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ABSTRACT 
Gains through application of modern plant biotechnological tools in any horticultural crop are enormous and sweet potato is no exception. 
Recently biotechnological work in sweet potato has gained momentum in many national and international laboratories. Techniques like 
micropropagation through axillary shoot proliferation, organogenesis, embryogenesis and artificial seeds have led rapid propagation and 
reduction of diseases. Cryostorage and DNA finger printing techniques provide safer conservation and rapid characterization of vast 
genetic resources efficiently with minimum inputs. On the other hand, genetic engineering coupled with tissue culture technology is 
redesigning the crops to make it more productive. Development of transgenic sweet potato for resistance to weevil, feathery mottle virus 
and fungal diseases have been reported in international and national laboratories. Genetic engineering for higher protein content are also 
found to be quite successful in sweet potato. In vitro methodologies have also been developed for faster screening and evaluation of large 
collections of sweet potato for tolerance to salinity stress. Paclobutrazol (PBZ) and CaCl2 mediated submergence tolerance was also 
reported in sweet potato. Days are ahead to have nutritionally enriched, disease, pest and salt tolerant sweet potato as source of food, 
nutrition security and economic sustainability in sweet potato growing countries around the world. 
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INTRODUCTION 
 
Sweet potato (Ipomoea batatas L.) ranks seventh most im-
portant food crop of the world. The advantages of sweet 
potato are well documented (Woolfe 1993). This crop is 
gaining importance not only for high dry matter production 
per unit area per unit time but also as cheapest source of 
anti-oxidants. Being rich in �-carotene and anthocyanin 
orange as well as purple fleshed sweet potato are most 
suited as biofortified crop to combat malnutrition in many 
developing nations (Mukherjee et al. 2008, 2009a). Despite 
a big reservoir of food, energy and nutrition, sweet potato 
faces a few biological drawbacks. Propagation is vegetative 
by tuber or vine cuttings, which limits the production of 
sufficient quantity of healthy planting materials throughout 
the year. Clonal maintenance of genetic resources in field 
gene bank makes the crop more vulnerable to biotic and 
abiotic stresses. In vitro propagation and storage to a great 
extent can help to overcome these limitations (Mukherjee 

1999a). 
The crop is nutritionally low in protein. Productivity of 

the crop is severely affected due to weevil as major pest 
menace and feathery mottle virus disease. Sweet potato 
weevil (Cylas formicarius F.) is the most destructive one, 
especially in the tropics (Horton and Ewell 1991). This 
insect feeds on roots in the field and in storage, reducing the 
quality and marketable yield of sweet potato. Weevil is 
difficult to be controlled in the tropics because it continu-
ously reproduces throughout the year. Although the sweet 
potato weevil damage is the most important constraint, 
damage brought about by plant diseases such as plant virus 
caused by Sweet potato feathery mottle virus (SPFMV) 
cannot be negated. The most effective management strategy 
to minimize losses includes the use of resistant varieties. 
However, there is very little source of resistance to weevil 
and SPFMV in the sweet potato germplasm. Although there 
is extensive genetic variability in sweet potato, it is hexa-
ploid and thus, difficult to be improved through conven-
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tional breeding (Lowe et al. 1994). Further, there are prob-
lems of self incompatibility, cross incompatibility as well as 
instability in hybrid offspring. In this context, biotechnol-
ogy, especially transgenic research has opened new avenues 
towards the solution of agri horticultural problems (Muk-
herjee 2003). Genetically or metabolically engineered sweet 
potato with higher nutrient contents and resistance to weevil, 
other diseases and pests will have more commercial impor-
tance than any other long duration starch based crop. 

Though sweet potato is relatively resistant to moisture 
stress because of its deep-root system, it is highly sensitive 
to salinity and water logging. In recent years, such abiotic 
stresses are becoming predominant as a consequence of glo-
bal warming (Mukherjee 2011). 

Blending the resistance traits of traditional varieties 
through modern plant breeding will ensure that new vari-
eties are bred to suit specific requirements of local con-
ditions. Salinity and flooding are important factors affecting 
sweet potato production (Lin et al. 2008; Mukherjee et al. 
2009a). Development of stress tolerant lines of sweet potato 
will have greater agricultural implications to enhance the 
productivity and for promoting food and nutritional security 
(Mukherjee et al. 2009a, 2009b). 

One of the most effective ways to overcome salinity 
problems is to identify and grow salt tolerant plants or vari-
eties. Selection and development of suitable genotypes for 
this purpose requires an efficient screening method (Muk-
herjee et al. 2009a). In vitro technology offers a meaningful 
tool for characterizing salt tolerant plants and also for quick 
evaluation of germplasm against salt stress under controlled 
conditions with limited time and space (Gosal and Bajaj 
1984). Hydroponics, axillary bud or shoot apex culture has 
been found to be an effective method for testing and selec-
ting salt tolerant genotypes (Mukherjee et al. 1994; Marti-
nez et al. 1996; Mukherjee 2001, 2002a). Abiotic stresses 
like salinity and submergence stress triggers a wide range of 
plant responses starting from change in morpho-physio-bio-
chemical properties including antioxidative systems. Such 
studies are important in developing breeding strategies to 
confer stress tolerance to any crop species. 

In sweet potato, CaCl2 and PBZ mediated flooding tol-
erance through enhanced antioxidative system have been 
studied (Kuan-Hung et al. 2006; Lin et al. 2008). Similarly 
NaCl mediated in vitro and in vivo large scale screening and 
evaluation have enabled to identify sweet potato genotypes 
with salt tolerance traits (Mukherjee 2005; Mukherjee et al. 
2007, 2009a). 

This review reflects the work carried out on in vitro 
propagation, storage, marker based characterization, genetic 
transformation, tolerance to biotic and abiotic stresses as 
well as future strategies towards agro biotechnological 
development of sweet potato as source of food, nutrition 
security and economic sustainability. 
 
MICROPROPAGATION 
 
Micropropagation is an efficient technique for rapid propa-
gation from small sample. It enables multiplication of plants 
round-the-year. As plants can be freed from diseases and 
pests under controlled conditions, in vitro propagules mini-
mize the quarantine regulations and ensure safe exchange of 
genetic resources (Mukherjee 1999a, 1999b). Production of 
‘true to type’ plants at a rapid rate, compared to conventio-
nal techniques is the most useful application of micropropa-
gation technique. 

Micropropagation technique can be achieved through 
axillary bud development, adventitious organogenesis or 
through somatic embryogenesis and artificial seeds. Each 
technique has its own merits and demerits, but the propaga-
tion in all cases involves three basic steps (i) establishment 
of aseptic culture, (ii) rapid multiplication and (iii) estab-
lishment of plants in field. Micropropagation techniques are 
also ecofriendly. To optimize in vitro propagation technique, 
studies on micropropagation of tuber crops through all 
possible modes of in vitro propagation have been carried 

out at Central Tuber Crops Research Institute, India and 
elsewhere. Various micropropagation techniques used in 
sweet potato are as follows. 

 
Shoot tip, meristem and axillary bud culture 
 
Sweet potato genetic resources are often affected by virus 
diseases. Important among them are sweet potato feathery 
mottle virus (SPFMV) diseases. Spread of diseases through 
vegetative propagation affects their productivity and storage 
of genetic resources. Elimination of virus infection is thus 
the most essential step prior to rapid multiplication of plants. 
Normally, the apical meristem (0.3-0.5 mm) of the virus-
infected plant is almost disease free. Regeneration from 
meristem is the only method to recover healthy plants from 
virus infected material. Meristem or shoot tip culture tech-
niques coupled with thermotherapy and chemotherapy can 
eliminate viruses. The protocols of shoot tip culture and 
micropropagation to suit their cultivars have been standar-
dized. In general, MS salts (Murashige and Skoog 1962), 
MS vitamins, inositol (100 mg l-1), sucrose (3%) and agar 
(0.8%) at 5.7-5.8 pH are used as basic medium for in vitro 
culture of sweet potato (Mukherjee 1999a). Shoot tip cul-
tures revealed that vitamins have profound effects on pro-
liferation and propagation of shoot tip explants of sweet 
potato (Hossain and Sultana 1997). 

