng genomic DNA in dH2O. The

reactions were performed in a gradient thermal cycler with

the following conditions: 1 min denaturation at 95 �C, 30 s

annealing at 50 �C, 90 s elongation at 72 �C, for 34 cycles

with a final elongation step of 72 �C for 10 min.

Amplified ITS regions were sequenced employing ABI

Prism DNA sequencer (Applied Biosystems, Carlsbad, CA,

USA) using ITS-1 and ITS-4 primers separately for DNA

labeling by the BigDye terminator method (Applied Bio-

systems, Foster City, CA, USA). The sequenced data

obtained from the ITS-4 primer were inversed and clubbed

with the sequence data obtained with the ITS-1 primer, to

obtain the complete sequence of the ITS region. Compar-

ison of nucleotide sequences was performed using the

Basic Local Alignment Search Tool (BLAST) network

services of the National Centre for Biotechnology Infor-

mation (NCBI) database (http://www.ncbi.nlm.nih.gov).

Molecular characterization of fungal isolates was done on

the basis of similarity with the best aligned sequence of

BLAST search.

Sequence Analysis

Nucleotide sequence comparisons were performed by using

the BLAST network services against the NCBI databases.

The multiple sequence alignment of ITS region (ITS-1,

5.8S r-RNA gene and ITS-2) of all the eight varieties of P.

emblica was performed using CLUSTALX 1.83 software

to detect single nucleotide polymorphism (SNP). The

phylogenetic relationship among the isolates was estimated

after the construction of a phylogram based on multiple

sequence alignment of rDNA ITS sequences depicting

bootstrap values using NJ plot software [27] and viewed

using Tree View software based on SNPs.

Results and Discussion

The perusal of P. emblica fruit characterization data of

eight varieties exhibited significant variations in most of

the characters (Table 1). Fruit weight varied from 17.1

(Kanchan) to 36.6 g (Francis), fruit length from 29.17

(Kanchan) to 38.4 mm (Banarsi), fruit girth from 33.51

(Kanchan) to 43.45 mm (Banarasi), pulp:stone ratio from

5.52 (NA-10) to 15.6 (Anand-2), stone weight from 1.7

(Kanchan) to 4.2 g (Francis), number of stripes from 6 to 8,

TSS from 11.8 (Banarasi) to 15.66�Brix (Banarasi), dry

matter per cent from 13.8 (Anand-2) to 18.28 g (Kanchan).

The most significant variation in the fruit yield ranging

from 46.2 (NA-10) to 150.93 kg/plant (Kanchan) was also

observed. The morphological variations exhibited by P.

emblica varieties are shown in Fig. 1.
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Ten decamer RAPD random primers detected intra-

specific variations generating scorable amplicons and

revealed 82 bands in the range of 200–3,000 bp. Among

these, 49 bands were polymorphic amounting to 56.18 %

polymorphism in RAPD banding patterns. The number of

PCR amplified products ranged from 3 (OPB-14) to 12

(OPA-09) with an average of 8.2 bands per primer,

whereas, the PIC (Polymorphic Information Content) var-

ied from 66.5 (OPB-14) to 88.9 % (OPA-02) (Table 2).

The RAPD profiles of P. emblica developed by two

most informative primers (OPA-02 and OPA-16) exhibit-

ing the maximum PIC values are shown in Figs. 2 and 3.

The UPGMA dendrogram obtained from cumulative clus-

ter analysis of 10 primer matrix from 0.77 to 0.92 and

delineated all the eight varieties of P. emblica into three

main clusters and two varieties as the most distinct varie-

ties as out groups (Fig. 4). The cluster I contained varieties

Banarasi and Francis, cluster II had varieties Krishna and

NA-10, cluster III had varieties Chakaiya and Kanchan,

whereas Anand-2 and NA-7 were recorded as quite distinct

varieties.

