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ABSTRACT

Random amplified polymorphic DNA (RAPD) and Inter simple sequence repeat (ISSR) markers were employed to check 
the genetic fidelity of Albizia procera plantlets multiplied in vitro by using nodal explant. A total of 33 distinct and 
scorable bands were produced by five RAPD primers with an average of 6.6 bands per primer while the number of 
bands for ISSR primers varied from two (UBC-840) to six (UBC-812), with an average of four bands per primer. All bands 
were monomorphic across all the micropropagated plants studied. Amplification of monomorphic bands with both 
marker systems authenticated the true to type nature of the in vitro raised plantlets of Albizia procera. These results 
suggest that the micropropagation protocol followed in this study is appropriate and applicable for mass clonal 
propagation of true-to-type superior Albizia procera trees.

Key words: Molecular markers, Genetic fidelity, Somaclonal variation, Albizia procera. 

Production of  monomorphic bands by RAPD and ISSR markers confers the genetic uniformity of micro 
propagated plantlets.

1Institute of Forest Productivity, National Highway - 23, Lalgutwa, Ranchi (Jharkhand)

Introduction somaclonal variation is a potential drawback when the 
propagation of an elite tree is intended, where clonal In vitro propagation of forest trees hold an 
fidelity is required to maintain the advantages of desired attractive promise for obtaining the mass multiplication 
elite genotypes (e.g. superior growth, wood properties, of elite genotypes due to high multiplication rates 
disease resistance, and other quality traits). Dunstan and obtained. Cloning of mature trees is generally preferred 
Thorpe (1986) rightly cautioned that commercial over seedling because it is often not possible to 
application of tissue culture to perennial crops must determine whether these seedlings have the genetic 
await adequate quality checks and field testing with potential to develop the desired qualities later in their life 
proper controls. cycle (Nanda et al., 2004). Since the propagation is 

carried out under aseptic conditions, regenerants are Several techniques have been developed to assess 
free of diseases. However, for use of tissue culture as the genetic purity of tissue culture raised plants such as 
continuous source of planting material for commercial morphological descriptions, physiological traits, 
utilization, periodic monitoring of the degree of genetic cytological studies, isozymes (Gupta and Varshney, 1999; 
stability among in vitro grown plantlets is of outmost Devarumath et al., 2007; Agnihotri et al., 2009; Singh et 
importance. When plant tissue is passaged through in al., 2012a, 2012b). However, these morphological and 
vitro culture many of the regenerated plantlets appear to physiological traits require extensive observations until 
be no longer clonal copies of their donor genotype, maturity and are highly sensitive to environmental 
probably due to somaclonal variations. Somaclonal fluctuations (Singh et al., 2013). In addition to this initially 
variations occur mostly in response to the stresses uniform looking plants may behave differently during 
imposed on the plant under in vitro conditions flowering/fruiting stages due to genetic aberrations. 
(Venkatachalam et al., 2007, Peschke and Phillips, 1992) Also, some changes induced during in vitro culture may 
and are manifested in the form of DNA methylations, not be apparent under ex vitro conditions (Palombi and 
chromosome rearrangements and point mutations Damiano, 2002).  Therefore, more efficient detection 
(Phillips et al., 1994), alteration of cell's ability to repair tools like DNA markers must be used to ascertain the 
damaged and mutated DNA (Leroy et al., 2000).  genetic fidelity of in vitro raised plants. The inherent 
Somaclonal variation is of special relevance in perennial characteristics of molecular markers such as 
long-generation forest trees since occasional mutations abundantness, insensitivity to environmental conditions 
can sometime only be noticed at very late developmental render them much more useful than morphological and 
stages, or even in their offsprings. The occurrence of physiological traits in establishing the identity of 

particular tree/clone or testing the genetic purity or RAPD amplification was performed in a volume of 
tracing its genetic relationship. Several DNA markers 25 ml containing 40 ng of genomic DNA, 0.2 mM primer 
have been successfully employed to assess the genomic (Integrated DNA Technologies, USA), 2 mM MgCl  and 0.5 2

