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Tolerance to Potato Soft Rot Disease in Transgenic Potato Expressing
Soybean Ferritin Gene
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ABSTRACT Ferritin is ubiquitous in bacteria, animals and plants. Ferritin is thought to play two main roles in living
cells to provide iron for the synthesis of iron protein such as ferretoxin and cytochromes and to prevent damage
from radicals produced by iron/dioxygen interaction. To enhance the resistance of potato to Erwinia carotovora, the
soybean ferritin gene was introduced into the potato either under CaMV 35S or hsr203J promoter. Potato transgenic
plants were screened by PCR analysis using specific primers to the ferritin gene. Expression of ferritin gene under
CaMV 35S and hsr203J promoter in potato transgenic plants was confirmed by northemn blot analysis. hsr203J
promoter known to pathogen inducible in tobacoo drives the induction upon Phytophthora infestans in potato and
the transcript level of ferritin gene was extremely high after 24 hours post inoculation. One of transformants under
CaMV 358 promoter was increased 2.5 fold than untransformant. Each one of transgenic potato containing gene
promoter CaMV 35S and hsr203J-ferrtin fusion exhibited tolerance against potato soft rot.
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27152 AEAWAA 7 74 98E sk AR 4
# 2tk A WA= ferredoxin} cytochrome 52 Hehay 24

AES 759 2Tl olitstg AL Foll EHA  AHES FFEE Ao F WA AEudd AEd AT
U HAFe] 79=EUAe © hydrogen peroxide (H,0,), o2 HFo| Qg Aawhes Aa|go 2 OH 9 7 73
superoxide (0,)$}+ hydroxy radical (OH ) 5¢] ¥4 2ba% 3 whed MaZzozne X &4 WY & Ao
(reactive oxygen species; ROS)S F43] WA= 20F & (Theil 1990). Deak 5 (1999)2 23} ferritin F-AAS HHj
A U} (Prince et al. 1989; Foyer et al. 1994; Lamb and o &A%l nlo]gi2 (Tobacco necrosis virus), =]
Dixon 1997). @13l ROS FolA, H,0,&= H&A4EY £ (Alternaria alternata, Botrytis cinerea)®)| T8 ¥ 3} =2
Ao ZAY o Fenton WS (Fe" +H,0,— Fe" +H,0,+  A=E 818 v Uk o] femiting] 22715 o]}
OH')E Uosin oju WATE OH & HEHES] £4 9 of BAF U9 A ATE %A 2hao) HuERS 9
41 E oF71 2110 (Henie and Linn 1997). T 5 s FsHS ZASIA B AFANE gF

Ferritin Aol X EHFEC o|271744] AEAl g2l (soybean)d] ferritin R4S 242} Fr|FFo FAARA
EAsls dEAE dlAolt} (Theil 1987). Ferritinof AX o} FAAZE promoterZ= HYH JY Alollgh f4x o
& FEd= gl 2] hsr203] promoter (Pontier et al.
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H23}7] 9)&ke] CaMV 35S promoterE W2 promoterZ A}
&3t A AFE A dis A3 AR AAEA

A Bkl ABFSOE AARHI Sl FuEE
A} (Solanum tuberosum L. cv. Superion)E S AA g thAH2HE
Z 315om, 25C wjekdeoAl MSO [MS salt (Murashige and
Skoog 1962)+3% sucrose]ej Aol 3~4F7F wiokd 7Hzbe]
Z715 FAHE ABR o) &%tk

T ferritin §3A= @Aisty FAALTEREH B
Hoko ), CaMV 35S promoter-ferritin f-374e] A A3
AZ3 DNA AZHAE Hindlll, BamHIC.E 29 pBI221
HEj(Clontech, USA)Z5-E] CaMV35S promoterE #]3}]
o}& WS blunt end FAIS &, Smale 2 HGH ferritin £
AAE A435F9 ) hsr203) promoter-ferritin -4 A+e] F&AA
2 2§ DNA AZAAAL SalloZ Hy® hsr203]
promoter®} ferritin A QAT § ol Z7 AXH
DNAE Pinll terminator7} 44 3¥ pCAMBIA3300 binary # €]
9] Sacl A)BHE A sited]] DA} (Figure 1). 72 2 A3
55 Agrobacterium tumefaciens LBA4404E- o] &35 T}
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Figure 1. Construction of the expression vector, pPCAMBIA-
ferritin. The ferritin gene was fused into CaMV 35S (A) and hsr203]
(B) promoter. CaMV 35S promoter (0.74 kb); ferritin coding region
(0.84 kb); 37 pinIl (1.0 kb); bar coding region (0.59 kb); 3” polyA
(0.28 kb)

