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Abstract

Sweetpotato (Ipomoea batatas (L.) Lam.) belongs to the Convolvulaceae family and is an important crop for food security. 
Sweetpotato is subject to a wide range of pathogen infections. Among them, viral diseases are the major constraints for 
sweetpotato productions, because viruses can be accumulated and transferred from one generation to the next through the use 
of infected storage roots for vegetative propagation. There are over 30 viruses worldwide that are known to infect sweetpotato 
and many of them have been reported in the United States and have caused devastating yield losses. To realize the full potential 
of this crop, meristem-tip culture based biotechnique has been adopted for producing virus-indexed propagating material 
in the U.S. This review attempts to assess methodology for sweetpotato virus detection and identification, as well as current 
biotechnological approaches for virus elimination and disease management. We also provide insights regarding the potential 
concerns and challenges for sweetpotato industry.  
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Introduction

Sweetpotato (Ipomoea batatas (L.) Lam.), a member of the 
Convolvulaceae (morning glory) family, originated in Central 
or South America and currently is widely grown in all tropical 
and subtropical areas of the world [1]. It remains among the 
10 most important food crops worldwide on the basis of dry 
weight produced, yielding about 130 million metric tons per 
year on about 9 million hectares. As an important root crop 

and source of industrial raw material worldwide, sweetpotato 
production constitutes one of the major agricultural business 
in Southern U.S. states such as North Carolina, Mississippi and 
Louisiana, where three quarters of the total U.S. production 
are being produced. Sweetpotato performs well in relatively 
poor soils and harsh environment with few inputs, has 
a short growing season and broad adaptability, and is a 
suitable crop for limited resource farmers. Sweetpotato is 
subject to a wide range of pathogen infections. Among them, 
viral diseases are the major constraints in sweetpotato 
production, because viruses can be accumulated and 
transferred to the next generation through the use of infected 
vegetatively propagated sweetpatoto “seeds” (vine cuttings). 
Cultivar decline due to virus infections in sweetpotato has 
been observed for decades in the U.S. For example, yield of 
the widely used cultivar ‘Beauregard’ can decline as much as 
25% to 40% due to virus infections. Mixed infection of several 
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viruses are commonly detected in commercial sweetpotato 
production fields, and have triggered devastating yield 
reduction. For example, Sweetpotato Virus Disease (SPVD), 
caused by coinfection of Sweet potato chlorotic stunt virus 
(SPCSV) and sweetpotato feathery mottle virus (SPFMV), 
can reduce yield up to 90%. To realize the full potential of 
this crop, meristem-tip culture technology has been explored 
for the production of virus-indexed sweetpotato plants. 
The technology provides the possibility for producing and 
maintaining sweetpotato plants free of detectable viruses, 
and thus have resulted in great yield improvement [2-9]. 

Virus detection Techniques and Viruses 
Identified in Sweetpotato 

More than 30 viruses from 9 families have been isolated and 
described on sweetpotato globally [7]. Many antibodies to 
these viruses are available from Agdia Company that makes 
the protein-based ELISA assay convenient as a low-cost, large-
scale test to those viruses (Elkhart, IN, USA). Additionally, 
other Ipomoea species, such as Ipomoea setosa, which can 
cause visible symptoms for many of sweetpotato viruses are 
used as indicator plants in grafting experiment to facilitate 
detection. Alternatively, the nucleic acid-based polymerase 
chain reaction (PCR) and reverse-transcription PCR (RT-PCR) 
are used to achieve higher sensitivity and confirmation at the 
genomic level of viral species and strains. Primers targeting 
to conserved regions of the known sweetpotato viruses are 
used for this nucleic acid based detection. Multiplex PCR were 
also developed for the simultaneous detection of multiple 
viruses in one sample. Further, the recent development of 
high-throughput sequencing technology enables fast genetic 
identification of known and unknown viruses in sweetpotato 
[10-12]. 