stability in regenerated plants. Among these, inter simple unit of Taq polymerase. The other assey condition 
sequence repeat (ISSR) (Zietkiewicz et al., 1994) and included 50 mM KCl, 10Mm Tris HCl and 100 uM dNTPs. 
random amplified polymorphic DNA (RAPD) (Williams et The amplification reaction consisted of an initial 
al., 1990) have been mostly favored. denaturation step at 94°C for 5 min, 45 cycles comprising 

denaturation at 94°C for 1 min, annealing at 38°C for 1 The present study was undertaken to assess the 
min and extension at 72°C for 2 min and a final extension genetic fidelity of in vitro raised plantlets of Albizia 
step at 72°C for 5 min.procera, a multipurpose forest tree speciessss using a 

combination of RAPD and ISSR markers. ISSR amplifications were performed in a volume of 

10 ml containing 40 ng of genomic DNA, 1X Taq Material and Methods

polymerase buffer, 0.1 mM of each dNTPs, 2.5 mM MgCl2, Plant material and culture conditions
1U Taq polymerase and 0.8 mM of ISSR primer (Table 2). The plant material consisted of nine in vitro raised 
The amplification reaction consisted of an initial  plantlets and one mother plant. These plantlets were 
denaturation step at 94°C for 3 min, followed by 35  regenerated clonally via enhanced axillary bud culture of 
cycles of 30 seconds at 94°C (denaturation), 30 seconds nodal explants collected from a mature tree of Albizia 
at a  specific annealing temperatures (Table 2) and 1 min procera  hav ing  aged  about  24  years .  The  
at  72°C (extension) followed by a final extension step at micropropagation procedure consisted of culturing the 
72°C for 10 min.nodal explants on MS medium supplemented with 5µM 

BAP and 1µM IAA, rooting of shoots on B5 medium Amplifications were performed in a Thermocycler 
supplemented with 3µM IBA and finally hardening and (Bio-Rad, Germany) for both RAPD and ISSR. DNA 
acclimatization of in vitro raised plants in the green house amplification fragments were separated in 1.8 % agarose 
(Rai, 2013). gel using 1× TBE buffer and stained with ethidium 
DNA extraction and PCR amplification conditions bromide. Gels were visualized using a gel documentation 

system (Alfa Innotech, USA). The scoring of bands was Total DNA was extracted from leaf material of 09 
done on the basis of their presence ('1') or absence ('0') in micropropagated plants and a mother plant (control), 
the gel and missing data was denoted by '9'. The genetic following the method described by Deshmukh et al. 

(2007). Purified total DNA was quantified and its quality associations were evaluated by calculating the Jaccard's 
was verified by UV spectrophotometer and each sample similarity coefficient for pair-wise comparisons based on 
was diluted to 40 ng/ 3 ml with TE buffer and stored at 4 the proportion of shared bands produced by the primers 
°C. using NTSYS-pc version 2.1 software (Rohlf, 2000).

Table 1 : Random amplified polymorphic DNA (RAPD) primers used for testing the genetic fidelity of Albizia procera plantlets through 
                 tissue culture

Sr. 
no 

Primer code Primer sequence (5’-3’) Melting temperature 
(Tm) °C 

Number of amplified/ 
monomorphic  bands 

Size range amplified 
products (bp) 

1 OPAW -01 5’- ACC TAG GGG A -3’ 32.5 6/6 400-3000 

2 OPAW -09 5’- ACT GGG TCG G -3’ 38.5 8/8 300-3000 
3 OPP-01 5’- GTA GCA CTC C -3’ 30.8 6/6 300-3000 
4 OPP-02 5’- TCG GCA CGC A -3’ 44.5 5/5 300-2000 
5 OPY-10 5’- CAA ACG TGG G -3’ 33.7 8/8 300-1500 

Table 2 : Inter-simple sequence repeats (ISSR) primers used for testing the genetic fidelity of Albizia procera plantlets through tissue culture

Sr. 
no. 