Protocols to produce shoot tip culture to eliminate 
viruses in sweet potato have been developed (Mori 1971; 
Alconero et al. 1975; Henderson et al. 1984; Love et al. 
1987; Lizzaraga et al. 1992). Procedure for rapid multi-
plication of diseases free plants was developed for more 
than 200 genetic resources through shoot tip and axillary 
bud cultures (Mukherjee et al. 1994, Mukherjee 1999a) is 
presented (Fig. 1). Shoot tips (0.3-0.4 mm) can be deve-
loped into shoots and whole plant by successive culturing in 
MS medium supplemented with 0.02 mg l-1 NAA, 0.02 mg 
l-1 BA and 0.7 mg l-1 GA3 for 4-5 weeks and on transfer to 
MS medium without growth regulators (Mukherjee 1999a; 
Mukherjee 2001). 

Whole plants from field sources also can be multiplied 
by culturing nodes (4-5 mm) on MS medium supplemented 
with NAA (0.5 mg l-1), BA (1 mg l-1) and GA3 (0.05-0.1 mg 
l-1). 

Virus elimination techniques have been used routinely 
for the production of disease-free sweet potato planting 
material. Disease-free material is used for commercial plan-
ting of sweet potato in South Africa, and has been an effici-
ent way of suppressing the level of disease present in the 
field (Van Zijl and Botha 1998). 

Fig. 1 Shoot tip culture and micropropagation in sweet potato. 
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Somatic embryogenesis 
 
In vitro techniques like meristem culture, shoot tip culture 
and axillary bud culture are used to efficiently clean and 
multiply vegetatively propagated crops. On the other hand, 
in vitro somatic embryogenesis offers a better option for 
propagation and storage. 

Embryos being the product of somatic embryogenesis, 
is more or less similar to a zygotic embryo in a seed com-
prising embryogenic shoot and root tissue and this bipolar 
entity allows it to develop into a small plant. Besides the 
high rate of multiplication, somatic embryogenesis has 
opened up the possibility of production of artificial seeds by 
encapsulating the embryos in protective nutrient coating. 
However, the efficacy of such techniques greatly depends 
on high reproducibility, homogeneity and genetic stability 
of the embryogenic regeneration system (Prakash 1994; 
Mukherjee 1999a). 

Regeneration through oraganogenesis or somatic em-
bryogenesis has been developed in different cultivars of 
sweet potato by culturing leaf, shoot and root explants on 
MS medium supplemented with 2,4-dichlorophenoxyacetic 
acid (2,4-D), kinetin, Picolinic acid, thidiazuron and 2,4,5-
trichlorophenoxyacetic acid (2,4,5-T). Though high fre-
quency regeneration protocols have been developed, most 
of the results are specific to certain genotypes. Optimization 
of the concentration of 2,4-D or 2,4-D and kinetin or ad-
dition of thidiazuron or picolinic acid could enhance the 
regeneration response (Mukherjee et al. 1991a; Chee and 
Cantliffe 1992; Mukherjee et al. 1993; Desamero et al. 
1994; Gosukonda et al. 1995; Mukherjee et al. 1998a; Muk-
herjee 2002a; Mukherjee and Debata 2002). Use of 2,4,5-T 
was reported to be more effective than 2,4-D (Almazrooei 
et al. 1997). Exploitation of somatic embryogenesis proto-
col for genetic transformation and artificial seeding depends 
on the homogeneity and genetic stability of the regeneration 
system. Studies on these aspects have been carried out in 
India by Mukherjee (1999a, 1999b) and Mukherjee et al. 
(2003a). Liu et al (2001) developed a system for embryo-
genic suspension cultures for a wide range of sweet potato 
genotypes especially for commercial cultivars. Use of �-
glucuronidase (GUS) as a reporter optimizes Agrobac-
terium-mediated transformation parameters for sweet potato 
embryogenic callus (Xing 2007). Plant regeneration and 
transformation in sweet potato has been obtained by culture 
of leaf segments (Chen 2010). 

Plants can be regenerated through callusing and somatic 
embryogenesis from stem, leaf, petiole and root explants on 
subsequent cultures to 2,4-D or 2,4-D+BA (0.5 to 2 mg l-1) 
supplemented MS to plain MS medium (Mukherjee et al. 
1998a, 1998b, 2001, 2003). Embryogenic response is ob-
served to be influenced by genotype, growth regulators as 
well as by explants. Variation in embryogenic response 
among the genotypes with different growth regulators was 
quite pronounced. Positive influence of 2,4-D alone in 
genotype S132 and with BA in other genotypes like 8570 
and 8516 have been recorded during embryogenesis. Ex-
periments with different explants exhibited better embryo-
genic response with leaf and root as compared to petiole 
and stem explants which required BA along with 2,4-D. 
Enhanced and synchronous embryogenic response has also 
been recorded in those 4 different genotypes with addition 
of NaCl (5 g l-1) or L-proline (700 mg l-1) in 2,4-D (0.2 mg  
l-1)-supplemented MS medium (Mukherjee 1999b). Though 
the embryos could germinate in plain MS medium, different 
media combinations were also tested to enhance the rate of 
germination. Rate of germination was found to be influ-
enced more with embryo induction medium (Mukherjee et 
al. 2003b). 

 
Artificial seeds 
 
Enacapsulated somatic embryos or artificial seeds have 
been considered to be the novel substitutes for true seeds of 
clonal crops. Artificial seeds, also known as synthetic seeds 

are good quality somatic embryos or propagules enclosed in 
protective nutrient coating. Artificial seed technology pro-
vides a rapid, low volume, cost competitive propagation 
method. In vitro somatic embryogenesis facilitates the pro-
duction of ‘artificial seeds’, provided synchronization in 
development and germination of embryos is achieved 
(Mukherjee 1999a, 2002a, 2002b). 

Production of artificial seeds in sweet potato has been 
attempted by Chee and Cantliffe (1992). Scientists at the 
University of Florida have developed a system to produce 
artificial seeds of the sweet potato cultivar white star encap-
sulated in gels (Prakash 1994). 

Addition of stress inducing chemicals in regenerating 
medium was also found to be quite effective to enhance the 
rate of multiplication significantly and to yield hardy soma-
tic embryos (Mukherjee 2002a). Enhanced and synchronous 
embryogenic response registered in four different genotypes 
with addition of NaCl or L-proline in 2,4-D supplemented 
MS medium may favour artificial seeding in sweet potato 
(Mukherjee 2002a; Mukherjee et al. 2003b). The hardy 
embryos of sweet potato produced in NaCl medium could 
be stored at 8°C with protective alginate covering. Embryos 
encapsulated with Na-alginate (artificial seeds) could be 
stored for 30 days and can grow into plants in culture 
medium and also on direct sowing (Fig. 2) in sterilized soil 
(Mukherjee 2002a). Hardy non capsulated somatic embryos 
could be stored and germinate in vivo and in vitro (Muk-
herjee and Debata 2002). However, percentage germination 
of encapsulated embryos was much higher than non cap-
sulated embryos in vivo and in vitro. Yield and quality of 
storage roots developed from artificial seed propagated 
plants were found to be at par with source plants. Analyses 
of isozyme and random amplified polymorphic DNA 
(RAPD) profiles confirmed the genetic homology of the 
plants raised from artificial seeds with source plants (Muk-
herjee 2002a; Mukherjee et al. 2003a). Thus, production of 
artificial seeds can be a novel substitute for true seeds for 
propagation of vegetatively propagated crops like sweet 
potato. 

 
Organogenic regeneration 
 
Regeneration can also be achieved by adventitious budding 
on the cultured explants and also from callus tissues lacking 
preformed meristems. This mode of regeneration especially 
direct shoot organogenesis is gaining importance for its ap-
plication in genetic transformation studies for the produc-
tion of transgenic plants. Shoot organogenesis is found suc-
cessful in sweet potato directly or through tuberization from 
in vitro roots induced from leaf explants when cultured in 
plain MS medium at 12 h photoperiod (Mukherjee et al. 
1993). 

