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Iron fortification of grains by introducing a recombinant
gene of ferritin with seed promoters in rice
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ABSTRACT The recombinant DNAs, pGBF, pGTF, and pZ4F, using soybean ferritin gene have constructed with the
promoters derived from seed proteins, glutelin, globulin, and zein. The recombinant ferritin genes were transformed into
rice plant by Agrobacterium-mediated transformation. Iron contents and agronomic traits have been evaluated in the
transgenic progenies. The embryogenic calli survived from second selection medium were regenerated at the rates of
19.2% with pGBF; 15.0% with pGTF, and 18.4% with pZ4F in Donganbyeo and 6.7% with pGBF, 11.7% with pGTF, and
3.4% with pZ4F in Hwashinbyeo. The introduction of ferritin gene in putative transgenic rice plants was confirmed by PCR
and Southern blot analysis and also the expression of ferritin gene was identified by Northern blot and Western blot
analysis. The iron accumulation in transgenic rice grains of the transgenic rice plant, T1-2, with zein promoter and ferritin
gene contained 171.4 ppm showing 6.4 times higher than 26.7 ppm of Hwashinbyeo seed as wild type rice, but the
transgenic plants with globulin and glutelin showed a bit higher iron contents with a range from 2.1 to 3.0 times compare
to wild type grain. The growth responses of transgenic plants showed the large variances in plant height and number of
tillers. However, there were some transgenic plants having similar phenotype to wild type plants. In the T1 generation of
transgenic plants, plant height, culm length, panicle length, and number of tillers were similar to those of wild type plants,

but

ripened grain ratio ranged from 53.3% to 82.2% with relatively high variation. The transgenic rice plants would be

useful for developing rice varieties with high iron content in rice grains.
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GATCAAAGTGCCAAACACCGTG-3", G-2: 5-GGCTATCAAGATT
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4 91 g 14 ml tubeof] W31, ASPAALE o] §35fo] 37 mfay
3t & DNAZZ 898 (200 mM Tris-HCI pH 8.0, 500 mM NaCl, 25
mM EDTA, Sodium bisulfate 0.38 g/100 ml) 1 mlE Z7}8lo] 812
o= 2 Zgst & chloroform:isoamyl alcohol (24:1) 1 mlS H7}8}
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GTGGGATTGTGC-3")E arAdste] Akg-akgich PCR Bz AL 9
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%7 annealing, 72°C oA 187} extension TS 35 cycle HHS-A|
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ZMAHZ9) bialaphos XMEE AS

Phosphinotricino] Z &% Y ]01] A AdElo] AESE AAE
2palof ejato] SAJSE T1 AThe] AEAIE 3097F SHato] 30 x
15 cm tA 08 Ae|2Ao] ufsto] F<7]o| potof o]Aet &
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A7) Y5to] HALslpAS 24 ZREPEA A 27} B B
SHA & ul7hA] 4~SA3E St Sefskdy a7t Sk Eefele
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Fe geko]l EAA] 0.45 uM membrane filters 1A # ICPE BA
Sk

Feritn RXK ERASO Sf 54 L SUHY TN

Agrobacterium tumefaciens WS ©]-8o}dd ferritin F-HAE



90 - Journal of Plant Biotechnology

v

& 5e 2 d
]_

Ferritin REAH 22| X FANSE HWHIS

Foll A forritin §9412 £2]817] 98] RT-PCR 4L A3}
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shown).

ol 7H & Z2<1 1F2 1,070 bpe] AL S H4F Ax
full-length @] ferritin 3-8 2L 4= Sgich GAzLo] Yo
A= MAZEATO) T f47; 30| Frfe ERIAXTAG) 2
mRNA Flo 2014 §3Ae] B el poly (A') wil2 45
o} QlojA] F-2] gk ferritin F-HAR= ferritin Tl AL QM5 3ol
ZY L= Y3l 750 bpo] ORF(Open Reading Frame)S Eals}
£ s $AE gelg 4 Yok

Globulin, glutelin, zein Tl =l oA E2]H 980bp =7]2) globulin
Z2HE9 1.3 kb 37]9] glutelin ZE 2 E|(Wu et al. 1998), 1]
i1, 933 bp 2719] zein ZEELE| (Z4, Schernthaner et al. 1988)9} 2
o RRE Badt ferritin FAAE sense(S) = anti-sense(R)E 2
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Figure 1. Vector construction of pGBF, pGTF, and pZ4F with ferritin
gene and globulin, glutelin, and zein promoter, respectively. Bar gene
was included as a selection marker. mar sequence was used to enhance
over-expression of ferritin gene

