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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.
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7} A (Manihot esculenta Crantz)+~= Gt o} G o x| & B
A-E 8 ofZE|7}, FEobAof, Ui o g 7to A &
7k 29 E o4 AYAtE AL QITHFAO 2010). L2y Ajuli
axof whel PAkFe) Aol 7t Alstal e Al Bl & 8
o] 3211 HAZ&y] 8H7]— A th(Hillocks et al. 2002; Ziska et al
2009). 7HARREZE £ st AEol AR HIEHRIA,
ofd &g A FIIFFEC] Aol ofzert, OWOH
FA O o] gsl7]ol= FFA AT UTHFAO 2010).
AAZ T A=) oF 8001 O] o] g o]} = oFxLTt
4 7w 29or aF whal §lar ofzelrt 54
ola} o] §lo] 2] 50%7} HIEFRIA F-£ O 7 Q15 oflZ, W
g2 59 Ayor 1% vy It Cunningham and Gantt
1998; WHO 2009; Adenle et al. 2012). wf2}A] 7FAMRLS A
F, U A Y T AFgA R &85t fiAe FUdA
7ea Eolil A AE Aof 7 FhARE Aol Q.
S}ch(Ferreira et al. 2008; Beltran et al. 2010; Welsch et al.
2010; Giuliano 2014).
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W 5 vkt 2ol Bore A /)543 cheket B
BEEHAWAS AT #ASEY =2 A o]8skaL §)
CHPark et al. 2015; Goo et al. 2015).

7hAREE BEAFSEo thet Al 4= Lopez 5-(2004)01 23]
OF 57,0007] 2] 7} A} unigene dataZ} QFEE o] 2 Bull
50097 2 we AFAEe A mEEE
TMS604445 A}-8-3} 9] friable embryogenic calli (FEC)E 9|
25} Agrobacterium B A3 W Eo] 71 1 thLopez
et al. 2004; Ferreira et al. 2008; Bull et al. 2009; Zhang et al.
2010). E3F Welsch 5(2010)0] 7} 2E] o= AT A=
9] FQ 8 phytoene synthase (PSY) 37 A}9] single
nucleotide polymorphism (SNP)of| 2]} =gt 7}AMHIZL 7L2
Ello]EE S43he el o] % 7hAL 7FRE ko= A
A AR ot fFAAEe] EEEHA o]F o] &3t
QAR SHE A =E T 9l thWelsch et al. 2010). Z|Lof =
Xu 5(2014)©] cytosolic superoxide dismutase (SOD), 7}AFH}
MeCu/ZnSOD @} ascorbate peroxidase (APX)E FA|HHE A
7 FAAZ 7hAbEE ko] Abshel A2 AE 2o
3t WAL Z7HA17] A B E QKX et al. 2014).

2 Aol s ARIAE A F/d WSA|CH SWP42
2wE) 273 sof Qlwy| Ao} IDBAE At chs 7hak
u B0l 712 o] = 2H o] BT 270} BOrHA
S TN Thzemo|E FRY oot R, A
= 5 AEdAYA0] 2718 FAAT THjubE el
A} 3G tHKim et al. 2003; Lu et al. 2006; Kim et al. 2011; Kim
et al. 2013). °]& |5to] IDBSJAL A 7H St th=2} AL
v F59 AAZedy A A"S ghsto] Agrobacterium
7 &2 bor aEH FAAG 7RIS A 253
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EES B Wol A A Aujsie] Ao A5G
o ZhApuke] eo} BRo] mEHE £71% 2 emY = He)
70% ethanolof| A 138-7F nHHSFH A A3 & 5% sodium
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=715 AASL ASHFARE £A 25°C FL27A(R
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A A GEA= 7Wol A S41E A9 nds < A
H E= Holo] HHE%ZS 2 mM CuSO4, 12 mg/L picloram,

2% sucrose”} $H-8-¥ MSH} ] (Murashige and Skoog 1962)°]
A 427k oF HjoK(2542°C)3} 9tk SEE AP AL 12 mgl
picloram, 2% sucrose”} 3 §H¥ GDH| Z](Gresshoff and Doy
19740l A] oF Z A0 R 427t vkt kg Flak A uf
2ol Ahste] 43] oAy 437t wjokstgd)

IbOr LrHAHE] =

AtnkR2 EE B3 [h0r (Genbank accession no. HQ828087)
FHAAE st 7R Eo| =5 A4t 7RAEE A
SAE et AW EE A2k ThKim et al. 2013).
pCAMBIA 2300-Nos W Ejo]] SWPA2 promoterS HindlII<}
Xbal .2 = Q510 SWPA2::.pCAMBIA23002 A 2}+st T2
1bOr (924 bp)2- Xbal T+ Sacl 0.2 EQ1510] SWPA2:IhOrL: 9+
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Falo] FAAL sk
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F 22004 497 sfFekleh iS5, GDATEHR (250
mg/L cefotaxime, 50 mg/L kanamycin)of| A 357} v &3} o
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PCR 24

ZFAHFol A genomic DNA (gDNA)E £2]3}7] 915} Genomic
DNA Isolation Kit (Qiagen)S o|-&3}o] Ez|stgich el
3} ¢gDNAE FF S & PCR premix (Enzynomix)E ©]-&-3}
o] SWPA2 2R EQ} [hOr FHARE 3E3FSH= primer set
(SWPA2-F. GAAACCTTAGAGGCAATTCATGCA, IbOr-R: CGTG-
GGTCATGCTCGCTTGCCATAGCCATC) 12|31 Kanamycin
A& AR} primer set (NPTII, NPTII F: GAGGCTA-
TTCGGCTATGACTG, NPTII R: ATCGGGAGCGGCGATA-
CCGTA)E ©]-&3d}o] 94°C 5E7F 13 HMA X, 94°C 45%,
60°C 45%, 72°C 15 9132 303] 483} dojZ PCRAL
=5 0.8% o7t 2AHS o] &ato] Felsteit.

