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Abstract Glycine betaine (GB) is one of the compatible
solutes that accumulate in the chloroplasts of certain halotolerant
plants under salt or cold stress. The codA gene for choline
oxidase, the enzyme that converts choline into GB, has been
cloned from a soil bacterium Arthrobacter globiformis. We
generated transgenic sweetpotato plants [Ipomoea batatas
(L.) Lam] expressing codA gene in chloroplasts under the
control of the SWPA2 promoter (referred to as SC plants)
and evaluated SC plants under oxidative and drought stresses.
SC plants showed enhanced tolerance to methyl viologen
(MV)-mediated oxidative stress and drought stress due to
induced expression of codA. At 5 UM of MV treatment, all
SC plants showed enhanced tolerance to MV-mediated oxidative
stress through maintaining low ion leakage and increased
GB levels compared to wild type plants. When plants were
subjected to drought conditions, SC plants showed enhanced
tolerance to drought stress through maintaining high relative
water contents and increased codA4 expression compared to
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wild type plants. These results suggest that the SC plants
generated in this study will be useful for enhanced biomass
production on global marginal lands.

Keywords  Sweetpotato, Glycine betaine, codA gene, Oxidative
stress, Drought stress

ME

7He, 1 @&, AL, 123 ¢S FHAEY
o] It WS Asfisto] i At 2
ZIthBray 1997; Wang et al. 2003). £3] A=t}
U W, A e, R Ee B Eokiy

A 100743 ol4e] 1581 Q17 Aparake] 272/l
o Wi gov AEWAY 41% FEr} Abustel
k1 Q] th(Reynolds et al. 2007). E3F, &2k} 3}
29 Wopgh ARG EARE AT 5= AA
2 EYY ARV &5 AAE L ey gAAF
N7 HFAO)S] WA oJ3kE A A @Re
EoF WA wfjd 100~ 1509+ ha® F7pakal Qlal @A
ARt © BEXY AA WAL 9559 ha2 HAEIL 9]
(Sun et al. 2014). FAO= 2050 A A 9127} 919 Ho)
g Aol A7 FAHZ s54 dids aHsHH 2050
doll= Aa9 L7819 Aol Bad Aoz Agch
whebA] AREEE 29, H73 A9 5 22d 21 294

ook ot o N H qfd

Koo -

+u

T
ok

d O

N

g
1

il

iy}

s WAA| T GHAYRE o §5te] ThFat B
ZANNE Aol s FUAT A4
d



20

J Plant Biotechnol (2015) 42:19-24

AlEo] gt AEHAE WA =Y YA W AT
superoxide anion radical, hydrogen peroxide, hydroxyl radical
Y WhAdel & 549 &3 4kAaF(reactive oxygen
species, ROS)©. & W3}A |11 (Allen 1995), ROSS] o}
WAL Age] S FAAIE F2 20 HT
Qlth(Inze and Van Montagu 1995). 124 ©]& 3t ROS+=
superoxide dismutase (SOD), peroxidase (POD) 52| aAts}
A A2} ascorbic acid, glutathione 52] #] &2} 3FAISHE 2]
S0l o) TLAOE AAFCHAlen 1995). E3F Az
DRI 2o ARz o AFHL AL 4
A W §9 ST F7HITIE 4ERA 7
& e o] ok & A AEAY HERY B
2+ proline, trehalose, soluble sugar, glycine betaine (GB)
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stol ofste] FAHTh GBIAL A Az g
| A= choline monooxygenase (CMO)o]| ]3] choline©]
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(BADH)®l| 2|3} GB7} A4 % cHAhmad et al. 2013). 317
9k Bre| 2] o} Arthrobacter globiformis, A. pascens®| 73-%- choline
oxidase (COD/COX)2He 3HLbe] FAof 213 choline o &
¥ GB7} g/J ¥l th(Hayashi et al. 1997, Ahmad et al. 2013).
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5} th(Hayashi et al. 1997; Kim et al. 2003; Ahmad et al.
2008; Li et al 20014). 113tu} FAAZFATL Lim &
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DNAZE codd §7HA E0|2 Zz}o|w(Forward: GCTGC-
TGGAATCGGGCTA, Reverse: TGGGCTTATCGCGGAAGT)
£ AHE-5ko] genomic PCRE =3 5kich A4+ S &
A& )3l total RNA+= TRIzol reagent (Invitrogen, USA)E
o]8-3}o] B3} a1, cDNA $AJ-& TOPscript RT DryMIX
(Enzynomics, Korea)E AME-slo] dAIstit) A5 cDNA
£ FEO 2 codd AR} E0]7 xato]w(Forward: CACA-
ACTCCTGCATCGCCTT, Reverse: GTTGGTTTCCAGCCG-
CTTGTA)E A Z+5}o] real-time PCRE 43 Sl A&
O] cDNAYE HAs7] 93t Wi == ataf
9] ADP-ribosylation factor (Forward: CTTTGCCAGAAG-
GAGATGC, Reverse: TCTTGTCCTGACCACCAACA)E A}
L5} th(Park et al. 2012). Real-time PCR A1} B A2
CFX real-time PCR system} softwareE ARE-5}% tHBio-Rad,
USA).
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Fig. 1 Development of transgenic sweetpotato plants expressing
the codA gene. (A) Schematic representation of the T-DNA
regions of vector used for sweetpotato transformation. SWPA2
Pro, sweetpotato peroxidase anionic 2 promoter; TP, transit
peptide from the sequence of the small subunit of Rubisco (tobacco);
codA, choline oxidase cDNA; NOS-ter, termination sequence
from the nopaline synthase gene. (B) Agrobacterium-mediated
transformation of embryogenic calli of sweetpotato. (C) Genomic
DNA PCR analysis of the cod4 gene from transgenic plants. M,
size markers; WT, wild-type plant; PC, positive control; Numbers
(1-18), independent putative transgenic lines
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Fig. 2 Characterization of SC sweetpotato plants expressing the
codA gene. (A) Phenotype of SC Plants. WT, wild-type plant;
SC2~SC18, transgenic SC plant lines. (B) Quantitative real-time
RT-PCR analysis of 12 lines expressing stable codA gene integration
in transgenic plants following MV treatment
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Fig. 3 Effect of methyl viologen (MV)-mediated oxidative
stress on the ion leakage of wild-type (WT) and transgenic (SC)
plants at 0 to 48 h after 5 uM MV treatment. (A) Differential
visible damage of leaf discs. (B) Relative ion leakage. (C)
Glycine betaine (GB) contents of WT and SC plants before and
after MV treatment. Data are expressed as the mean = SD of
three replicates. Asterisks indicate a significant difference between
WT and SC plants at **p < 0.01 by LSD test
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Fig. 4 Drought stress analysis of WT and SC plants. (A) Plant
growth before drought stress (upper panel) and after water
withholding for 14 days (lower panel). (B) Quantitative real-time
RT-PCR analysis of codA expression before drought stress and
after water withholding for 9 days. (C) Relative water content
of WT and SC plants before drought stress and after water withholding
for 9 days. (D) Malondialdehyde (MDA) contents in leaves before
drought stress and after water withholding for 9 days treatment.
Data are expressed as the mean + SD of three replicates. Asterisks
indicate a significant difference between WT and SC plants at
**p < 0.01 by LSD test
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