5l pMI21 #El(Jang et al. 2003)0 AMIElo] pGBE-SI2,
PGBE-R4, pGTF-S12, pZ4F-S12, pZ4F-R4Z AZ85T} (Fig. 1).
ARG AZT SANE 24T wlol 7t okl 7 Ge)
forritin $7AHE ALGR AL FAAL Foo] AT 5 o
AAE 2 5ke] EAFinnegan et al. 19948 HAdlsld s A
i, FA oA BolA oz BHshs ZRREE 2FH o AHE-
0.2 fertin TS 7 o4 AFH 0T FEAL 4 9)
%7} Bo] mawEe] 7158 AT B3, MARE AFE3to]
QEA) EaRsle] BAZlol, F& el Saxe] Sof ulel
A AR S QPR 0 R S (Van et al. 1996; Miynarova et

al. 1996)3}314} 3}sdct.
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Agrobacteriume OI&$! Ferritin S™XIS| HEMS

SeHel shil FAE AAEte] §71% AeAE o 8ste
ZA-819] globulin, glutelin & zein 2 REQ} ferritin -S- A=
AYQI3t pGBF-S12, pGBF-R4, pGTE-SI2, pZ4F-S12, pZ4F-R4 A 23+
DNAE Agrobacterium tumefaciens, LBA4404 435 o]&35}o] §
QAR T GAANE e Aol Adelieh FAHaE
A AZ phosphinotricin ©] EFE MS HiX] Aol X|Absle] uljok
3% 3 5E embryogenic 2| 0] AT A HL, 55 FF

ko] =419 Wo] Holy] Azkslglon, o]g Heas

FYHG A2 ABAS BENAT (Fig. 2.
27 AR o 4] phosphinotricin FHAIRIe] AHEHS A2

i

<Lesvesatter Bagta trestment>

<Wheole plants after Basta treatment>

Figure 2. [I] Callus induction and regeneration of rice embryogenic
calli after transformation of ferritin gene. (A) Three-week old scutellum
derived calli used for co-cultivation with Agrobacterium, (B) Phos-
phinotricin resistant cell lines proliferated on N6-7-CP medium con-
taining Phosphinotricin in 1 month after selection, (C) Transformed
embryogenic callus, (D) Green spots in embryogenic callus, (E),(F)
Regenerated transplanted rice plants with ferritin gene. (G) Transplanted
rice plants in a large bottle for acclimatization

[II} Growth inhibiting effect of bialophos in wild type and
bialophos resistant rice plant. Transgenic and wild type plants were
sprayed with 3g/L of Basta. (A) A transgenic plant survived after
Basta spraying while (B) a wild type plant stopped growing and died
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Table 1 Number of regenerated plants and regeneration ratios

Vector Variety No. of seeds inoculated No. of transforment Ratio (%)
eaesr b g %
Dot g p i
pBTF-512 Fuaniniyeo 6 3 7
e g ; o
Dt 28 1? i

1 Q& BlAEA] A=A HEAERE 3 gLe] v R AREn
M1 2345 678 9101112 13141516

= Fig. 2119} 2ok Wild type] 8hA1H 0] ¢

& o] chlorosis7} dofi} ARG o), HAA
T gt 2 o}y mElE whr| o FAH o7 AY
RS = 1ol Ave FAHBHNA Bar FHA
€ AL BolZ Aol ferritin A7} @A A
Figure 3. Amplification of S promoters in putative transgenic rice b Hof] ZYEIYEE e Qe Zlojth

plants by PCR
M Molecular weight marker, 100bp DNA ladder, lane 1: Control-pMJ21

o |ER Tolz)

*s promoter), lane 2, 10, 12, 16: non-transgenic rice plants. lane 3, 4, PCR =40l 2| b=

5,6,7,8,9, 11, 13, 14, 15 : transgenic rice plants
-}ane i Tl 8 }5FG§ZR-4 i[r; Dog,gfglbyeoa Ferritin -7 B44ghe T Fo TOM G 4EAE &
-lane 4, 11: pZ4F-S12 in Hwashinbyeo ) N - o
-lane 5, 15 : pZ4F-S12 in Daeripbyeo BAHZ SAHolA &8} 3, potR o] Alsto] AT o5 A&
-lane 6 : pGTF-S12 in Hwashinbyeo L tjate g Szt Eol oBE olsly| Yslo] dRAS A}

-lane 9 : pZ4F-R4 in Donganbyeo aslel SR A ol Holo]l Eol o a0
DNAE &£ &, 7S Z2H =°1 |97
-lane 14 : pGBF-SI12 in Donganbyeo gotol A == H Tl Bl 971428

o} :510] primer® #HA51aL PCR 4L 3t ATk Fig, 33} 2e.
As} v Aol ol AlstelE uhe] 4B AlEa-e-2 Table 17} 2 FAAGE AEAolME PCR FFo] oA o4 37] I
th Globulin ZRHENS AMESF - ferritin SHAES sense® 4} 300bpe] WHEZ} S25glon, d%}ﬂxl A AEA Y] 7

At pGBF-S120) XM= Foreioll ] 13 Alo A4kt 607H2] 22 ol WE=7) HojA] ofgkth PCR WMo ofsf o dxshq= 5}01
Z 127]9] Ao A “‘:'11]7]— AR3E o 20.0% &) QY EIE-S H A= A RN 2E B ZREHER Uro] ZEE