Primer code Primer sequence (5’-3’) Melting 
temperature 

(Tm) °C 

Number of amplified/ 
Monomorphic bands 

Size range 
amplified 

products (bp) 

1 UBC-810 5’-GAG AGA GAG AGA GAG AT -3’ 45.4 5/5 300-2000 
2 UBC-812 5’-GAG AGA GAG AGA GAG AA -3’ 45.7 6/6 300-2500 
3 UBC-830 5’-TGT GTG TGT GTG TGT GG - 3’ 52.7 3/3 500-1000 
4 UBC-840 5’-GAG AGA GAG AGA GAG AAT -3’ 46.3 2/2 500-1000 
5 UBC-859 5’-TGT GTG TGT GTG TGT GGC -3’  56.1 4/4 300-1000 
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vitro raised plantlets. No polymorphic bands were 
observed. The number of bands for each primer varied 

Results and Discussion from five to eight, with an average of 6.6 bands per RAPD 
Micropropagation protocol for Albizia procera primer. Whereas for ISSR primers, it ranged from three to 

standardized by Rai (2013) was used for in vitro six bands with an average of 4.0 bands per primer. These 
propagation of A. procera plantlets using nodal explants.  large numbers of amplicons being produced by two 
There are many published research papers reporting different markers are reasonably adequate for detecting 
about the tissue culture induced genetic variations somaclonal variations.
(Larkin and Scowcroft, 1981; Earle and Demarly, 1982). In Figure 1 and 2 provides the representative 
most cases these somaclonal variations were in example of monomorphic bands obtained with RAPD 
undesirable direction. Mutated plants may even have and ISSR primers. More fragments were amplified by 
lost the desired character that formed the basis of RAPD primers compared to ISSR, which is in agreement to 
selection of the elite genotype, thereby resulting in the results of Cuesta et al. (2010) wherein ISSR markers 
considerable economic losses. Therefore testing of amplified fewer bands compared to RAPD markers. 
genetic fidelity becomes very much essential especially Devarumath et al. (2002) also observed that ISSR 
in forest trees having long rotation cycles. Many detected more polymorphic loci (12.8%) than RAPD 
approaches ranging from morpho-metric-physiologic to fingerprinting (4.28%) in micropropagated tea clones. 
biochemical features were tried to assess the genetic However, Singh et al. (2013) reported fewer RAPD 
fidelity of the tissue culture raised plants. However, these 
traits are found not reliable as it got affected by the 
environment and expression is stage dependent.

DNA-based molecular markers have emerged as a 
powerful technique for the purpose and therefore are 
being used in many crops and trees (Cuesta et al., 2010; 
Negi and Saxena, 2011; Pandey et al., 2012). Use of more 
than one marker system has been suggested for better 
analysis of genetic stability of plants, as they will  target 
different regions of the genome (Palombi and  Damiano 
2002; Lakshmanan et al., 2007). Therefore, two marker 
systems were employed for the present investigation.

The amplification profiles of the in vitro raised 
plantlets and the mother plant generated using the 
above markers are shown in Fig. 1 and 2 and their scoring 
data is presented in Tables 1 and 2.  Five random decamer 
oligonucleotides were used as single primers for the 
amplification of RAPD fragments. Total 33 bands were 
amplified out of which all were monomorphic (Table 1). 
Similarly, five ISSR primers used for the genetic fidelity 
testing amplified 20 scorable bands and all were 
monomorphic, indicating the genetic uniformity of the in 

Acknowledgement

The authors are grateful to Dr. U. Prakasham, Director, Tropical Forest Research Institute, Jabalpur for providing 
necessary facilities. Authors are also thankful to the Madhya Pradesh Council of Science and Technology, Bhopal for 
providing the financial assistance for the investigation under the project 141/TFRI/2010/Gen-1(MPCST) (18).