The authors recorded no consistency in grouping of P.

emblica varieties based on fruit characteristics. For exam-

ple, variety Chakaiya and Kanchan were morphologically

quite distinct with regard to fruit weight, pulp: stone ratio,

stone weight, number of stripes, TSS and fruit yield per

plant but were genetically grouped together in cluster III of

RAPD dendrogram. On the other hand, varieties Chakaiya

and NA-7 had almost similar fruit morphology but were

recorded genetically quite distinct in both RAPD and

multiple sequence aligned phylogram. Singh et al. [2] also

reported that morpho-chemical characters of P. embilica

exhibited considerable genetic variability in fruit mor-

phology, especially those based on fruit weight, which has

Table 1 Fruit morphological characteristics and yield of aonla varieties in north western India (15 years old plantation)

Variety Fruit weight

(g)

Fruit length

(mm)

Fruit girth

(mm)

Pulp: stone

ratio

Stone weight

(g)

No.of

strips

TSS�Brix Dry matter

(%)

Fruit yield (kg/

plant)

Anand-2 29.2 32.82 38.09 15.60 1.73 6 11.80 13.84 101.74

Banarasi 32.6 38.40 43.45 12.70 2.33 6 15.66 16.20 58.25

Chakaiya 34.4 31.43 39.49 13.47 2.33 8 11.8 15.77 70.88

Francis 36.6 37.31 41.11 7.71 4.20 6 12.16 14.26 52.20

Kanchan 17.1 29.17 33.51 9.02 1.70 6 15.50 18.28 150.93

Krishna 35.1 36.12 41.90 10.48 2.90 8 14.16 16.00 53.40

NA-7 34.9 35.75 42.28 13.51 2.33 6 12.33 15.47 66.58

NA-10 25.0 31.57 37.51 5.52 3.80 6 12.50 18.20 46.20

CD

(p = 0.05)

3.08 2.21 2.79 1.14 0.81 0.5 1.93 0.92 20.96

Fig. 1 The variability in shape

and size of fruits of eight

commercial varieties of

Phyllanthus emblica
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high genotypic variation, higher heritability and greater

potential for genetic gain. They suggested that the pheno-

typic expression of fruit should be an indication of their

high genotypic potential. Earlier researcher have also

studied the physico-chemical properties and recorded sig-

nificant genetic diversity among cultivated varieties of P.

emblica [1].

Although the variety NA-7 is of north Indian origin but

was recorded as the most distinct out group to other north

Indian varieties of P. emblica in RAPD cumulative den-

drogram. At the same time the variety Kanchan of north

Indian origin exhibited close lineages with the variety

Anand-2 of west Indian origin in the multiple sequence

aligned phylogram rather than other north Indian varieties.

In general, the robustness of a molecular marker tech-

nique depends on the amount of polymorphism, it can

detect. Among the set of accessions investigated, the

cumulative analysis of all the 10 informative RAPD

primers detected an average of 56.18 % polymorphism in

banding pattern with overall 83.1 % PIC values indicating

its efficiency in evaluating genetic diversity in P. emblica.

Rane et al. [13] also reported 57 to 60 % similarity among

20 genotypes in E. officinalis using RAPD markers. Ban-

dyopadhyay and Raychaudhuri [17] performed compara-

tive studies of RAPD, SCAR and AFLP markers for

distinguishing some medicinally important species of the

genus Phyllanthus. Chaurasia et al. [12] conducted RAPD

based genetic variability among seven cultivated varieties

Table 2 Details of primer code, GC content, per cent polymorphism and PIC values of RAPD primers

S.no. Primer code Primer sequence GC (%) No. of bands No. of polymorphic bands Polymorphism (%) PIC values (%)

1. OPA-02 TGC CGA GCT G 70 11 7 63.64 88.9

2. OPA-09 GGG TAA CGC C 70 12 10 83.33 84.7

3. OPA-16 AGC CAG CGA A 60 8 6 75 88.4

4. OPB-05 TGC GCC CTT C 70 9 3 33.33 86.6

5. OPB-06 TGC TCT GCC C 70 7 3 42.86 85.2

6. OPB-10 CTG CTG GGA C 70 6 2 33.33 80.7

7. OPB-13 TTC CCC CGC T 70 7 5 71.43 76.9

8. OPB-14 TCC GCT CTG G 70 3 1 33.33 66.5

9. OPP-14 CCA GCC GAA C 70 9 5 55.55 86.4

10. OPP-15 GGA AGC CAA C 60 10 7 70 86.5

Total 82 49

Average 56.18 83.1

Fig. 3 RAPD profiles of Phyllanthus emblica amplified using primer

OPA-16. Lane 1 DNA 1 Kb ladder, Line 2–9 varieties of P. emblica,

Line 10 DNA 1 Kb ladder

Fig. 2 RAPD profiles of Phyllanthus emblica amplified using primer

OPA-02. Lane 1 DNA 1 Kb ladder, Line 2–9 varieties of P. emblica,

Line 10 DNA 1 Kb ladder
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of P. emblica namely Kanchan, Krishna, NA7, NA-10,

BSR-1, Anand-1 and Chakaiya and distinguished these

varieties using a set of four decamer primers, which was

otherwise difficult by using morphological markers. They

also reported that RAPD markers were also able to dif-

ferentiate varieties of same origin or even selection from

same parents.