The National Aeronautics and Space Administration 
(NASA) has chosen sweet potato as one of eight crops to be 
grown for long term space missions. United States Agency 
for International Development (USAID), USDA, NASA 
and scientists at Tuskegee University (USA) have deve-
loped a tissue culture system that enabled them to quickly 
produce large numbers of adventitious sweet potato plants 

Fig. 2 Encapsulated somatic embryo (artificial seeds) of sweet potato 
germinating after storage. Source: Mukherjee 2002a. 
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(Prakash 1994). 
Significant enhancement in the organogenic regenera-

tion frequency was achieved with supplementation of NaCl 
(200 mg l-1) or proline (100 mg l-1). Sodium chloride (200 
mg l-1) was found to be most responsive to give 40-84% 
explant response and produced 6.5-7.5 shoots per 50 mg of 
callus (Mukherjee 1999b; Mukherjee and Debata 2001). 
The highest percentage of shoot induction (30.9%) was ob-
tained on MS medium containing 10 mg l-1 kanamycin, 1.0 
mg l-1 ABA and 1 mg l-1 GA3 (Xing 2008). 

 
In vitro tuberization 
 
In vitro tubers are less vulnerable to adverse environments 
compared to in vitro plants. Transit and handling are also 
easy for tubers as excellent means for propagation. 

In sweet potato in vitro tubers have developed from 
internodes, fibrous roots and leaf explants. Tuber formation 
from internode segments in presence of kinetin and auxin is 
reported by Houndonoughbo (1989), from fibrous root at 8 
per cent sucrose with 1 or 5 mg l-1 BA by Aboul and Bouw-
kamp (1990) and from leaf explant in MS medium sup-
plemented with or without NAA (0.2 mg l-1) at 12 h photo-
period by Mukherjee et al. (1996, 1999b) and Mukherjee 
and Debata (2001). Menzel et al. (1980) reported that 
growth retardants stimulate tuberization under unfavorable 
environmental conditions. Vecchio et al. (1994) reported 
that in vitro tuberization is also genotype and medium 
dependent. 

 
Field establishment of micropropagated plants 
 
Field establishment necessitates hardening of in vitro grown 
plants so that they can tolerate stress and adapt to natural 
environment. Plantlets can be hardened in sterilized soil and 
sand mixture (1:1) in moist chamber for 72 h and later 
under shade for 4-6 weeks before transferring to the field 
(Fig. 3). Regenerated plants of sweet potato can be har-
dened in sterilized soil and sand mixture as have been fol-
lowed for other tuber crops. In vitro grown plants of sweet 
potato can also be hardened in hydroponics prior to their 
transplantation in soil (Mukherjee et al. 1994; Mukherjee 
1999a). 

A study was conducted to compare growth and yield 
characteristics between the tissue culture regenerated and 
conventionally propagated sweet potato cultivars. Conven-
tional propagation method gave highest growth rate, how-
ever, the difference in yield between the conventional 
propagation and tissue culture regenerated plants did not 
vary significantly. Likewise, virus detection for SPFMV by 
ELISA established that field plants had a higher virus titre 
compared to the tissue culture regenerated plants (Ogeema 
et al. 2007). Thus, in vitro raised shoot apical meristem cul-
ture coupled with heat or chemotherapy are being followed 
to clean virus infected plants. Field establishment, sero-
diagonosis and subsequent evaluation will ensure the qual-
ity of in vitro raised plants. 

 
Monitoring for variation and contamination of 
micropropagated plants 
 
The objectives of in vitro propagation cannot be achieved 
fully unless it assures stability of the rate of propagation as 
well as genetic stability of the propagules (Mukherjee 
1999b; Mukherjee et al. 2003a). Chances of getting genetic-
ally variant regenerants are less when it is developed 
directly from the explant in contrast to those obtained 
through a callus phase. It is evident from in vitro regenera-
tion studies that genetic changes are occurring during 
regeneration and are transmitted to the regenerants and their 
progenies. Such heritable variations are known as ‘soma-
clonal variations’ which is not desirable for a program laid 
out with the objectives of ‘true to type’ propagation. Hence, 
micro propagated plants need to be ensured that they are 
disease free and no secondary infection has occurred in the 

field or in nursery through disease indexing techniques. At 
this stage, those plants need to be tested for genetic purity 
to ensure ‘true to type’ as source or mother plants for main-
taining the quality. 

To asses the phenotypic and genotypic stability, regene-
rated plants established in soil can be screened with source 
plant or mother clone for possible phenotypic variations. If 
variations are observed, variants need to be evaluated fur-
ther for their cyto-biochemical characteristics to confirm the 
genetic stability employing cytological, biochemical and 
molecular marker techniques like isozyme and DNA mar-
kers (Mukherjee et al. 2001, 2002a, 2002b, 2003a). 

In an experiment, plantlets developed from somatic em-
bryos were hardened in hydroponics as per the methodol-
ogy of Mukherjee et al. (1994) and were established in field 
for comparative evaluation of yield and other cyto-morpho-
biochemical characteristics with source plants. Root tip 
cytology of the regenerants revealed chromosomal homol-
ogy with source plants (Mukherjee et al. 1998a). Random 
amplified polymorphic DNA (RAPD) studies of regenerants 
and source plants also showed similarity in banding patterns 
(Fig. 4). No significant variations in yield and other charac-
teristics are observed among the regenerants and between 
regenerants and source plants, thus implying genetic sta-
bility of the regeneration system. Histo-morpho-cytological 
evaluations of 3-year-old repetitive embryogenic callus cul-
tures have also established cyto-histo-morphological stabil-
ity of the regeneration system (Mukherjee et al. 1998a, 
2001, 2003a). Such genetically stable propagules can be 
used for further multiplication. 

Thus, micropropagation, isozyme and DNA marker 
techniques coupled with conventional breeding can shorten 
the breeding cycle and can generate sufficient quantity of 
quality planting materials at will. 

 
 
 
 

Fig. 3 In vitro raised hardened sweet potato (genotype CIPSWA-2) 
plants. 

Fig. 4 Isozyme profiles of source plants (1-4) and regenerants (5-14) in 
sweet potato genotype S132. (a) Esterase; (b) Peroxidase; (c) Acid 
phosphatase. Source: Mukherjee 2002a. 
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CONSERVATION AND STORAGE 
 
Sweet potato has a very high genetic variability and thou-
sands of varieties of sweet potato exist in germplasm col-
lections. As sweet potato is vegetatively propagated, the 
maintenance of its germplasm in gene banks is a laborious 
task. Tissue culture assists in the storage of disease-free 
collections and facilitates easier maintenance and distribu-
tion of germplasm (Prakash 1994). 

In fact, tools like tissue culture and molecular markers 
can help to conserve and characterize germplasm of sweet 
potato efficiently with minimum inputs. Of the different 
storage protocols, minimal growth culture and cryostorage 
protocols are the basic tools to develop in vitro gene bank 
for vegetatively propagated crops. 

Minimal growth (slow growth) storage is the most 
direct way of restricting growth and development of in vitro 
materials (plantlets, meristem cultures or callus masses). It 
can be achieved in different ways like reduced temperature 
or light and by media manipulation. Media alterations are 
done by addition of osmotic retardants like mannitol or by 
growth retardants or by reduced nutritional status with 
reduced carbon. The advantage of this storage is that cul-
tures can be readily brought back to normal conditions on 
demand to produce plants (Mukherjee 1999a). 

Slow growth culture method has been developed to 
store sweet potato for 1-2 years by monitoring temperature 
(18-28°C) or with addition of mannitol (10-30 g l-1) or 
reduction of sucrose from 30 to 10 g l-1 (Nair et al. 1994; 
Mandal and Chandel 1996). Storage at 8°C could extend the 
culture life for 2-3 years (Dodds 1989). 