S

Hgo U% SHAIHE 279 AR 7L AEE T o] mL o 2l A rzbof 24, Southern blot £-4] 9 Northern blot E-41, Western
&8 WAk Foritin S48 antisense AJ4I3H pGBFRIIA = blot AL KA 9 AEAFE ZAshe] o gtolc

oA 1R o 24 60702) FAb S0l A 1177} A B4
2 A E3)5to] 18.3% 9] HEFES LEhy g Ao 67  Southern blot A0 /et HEMeH F4
o] ARz HEAE 2 5 9t

Glutelin 2w Eje] 749 Behlol Shallol 4 242 07j9} 7] PCR 2:400f olald] AR ow $34 £oiRE Belst 61
o AR ARAE Po 150%9} 117% 9] ARFES uglch. A Fold BFE 2 T2ue 8 22 A Aistel A
Zein ZEREE AR 79 ferritin 3-HAE senseE AFQISH DNAE & & A& A EcoRICZE A3t 2 Southern blot £

PZAF-SI2NALE Foe, SOl 217t o, 37)e] ARF ARA S ANS ATks Fig 49 2t

5 99} 15.0%, 5.0% 2] AE3&-S el Qi) Ferritin S-AAES 2ZARE 12704 E—FOﬂ/\i ferritin S-A2Le) olAF 227]91 750 bp7t

anti-sense 2 AFQISH pZ4F-R40) A= Eqh ol A 607)2] FA} 29 ) XA integration o] §131. 21, single copy (2, 4, 5, 6, 7, 9, 10,

A BAZE AEsste] 217% 9] ARSERA 7Y 22 8-S 12) D owo copy (1, 3, 8, INE EYS0] 9le-S BHIE 4 gigiek.

Rtk A ZeuE dRs BE S 49 Sotola  o]E A B uj FAAEA ) 29l PCR EAof o8] Yozl

SAZNAIZE AR stE o] ARsgo] 7P Egkh data¥to 2= A12e 4 Yl olddst Ak PCR ¥R
FAAE AEA L} wild type?] A1EHE poto] o] AFF T A] partial annealing®] 2J3h ¥ oA H7IA AL FZ oL} polymerase
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Figure 4. Southemn hybridization of transgenic rice plants. Genomic DNA
(Sug) was digested to completion with EcoRIL. Gel blots were probed
with ferritin ORF and washed at high stringency. WT; wild type plant,
P; plasmid DNA, 1-3; *S-ferritin, 4-6; pGTF, 7-9; pZ4F, 10-12; pGBF

Figure 5. Northern blot analysis of organ and development stages in
transgenic plant. Gel blots were probed with ferritin ORF (upper)
and rice actin (lower) and washed at high stringency. WT: wild type
control, Al: **S-ferritin, A2: PpGIF, A3: pZ4F, A4: pGBF. Upper photo:
ferritin probe, Lower photo: rice actin probe

WT Al A2 A3 A4 AS

Figure 6. Immunodetection of ferritin protein in transgenic rice plants.
WT: wild type plant, Al: *s-ferritin, A2-3: pGTF, A4: pZ4F, AS: pGBF
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Table 2 Agronomic characters of transgenic plants which have higher iron contents at T1 generation

. . Panicle . . Ripened grain
Line Plant height (cm) Culm ength(cm) length(cm) No. of tillers(EA) Heading Date ratio(%)
Donganbyeo 103 74.2 18.0 12.0 8. 22. 83.0
Hwashinbyeo 110 87.0 19.0 15.0 8. 21. 85.0
T1-2(H)* 108 74.7 17.6 9.9 8. 23. 82.2
T1-11(H) 112 89.2 19.2 12.6 8. 22. 62.5
T1-36(D) 103 80.8 19.0 9.8 8. 23. 76.9
T1-39(D) 114 86.3 18.5 12.5 8. 23. 53.9
T1-43(D) 103 85.4 17.8 14.6 8. 22. 65.1
T1-45(D) 113 80.0 18.3 11.2 8. 23. 80.5
* H : Hwashinbyeo seeds were used for callus induction
D : Donganbyeo seeds were used for callus induction
Table 3 Iron contents and ratios of rice grains of transgenic plants at T1 generation
Plant type Line Recombinant gene Iron content (ppm)
Wild type Donganbyeo - 22.1£2.4
Hwashinbyeo - 26.7+0.8
Transformant T1-2(H) pZ4F-812 171.426.9
T1-11(H) pGBF-R4 55.5£0.6
T1-36(D) pGTE-S12 58.2¢4.6
T1-39(D) pGBF-S12 62.614.3
T1-43-1(D) pGTF-S12 66.7+2.4
T1-43-5(D) pGTF-S12 65.5+4.0
T1-45(D) pZ4F-S12 60.9+0.9
* H : Hwashinbyeo seeds were used for callus induction
D : Donganbyeo seeds were used for callus induction
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