Among the viruses identified globally, several viruses have 
been found in the U.S. and have caused severe yield losses 
in sweetpotato production. SPFMV, a potyvirus in the 
family of Potyviridae, has a positive monopartite single 
strand RNA genome that encodes about 10 gene products. 
SPFMV is aphid-transmitted and can be seed borne. It is the 
most widespread sweetpotato virus globally and was first 
described and characterized in the U.S. in 1978 [13,14]. The 
Russet Crack strain of SPFMV (SPFMV-RC) can seriously affect 
sweetpotato yield and quality. Other potyviruses found in 
the U.S. including Sweet potato virus G (SPVG), Sweet potato 
virus C (SPVC), Sweet potato virus 2 (SPV2), along with 
SPFMV, are the four potyviruses that are readily detected in 
commercial propagation fields in the U.S. Similar to SPFMV, 
these potyviruses are also aphid-transmitted and the mixed 
infections are widely observed. Sweet potato leaf curl virus 
(SPLCV), a begomovirus in the family of Gemeniviridae, 
has a monopartite single strand DNA genome that encodes 
6 mature gene products. SPLCV is transmitted by whitefly 

(Bemisia tabaci) in a persistent manner, and it has been widely 
identified in fields of commercial sweetpotato growers in the 
U.S. SPLCV can infect many species in the genus Ipomoea that 
includes morning glory plants as well as other ornamental 
sweetpotato cultivars which could potentially serve as 
reservoir for production field disease epidemic. As a virus 
commonly infects germplasm accessions and most breeding 
lines, SPLCV infection alone can reduce yield by at least 
26% in the cultivar “Beauregard”, the predominant cultivar 
accounting for ~80% of sweetpotato grown in the U.S. It 
was speculated that SPLCV will become the most important 
new emerging virus in sweetpotato in the U.S., just like the 
Tomato leaf curl begomovirus in tomato [11]. 

National Clean Seed Programs and Meristem-
Tip Culture Technique 

Due to the importance of this viral disease issue, sweetpotato 
foundation clean seed programs were developed long before 
the advent of technology to produce virus-free propagating 
materials. One of the earliest seed programs to include virus 
testing program began in California in the 1960s as a means 
of managing russet crack disease caused by SPFMV [15]. The 
use of virus-indexed seed and disease-resistant varieties 
against a collection of other pathogen groups has resulted in 
yield increases from 5 tons/acre in 1967 to 12 tons/acre in 
2001 in California. In 2015, the National Clean Plant Network 
for sweetpotato was established under the umbrella of 
United State Department of Agriculture (USDA). Currently, 
sweetpotato clean seed programs have been established in 
California, Louisiana, North Carolina, Mississippi, Arkansas 
and Hawaii.

Meristem-tip culture is the basic technique adopted by these 
sweetpotato clean seed programs for regenerating virus-free 
plantlets. It starts from excision of the organized apex of the 
shoot from a selected donor plant for subsequent in vitro 
culture. The excised meristem tip is typically small (often 
<1 mm in length), which holds the potential that excludes 
pathogenic organisms that may have been present in the 
donor plants. Thermotherapy is commonly used before 
meristem-tip culture to partially deactivate the virus and 
slow down the movement of virus. The ability to produce 
and maintain plants free of detectable viruses through 
meristem-tip culture has greatly improved sweetpotato 
yields for several decades. However, because viruses can 
be accumulated and transferred from one generation to the 
next through the use of infected vegetatively propagated 
sweetpotato materials (also known as “seeds”), studies 
indicate that a significant yield and quality reduction will 
occur due to re-introduction of viruses from previous 
propagating materials. In two separate studies, 100% of 
virus-indexed plants were re-infected by SPFMV within the 
first year in the field, and decline in yield occurred gradually 
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over several years [4]. Therefore, sweetpotato “seeds”, which 
is the main method to reduce the damage of virus infections 
currently, is very expensive because farmers must regularly 
purchase virus-tested seeds due to high reinfection rate in 
the fields. 

Engineered Resistance Approach to Improve 
Sweetpotato Viral Disease Resistance

Little success has been reported in the breeding for virus 
resistance in sweetpotato cultivars. Factors such as virus 
variation, time and expenditure required have mired 
conventional breeding efforts. Moreover, genetic sources of 
resistance are scarce and the incorporation of such resistance 
from the wild diploid Ipomoea spp. species into polyploid 
sweetpotato is a complicated task. Due to the difficulty of 
traditional breeding for virus resistance in sweetpotato, 
genetic engineering has been developed as an alternative 
tool to target on this agricultural issue since the mid-nineties. 
In 1986, the first pathogen-derived resistance (PDR) in 
transgenic tobacco plants had been successfully applied. 
Then genetic engineering has been established as a powerful 
tool to generate highly and specific virus-resistant crop 
varieties at a much faster speed compared to the traditional 
breeding methods. In sweetpotato, using expression of 
the coat protein (CP) mediated resistance to SPFMV was 
obtained, however, the durability of the resistance in the field 
has not been reported [16-21].