The International Potato Center (CIP) in Peru, which 
has the global mandate for sweet potato research, has more 
than 4,000 accessions in its collection. The Asian Vegetable 
Research and Development Center (AVRDC) in Taiwan and 
the Agricultural Research Service of the United States 
Department of Agriculture (ARS/USDA) also hold exten-
sive collections. Sweet potato germplasm is stored in vitro 
in all these laboratories (Prakash 1994). 

Long term storage or cryostorage provides ‘indefinite 
storage’ system for organ, tissue or cells at ultra low tem-
perature (at -196°C using liquid nitrogen) by reducing 
metabolism significantly with no biological deterioration. 
Long term storage lessens the risks associated with slow 
growth storage. Despite the genetic stability inherent in 
organized plant structures such as meristem, there are risk 
to DNA structure, integrated metabolism and viability under 
slow growth such as resulting from the oxidative activity of 
free radicals (Benson 1990). Cryopreservation is safer, eco-
nomical and space saving method for a long term storage 
(Kartha 1985; Withers 1987). 

In sweet potato, cryopreservation of embryogenic tissue 
has been attempted by Blakesley et al. (1995) and Bhatti et 
al. (1997). Their protocols were based on encapsulation, 
sucrose pre-treatment and evaporative dehydration prior to 
freezing. Survival of embryogenic tissue was reported to be 
4-38% depending on the genotype. 

 
IN VITRO TOOLS TO RECOVER RARE HYBRIDS 
 
While minimal growth and cryostorage provide safer sto-
rage of valuable genetic resources, embryo culture and 
protoplast culture help in rescuing rare hybrids. Embryo 
culture is an aid to conventional breeding to overcome the 
limitations of post fertilization barriers like embryo-endo-
sperm incompatibility and seedling lethality. Embryo rescue 
technique was developed in sweet potato to recover the 
hybrids from immature embryos (Mukherjee et al. 1991b). 
Rare hybrids of exotic species of sweet potato and its wild 
relatives viz. I. trifida, I. cairica, and I. murocoides could 
be established through in vitro embryo culture and seed ger-
mination techniques (Mukherjee 1994; Mukherjee and 
Vimala 1994). An agrobacterium mediated transformation 
method based on de novo organogenesis (callus) has been 
developed from petioles with leaf for sweet potato (Luo 

2006) to recover rare hybrids. Plant regeneration was 
achieved in protoplasts cultures of sweet potato relatives viz. 
I. triloba, I. lacunose and I. cairica (Liu et al. 1991; Guo et 
al. 2006). Somatic hybrids were also produced by fusing 
protoplast of sweet potato + I. triloba (Liu et al. 1994; 
Wang et al. 2003), sweet potato + I. lacunose (Liu et al. 
1998). A significant number of somatic hybrids was pro-
duced from sexually incompatible combinations through 
protoplast fusion of embryogenic suspension cultures of 
sweet potato and petioles of the relatives (Zhang et al. 
1999; Zhang et al. 2002; Guo et al. 2006). Yang et al. 
(2009) obtained storage root bearing somatic hybrid from 
incompatible combination of sweet potato and I. triloba. 

 
Protoplast culture 
 
Isolation of viable protoplast from sweet potato and some of 
its wild progenitors have been reported by many researchers 
(Wu and Ma 1979; Eilers et al. 1985; Sihachakr and Duc-
reux 1987; Kobyashi et al. 1990; Ozias and Perera 1990; 
Belarmino et al. 1994, 1996). Stem, petiole and leaf ex-
plants or callus tissue produced from those explants have 
been digested either with Cellulase (2%) alone or Cellulase 
(2%) with Macerozyme (0.05%), Pectolyase (0.3%), Hemi-
cellulase (0.5%) and Driselase (1%) at pH 5.6 to release 
protoplasts. Belarmino et al. (1996) regenerated plants from 
stem and petiole protoplasts of sweet potato and Ipomoea 
lacunosa. They also reported asymmetric protoplast fusion 
between sweet potato and Ipomoea trifida by electro fusion 
and polyethelene glycol (PEG) treatment. As they could 
regenerate only from electrofused protoplast and suggested 
that PEG might be toxic to the system. They characterized 
the interspecific hybrids through isozyme analysis. Results 
of the experiments on protoplast isolation from 4 different 
genotypes (S 132, 187004.3, 8570 and 8516) and 2 wild 
progenitors (I. aquatica and I. cairica) have revealed that 
young unfolded leaves were better sources for viable proto-
plast than mature leaves. Protoplasts of young leaves have 
registered higher density and viability. Enzymes Cellulase 
(4%) Macerozyme (3%) and Pectolyase (0.08%) were used 
for cell wall digestion (Mukherjee 1999a). 

 
DNA MARKERS FOR GENETIC RELATEDNESS 
AND BREEDING 
 
Breeders have used phenotypic markers to follow segrega-
tion of genes but most of the agronomic characters are not 
associated with scorable phenotypic characters. Discovery 
of restriction enzymes that cleave DNA at sequence-specific 
sites has evolved the molecular marker technology by spli-
cing any specific segment of DNA and the traits associated 
with it (Thro et al. 1994). Genetic analysis for morpho-
logical markers is few (Hahn et al. 1989). Application of 
molecular and biochemical markers may help breeders to 
tag agronomic traits and to screen those at early stages of 
growth (Mukherjee 1999a). 

The DNA molecular markers exist in every genotypes; 
their number may vary from hundreds to thousands. They 
are stable markers and are independent of plants growth 
stage and external environment. As a result, molecular mar-
kers can be scored using DNA from seedlings and plants at 
any stage of growth in any environment. Interdisciplinary 
research is required to establish molecular marker associ-
ated breeding and selection for the traits of agronomic or 
market interest. 

 
DNA markers 
 
A variety of molecular techniques have been developed for 
measuring genetic variability in sweet potato. Restriction 
fragment length polymorphism (RFLP) markers have been 
used to assess the relationship between cultivated sweet 
potato and wild Ipomoea species (Prakash 1994). The PCR 
based fingerprints, such as amplified fragment length poly-
morphism (AFLP) and RAPD are more discriminatory but 
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often had much less desirable reproducibility. However, 
PCR based markers are fast and enables to screen 200 sweet 
potato varieties in one day. Analysis of preliminary results 
reveal considerable genetic variation in sweet potato germ-
plasm collected from across the globe but little variation in 
US sweet potato varieties. The RAPD had been used in 
cultivar fingerprinting (Connolly et al. 1994) and estimation 
of genetic diversity (Sagredo et al. 1998). Huang and Sun 
(2000) used inter-simple sequence repeat (ISSR) and res-
triction analysis of chloroplast DNA in the study of genetic 
relationships of cultivated sweet potato and its wild rela-
tives. The DNA fingerprinting techniques can thus be em-
ployed to assess genetic variation and also to identify dup-
licates in the germplasm collection. 

The RAPD analysis was done for 190 Indonesian local 
cultivars collected from 14 collection sites, along with 23 
cultivars from Japan, the Philippines and Papua New Gui-
nea. Fourteen arbitrary 12-mer primers used for the study 
resulted in 50 polymorphic bands. Analysis of gene diver-
sity suggested that genetic variation in local cultivars is 
partitioned within regional groups rather than between them. 
However, a principal component analysis (PCA) based on 
the genetic similarity indicated weak genetic differentiation 
between regional groups. Also, cluster analysis indicated 
that the genetic relationship between regional groups is par-
tially associated with the geographical relationship between 
collection sites. These results suggest the existence of geo-
graphical variations among the Indonesian cultivars. Com-
parison of gene diversity in each collection site suggested 
that cultivars in the northern part of Sulawesi Island had the 
highest degree of diversity among the regional groups ana-
lyzed as have been explained by Tanaka et al. in 2006. 

The DNA fingerprints are also valuable to breeders by 
enabling them to identify divergent parental lines for hyb-
ridization and to monitor somatic hybrids and somaclonal 
variation. Simple sequence repeats (SSRs) DNA markers 
are found to be useful in determination of the genetic rela-
tionship of sweet potato polycross breeding lines. 