vkj , ih Mh vkSj vkbZ ,l ,l vkj fpg~udksa dk mi;ksx djds ,fYcft;k izkslsjk (jkWDlc) dh lw{eizof/Zr iknfidkvksa esa 

vkuqoaf'kd lR;rk dh tkap 

u'khj eksgEen] foosd oS".ko] t;izdk'k feJk] 'k'kkad egs'k] izeksn dqekj vkSj 'kehe v[rj valkjh

lkjka'k  

xzfUFky dUrksZrd dk mi;ksx djds ik=ks laof/Zr ,fYcft;k izkslsjk iknfidkvksa dh vkuqoaf'kd lR;rk dh tkap djus ds fy, csrjrhc 

ifjof/Zr cgq:ih Mh ,u , (vkj , ih Mh) vkSj vUr% lk/kj.k vuqØe vko`fRr (vkbZ ,l ,l vkj) fpg~udksa dks iz;qDr fd;kA  izfr izkbej 6-6 

cS.Mksa ds ,d vkSlr ds lkFk ikap vkj , ih Mh izkbejksa }kjk dqy 33 fof'k"V vkSj Ldksjscy cS.Mksa dks mRikfnr fd;k x;k tcfd izfr izkbej pkj 

cS.Mksa ds ,d vkSlr ds lkFk vkbZ ,l ,l vkj izkbejksa ds fy, cS.Mksa dh la[;k nks (;wchlh&840) ls N% (;wchlh&812) rd FkhA  vè;;u fd, 

x, lHkh lw{e izof/Zr ikniksa esa lHkh cS.M ,d:ih FksA nksuksa fpg~ud iz.kkfy;ksa ds lkFk ,d:ih cS.Mksa ds ifjo/Zu us ,fYcft;k izkslsjk dh ik=ks 

mxh iknfidkvksa dh [kjh izÑfr dks vf/izekf.kr fd;kA ;s ifj.kke lq>ko nsrs gSa fd bl vè;;u esa viuk, x, lw{e izo/Zu izksVksdkWy mi;qDr gSaa 

vkSj [kjs mRÑ"V ,fYcft;k izkslsjk o`{kksa ds cgqek=k Dykuh; izoZ/u ds fy, O;ogk;Z gSaA  
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Fig. 1 : DNA Amplification obtained with primer: RAPD (OPY-10), 
             Lanes L-100 bp plus DNA ladder, P- mother plant, 1–09 in 
             vitro raised plantlets of A. procera

Fig. 2 : DNA Amplification obtained with primer: ISSR (UBC-840), 
             Lanes M-500 bp DNA ladder, P- mother plant, 1–09 in vitro 
             raised plantlets of A. procera

amplified bands compared to ISSR while evaluating the use of two types of markers, which amplify different 
genetic fidelity in bamboo species. regions of the genome, allows better chances for 

identification of genetic variation in the tissue culture The scoring data of well-resolved bands of RAPD 
raised plants. Hence, we employed both marker systems and ISSR, markers was subjected to calculation of 
for the investigation.similarity matrix based on Jaccard's similarity coefficient 

(1908). Dendrogram was constructed using the Jaccard's Conclusions
similarity matrices (Fig. 3).  The pair-wise value of the in Production of monomorphic bands by in vitro 
vitro raised plantlets and the mother plant was 1, raised plantlets and mother plant of A. procera against 
indicating 100 % similarity. This confirmed the true-to- RAPD and ISSR markers confirmed the genetic uniformity 
type nature of the in vitro raised plantlets. This of micropropagated plantlets studied. Since no variations 
establishes the usefulness of these marker systems in 

were observed in  the banding patterns in  
ascertaining the genetic purity of clones. Earlier also 

micropropagated plants as compared to the mother 
RAPD and ISSR markers were successfully employed in 

plant, we conclude that, micropropagation protocol 
bamboo species (Agnihotri et al., 2009; Singh et al., 

developed by Rai (2013) through nodal explant can be 2013), apple (Gupta et al., 2009), Jalamdasa (Chandrika 
effectively used without risk of genetic instability in A. and Rai, 2009), Acacia mangium (Nanda et al., 2004),  
procera. Stevia rebaudiana (Lata et al., 2013) and many more. The 

Fig. 3 : Dendrogramme based on the jaccards similarity matrix 
             generated using (a) RAPD and (b) ISSR primers
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systems were employed for the present investigation.