Conclusions

 The solution to the problems caused by sweetpotato 
viruses is to ensure that growers plant virus-indexed clean 
propagation material or ‘seed’. However, by estimate, there 
is a 72% shortfall of clean plant units needed to cover all 
sweetpotato acreage (NCPN Network News, May 2018). Thus, 
there is a huge demand for establishing certified nursery 
farms to produce clean “seed” in the sweetpotato industry. 
Besides, the high reinfection rate of viruses in production 
field requires the farmers frequently to purchase virus-
indexed propagation material, which greatly increase their 
financial input for propagation and production. Using other 
biotechnological approaches, such as gene transformation 
or genome editing techniques, to produce virus resistant 
cultivars, propose another promising strategy to control the 
virus in sweetpotato. 

Funding

This work was supported by the National Institute of Food and 
Agriculture (NIFA) from the U.S. Department of Agriculture 
(USDA). Conflict of interest statement. None declared.

References

1. Loebenstein G, Thottappilly G (2009) The sweet potato. 
Springer, Dordrecht, The Netherlands.

2. North Carolina Department of Agriculture & Consumer 
Services (NCAGR) (2014) Marketing North Carolina 
sweet potatoes.

3. Clark CA, Valverde RA (2000) Viruses and sweetpotato 
cultivar decline in Louisiana, USA. Pages 62-69 in: 
Y Nakazawa, K Ishiguro (Eds.),Proc Int Workshop 
Sweetpotato Cultivar Decline Study. Kyushu National 
Agricultural Experiment Station (KNAES), Miyakonjo, 
Japan.

4. Bryan AD, Pesic-VanEsbroeck Z, Schultheis JR, Pecota 
KV, Swallow WH, et al. (2003) Cultivar decline in 
sweetpotato: II. Impact of virus infection on yield and 
storage root quality in ‘Beauregard’ and ‘Hernandez’. J 
Am Soc Hortic Sci 128(6): 856-863.

5. Carroll HW, Villordon AQ, Clark CA, La Bonte DR, Hoy 
MW (2004) Studies on Beauregard sweet potato clones 
naturally infected with viruses. Intl J Pest Mgt 50(2): 
101–106.

6. Clark CA, Hoy MW (2006) Effects of common viruses 
on yield and quality of Beauregard sweet potato in 
Louisiana. Plant Dis 90(1): 83-88.

7. Clark CA, Davis JA, Abad JA, Cuellar WJ, Fuentes S, et al. 
(2012) Sweet potato viruses: 15 years of progress on 
understanding and managing complex diseases. Plant 
Dis 96(2): 168-185.

8. Wang QC, Valkonen JPT (2008) Elimination of two 
viruses which interact synergistically from sweet potato 
using shoot tip culture and cryotherapy. J Virol Methods 
154(1-2): 135-145.

9. Fuglie KO, Zhang L, Salazar LF, Walker TS (1999) 
Economic impact of virus-free sweet potato planting 
material in Shandong province, China. International 
Potato Center pp: 27.

10. Li R, Salih S, Hurtt S (2004) Detection of geminiviruses 
in sweetpotato by polymerase chain reaction. Plant Dis 
88(12): 1347-1351.

11. Ling KS, Jackson DM, Harrison H, Simmons AM, Pesic-
VanEsbroeck Z (2010) Field evaluation of yield effects 
on the USA heirloom sweet potato cultivars infected by 
Sweet potato leaf curl virus. Crop Prot 29(7): 757-765.

