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Abstract Dramatic increase in global population accompanied
by rapid industrialization in developing countries has led to
serious environmental, food, energy, and health problems.
The Food and Agriculture Organization of the United
Nations has estimated world population will increase to 9.7
billion by 2050 and require approximately 1.7 times more
food, and more than 3.5 times energy than that of today.
Particularly, sweetpotato is easy to cultivate in unfavorable
conditions such as heat, drought, high salt, and marginal
lands. In this respect, sweetpotato is an industrially valuable
starch crop. To replace crops associated with these food and
energy problems, it is necessary to develop new crops with
improved nutrients and productivity, that can be grown on
marginal lands, including desertification areas using plant
biotechnology. For this purpose, exploring useful genes and
developing genetically modified crops are essential strategies.
Currently, sweetpotato [[pomoea batatas (L..) Lam.] have been
re-evaluated as the best health food and industrial crop that
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produces starch and low molecular weight antioxidants,
such as vitamin A, vitamin E, anthocyanins and carotenoids.
This review will focus on the current status of research on
sweetpotato biotechnology on omics including genome
sequencing, transcriptome, proteomics and molecular breeding.
In addition, prospects on molecular breeding of sweetpotato
on marginal lands for sustainable development were
described.
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Table 1 The list of plant genomics DB and URL

A A= 64)) A (2n=6x=90) =
9 2715 v

UH ¢ HAste] A A
1 Ut} 2018 8¥7HA] m] =+
NCBI¢] GenBankoﬂ ‘:EEI *7?-13} nucleotide A 2 = 447,732
A EST & 2= 131,6697] 12] 71 02} & ¥ 1= 487967} =
= 5] of QITK(Table 1).

2| 109 7} PacBio, Ilumina 52} At ¢ 7] A &7 4] 7]
of urera} o] o] 117} A7) A7} ke A e 7
o} 2o A o] 170l AR FHE AT 20141 4 H Ei
EAEA S PRAGHA AR AL BENTHE
Y=ol ulell Fe A ekulake] vlho] @ oL A FE A 1 A)
7} S B s A o] Folate] Xushu 18 E5 % F)
Do £ A HE QTS 543 9o (Yoon et
2015). ob2 2] 2014\ of] a14tut A A o= Ao A&}
W 714518 slelol g5 DTuhel TRl 8| (Trilatera
Research Association of Sweetpotato, TRAS)S LA} 5} 3L Al A o]
A 7HA wke w A o A A el E] a1 9)= Z3E0] Xushu 18(6H
) o} §47] HEL SHH R 2Hlakr| % bl
e L ENET R REERRCEE
H a4 g5kl it d2(Kazusa DNAY L4, NARO
071Uk A AT A 0} T E AR
AEE Ayt o] FHE A SR AT
AtubA o A= F A B = 913t A& A & (Xushu 18
A%, high density mapping-8& S1 population)E A| &3} t}. §F
(EEXEH, Y FTAFL)2 AlF FHANGS)
glojg &4 9 HARA| siAH A FAA =4 27
(genome annotation) S 21 3f o]t}

AAY7A v AR B 8 A AEs dE

DB URL
Arabidopsis DB https://www.arabidopsis.org/
Casava DB http://cassava.psc.riken.jp/
DDBJ http://www.ddbj.nig.ac.jp/
Morning glory https://www.ncbi.nlm.nih.gov/genome/46552
NABIC http://nabic.rda.go.kr/
NCBI sweetpotato https://www.ncbi.nlm.nih.gov/search/?term=Ipomoea
Potato DB http://solanaceae.plantbiology.msu.edu/
RAP DB http://rapdb.dna.affrc.go.jp/

Sweetpotato 2x DB
Sweetpotato 6x DB
Sweetpotato DB
Wheat DB

http://sweetpotato-garden.kazusa.or.jp/
http://public-genomes-ngs.molgen.mpg.de/SweetPotato/
http://sweetpotato.plantbiology.msu.edu/
https://wheat.pw.usda.gov/GG3/db-info
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Table 2 Genome assembly statistics of Taizhong 6 (NCBI database, Yang et al. 2017)

