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Abstract Calcium s an essential nutrient for living organisms,
with key structural and signaling roles. Its deficiency in
plants can result in poor biotic and abiotic stress tolerance as
well as reduced crop quality and yield. Calcium deficiency in
humans causes various diseases such as osteoporosis and
rickets. Biofortification of calcium in various food crops has
been suggested as an economic and environmentally advan-
tageous method to enhance human intake of calcium. Recent
efforts to increase the levels of calcium in food crops have
used calcium/proton antiporters (CAXs) and modified one to
increase calcium transport into vacuoles through genetic
engineering. It has been reported that overall calcium
content of transgenic plants has been increased in their edible
portions with some adverse effects. In conclusion, bio-
fortification of calcium will add more value in crops as well
as will be beneficial for animal and human. Therefore, more
fundamental studies on the mechanisms of calcium ion
storage and transporting are essential for more effective
calcium biofortification.
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Biofortification2 5+ Q ZH& 9] Hl
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Biofortification-> - Aol Al F-&3 vl +
8 e Alste AolnR, 2712l v
S 71E9 defEne Eoh a3 Ql ol
(Stein et al. 2006; Meenakshi et al. 2010).
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1. Identify target populations
2. Set nutrient target levels
3. Screen germplasm and gene

Development

~N N LB

. Breed biofortified crops

. Test performance of new crop varieties

. Measure nutrient retention in crops/food
. Evaluate nutrient absorption and impact

Dissemination

8. Develop strategies to disseminate seeds
9. Promote marketing & consumption of biofortified food

Outcomes

10. Improve nutritional status of target populations

Fig. 1 Stages of biofortification. Biofortification is a ten-step process, with assessment at each stage.
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& HhteRA £18 ANES Ao B8t A
54 4% groz fue Joud YAL 2t 48
o Aurol ATk AL F, AL 44 A,
jui

1o
4, 190t & F8 3.*% of d, otd Y HERIS oF T
o] 2do] HHAH A NAHAoR A7 AAFE T Q)
t} (Winkler 2011). oW gk AgsFl AT FE AT
arfol oJEst7] fite] TAFRATL W A Yoy
o] &2 w=o|u, WA} (crossing over)7} Z U ojutA]

Fe FAHAIY WY =YL S olYeh E Ushi
A2 71 fARgel ZAHA b T W ol
ofele @S 7T gt

A9

7he g, mdEe] did o A =
glo] E (glucosinolate) 9] oFo] Z7}% <
7h2Y o] F7tE AR 9
(flavonoid) Q] &eFo] =715 A&

Fdeol MAE o
oFst ZEo| HE it (Table 1). & TFE HL o
2 ZEoA ddae FE AAste dEEr] 2

¥ (allergen), 28] ZAJE (glycoside), ] E] AL (phytate) X
4= AL (oxalate) 2} ZHS JoF A &2 (antinutrient)2 ZhAA]
A AR GPL FRES FAL SE Slek (Winkler
2011). MEALS ofel, 74, ot 1ul4 W Az} 7 vy
g} Eo4 B2 FAsts BT Q7o)
U 7t&o] A3AIZ 4 gIA 9 (Raboy 2001; Adams et al
2002; Hambidge et al. 2005), &< o] 2E5 9] Ats}tA ol HH-$

o oS4 elLh ol A A W F& SUA
7= w4 o|l&5 At A olE (Chelﬂte)% 333t
gaksl 48 LeRH T (Grases et al. 2000). 2/
& ol &3 st FAE B84 A
(calcium oxalate)> G % %# FEA g ey 2
molde] F4s wale B ohjel A% AHE SEA
71t} (Heaney et al. 1988; Heaney and Weaver 1989; Weaver
1990; Weaver et al. 1997; Franceschi and Nakata 2005). w;2}
A oleje A Ae A2 E Adeld T4 F

S8 F7H02 4 9 Aol

25 245 AL T4 BE YolA wEA
28 B wluT HRolth ZHS A2, <, ZEY o
2ol HEAS A} U5 A2 SO s 9
Aol wgdtel AT | A ALY F0d o

o 93k, AEo] Ao £ EY #2125 WEe
goj= 523 @4 0]t} (Knight and Knight 2001; Sanders
et al. 2002). A EA WO Zgd tfF& Haxof Byhsm
Pl geish ohem 2ok 1) 2ol &
of AEA 9 A& FAsHL AAFE
) BSHES) dt S ol
A Qe oz Ao 4AS

el (Sanders et al. 1999; White and Broadley 2005,
McAinsh and Pittman 2009). 3) A ZZ9}& £33 oF 2 9] T
g 243 n AatAE Fa3 4T Wk 4 A
Y ofole i gol oo FHE 445
ool Al oy o) Aol 23 ge =
A%t} (Conn and Gilliham 2010; Dodd e
SR 5T TS F340 A A
S517] ool 9 18R wrEol Ua-Saue, 2
-4 wa 2Aatu] Fabol A o e 4ke} At
3t (Heaney et al. 1988; Morris et al. 2008; Hirschi 2009).
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Table 1 Examples of crops with nutritionally improved traits intended to provide health benefits for consumers and animals