The SSRs markers produce easily scorable, unique al-
leles and/or allele combinations, which make them an ideal 
system for cultivar identification. Moreover, many have 
reproducible fingerprints for germplasm management. They 
were used to analyze the genetic diversity and genetic rela-
tionships among sweet potato cultivars. The cultivars con-
sisted of Chinese and Japanese materials, landraces as well 
as cultivars derived either from hybrid or polycross breed-
ing in Taiwan. The SSR analysis from eight primer pairs 
revealed a total of 20 alleles of which 17 were polymorphic 
(85% polymorphism). An average of 2.5 alleles was ob-
tained per SSR primer pair. On average 2.1 alleles per poly-
morphic SSR locus were amplified. The construction of 
genetic relationships using unweighted pair group method 
with arithmetic mean (UPGMA) and PCA demonstrated the 
capability of simple sequence repeats in sweet potato geno-
type identification and classification of genetic relationships. 
The UPGMA clustering and PCA revealed that polycross 
derived cultivars possessed high levels of genetic diversity 
and originated from various genetic resources, and sug-
gested the usefulness of polycross breeding strategy in spite 
of frequent cross-incompatibility. Moreover, high level of 
genetic variation in polycross breeding lines would assist in 
obtaining elite sweet potato materials in the future. In ad-
dition, most landraces were distantly related to the Chinese 
and Japanese materials and probably originated from Java 
and Brahman (Hwang et al. 2002). 

The DNA molecular markers are also very helpful to 
identify and create heterotic gene pools but to a lower 
extent for selection of the best parental combinations within 
heterotic gene pools. Heterosis is significantly important for 
polyploid species. Heterosis is larger if parents are recom-
bined which have a high general combining ability. Estima-
tion of the correlations between genetic distances and hete-
rosis under drought and non-drought stress conditions for 
each: (i) intra-gene pool and (ii) inter-gene pool cross popu-
lation will allow to make conclusions to which extent SSR 

markers can be used for gene pool division and cross pre-
diction. In the case of sweetpotato breeding it is specified 
that the American ‘Jewel Gene Pool’ and the African 
‘SPK004 Gene Pool’ might have exploitable heterosis in 
clone families which can improve yields in both regions of 
the world (Ghislan et al. 2004). Such knowledge is useful 
for the improvement of breeding efficiency. 

 
How molecular markers can improve genotypes in 
a molecular breeding programme 

 
Molecular markers help in detecting QTLs. A QTL is a 
position in a chromosome that contains one or more poly-
genes and involved in determination of a quantitative trait. 
It is impossible to know the inheritance pattern of indivi-
dual polygenes. As a result these genes cannot be mapped 
using conventional breeding programme. QTL mapping in-
volves testing DNA markers throughout the genome for the 
likelihood that they are associated with a QTL. Individuals 
in a mapping population are analysed in terms of DNA 
marker genotype and phenotype of interest. For each DNA 
marker the individual are split into classes according to 
marker genotype. Mean and variance parameters of pheno-
type of interest are calculated and compared among the 
marker genotype classes. A significant difference between 
the DNA marker and trait of interest indicates a linkage 
between DNA marker and a trait of interest i.e. DNA mar-
ker is probably linked to a QTL controlling the phenotype 
of interest. The mapping population used for mapping DNA 
markers are F2, F3, RILs, NILs, and Double Haploids. After 
identification of QTLs, these will be introgressed in other 
genotypes of interest and improve them. Molecular markers 
can be used for negative selection i.e. for elimination of un-
desirable gene in segregating population. Molecular mar-
kers are very useful for plant variety protection i.e., in 
unequivocal identification of plant varieties. Molecular 
markers would enable an effective selection of horizontal 
resistance even in the presence of vertical resistance gene, 
which is not possible by conventional approaches. This may 
be expected to reduce the risk of vertifolia effect i.e. disease 
epidemics due to breakdown of vertical resistance. 

 
GENETIC TRANSFORMATION 
 
To transfer a cell or an organism with insertion of foreign 
DNA carrying gene of interest (GOI) or specific trait is 
known as genetic transformation. Genetic modification of 
plants using recombinant DNA techniques holds the pro-
mise of increased crop productivity, product quality and 
reduced dependence on chemical inputs for pest control 
(Asano et al. 1991). In general, methods used for genetic 
transformation are either by physical method or by biolo-
gical method of transformation. The physical method in-
cludes particle bombardment, microinjection and electro-
poration. Biological transformation occurs by co-cultivation 
with the bacterial vector A. tumefaciens or A. rhizogenes. 
The whole plant can be regenerated from the transformed 
cell (Mukherjee 1999a). 

Thus, to develop transgenic plants, it is essential to have 
reliable methods for efficient production of plants in tissue 
culture. There have been reports of regeneration from a 
variety of explant sources and genotypes but with varying 
degrees of success. Shoot organogenesis has been observed 
from stem internodes, leaves and roots (Carswell and Locy 
1984). Regeneration has also been induced directly from 
adventitious roots from shoot cultures (Ozias-Akins and 
Perera 1990), and from de novo roots formed in tissue cul-
ture (Carswell and Locy 1984). Somatic embryogenesis has 
been induced from stem, petiole, leaf and root tissues (Liu 
and Cantliffe 1984; Chee and Cantliffe 1988). It is also pos-
sible to regenerate sweetpotato from protoplasts (Sihachakr 
and Ducreux 1987). Regeneration from storage roots has 
also been demonstrated (Hwang et al. 1983; Newell et al. 
1995). Plants have also regenerated from leaf, stem, petiole 
and root explants (Mukherjee et al. 2001, 2002). 
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In sweet potato, approaches for producing transgenic 
plants include the electroporation of protoplasts (Nishiguchi 
et al. 1992), particle bombardment (Prakash and Varadara-
jan 1992), Agrobacterium rhizogenes-mediated transforma-
tion (Otani et al. 1993), and A. tumefaciens mediated trans-
formation (Prakash and Varadarajan 1991). However, these 
procedures have been found very genotype dependant, and 
often difficult to reproduce (Lowe et al. 1994). The first 
report of reproducible transformation and regeneration was 
achieved using pieces of storage root tissue inoculated with 
the A. tumefaciens strain LBA4404 (Newell et al. 1995). In 
that report, the plasmid vector contained the uidA gene 
encoding �–glucuronidase (GUS) (Jefferson 1987) and the 
wild type neomycin phosphotransferase II gene (nptII) 
(Yenofsky et al. 1990). Regeneration and Agrobacterium-
mediated putative transformation have also been reported in 
India (Mukherjee 2006). Genetic transformation of embryo-
genic suspension cultures of sweet potato cultivars Xu55-
2was obtained by utilizing the A. tumefaciens strain 
EHA105 that contain the binary vector PBIM 19/SBD2 
with SBD2 and neomycin phosphotransferase (NPTII) gene  
(Xing 2008). Zhai and Liu (2003) produced transgenics of 
cv. ‘Lizixiang’ from ECS using A. tumefaciens strain 
A208SE with binary vector pR0A93, gus A and npt II genes. 
Similar transformation was reported with A. tumefaciens 
strain LBA4404 with binary vector ApBinh, oryzacystatin-I 
and nptII genes (Jiang et al. 2004). Luo et al. 2006 deve-
loped a de novo system through callus organogenesis from 
sweet potato leaves. Zhang et al. (2009) developed trans-
genics showing functional expression of bar genes selected 
with 0.5 mg l-1 phosphinithricin. Transgenic research is 
being continued to have improved nutritional quality as 
well as disease and pest resistant sweet potato. 

 
Improvement of nutritional quality 
 
The most useful applications of genetic engineering in 
sweet potato may be in the improvement of nutritional qual-
ity traits. As a result of the high yield per hectare, sweet 
potato rates very high in protein production and has the 
highest recorded net protein utilization among major food 
crops (Prakash 1994). 