g3lo] g AR o] &H Atk MSO wiA| A =gt 7=} Z7]
HA7MS lom 272 A2 & 197 28°C wiFE Agrobac-
terium 200 pL v okol-S- 15 mL MSHA| vix]ol] 3]4]3}ed A&
STk o M 1087 A 2712 AS FEA F
MSOH| Aol A 48X 7k el Al 35 vl st o
Agrobacteriumol 729E 27123 & Ay FEulR] BAS
mg/L, NAA 0.1 mg/L, GA,, 1.0 mg/L PPT 1.0 mg/L)s| 4 e~
g 7718 & I & 918t BA 5 mg/L, NAA 0.1 mg/L,
GA,;, 1.0 mg/L PPT 1.0 mg/Lo] 7 MSujR|elA] vjeksle
P& A8tk AvtaE AH-E PPTY HE 558 A
ge7] gt AL FEejA]ol PPTE 0~5SmgLsEs 3
7YetA bar §-3A I 7Axpe} At 7Axbe] 2718 O R
4047 viFainh. gutiatel &7 JAbelke PPT
HAELE At FAHS A& Ao o] &3k

PCR 2! Northern Blot £A4

1.0 mg/L¢] PPT7F H7be Aol M wicks 24 E
A A 2L s st PCRE Fych
242 EA 2] Als DNA £32]= DNeasy plant system (Qiagen,
USA)E o]£8lglom, PCR ZZ2 9% primer: ferritin 5
AAe] b wThEe] primer (A8 5-CGCGTCGACATG-
GCTCTTGCTCCATCC-3", g4q+3F 5-CGCGAGCTCC-
TAATCAAGAAGTCTTTGATC-3)E o] &3tk PCR B2
7L 95CollA SEZF BES F 95C 30%, 58°C 30%, 72CC
287F 353 wHE AAE AT

Northern £2Jol] AL8-2 total RNA £2]+ TRIzol reagent
(Gibco BRL, USA)E ARZalith ¥2]¥ 10 ug total RNAES
1.2% formaldehyde agarose gelo|A] 7% %3 t}S capillary
transfer 342 2 nylon membranecol] Ho|A)Z T} ProbeE ©]
£9 ferritin A= Yol A AFH 57,3 4F Wik primer
£ 0|83} PCRE DNAE ZZ¢§ F [o PJICTPE %4
319tk Hybridization2 68°C2] 6x SSC, 2Xx Denhart’s
reagent, 0.1% SDS &0 A 24A)7F WFEA]Z] & AR20] | X
SSC,0.1% SDS 2% 0 2 2087+ N33 v}, 68 C2 0.2X%
SSC, 0.1% SDS &9 (Sambrook and Russell 2001)2.2 10&
7+ 33] AFE34.
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HjkAolA] PPTE Adtd AHE A5 242 &4
AB3E st Rk AT AT dAHS A
o 7% microtubeE F74 3 mm, ¥H4 15 mmE &} 28C
ol A 1947k vjoksl ZAPEEH A (Erwinia carotovora pv.
atroseptica) 1x10° cfu/mL 57 343 & Az 3
8 AL T3l AdEiollA 28C, 12A17F vk £ 7
Aute] A8 FAIEok 27 R g% SHLS



ICP (GBC scientific equipment, Australia) 22]7]7]1& o]£3}

o BT

LRSS MU Y Feritin KA} Lhed

dHdXe A7 AR @3 HFHOR FAEI )
o A% DNA S84 A} 195 ZHake PPT 4% 31
= | mg/LE AT (Figure 2). B~ wiAoq A i &
FHYE F7|2Fe] duHozry Ayt FAHIL
™ 45730 A2~ E st shoot 2|2 FZitth Shoot &
A E8E %0]7] Y3kl NAA 0.1 mg/L, GA,, 1.0 mg/L, PPT
1.0 mg/L7}F A7 shootd X)ol] Benzylaminipurine (BA) 3 &
22 1-5mgll 352 A3 234 | myLET S mg/LE
Wi ol H7Feksle ® shoot AJo] Aot (A v]A
Al). CaMV 358 promoterol] A2 %3 DNA A 4]
EAE 1545 Adeew hsr203] promoter A 2 g
DNA 3AZ3 &A= 24155 Adsiich
olF AT HEAY A mYe Fsr] Hsly

