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Abstract Cassava (Manihot esculenta Crantz) is a useful
root crop for food, animal feed and various industrial materials
including biofuel. Despite of its importance as an industrial
crop, the genetic engineering approaches to manipulate
transgenic plant development in cassava are limited. In this
study, to develop new cultivar with high level of carotenoids
and enhanced tolerance to environmental stresses, sweetpotato
IbOr gene involved in accumulation of carotenoids was
introduced into an Indonesian IDB high-yielding cassava
cultivar under the control of oxidative stress-inducible SWPA2
promoter through Agrobacterium-mediated transformation
of friable embryogenic calli. The 19 transgenic lines were
successfully generated on the basis of gDNA-PCR and /6Or
transcript levels for further characterization in terms of
carotenoid contents and environmental stresses. Therefore,
IbOr transgenic cassava plants may be developed for enhanced
biomass production with high levels of carotenoids on
marginal lands.

Keywords cassava, /bOr gene, SWPAZ promoter, carotenoid,
oxidative stress

"These authors contributed equally to this work.

S. H. Kim' * S.-C. Park - J. C. Jeong - H.-S. Lee - S.-S. Kwak (&)
St SI01 TR AlS | A Z 1L MIES

(Plant Systems Engineering Research Center, Korea Research
Institute of Bioscience and Biotechnology (KRIBB), Daejeon
305-806, Korea)

e-mail: sskwak@kribb.re.kr

M. D. Kim'
oGt KIS TA

nstitute o enetic Engineering, ankyon; ationa
Insti f Genetic Engineering, Hankyong National

University (HNU), Anseong 456-749, Korea)

ME

ZFAFEH Manihot esculenta Crantz)= Htj o} x] o] B
AEZ 8 ofZE|7f, FEobAof, Ui o g 7to A &
7k 29 E oA AAtE AL QITHFAO 2010). 12y Ajuli
axof whet PAkFe) Aol 7k Alstal e Al Bl & 8
o] 311 AZru 57} A th(Hillocks et al. 2002; Ziska et al.
2009). 7FARREZE £& gpsbEAEol AR HIEHRIA, A,
ol & B4 m7|Qepio] Heo opelzh, obalofe
202 ol ga/lol A A7k ATHEAO 2010)
AAz AurEsyael o 00ukE o] of2lo|st ok}
4 7w 29or aF whal §lal oz elrt 54
o|a} ojflo] 9] 50%7} HIEFHIA FFHO 2 Q1% offF, |
g2y 59 Ayor v% vy QIthCunningham and Gantt
1998; WHO 2009; Adenle et al. 2012). watA] ZFAHIS A
F, AU A Y T AFgA R &85t fsiAe FUdA
7es Eolil FAHAE Aof g FhARE Aol B a
S}ch(Ferreira et al. 2008; Beltran et al. 2010; Welsch et al.
2010; Giuliano 2014).
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27 5 chopa ARo) 0rS oFH 7154 T thopar
BEEHAWAS AT #ASFY =2 A o]8skaL §)
CHPark et al. 2015; Goo et al. 2015).

7HAHEE EAS-Fofl T3k A== Lopez 54(2004)0f &f 3]
OF 57,0007) 2] Z}AHH} unigene dataZ} QFEE o] 2 Bull
(20092 ZE W2 AFAEo] FhAE HdEEQ
TMS60444 5 A}-8-5}o] friable embryogenic calli (FEC)E 9|
|5} Agrobacterium B A3 Wi Eo] /i1 Ut Lopez
et al. 2004; Ferreira et al. 2008; Bull et al. 2009; Zhang et al.
2010). E3F Welsch S(2010)0] 7F2E] o= T4 A=
o Q2 F-HARI phytoene synthase (PSY) 5-7d2+9] single
nucleotide polymorphism (SNP)o]| &]2f] =gt 7}Afu}7} 712
HmoEE SATS Bl ol T AmE ol s 4
4 Amol gkt AR E0] BelHd oF o] g
YAFEE = A =E A1 Q) TH(Welsch et al. 2010). & Lo =
Xu 5(2014)©] cytosolic superoxide dismutase (SOD), 7}AFH}
MeCu/ZnSOD @} ascorbate peroxidase (APX)E FA|HE A
71 FAAG AP Arsto] Aol A LA Ed Ao
A5t WAL Z71A7] 77 s QT Xu et al. 2014).