Molecular cloning and nucleotide sequence of cDNA 
for sporamin, the major soluble protein of sweet potato 
tuber, was done by Hattori et al. (1985, 1990). Otani et al. 
(1993) developed Agrobacterium rhizogenes-mediated 
transformation in sweet potato. However, like other plant 
proteins, sweet potato protein is deficient in many essential 
amino acids. To address this problem, research at Tuskegee 
University attempted to introduce a synthetic storage pro-
tein gene that codes for essential amino acids. Theoretically, 
the nutritional quality of the 'artificial storage protein' is 
similar to that of milk or egg protein. As the leaf tips of 
sweet potato are also consumed as a green vegetable, tar-
geting of improved protein gene expression to young leaves 
would also be nutritionally beneficial (Prakash 1994). Gar-
cia et al. (1995) established the methodology for regenera-
tion and genetic transformation of sweet potato for storage 
protein (sporamin) in two cultivars. Egnin and Prakash 
(1997) developed transgenic sweet potato expressing a syn-
thetic storage protein gene for high levels of total protein 
and essential amino acids. Storage roots of transgenic lines 
had 9% protein over control (2.25%) on dry weight basis. 
At Tuskegee University, Alabama, USA, South African 
sweet potato cultivars are being transformed with a gene to 
increase essential amino acid levels in the tubers (Egnin et 
al. 1999). With other sweet potato cultivars, this research 
has shown to be extremely successful with transgenic sweet 
potatoes containing up to five times the normal protein 
levels. 

 
Disease resistance 
 
There are several fungal, bacterial and viral diseases which 
infect sweet potato crop. As sweet potato is grown primarily 

as a subsistence crop in most developing countries, chemi-
cal control of these diseases is not widely practised. Fre-
quent replanting with virus free stock is also no enduring 
solution as warm climates lead to a high reinfection rate. 
Development of cultivars resistant to diseases is a viable 
option. 

Viral disease in sweet potato is mainly due to white fly 
transmitted sweet potato chlorotic stunt virus and aphid-
transmitted sweet potato feathery mottle virus. The infec-
tion causes chlorosis, deformed leaves and severe stunting 
and can reduce yield by over 90% (Gibson et al., 1997). 
Mwanga et al. (2003) developed a linkage map and iden-
tified markers linked to resistant genes of both these viral 
diseases. They identified an AFLP marker spcsv1, which 
explained 70% of variation in gene resistant to sweet potato 
chlorotic stunt virus and one RAPD marker spfmv1 which 
explained 72% of variation in sweet potato feathery mottle 
virus resistant gene. 

The transfer of a cecropin gene from the giant silk moth 
has already been achieved in tobacco and potato and the 
resulting transgenic plants have reportedly demonstrated 
measurable resistance to bacteria and fungi. Synthetic ver-
sions of this gene, with improved stability and activity, are 
being introduced into elite cultivars of sweet potato at 
Tuskegee University. Transgenics for fungal resistance was 
also developed by genetic transformation with chitinase and 
glucanase genes (Walls et al. 1996). Sweet potato feathery 
mottle virus (SPFMV) is a major problem that causes 'russet 
crack' disease and affects sweet potato production, particu-
larly in Africa. Efforts are underway to develop resistance 
to the feathery mottle virus using the coat protein gene and 
antisense RNA genes. Research at the US agrochemical 
company Monsanto and Tuskegee University aimed to 
develop transgenic sweet potato plants using these genes. 
Cuban and Chinese scientists have also cloned the coat pro-
tein gene for SPFMV to develop virus resistant plants 
(Prakash 1994). 

By integration and expression of genes assessed through 
Southern, Northern and Western analysis, Maingi et al. 
(1996) could confer resistance to Sweet potato feathery 
mottle virus (SPFMV) in sweet potato through genetic 
transformation. They developed an efficient transformation 
system using A. tumefaciens strain containing marker for 
SPFMV coat protein genes. 

Plant transformation through Agrobacterium using 
SPFMV coat protein gene demonstrated that only 1.3% 
plantlet formation can be derived from petiole explant. 
Plant regeneration of sweet potato is genotype-dependent. 
‘Jewel’ was the best genotype of sweet potato for in vitro 
regeneration and plant transformation. 

Transgenic approaches have been developed for sweet 
potato cultivars important to resource poor farmers in 
Africa. Transgenic sweet potato resistant to SPFMV has 
been produced at KARI in a program funded by the United 
States Agency for International Development (USAID), and 
Monsanto (Wambugu 1999). 

 
Pest resistance 
 
Among the major insect pest problems of sweetpotato, 
sweetpotato weevil (Cylas formicarius F.) is the most des-
tructive one, especially in the tropics (Horton and Ewell 
1991). Production losses due to this insect attack reach 60-
100% in certain areas. The sweet potato weevil feeds on 
stored roots, thereby reducing their quality and yield; sec-
ondary compounds produced by roots in response to weevil 
attack make even slightly damaged roots inedible. Unfor-
tunately, very little resistance to weevil can be found in 
sweet potato germplasm. Hence transgenic resistance is 
most desirable to combat pest problem. Similarly, pests like 
stem nematodes can decrease the yield substantially. Marker 
assisted screening can screen out the susceptible lines and 
effectively select the potential resistant lines before the 
phenotypic expression. Zhou et al. (2005) and Jiang et al. 
(2007) developed one RAPD marker linked to stem nema-
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tode resistant gene at a genetic distance of over 17cM. Jie et 
al. (2008, 2009) developed a sequence characterized ampli-
fied region (SCAR) marker at a genetic distance of 14.2 cM 
and two AFLP markers (6.9 cM and 11.1cM) linked to this 
resistance gene. Li et al., 2008 also developed two sequence 
related amplification polymorphism (SRAP) markers linked 
to the resistant gene with genetic distance of 4.86 cM and 
4.17 cM, respectively.  

Garcia et al. (1995) have developed transgenic sweet 
potato plants resistant to pest (Cylas formicarius). The ex-
pression of Bt genes was detected by Western Blot using 
polyclonal antibodies. Cipriani and Golmirzaie (1996) re-
ported transformation of sweet potato cultivars using Agro-
bacterium tumefaciens and A. rhizogenes for insect resis-
tance. 

 
TOLERANCE TO ABIOTIC STRESSES 
 
Dudal and Purnell (1986) reported that salinity affects 7% 
(1000 Mha) of the world’s land surface which is one of the 
main limiting constraints to global agriculture. Along with 
76 Mha area is affected by secondary salinity (Oldeman et 
al. 1991). In those areas, plant growth is severely affected 
by salinity through water deficit and other salt specific 
damages (Munns and Termaat 1986) or oxidative stresses 
(Hernandez et al. 1995). It is claimed that abiotic stress is 
the primary cause of crop loss, reducing average yields of 
most of the crops by more than 50% (Wang et al. 2003). 
This proportion will rise with increasing irregularity of cli-
mate and frequency of extreme climatic events (Mukherjee 
2011). Diversity in species, varieties and practices has per-
mitted agriculture to withstand moderate change in climate 
over the past 10,000 years. 

Research has significantly advanced in developing har-
dier crop varieties through conventional breeding methods, 
and the application of tools from molecular biology is 
speeding the process. Rice researchers have succeeded to 
identify a rice gene (Sub1A) that allows plants to survive 
when completely submerged for up to two weeks, while 
most rice survives underwater for only three days (Russell 
2007). Unlike rice, sweet potato is not being subjected to 
intense research for salinity and submergence tolerance. 
However, the large scale in vitro screening and antioxi-
dative system studied to impart submergence and salinity 
tolerance in sweet potato are discussed here. 

 
Submergence tolerance 
 
In an attempt to understand responses to salinity and flood-
ing stress, many enzymes induced by salt stress and flood-
ing have been identified and characterized (Pinheiro et al. 
1997). Plants receiving paclobutrazol (PBZ) that are under 
environmental stress have significantly higher antioxidative 
system levels compared to plants under non stressed con-
ditions (Lurie et al. 1994; Paliyath and Fletcher 1995). 