The amplification profiles of the in vitro raised 
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above markers are shown in Fig. 1 and 2 and their scoring 
data is presented in Tables 1 and 2.  Five random decamer 
oligonucleotides were used as single primers for the 
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1 1 

ABSTRACT

The potential of fruit trees to sequester carbon and thereby provide an environmental service remains unexploited. 
Although not fully understood, CO  fixation in fruit orchards is probably higher in comparison to fixation in annual 2

herbaceous crops. The present study was conducted in Jhalawar district of Rajasthan State, western India. A total of 7 
trees were harvested to assess the biomass and carbon content in various parts of Citrus reticulata, and derive the 

-1allometric biomass equation for future research. The mean aboveground biomass was 10.05 ± 0.03 Kg tree . The 
average aboveground allocation of biomass was nearly 76% and belowground biomass was 24%. The maximum carbon 

-1 -1 -1was stored by fruit biomass (2.10 Kg tree ) followed by roots (1.42 Kg tree ) and branches (1.11 Kg tree ). Total carbon 
-1 -1stored by 6 yr old C. reticulata plantation was 5.94 Kg tree and 1.65 t C ha . A total of four biomass models were studied 

for developing a reliable equation for biomass estimation. All four models were found to be statistically significant (F-
test, P < 0.01) for all the aboveground and belowground plant parts, along with total biomass. Models with diameter as 
the only independent variable had less bias percentage (bias%) and percentage root mean square error (RMSE%) 
values than the models with diameter and height as the independent variables.

Key words: Biomass, Biomass model, Carbon content, Nagpur mandarin, RMSE%.

-1 -1Total carbon stored by 6 yr old C. reticulata plantation was 5.94 Kg tree and 1.65 t C ha . A total of four 
biomass models were studied for developing a reliable equation for biomass estimation.

1College of Horticulture and Forestry (Agriculture University, Kota), Jhalawar Rajasthan-326 001, India

Introduction Janssens et al., 2003). Fruit orchards can positively 
contribute to sustainable development under climate Anthropogenic factors, such as the combustion of 
change scenarios in the tropics considering the current fossil fuels and forests, deforestation, desertification, 
expansion of agriculture and high level of poverty (FAO, urbanisation and modern agricultural practices are 
2010), which continue to shrink forest resources. responsible for the increase in atmospheric CO2 

Citrus reticulata Blanco. (Nagpur mandarin) is an concentration (Schlesinger and Lichter, 2001). Land-use 
important fruit tree grown in a large part of India, practices such as afforestation, reforestation, natural 
especially in Maharashtra, Karnataka, Madhya Pradesh regeneration of forests, silvicultural systems, 
and Rajasthan. The total land under C. reticulata agroforestry and orchards can help reduce atmospheric 
cultivation in the country is 0.32 million hectares with an carbon dioxide (CO ) concentrations (Brown, 1996; 2

-1average yield of about 10 t C ha  (Anon., 2012). In Canadell and Raupach, 2008; Zanotelli et al., 2013). A 
Jhalawar district, C. reticulata is grown in over 22,500 ha growing interest in the role of different types of land use 
area (Anon., 2012).in reducing CO  concentration and lowering the emission 2

rates of this greenhouse gas (GHG) has led to increased Currently, developed countries are focussing on 
research on the function of forestry and agroforestry carbon emissions trading (Anandarajah et al., 2010) 
systems as carbon sinks (Zanotelli et al., 2013). However, much of the trade is restricted to forestry 

plantations, while orchard owners are deprived of such The potential of fruit trees to sequester carbon and 
benefits, although  orchard crops are also eligible for thereby provide an environmental service remains 
carbon trading and should be acknowledged as carbon unexploited. Although not fully understood, CO  fixation 2

sinks under the Kyoto Protocol (Page et al., 2011). The in fruit orchards is probably higher in comparison to 
orchards of C. reticulata generally grow in dry tropical fixation in annual herbaceous crops, with such crops 
forests and may sequester as much carbon dioxide as having higher carbon outputs and a more rapid 
plantation forests. The present study was conducted to mineralisation of organic matter (Robertson et al., 2000; 
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