2 AFolA s ARIAE A R/ W SA|CH SWP42
20E 24 ol QlEu|A|o} IDBAZ}F 783t thp2) 7RA}
Hh FFof 7F=E| o= S o Bede Atuf horF-A A
£ AT A 7tREolE SR ofyet YR, A
% 5 2Ef AWl F7He AR 7HEE Adstar
A} 3 THKim et al. 2003; Lu et al. 2006; Kim et al. 2011; Kim
et al. 2013). o] 9J5tof IDBIJALO| A 7Sl o2t 7RA}
v F59 AA =zt A A"E Ssto] Agrobacterium
WA Bor 1A HAAS e A zetic

_|_,
ol

JbApe ol K|of IDBARI A et che3) 7t
FES B ol A A Aujsie Ao A5G
o ppelel oo $io mgE E71% 2 ey Fet
70% ethanolo| Al 18-7F wuksFH A A3 3 5% sodium
hypochlorite 8ol 4] 3037F ERAF shoich. Aet =
7l R 53 Age &, Eatd filter paper] & A
=715 AASL ASHFARE FA 25°C FL27A(R
1641, ¥ $AIDl A ZA ke,

YA R HiXZY

Ay A GEA = 7IWol A SA1E AEA Y n)ds o 4
H E= Holo] HH%ZAS 2 mM CuSO4, 12 mg/L picloram,

2% sucroseZ} 3-8 MSHl x| (Murashige and Skoog 1962)0]]
A 427k oF Hljok(2542°C)3} T SEE A AL 12 mglL
picloram, 2% sucrose”} E3HE GDH x| (Gresshoff and Doy
1974)0| A oF Z A0 R 427t wjokst kg Falat A uf
2ol Ahste] 43] oA 437t wjokstglT).

IbOr LrHAHE] =

AtnkR2 2 E B3 [h0r (Genbank accession no. HQ828087)
$0748 EQUste] 72 e ol EE AAsHE Thabt 4
SAE et AW EE A 2FskthKim et al. 2013).
pCAMBIA 2300-Nos W Ejo]] SWPA2 promoterS HindllI<}
Xbal© 2 T 5to] SWPA2::pCAMBIA2300-& A|2}Fst o=
bOr (924 bp)2- Xbal T+ Sacl 0.2 EQ15H0] SWPA2:IhOrL: 9+
ASFRAIL A tumefaciens strain EHA1059] freeze—thaw method-2
ot A skt

Agrobacterium O§7{f S&Xet 3 PCR =0l
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F 2204 447 sfFekleh vieF &, GDATEHRA](250
mg/L cefotaxime, 50 mg/L kanamycin)of| A 357} v &F3} o
kanamycin Y45 Kol AejAs AYsto

PCR &4

ZFARFol A genomic DNA (gDNA)E H2]317] $15}¢] Genomic
DNA Isolation Kit (Qiagen)S o|-&3}o] Ez|stgich el
3} ¢gDNAE FF S & PCR premix (Enzynomix)E ©]-8-3}
o] SWPA2 2R E 9} IhOr FARE 3E3FSH= primer set
(SWPA2-F: GAAACCTTAGAGGCAATTCATGCA, IbOr-R: CGTG-
GGTCATGCTCGCTTGCCATAGCCATC) 18|31 Kanamycin
A& AR} primer set (NPTII, NPTII F: GAGGCTA-
TTCGGCTATGACTG, NPTII R: ATCGGGAGCGGCGATA-
CCGTA)Z o] 83F0] 94°C 557} 13] B4 &, 94°C 45%,
60°C 45%, 72°C 18 W22 303 £4=3)3}o] HdojZ PCRAF
ES 08% o7t =AM S o] &ato] gelsqitt.

3 total RNAS Plant RNA purification Regent (Geneall) S
o] &sto] Bttt £2]% total RNAE ¢DNA synthesis
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(Oligo DT) pre mix (Enzynomix)& ©]-83}%] ¢cDNAE T4
510 IbOr-RT-F: ATCTCCATGGAAGGCTCAAATCS} IbOr-RT-R:
CGACGGATGAAGAAAAGGAG, [-actin F: TGATGA GTC-
TGGTCCATCCASL} [actin R: CCTCCTACGACCCAATCT-
CAE o] g35}o] 94°C 5E7F 13] Al &, 94°C 30%, 60°C
30&, 72°C 12 ¥h6-= 283] =33} ?:*0175_] PCR’&%%
1% of7tZ S o]-gsto] gHlstitt.