Crop Trait References
Rice Increased in amino acid composition Katsube et al. 1999
Increased in a-linolenic acid Anai et al. 2003
Increased in [3-carotene Ye et al. 2000
Increased in flavonoids Stark-Lorenzen et al. 1997; Shin et al. 2006
Increased in iron Lucca et al. 2002
Soybean Improved amino acid balance Dinkins et al. 2001
Increased in Lys and Trp Falco et al. 1995; Galili et al. 2002
Increased in oleic acid Reddy et al. 1996
Increased in flavonoids Yu et al. 2003
Increased in phytase Denbow et al. 1998
Maize Increased in amino acid composition O’Quinn et al. 2000; Yang et al. 2002; Young et al. 2004
Increased in Lys and Met Lai and Messing 2002
Increased in oil Young et al. 2004
Increased in fructan Caimi et al. 1996
Increased in vitamin E and vitamin C Rocheford et al. 2002; Cahoon et al. 2003; Chen et al. 2003
Increased in flavonoids Yu et al. 2003
Increased in phytase and ferritin Drakakaki et al. 2005
Potato Increased in amino acid composition Li et al. 2001

Sweet potato

Lettuce

Mustard
Carrot
Wheat

Strawberry

Tomato

Alfalfa

Increased in Met

Increased in fructan

Increased in inulin

Increased in [3-carotene and lutein

Decreased of anthocyanin, alkaloid glycoside and
solanin

Increased in calcium
Increased in protein
Increased in iron
Increased in calcium
Increased in [3-carotene
Increased in calcium
Increased in phytase
Increased in vitamin C

Increased in folate, phytoene, (3-carotene,
lycopene, and provitamin A

Increased in flavonoids, chlorogenic, stilbene,
and anthocyanins

Increased in calcium
Increased in resveratrol

Increased in phytase

Zeh et al. 2001

Hellwege et al. 1997
Hellwege et al. 2000
Ducreux et al. 2005

Lukaszewicz et al. 2004

Park et al. 2005b; Kim et
Egnin and Prakash 1997
Goto et al. 2000

Park et al. 2009
Shewmaker et al. 1999

al. 2006

Park et al. 2004; Morris et al. 2008
Brinch-Pedersen et al. 2000

Aginus et al. 2003

Rosati et al. 2000; Fraser et al. 2001; Mehta et al. 2002; Diaz
dela Garza 2004; Enfissi et al. 2005; DellaPenna 2007

Rosati et al. 2000; Muir et al. 2001; Niggeweg et al. 2004;
Giovinazzo et al. 2005; Butelli et al. 2008

Park et al. 2005a; Chung et al. 2010

Hipskind et al. 2000
Austin-Phillips et al. 1999
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&t SIS St Biofortification| Lot Xt

e 771 g2 () A2 Z4s 359
S7h Q Az s F4F s7h E= Q) A2 H =
Auje] 24 w8 Z7h9} o] aok 3 2 9t} (Dayod
et al. 2010). N2 =2 {5 = Zw ol ¢ =27 A
A= Hix Ei= AP Adte] EAst= daadAY &
A& =ojofF gt} (Conn and Gilliham 2010). Y& 2ate