12. Gu Y, Tao X, Lai X, Wang Hai, Zhang Y (2014.) Exploring 
the polyadenylated RNA virome of sweet potato through 

https://academicstrive.com/AATPS/
https://academicstrive.com/submit-manuscript.php
https://www.springer.com/gp/book/9781402094743
https://www.springer.com/gp/book/9781402094743
http://www.ncagr.gov/markets/mktnews/swpotsum.pdf
http://www.ncagr.gov/markets/mktnews/swpotsum.pdf
http://www.ncagr.gov/markets/mktnews/swpotsum.pdf
https://journals.ashs.org/jashs/view/journals/jashs/128/6/article-p856.xml
https://journals.ashs.org/jashs/view/journals/jashs/128/6/article-p856.xml
https://journals.ashs.org/jashs/view/journals/jashs/128/6/article-p856.xml
https://journals.ashs.org/jashs/view/journals/jashs/128/6/article-p856.xml
https://journals.ashs.org/jashs/view/journals/jashs/128/6/article-p856.xml
https://www.tandfonline.com/doi/abs/10.1080/09670870410001655894
https://www.tandfonline.com/doi/abs/10.1080/09670870410001655894
https://www.tandfonline.com/doi/abs/10.1080/09670870410001655894
https://www.tandfonline.com/doi/abs/10.1080/09670870410001655894
https://www.ncbi.nlm.nih.gov/pubmed/30786480
https://www.ncbi.nlm.nih.gov/pubmed/30786480
https://www.ncbi.nlm.nih.gov/pubmed/30786480
https://www.ncbi.nlm.nih.gov/pubmed/30731810
https://www.ncbi.nlm.nih.gov/pubmed/30731810
https://www.ncbi.nlm.nih.gov/pubmed/30731810
https://www.ncbi.nlm.nih.gov/pubmed/30731810
https://www.ncbi.nlm.nih.gov/pubmed/18786569
https://www.ncbi.nlm.nih.gov/pubmed/18786569
https://www.ncbi.nlm.nih.gov/pubmed/18786569
https://www.ncbi.nlm.nih.gov/pubmed/18786569
http://agris.fao.org/agris-search/search.do?recordID=QP1999000097
http://agris.fao.org/agris-search/search.do?recordID=QP1999000097
http://agris.fao.org/agris-search/search.do?recordID=QP1999000097
http://agris.fao.org/agris-search/search.do?recordID=QP1999000097
https://www.ncbi.nlm.nih.gov/pubmed/30795196
https://www.ncbi.nlm.nih.gov/pubmed/30795196
https://www.ncbi.nlm.nih.gov/pubmed/30795196
https://www.sciencedirect.com/science/article/pii/S0261219410000530
https://www.sciencedirect.com/science/article/pii/S0261219410000530
https://www.sciencedirect.com/science/article/pii/S0261219410000530
https://www.sciencedirect.com/science/article/pii/S0261219410000530
https://www.ncbi.nlm.nih.gov/pubmed/24901789
https://www.ncbi.nlm.nih.gov/pubmed/24901789


4

https://academicstrive.com/AATPS/ https://academicstrive.com/submit-manuscript.php

Advances in Agricultural Technology & Plant Sciences 

high-throughput sequencing. PLoS One 9(6): e98884.

13. Rännäli M, Czekaj V, Jones RAC, Fletcher JD, Mu L, et 
al. (2008) Molecular genetic characterization of Sweet 
potato virus G (SPVG) isolates from areas of the Pacific 
Ocean and southern Africa. Plant Dis 92(9): 1313-1320.

14. Rännäli M, Czekaj V, Jones RAC, Fletcher JD, Mu L, et 
al. (2009) Molecular characterization of Sweet potato 
feathery mottle virus (SPFMV) isolates from Easter 
Island, French Polynesia, New Zealand, and Southern 
Africa. Plant Dis 93(9): 933-939.

15. Dangler JM, Scheuerman RW, Campbell RN, Clark CA 
(1996) Meristem-tip culture and California’s clean 
foundation sweet potato program. Hort Technology 
4(3): 227-228.

16. Gibson RW, Aritua V, Byamukama E, Mpembe I, Kayongo J 
(2004) Control strategies for sweet potato virus disease 
in Africa. Virus Res 100(1): 115-122.