Category Status
Total sequence length (bp) 837,013,208
Total assembly gap length (bp) 100,947,607
Number of scaffolds 28,461
Scaffold N50 length (bp) 41,463,214
Scaffold L50 length (bp) 10
Number of contigs 180,720
Contig N50 length (bp) 6,504
Contig L50 length (bp) 34,201
Total number of chromosomes 15
Number of component sequences (WGS) 28,461

Kazusa DNA ¢4 @] Hirakawa < (2015)0] 68 A 1251wu}9]
I batatas (L) Lam®] A} © &2 & 2] oA 2= 20| 2] a2 Euj(1
trifida) 74 A 3= A5 434 5} Lt llumina HiSeq ¢ 7]
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AR A= ZA] AL S 4239519 th(Shirasawa et al. 2017). 1
A1} S1 Fekol A 28,08771 9] SNPE ¥ 3l oH o]5 AHE
0]8-3}¢] 96 7| 9] linkage group(LG)S 2H/d 5} 4 2 ™ Linkage
map-> 33,0204 M UERSITE & Ao A AREH
RADseq linkage map -4 7] -t} 2 W 423] 4% 0]
A% 240 FR817 ALgE Ao 2 AzHE eu ] 1
ol Xushu 18 90 8] 315 172 $15}e] 23 B 7%
Q1 %171 o] o] Fo1 7 PacBio H 714 &4 7] <& Y DenovoMAGIC
(NRGene) & o] &3] $47] £HE Saierh. ol F
Bionano 4 Hi-C 241 7]$-S o] 5t0] 170} #tf 447
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EZ3skal Q122 &9l 3} % th(personal communication). L
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SHHEA G E L E FHAA =S o] &3k bl
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Taizhong 6 ¥&%-& ©]-8-3}¢] Hiseq ¥ Roche 454 F7] A4 &
A71& o] &-sto] aLAtut A7 A & £ 3 WA A
o] A7I I 2YES A =5} tH(Yang et al. 2017). 7L A3} 15
7N AAHA| A el ] Taizhong 6 F-AAE 2ot e 1 ¢
A A= 35,9197] 9] scaffold2 LA = o] glglom M M
A 24 o]+= 836.316 MbE L} EFU] S TH(Table 2).
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272 s Ast7] 918 20141 HA 0] = ATHBill & Melinda
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related, SHORT-ROOT, BEL1-like, sucrose phosphate synthase,
ADP-glucose pyrophosphorylase, starch synthase 5] ] %2 g]
oA o] 28 & 4= U TH(Tao et al. 2012; Firon et al.
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Table 3 Transcriptome profiling in sweetpotato
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fatty acids, pathogen defense, phenylalanine metabolism, lignin
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phospholipid metabolism, antioxidant enzyme, carbohydrate
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Biological functions

Summary

Reference

Abiotic stress

Identification of salt tolerance-related genes

Identification of chilling injury-related genes

Biotic stress Identification of RNA virus sequences

Identification of defense-related genes against Fusarium

Flower development  Flower transcriptome of sweetpotato

Nutritional value

Comparative transcriptome analysis of purple-fleshed sweetpotato
Comparative transcriptome analysis of orange-fleshed sweetpotato

Identification of carotenoid synthesis-related genes

Starch metabolism in storage root

Identification of starch biosynthesis genes

Storage root formation Root transcriptome of sweetpotato

Transcriptome profiling in different tissues and at different developmental stages

of sweetpotato

Tuberous root transcriptome of purple-fleshed sweetpotato
Carbon flow investigation in storage root development pathway

Transcriptome analysis of the roots from tuber and non-tuber forming cultivars

Identification of anthocyanin biosynthesis genes

Transcriptome profile of sweetpotato tuberous roots under low temperature stress Ji et al. (2017)

Zhang et al. (2017 a)
Xie et al. (2018)

Gu et al. (2014)
Lin et al. (2017)

Tao et al. (2013)

Ma et al. (2016)
Zhao et al. (2018)

Li et al. (2015)

Qin et al. (2017)
Zhang et al. (2017 b)
Yang et al. (2018)

Wang et al. (2010)
Tao et al. (2012)

Xie et al. (2012)
Firon et al. (2013)
Ponniah et al. (2017)
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Table 4 Summary of transgenic sweetpotato plant