3} total RNAE 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
310 IbOr-RT-F: ATCTCCATGGAAGGCTCAAATCS} IbOr-RT-R:
CGACGGATGAAGAAAAGGAG, [actin F: TGATGA GTC-
TGGTCCATCCAL} Bactin R: CCTCCTACGACCCAATCT-
CAE o] g3} 94°C 587 13] Al &, 94°C 30%, 60°C
30z, 72°C 12 ¥h-6-= 283] =35} ?:*0175_] PCR’&%%
1% of7t= S o]-gsto] gHlstitt.

Zn Y 2%
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IDBA} £ 71 7121 sfoi(ig 14)7- 29
Z)(Fig. 1B)& 3Fo] 2 mM CuSO4, 12 mg/L picloram,
2% sucrose7]— ?51-0 S =] MSHj Ao A] 2542°C2] ¢F Ao =
T2t ujFsto] mld < A|A Zuj(Fig. 10)E F=3kTh
-H—EEJ uj A< A A Zul= 12 mg/L picloram, 2% sucrose
7} Z3tE GDHjR|of| A o 2AS R 4537 vjokst o2
U A s A o]l ATfsto] 43] o] Af 4527t vl ket At
D2 olah A A7) 4] (friable) AFe) ] HjuAT e A
7} FAE AT A A H AL 1 mg/l NAA, 2%
sucrose7} 3H5-%E MSH x| o] A 2542°C9] ¢ 2 AC =2 43
b wjokste] o)A A A Zu|(Fig. 1ID)E $E5t9oH, 2
mM CuSO4, 0.4 mg/L BAP, 2% sucrose”} &-G-% MSH] %]
o Al 337E v Fstol AP A 9 st Az W
o519 th(Fig. 1E). Aot A A Lo 2 mM CuSO4, 2%
sucrose”} FH--E MSH{ 2| of| A Halo] AA]EA|(Fig. 1F)
= l:ﬂ—t:l—o]._‘:_ AN Zu Ay L& E3F IDBAF th=8 7}A s}
29 427 ARsA AR s
—O] GDHj Z| of A] W] ulahAY 2 2 0} w7 2] A 9

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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Y20 SWPA2::pCAMBIA23002} SWPA2::1bOr EE &

A Hind Xba | Sacl Ecor |

SWPAZ Pro Ml NOS-3'
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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::1bOr. (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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pCAMBJA23004 Z 12749 FAHTAE Ao,
SWPA2:1b0r9] 7% % 217119 24242 4k §2
Ak 75 BAels] Ho}oq Akt Q1 NPTIL 3422}

SWPA2 T2 HEIQ} [hOr FHARE E3HSl= gene specific
primerE ©]-8-5}o] gDNA-PCR& =33t 21} o 24 g
o] AL 1270, SWPA2::1b0r2] A2 19719] & AASAA
£ ¥}l th(Fig. 2C). Kanamycin A%} ¢DNA-PCRE E3
ozl 12 AANAES S 2 RT-PCRS 3510
bOr 9AA ] ¥ B4 59 thFig. 3A). 1 ﬁﬂ EES
ol |l WE] 12 )R SWPA2::1b0re] 197 H A S 7}
AHAZAE @9n 0|5 patz $71 34 shac
(Fig. 3B). 4 7Hbel 927} SR e w A2el ol 3
%O o AEYAEE Ba YARAS AT
5ol

A2 ATAH 10 FAAE WATF oA £}
A tofof ke S19S w] (B-carotene, [3-cryptoxan-
thin Z12] 21 zeaxanthin 2] OOkO] A Z7}8FH tH(Kim et al.
2013; Park et al. 2015). 3} carotenoid= AMSEA 2 A
go) A AN AL BAALE AA
7% SR LEY 204 HFof §o] & AR o}y
o, AAZ salt, MV, %0} 22 AEH Aof tfgk YA
H 1135k} Q) th(Kim et al. 2011; Kim et al. 2012; Kim et
al. 2013; Park et al. 2015). & Ao A A= bHorg A4
St 7hAMEL = 7HRE ol E e F7HAA F4A T)E
pymnt ofu el chopat B4~ Ed A0 WAZIHE 7]
et B Fotdlol, olxelst 5 Fud 24 o)
Aol Aol Auf FHolnE 2 "ast gick
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ol o 2
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Fig. 3 RT-PCR analysis of transgenic cassava plants expressing
1bOr under the control of the SWPA2 promoter (SWPA2::1bOr).
(A) RT-PCR analysis of 19 lines expressing stable /bOr gene
integration in transgenic plants. (B) SWPA2::IbOr and SWPA2::
pCAMBIA2300 plants growth in pots
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