Changes of antioxidants and antioxidative enzymes in 
the flooding stressed sweet potato leaf as affected by PBZ 
treatment at 24 h prior to flooding was studied by Lin et al. 
(2006). Their results showed that under flooding stress con-
ditions, the level of antioxidative system is linked to PBZ 
treatment. Pre-treating with PBZ may increase levels of 
various components of antioxidative systems after exposure 
to different durations of flooding and drainage, thus in-
ducing flooding tolerance. The PBZ exhibited an important 
function of enhancing the restoration of leaf oxidative 
damage under flooding stress after the pre-application of 
0.5 mg per plant. These findings will have greater signifi-
cance for farming in frequently flooded areas. 

Similarly, pretreating with CaCl2 could enhance tol-
erance to flooding stress by enhancing reduced glutathione 
(GSH). In an experiment, three sweet potato varieties, ‘Tao-
yuan 2’, ‘Simon 1’ and ‘Sushu 18’, were pretreated with 
four levels of CaCl2 (0, 60, 120 and 180 kg ha–1) weekly for 
50 days from planting before being subjected to non-
flooding (control) and flooding conditions. The studied 

genotypes exhibited unique abilities and specificities 
through the antioxidative systems in response to flooding 
stress. The level of activity of the antioxidative system in 
sweet potato leaves was related to CaCl2 pretreatment 
during flooding. The ascorbate peroxidase, superoxide 
dismutase, glutathione reductase, reduced ascorbate, total 
ascorbate, reduced glutathione and malondialdehyde con-
tents of the three sweet potato varieties under flooding 
stress significantly increased because of pretreatment with 
60 and 120 kg ha–1 of CaCl2. Moreover, pretreatment with 
60 and 120 kg ha–1 CaCl2 enhanced the flooding tolerance 
of all three sweet potato varieties and mitigated the effects 
of flooding stress. This information would help for further 
genetic and physiological studies in sweet potato flood or 
submergence tolerance (Lin et al. 2008; Mukherjee et al. 
2009b). 

 
Salinity tolerance 
 
Work on salinity tolerance in sweet potato reported certain 
degree of salinity tolerance in some varieties and also in 
some collections introduced into India from International 
Potato Center (CIP), Lima, Peru (Ekanayake and Dodds 
1993; Ahmed et al. 1999; Mukherjee 2001). In vitro method 
resulted in development of NaCl resistant variant cells 
tolerant to 1% (w v-1) NaCl for three passages (Salgado et 
al. 1985). Drought tolerant and salinity tolerant mutants 
were obtained from irradiated embryogenic suspension cul-
ture (ECS) by selecting with 30% PEG (Wang et al. 2003) 
and 2% NaCl (He et al. 2009), respectively. 

In India, information on salinity tolerance is virtually 
confined to the work carried out at Regional Centre of Cen-
tral Tuber Crops Research Institute, Bhubaneswar, Orissa 
(Mukherjee 1999b, 2001, 2002a, 2005; Mukherjee et al. 
2006, 2009a, 2009b and Dasgupta et al. 2008). 

In vitro propagation studies revealed enhanced rate of 
propagation of sweet potato with supplementation of NaCl 
in culture medium (Mukherjee 1999b, 2001, 2002a, 2002b). 
Though rate of propagation in all possible routes of in vitro 
propagation was higher in NaCl supplemented medium, 
level of NaCl tolerance was quite high in case of embryo-
genic regeneration pathway. Despite the variation in degree 
of tolerance, all the tested genotypes responded to embryo-
genesis even with 10 g l-1 NaCl supplementation. Regene-
rated plants recorded high rate (90-100%) of survival in the 
field. The embryos produced with NaCl supplementation 
were quite hardy and could tolerate low temperature (8°C) 
stress during storage without the protective covering of 
costly sodium alginate (Mukherjee and Debata 2002). 

The hydroponic cultures and NaCl mediated in vitro 
protocols developed (Mukherjee et al., 1994; Mukherjee 
1999b; Mukherjee 2001; Mukherjee 2002a, 2002b; Das-
gupta et al. 2002; Mukherjee et al. 2006) in sweet potato 
and other tuber crops facilitated faster screening of large 
collection. Isoenzymes and RAPD marker studies carried 
out in sweet potato (Mukherjee 2002a; Mukherjee et al. 
2003a) hastened their characterization. 

The varied growth response, morpho-physio-bioche-
mical changes studied under in vitro NaCl mediated stress 
and under in situ saline conditions (Mukherjee et al. 2009a) 
is discussed to isolate salt tolerant sweet potato. 

 
Effect of NaCl on rooting and shoot bud 
development in vitro 
 
Roots are among the first organs affected by salt stress and 
are most sensitive. A well marked difference was noticed in 
rooting response in all tested genotypes (Fig. 5). Delayed 
rooting response (4-6 days) was observed at higher doses of 
NaCl (24 dSm-1) as compared to the control (2-4 days). 
Based on rooting response and minimum percentage of leaf 
necrosis (Fig. 5) at higher dose of NaCl (24.0 dSm–1), 15 
genotypes out of 47, were selected and evaluated sub-
sequently under in vitro and in vivo conditions. 

A wide variation in the studied parameters was ob-
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served among the genotypes tested with respect to different 
levels of salinity (Mukherjee 2005). The analysis of vari-
ance for growth parameters in vitro indicated that there 
were significant effects of NaCl treatment, genotypes and 
NaCl × genotypes interaction for all the studied parameters. 
The results revealed that the growth parameters decreased 
significantly with increase in salinity stress. Plantlet growth 
was reduced remarkably in all the genotypes under 0.5 and 
1.0% NaCl stress, compared with their control. Particularly, 
survivability of the explants was reduced to a great extent 
under salinity. Out of 15 genotypes tested, nine could sur-
vive at 0.5% NaCl. However at higher (1.0% NaCl) stress, 
growth was completely suppressed and only six genotypes 
viz., ‘CIP 420027’, ‘ST 13’, ‘Gouri’, ‘ST 14’, ‘CIP 
187017.1’ and ‘SB-198/115’ could survive, while rest of the 
genotypes necrosed and ultimately died in between 2-3 
weeks of inoculation. At relatively higher stress (1.0% 
NaCl), no shoots emerged even after 21 days of culture and 
the explant consequently necrosed in nine genotypes (Das-
gupta et al. 2008). 

In vitro screening and induction of stress tolerance 
showed varied responses of tested genotypes cultured on 
MS medium with growth regulators and NaCl (Fig. 6). 
Amongst responded genotypes under 1.0% NaCl, shoot 
length was decreased by 12.98 to 75.46%. The reduction in 
leaf number was reported at 0.5% NaCl and the same was 
pronounced at 1.0% NaCl stress over stress free control. 
The six genotypes, which produced shoots at higher salt 
stress could develop roots even when cultured at 1.0% 
NaCl-mediated stress. 

 
Effect of sodium chloride on antioxidative 
enzymes 
 
Antioxidative enzyme activities increase in diverse environ-
mental stress situations (Mittler 2002), as a response related 
to reactive oxygen species (ROS) detoxification. Among the 
many enzymes regulating the intracellular level of H2O2, 
peroxidases and catalases are considered to be most impor-
tant. Such studies have been carried out in sweet potato 
under NaCl stress. 

Stress induced increase in CAT (catalase) and GPX 
(guaiacol peroxidase) activities was reported in sweet 
potato (Dasgupta et al. 2008). Leaf SOD (super oxide dis-

mutase) activity was greater in salt stressed plantlets than 
that in controls. The CAT activity in leaves of control and 
salt stressed plants varied significantly. The increase in CAT 
activity (μ mg-1 protein) under NaCl stress over control was 
reported in the range of 60-70% increase in tolerant geno-
types than 30-40% increase in susceptible genotypes. A 
similar pattern was observed for GPX activity, which also 
increased significantly in all the tested genotypes under in-
duced salt stress condition. At higher stress, tolerant geno-
types exhibited 40-60% increase in GPX over control. Rout 
and Shaw (2001) suggested CAT and GPX as the most im-
portant H2O2 scavenging enzymes leading to salt tolerance 
in aquatic macrophytes. In sweet potato, it could be pre-
sumed that CAT is more important H2O2 scavenging 
enzyme in leaves than GPX. 