Biological functions Gene Phenotype Reference
Abiotic stress FSPDI Enhanced tolerance to chilling and heat stresses Kasukabe et al. (2006)
SOD/APX Enhanced tolerance to oxidative, cold and salt stresses Lim et al. (2007)
Yan et al. (2016)
AtNDPK2 Enhanced tolerance to drought and salt stresses Kim et al. (2009)
LOSS Enhanced tolerance to salt stress Gao et al. (2011)
GmSCOF!  Enhanced tolerance to cold stress Kim et al. (2011)
IbLEAI4 Enhanced tolerance to drought and salt stresses Park et al. (2011)
BoBADH Enhanced tolerance to salt, oxidative and cold stresses Fan et al. (2012)
IbP5CR Enhanced tolerance to salt stress Liu et al. (2014 a)
IbNFUI Enhanced tolerance to salt stress Liu et al. (2014 b)
IbMas Enhanced tolerance to salt stress Liu et al. (2014 ¢)
IbSIMT] Enhanced tolerance to salt stress Liu et al. (2015)
IbNHX2 Enhanced tolerance to salt and drought stresses Wang et al. (2016 a)
IbZFP1 Enhanced tolerance to salt and drought stresses Wang et al. (2016 b)
IbCBF3 Enhanced tolerance to cold and drought stresses Jin et al. (2017)
AtP3B Enhanced tolerance to heat and cold stresses Ji et al. (2017)
XvAldl Enhanced tolerance to drought stress Mbinda et al. (2018)
Biotic stress cry74al
cg3Ca1 Enhanced tolerance to sweetpotato weevil Morép et al. (1988)
Sefasi et al. (2014)
cryla
Bar Resistance to herbicide Yi et al. (2007)
SPCSV
SPEMV Enhanced tolerance to virus (RNAI of virus replicase and coat Kreuze et al. (2008)
SPVG protein) Sivparsad and Gubba (2014)
SPMMV
IbMIPS1 Resistance to stem nematode Zhai et al. (2016)
IBSWEETI0 Resistance to Fusarium oxysporum Li et al. (2017)
Development SRD1 Enhanced proliferation of metaxylem and cambium Noh et al. (2010)
IbEXP1 Enhanced storage root development Noh et al. (2013)
Nutritional value IbMADSI0  Increased anthocyanin contents in sweetpotato calli Lalusin et al. (2006)
IbSBEII Increased amylose content in sweetpotato starch (RNAi) Shimada et al. (2006)
1bGBSSI Produced amylose-free starch Otani et al. (2007)
IBMYBI Increased anthocyanin contents in sweetpotato calli and Mano et al. (2007)
storage roots Park et al. (2015)
IbSRF Increased starch contents and decreased glucose and fructose Tanaka et al. (2009)
IbCHY-B Carotenoid accumulation in sweetpotato calli and storage Kim et al. (2012)
roots (RNAI) Kang et al. (2017 a)
IBDRF Increa.sed proanthocyanin and decreased anthocyanin contents Wang et al. (2013)
(RNAI)
IbLCY-B Carotenoid accumulation (RNAi) Kim et al. (2013 b)
1hOr E:;:)tsetrrlzi(sie:ccumulation and enhanced tolerance to salt and E;gl( : 211'. ggi)a)
Kang et al. (2017 b)
IbLCY-B Carotenoid accumulation (RNAI) Kim et al. (2014)
AmAl Increased protein and amino acid contents Shekhar et al. (2016)
1bZDS Carotenoid accumulation and enhanced tolerance to salt stress Li et al. (2017)
IbSnRK1 Increased starch contents Ren et al. (2018)
IbLCYB2 Carotenoid accumulation and enhanced tolerance to abiotic stress Kang et al. (2018)
Promoter Sporamin High expression in storage roots Hattori et al. (1991)
SWPA2 ISjt\r;e)ss inducible (wounding, chilling, Sulphur dioxide, ozone, Kim et al. (2003)
SRD1 Root specific expression in response to IAA Noh et al. (2012)
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Fig. 1 The importance of plant biotechnology to develop transgenic crops, with enhanced tolerance to multiple environmental stresses
and improved quality, by introduction of stress-resistant and metabolic genes. They will play a significant role for sustainable
agriculture on marginal lands, including desertification and soil contaminated areas (Kwak 2011)
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