17. Karuri HW, Ateka EM, Amata R, Nyende AB, Muigai 

AWT (2009) Characterization of Kenyan sweet potato 
genotypes for SPVD resistance and high dry matter 
content using simple sequence repeat markers. Afr J 
Biotechnol 8(10): 2169-2175.

18. Lomonossoff GP (1995) Pathogen-derived resistance to 
plant viruses. Annu Rev Phytopathol 33: 323-343.

19. Kreuze JF, Savenkov EI, Valkonen JPT (2002) Complete 
genome sequence and analyses of the subgenomic RNAs 
of Sweet potato chlorotic stunt virus reveal several new 
features for the genus Crinivirus. J Virol 76(18): 9260-
9270.

20. Powell-Abel P, Nelson RS, De B, Hoffmann N, Rogers SG, 
et al. (1986) Delay of disease development in transgenic 
plants that express the tobacco mosaic virus coat protein 
gene. Science 232(4751): 738-743.

21. Okada Y, Nishiguchi M, Saito A, Kimura T, Mori M, et al. 
(2002) Inheritance and stability of the virus-resistant 
gene in the progeny of transgenic sweet potato. Plant 
Breed 121(3): 249-253.

https://academicstrive.com/AATPS/
https://academicstrive.com/submit-manuscript.php
https://www.ncbi.nlm.nih.gov/pubmed/24901789
https://www.ncbi.nlm.nih.gov/pubmed/30769446
https://www.ncbi.nlm.nih.gov/pubmed/30769446
https://www.ncbi.nlm.nih.gov/pubmed/30769446
https://www.ncbi.nlm.nih.gov/pubmed/30769446
https://www.ncbi.nlm.nih.gov/pubmed/30754530
https://www.ncbi.nlm.nih.gov/pubmed/30754530
https://www.ncbi.nlm.nih.gov/pubmed/30754530
https://www.ncbi.nlm.nih.gov/pubmed/30754530
https://www.ncbi.nlm.nih.gov/pubmed/30754530
http://agris.fao.org/agris-search/search.do?recordID=US9616137
http://agris.fao.org/agris-search/search.do?recordID=US9616137
http://agris.fao.org/agris-search/search.do?recordID=US9616137
http://agris.fao.org/agris-search/search.do?recordID=US9616137
https://www.ncbi.nlm.nih.gov/pubmed/15036842
https://www.ncbi.nlm.nih.gov/pubmed/15036842
https://www.ncbi.nlm.nih.gov/pubmed/15036842
file:///C:\Users\Medwin%20003\Downloads\60546-Article%20Text-112026-1-10-20101005.pdf
file:///C:\Users\Medwin%20003\Downloads\60546-Article%20Text-112026-1-10-20101005.pdf
file:///C:\Users\Medwin%20003\Downloads\60546-Article%20Text-112026-1-10-20101005.pdf
file:///C:\Users\Medwin%20003\Downloads\60546-Article%20Text-112026-1-10-20101005.pdf
file:///C:\Users\Medwin%20003\Downloads\60546-Article%20Text-112026-1-10-20101005.pdf
https://www.annualreviews.org/doi/pdf/10.1146/annurev.py.33.090195.001543
https://www.annualreviews.org/doi/pdf/10.1146/annurev.py.33.090195.001543
https://www.ncbi.nlm.nih.gov/pubmed/12186910
https://www.ncbi.nlm.nih.gov/pubmed/12186910
https://www.ncbi.nlm.nih.gov/pubmed/12186910
https://www.ncbi.nlm.nih.gov/pubmed/12186910
https://www.ncbi.nlm.nih.gov/pubmed/12186910
https://www.ncbi.nlm.nih.gov/pubmed/3457472
https://www.ncbi.nlm.nih.gov/pubmed/3457472
https://www.ncbi.nlm.nih.gov/pubmed/3457472
https://www.ncbi.nlm.nih.gov/pubmed/3457472
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1439-0523.2002.00709.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1439-0523.2002.00709.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1439-0523.2002.00709.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1439-0523.2002.00709.x

	Abstract
	Introduction
	Virus detection Techniques and Viruses Identified in Sweetpotato 
	National Clean Seed Programs and Meristem-Tip Culture Technique 
	Engineered Resistance Approach to Improve Sweetpotato Viral Disease Resistance
	Conclusions
	Funding
	References