Dnyaneshwar et al. [6] identified a putative marker

(1.1 kb) specific for P. emblica by RAPD technique.

Sequence Characterized Amplified Region (SCAR) marker

was developed from the RAPD amplicon. This SCAR

marker was found useful for identification of P. emblica in

its commercial samples. Singh, et al. [14] separated Aonla

varieties using RAPD markers into four major groups,

which was further divided into sub-groups IA and IB. Sub-

group IA had NA-04 and NA-10, while IB had cv. Francis.

Cluster IIA represented NA-5, NA-6 and NA-9, while IIB

represented NA-7 and Chakaiya. Banarasi and Anand were

represented by group III and IV respectively.

Li and Zhao [15] studied the genetic diversity in four

populations of P. emblica sampled from dry-hot valleys of

Yunnan using ISSR (inter-simple sequence repeats)

markers. They observed a high level of genetic diversity

and low level of population genetic differentiation which

might have resulted from the breeding system of this spe-

cies. There was a lack of significant association between

genetic and geographical distances among P. emblica

populations.

All the eight varieties of P. emblica generated a single

identical prominent band on gel electrophoresis and the

conserved 5.8S rDNA regions was recorded with a uniform

total nucleotide length amounting to a total of 587 bp and

have been molecularly identified as P. emblica despite

SNPs that delineated all varieties from each other with

significant bootstrap values in multiple sequence aligned

phylogram. Bootstrap values are dependable measures of

phylogenetic accuracy and higher values are likely to

indicate reliable groups [28]. The delineation of all the

eight varieties of P. emblica validate reliable grouping.

Selvi et al. [11] experimented that the exposure to gamma

ray radiation altered the genetic makeup and the detection

of mutation changes in E. officinalis using RAPD assay.

All the eight varieties of P. emblica generated a single

identical prominent band on gel electrophoresis which

included partial sequences of 18S gene, complete sequen-

ces (ITS-1, 5.8S gene, ITS-2) and partial sequence of 28S

gene upon direct sequencing using ITS-1 and ITS-4 uni-

versal primers. All the gene sequences have been submitted

to NCBI, USA and have been assigned GenBank accession

numbers from KF926380 to KF926387. The conserved

5.8S rDNA region was recorded with a uniform nucleotide

length of ITS-1 (219 bp), 5.8S gene (164 bp) and ITS-2

(204 bp) amounting to a total of 587 bp.

Nevertheless, out of multiple sequence alignment of all

the eight varieties of P. emblica, the authors detected single

nucleotide polymorphism at 7th and 131st portions in ITS-

1 and 463 and 560th positions in ITS-2 regions. The phy-

logram generated based on multiple sequence alignment

showing delineation of P. emblica varieties is shown as

Fig. 5. The P. emblica varieties were further delineated

from each other with significant bootstrap values in mul-

tiple sequence aligned phylogram.

The ITS length variants and polymorphism have been

reported in several plant species [22, 23]. Raturi et al. [22]

reported heterogeneity in nuclear rDNA ITS region in

Vigna radiata which did not cause any phylogenetic errors

at species level. Barkley et al. [29] observed SNPs and

Fig. 4 Dendrogram of eight

varieties of Phyllanthus emblica

based on 10 RAPD informative

primers

Fig. 5 Phylogram generated using NJ plot of multiple sequence

aligned rDNA region of eight varieties of Phyllanthus emblica
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suggested EcoTILLING as a powerful genetic analysis tool

for rapid identification of naturally occurring variation in

plants.

Conclusion

The morpho-physiological characterization proved insuffi-

cient to distinguish P. emblica varieties studied. The

primers identified in the present study are robust RAPD

markers with 83.1 % PIC and can be used as powerful

markers to reveal genetic diversity in Aonla. This study

validates the utility of ITS rDNA region being third gen-

eration molecular markers as a reliable indicator of phy-

logenetic interrelationships, especially ITS regions as DNA

barcode at higher levels and can serve as an additional

approach for identification and genetic cataloguing of P.

emblica germplasm for crop improvement. The genetic

variability present in this set of Indian P. emblica geno-

types suggest that they might have originated from genet-

ically divergent parents and cross pollination and has a

long history of adaptation to their respective micro-climatic

regions and could be of significance to contribute to P.

emblica breeding programmes.
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