 
In situ evaluation of in vitro screened sweet potato 
 
In situ evaluation is the most practical approach to validate 
the results of in vitro screening. Fifteen out of 47 genotypes 
selected in vitro showed varied yield and biochemical res-
ponses when grown under in situ salt stress (6-8.0 dSm-1) in 
farmers’ field of coastal Kendrapara district of Orissa state 
in India (Mukherjee et al. 2006, 2007). The yield ranged 
from 5.2 t ha-1 to 14.99 t ha-1 (Table 1). The highest yield 
was recorded by ‘CIPSWA-2’ (14.99 t ha-1) followed by 
‘Gouri’ (14.80 t ha-1). The genotypes viz. ‘ST-13’, ‘ST-14’, 
‘420027’ and ‘SB 198/115’ gave reasonably higher yield 
under salt stress (6-8.0 dSm-1). Salinity induced bioche-
mical changes showed decrease in reducing sugar and total 
soluble sugar in the range of 7.31-28.38% and 9.91-31.10% 
respectively in the tested genotypes. The protein content 
was observed to be decreasing 9.54-46.49% due to salinity 
stress. Increasing level of proline accumulation was ob-
served in all the tested genotypes under stress. However, 
extent of increase was more than 78% in 6 genotypes viz. 
‘420027’, ‘ST 14’, ‘ST13’, ‘CIPSWA 2’, ‘Gouri’ and ‘SB-
198/115’. Nitrate reductase activity under stress was also 
high. Isozyme and DNA polymorphisms were quite pro-
nounced in these tolerant genotypes under in situ salt stress 
(Mukherjee et al. 2007). Of the identified salt tolerant six 
genotypes, five are rich in carotene and ST13 is rich in 
anthocyanin. Carotene and anthocyanin contents (Table 2 
and Fig. 7) of the identified salt tolerant genotypes reported 
to be as good as tubers grown over non stress conditions 
(Mukherjee et al. 2009a). These identified salt tolerant bio-
fortified sweet potato can play pivotal role towards food 
and nutrition security in coastal areas around the globe 
(Table 1). 
 

Fig. 5 Screening of genetic resources of sweet potato for salinity 
tolerance. (A) Screening in hydroponics. (B) Sweet potato accessions 
(ST-14) grown in hydroponics culture with NaCl (24.0 dSm-1). (C) Necro-
sis under salt stress in susceptible (a) [90/606] and tolerant (b) [Gouri] 
accessions. Source: Mukherjee 2005 

A B Ca b 

A B C 

Fig. 6 Induction of stress tolerance in ‘ST-14’ through in vitro cultures. 
(A) Somatic embryogenesis and regeneration from salt-tolerant callus 
lines. (B) Axillary shoot proliferation in NaCl stress. (C) Seeds germi-
nated in NaCl conditions. Source: Mukherjee 2005. 

A B 

C D 

Fig. 7 Promising sweet potato genotypes tolerant to salt stress (EC 6.0-
8.0 dsm-1). (A) ST-13: 85-90 mg anthocyanin 100 g-1. (B) ST-14: 14 mg � 
carotene 100 g-1. (C) CIPSWA-2: 6 mg �-carotene 100 g-1. (D) Gouri: 5.2 
mg � carotene 100 g-1. Source: Mukherjee et al. 2009a. 
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FUTURE STRATEGIES 
 
Tuberous root crops like sweet potato have immense poten-
tial to meet the challenges of today’s food demand. Diver-
sity within its genotypes and wide distribution and potential 
to adapt to harsh environmental conditions advocates for its 
further exploitation to conserve and propagate efficiently as 
well as to develop genetically improved lines. 

Considering the limitations of conventional propagation 
of sweet potato, micropropagation protocols can be taken 
up for a large scale product. However, unlike other starchy 
crops, commercialization of micropropagation protocols of 
existing varieties may not receive attention unless trans-
genics with delayed post harvest deterioration and value 
added traits are produced. Production of transgenics with 
value added traits in experimental level is successful in 
sweet potato. 

Sweet potato with high protein and resistance to weevil 
and other pests and diseases has a better market to compete 
with other starchy and vegetable crops. Success in plant 
regeneration through organogenesis and embryogenesis has 
made sweet potato more amenable for genetic transforma-
tion as compared to other tuber crops. Genetic transforma-
tion experiments for production of transgenics resistant to 
mosaic, fungal diseases and pests as well as transgenics 
with higher protein content are quite successful. Commercial 
production of transgenics, however, depends on highly 
reproducible and genetically stable regeneration system. In 
India, establishment of repetitive embryogenic callus cul-
tures and regenerants (Mukherjee et al. 1998b; Mukherjee 
et al. 2001; Mukherjee 2002a; Mukherjee et al. 2003a) is 
quite promising. Scientists in India and Peru employ tissue 
culture to maintain the sweet potato germplasm. Scientists 
at the International Institute for Tropical Agriculture (IITA) 
in Nigeria, have developed methods to produce virus free 
sweet potato plants through meristem culture. Considerable 
research on sweet potato tissue culture has been persuaded 
in China, Indonesia and many other developing countries. 
However, there is also every reason to believe that there can 
be a smooth and sustainable transfer of the technology to 
the field, and that farmers will be able to benefit from these 
crop protection transgenic strategies (Wambugu 1999). Far-
mers can receive transgenic plants in a form that is familiar 
to them. 

The research conducted by International Potato Centre, 
Peru, Kenyan Agricultural Research Institute, Uganda Nat-
ional Agricultural Research Organization and International 
Centre for Research on Women showed that the addition of 
small amount of orange-flesh sweet potato to the family’s 
diet can mitigate vitamin A deficiency in both children and 
adults. 

In India and other developing countries, under privi-
leged and under nourished people live in coastal backward 
areas. Thus, the results of the studies on salt tolerant sweet 
potato in India are very promising. Of the six genotypes 
identified with salt tolerant traits, five are rich in �-carotene 
(5-14 mg 100 g-1) and one is rich in anthocyanin (85-90 mg 
100 g-1). Nutrition experts view that enhancing �-carotene 
level cannot fight vitamin A deficiency. Their studies indi-
cate that absorption of vitamin A by the human body 
depends on the diversity of the food consumed. Intake of 
‘vitamin A rich’ naturally occurring food and vegetable 
crops will be a better and efficient route to combat Vitamin 
A or nutrition deficiency, In this context salt tolerant bio-
fortified orange and purple flesh sweet potato can play a 
significant role (Mukherjee et al. 2007). The performance 
of in vitro screened salt tolerant genotypes with reasonably 
good yield coupled with high carotene and anthocyanin 
contents even under in situ salt stress (6-8 dSm-1) have 
greater impact. In fact, it is a judicious step towards sus-
tainable agriculture for coastal food and nutrition security 
(Mukherjee et al. 2007, 2008). Similarly results on flooding 
tolerance have greater implication to enhance productivity 
even on water logged conditions. Future studies of these 
stress tolerant and sensitive lines would help in augmenting 
breeding programme and to understand molecular mecha-
nisms of stress tolerance to identify the stress tolerant genes. 
Once such genes will be identified it will be easier to intro-
gress them in other genotypes with their original back-
ground and improve them. Such knowledge would be bene-
ficial for metabolic engineering of sweet potato for multiple 
uses and multi resistance (Mukherjee 2011). 

Salt, submergence (abiotic stresses) and weevil (biotic 
stress) tolerant sweet potato packed with high energy (194 
MJ/ha/day), nutritive value (high �-carotene, anthocyanin, 
minerals) coupled with high rate of productivity can alone 
supplement food, feed and industrial requirements under 
harsh environment. Hence days are ahead to have right 
choice for sweet potato as source for food, nutrition security 
and economic sustainability to tackle the problem of food 
insecurity and food demand for the ever growing population. 
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