Zn Y 2%
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IDBA} c}48} 7pAbl S7]9) alol(Fig, 1A)R3HE 2oz
Z](Fig. 1B)2 H&|5}o] 2 mM CuSO4, 12 mg/L picloram,
2% sucrose7} -G-E MSH|R| o] A 25+2°C2] ¢ Ao =&
T2t ujFsto] mld < A|A Zu(Fig. 10)E F=3klTh
-n—EEl uj A< A A Zul= 12 mg/L picloram, 2% sucrose
7} 238+E GDHjR|of| A o 2AS R 4537 vjodst 2
U A v A o]l AThsto] 43] o] A 4527t vl ket At
D27 olah A A7) 4] & (friable) AFe) ] HjuLA e A
7} AU AR AT AL 1 mg/ll NAA, 2%
sucrose7} a-8-E MSH A of| A 25£2°C2] F 2 ALO = 4F
2 wjopste] ol2h AN Erl(Fig. 1D)E fEshglon, 2
mM CuSO4, 0.4 mg/L BAP, 2% sucrose”} &-G-% MSH] %]
oAl 337E wjFstol AP TEA 9 st Az W
G5t th(Fig. 1E). <3t AA 2 H]+= 2 mM CuS04, 2%
sucrose”} EH--E MSH{ 2| of| A HhEalo] A& A|(Fig. 1F)
2 s AAEINAS S DB 3t sl
%9 427 AR LGS st
5] GOl WA ks e s

Fig. 1 Plant regeneration through somatic embryogenesis of
Indonesian IDB high-yielding cultivar. (A) Axillary bud. (B)
Isolated meristems. (C) Immature somatic embryos. (D) Mature
somatic embryos. (E) Cotyledonary somatic embryos. (F) Plantlet
development
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| <1314 bp —=II<-277 bp=>|
SWPA2::pCAMBIA2300 |
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Fig. 2 Generation of transgenic cassava plants by Agrobacterium-
mediated transformation of friable embryogenic calli. (A) Vector
construction of SWPA2::pCABMIA2300 and SWPA2::IbOr. (B)
(a) In vitro cassava; (b-d) Embryogenic calli; Kanamycin-resistant
calli on selection medium containing 100 mg/L kanamycin. (e)
Kanamycin-resistant cassava plantlets. (C) Genomic DNA PCR
analysis using the SWPA2pro::IbOr primer set. Numbers (1-21)
represent independent transgenic lines. NT, non-transgenic plant;
P/C, positive control
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mo}cﬂu}(mg 2A, B) 1 A3 Y2 E )l SWPAL::

pCAMBIAZSOO_J Z 12709 FAADYES Aglon,
SWPA2::1b0r2) 79 % 21719 24232 At F
Ak o -5 Zelst7] Ho}oi AkabA Q1 NPTI 7 A9}

SWPA2 T2 HEIQ} [hOr FHARE E3HSl= gene specific
primerE ©]-8-5Fo] gDNA-PCR& =33t 21} of 24 g
o A 127), SWPA2:1b0r2) A2 197]9] B AHE|A
£ ¥}l h(Fig. 2C). Kanamycin A%} ¢DNA-PCRE E3
AolA 12} ALAHES fAHo & RT-PCRE 281310
IbOr A Q] WHel & B A3} th(Fig. 3A). 1 751,} =
ol wl WE 12 WAL SWPA2:1b0re] 197) BAAZ 7}
PHAZAE G9n 0|5 patz $71 34 shar
(Fig. 38). % 7Hbl 2el7} s el el Az ol = @
gl thopsl AEF A E B3 YARAS A3
oo,

A2 AN B0r RS WAT AL
A tafof ke S19S w] (B-carotene, [-cryptoxan-
thin Z22] 21 zeaxanthin 2] °ok0] A Z7}8FH tHKim et al.
2013; Park et al. 2015). 3} carotenoid= AMSEA 2 A
=9 AEY A A oA YiEE A E A A 5o
71E SR LEY 20|49 HFof §o] & ACR o}y
o, AAZ salt, MV, 7%} 22 AEH Aof i3k YA
H 135k} Q) th(Kim et al. 2011; Kim et al. 2012; Kim et
al. 2013; Park et al. 2015). & Ao A A= bHorg A4
5l FFAELS FRE]| o) T SRS ZUHAA ok 7S
PR obue chopst B A= 20 WAFAL 7]
8 £2 Byopol, ofnelzt 5 2y 24 g
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Fig. 3 RT-PCR analysis of transgenic cassava plants expressing
1bOr under the control of the SWPA2 promoter (SWPAZ2::1bOr).
(A) RT-PCR analysis of 19 lines expressing stable /bOr gene
integration in transgenic plants. (B) SWPA2::1bOr and SWPA2::
pCAMBIA2300 plants growth in pots
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