& Ad FAAE Ax PR RuEglon, dgx
ol of71 e AwAd FHAE MCAL, MCA2 ¥
TPCI0] QIth (Very and Sentenac 2002). MCAIT} MCA2
A= 4349 Zw Ad W FAARA, o714
o 9] knock-out mutantE ©]-§-8f Z2] F2 1 ¥elo] §l
© A2 d#A ok TPCI f44 = A2 Zs A4
TR EA A AEY FF 714 B9 Qlo] npxt
M2 2o S4%E 8 fle AR Hil Hof 9l
T} (Yamanaka et al. 2010; Peiter et al. 2005; Ranf et al.
2008). Mo ZgEpFA FAAL (CAXs)E PIHAI
AgoAe vE Zg 43 o] dF YRRt A
A L SAFEFL 2718149t} (Conn and Gilliham 2010).
ol A= TR AEAY AEFH S A2
o] B4 245 Bt S7HAE 4 Qe 7S 9
3ttt (Karley et al. 2000a, 2000 b; MacRobbie 2006a, 2006b;
Conn and Gilliham 2010). A& A 71 & B52 #}A| 5}
£ o] 24 o2& ZHAY] YA E B4 ol 4
49 gusls AR Ca’-ATPases (4C4s) E= Ca”/H'
antiporters (CAXs)7} @] &alA Qlt} (Leigh 1997; Rea et
al. 1992; Conn and Gilliham 2010). CAX9} ACA A A= N-
Wcho] autoinhibitory =1 Q1S 7AW, CAX= QQANSH
+ CAX interacting proteins (CXIP) (Pittman et al. 2002;
Cheng and Hirschi 2003)0] ]3] 2443} =31, AC4L= Ca’/
Calmodulino] ¢J3] &43} =t} (Baxter et al. 2003).
A0 e F7HE AT dxdo A5t A
FEA FAAEY A=A HEoiA RiEi ot
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THAA T2 BA A= (BvhE, 42k 5 9 39
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T2, A, v, W 9 obdY] FEE Zol F
At} (Park et al. 2005a). A& 753t Mo 43
77171 S8l Bell sCAXT f s T
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Q) At} (Park et al. 2004; Morris et al. 2008).
AZE AT FES F AP A #
a0 Sde St AWollA o]
azwo] gFol F7reke, oA oA Ee
2 o] dFAA=AY AtV el m
Stk (Morris et al. 2008). CAX A7) B3 = o
A 8 Evbeo] Aol 4 Baofol H7He 48 ¥
I ¥ A FAS YEFY AT} (Park et al. 2005b). 1
ANzo| Z4igAst AR A2 BHAFol

A S7HE7)E sHARE 2512 AEA9 o 7P

2L

3 H
ofs roh

-

],

el o
> ol

N

A T oo Yt oy do & Ho L ooff
il
—z
A

.
2+

ottt

o x& ofr foi 2 M ofl

N
N
ody oo

oN &
B K g o

N
—_

i
ot oy
4>

O
2

2
2

=

L oo
N
N

2 o

W
2 (M



28

J Plant Biotechnol (2012) 39:23-32

Table 2 Transgenic approaches to increasing calcium content in crops

Crop Target

Calcium content References

300% increase in Ca of tubers

Potato Overexpressed AtsCAX]

Park et al. 2005b

No other elements mentioned

50~60% increase in Ca of tubers

Overexpressed AtsCAX2B

Kim et al. 2006

No Ca increase in leaves

25~32% increase in Ca

160% increase in Ca

Park et al. 2009

No increase in other elements

Park et al. 2004; Morris et al. 2008

20% increase in Ca of leaves

Lettuce Overexpressed AtsCAX]
Carrot Overexpressed AtsCAXI
Tomato Overexpressed AtsCAX1

100% increase in Ca of fruit

Park et al. 2005a

Increase in Cu, Fe, Mg, Mn, and Zn

50% increase in Ca of fruit

Overexpressed AtCAX4

Overexpressed AtsCAX2A

100% increase in Ca of fruit

Park et al. 2005a

No change in other elements

Chung et al. 2010

oA 2w (tip-bum)o] WrehtaL Tpado] Fufsl= 5 2
% A9 ALY vt ZAbo] #E Atk (Hirschi 1999;
Park et al. 2005a, 2005b). o] 23t TAFQ] HHAY ¥olL EoF
S RHEY ZAu FH7F ZoflE wrop waA| Y5t
ZA 0= o]F9] FAAY B AX YRR

=7 S HHA
S deolo] eI shAN d22 A
FEOR Q] A2l Aol 23 Ee ZudEA
Ao Mg we Avelx BusA ge Aow
H 1 E[Qlh (Hirschi 2004). ZH52 w4 (calcium binding
protein)& ©]-&3FH sCAXI T A oA Yelgd oiwF

of 4 F7hR A% AWFAol e A &
He 29 4 ot BugsE Qo sCAXIS T A]
71 ghyl Qo] & HBo] yAbsla Aol XA E QA vt

(Hirschi 1999), sCAX13} A Ao X 5}= A3
2 calreticuling A A 7] H 7P.§§‘:}%k | 2713l =
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=t (Wyatt et al. 2002).
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