AR HEAZEEH genomic DNAE Ei)sle PCREZE
8tk Figure 304 VRt wle} 7ho] 0.84 kbollA] DNA
FAES I AT F 7 AZF DNA 2 A
AEA el tiste] AAA] FEM FARTL FHHEAS
olat7] ¢l&te] Al &d promoterdl CaMV 355¢] <17
ferritin A2} %3 DNA 82AZ 74E LEZ 0]y
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Figure 2. Effect of phosphinothricin on callus formation from node
of potato on callus inducing medium. A, untransformed potato node;
B, bar transformed potato node; lane 1, PPT 0 mg/L; lane 2, 1
mg/L; lane 3, 1.5 mg/L: lane 4, 2 mg/L; lane 5, 5 mg/L.
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A2tk hsr203] promoter= HHl 9} @l EulEF (Ralstonia
solanacearum)®] E313814 4392 (incompatable interac-
tion)ol] o8] FEF+< FH] 2 promotero|t} (Pontier et al.
1994). hsr203) promoter 54 Ao AZAE )5 ferritin 5 A}
7 el s AAolM fE AHEH=AE Eelsr] 9
ate] A s JET F 12,24, 48X & A& ANF
Ak W HE F 12X T FF A 44 E BF ferritin
FAR} AR dFo] ARG O 2447 & o] 7}
T BRI T F 48A7blE AT (Figure 4). ©)2g
Z 7= Pontier (1998) o] Wxst gl FrlEd YA
hsr203J promoterel] Q)& FEE= HAAR Y WA 7)9F 84}
AT o] A2 HHll e HEE Solwd Wy fHAvt 7
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Figure 3. Identification of transformants of potato plants using
genomic PCR amplification. lane Ca/Fel, 2, 3, 4, 5, transformants of
CaMV 358 promoter-ferritin gene; lane hsr/Fel, 2, 3, 4, transfor-
mants of hsr203] promoter-ferritin gene.
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Figure 4. Northern blot analysis of transgenic potato plants under
the control CaMV 35S (A) and hsr203] (B) promoter-ferritin gene.
Total RNA under the control of CaMV 35S promoter was isolated
from the leaves of transgenic potato plants and total RNA under the
control of hsr203) promoter was isolated from transgenic potato
leaves harvested 12, 24 and 48 hours after inoculation of
Phytophora infestans. Panel A: lane Ca/Fel, 2, 3, 4, 5, transformants
of CaMV 358 promoter-ferritin gene. Panel B: lane hsr/Fel, 2, 3, 4,
transformants of hsr203J promoter-ferritin gene.
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AT HAdF Eolitd 7)5& £ 4 glthe AL A
A}SHT). Figure 4] 2 oA] AAA7E HEE A v A
WRIBH= ferritin S-A 2= AAMHol 873 2ASIME =
2 gaZgo] ARH)AT EFEe BR g AL H
% 257] B2l (Van der Mark et al. 1983) 2 432 dix
FAME AR AZo) B3R 9= Aoz Azte)

Kt rlo

il 25“" A= ——7}0}“5} (Flgure 5). olgg F7F Aeve
glutelin promoterZ ©| €3 ferritin ¥ FAASA] R
Z719} FALe =F0]AU ) (Goto et al. 1999). hsr203] promot-
er-ferritin A £9) gAAZA = <k 1.58) =713 A=
Uelgtth. CaMV 358-ferritin F-84 = #243k4)9} v
& 2w o|zj3t AEgeke] xjoj+= hsr203] promoterZ} biot-
ic stressol] 93 FATH7| wFEe Aow Azkdck 7xHA

of e} Ak FEHol e ¥ APY HPANM= Ferritin
#224E Bfshe FERY AxXY DNA 248 da=
Ao wWNk 477t FolE A& JESH (Figure
6A), 53] Ca/Fe29} hsr/Fe22] ﬁéél%i% = 339 WHEdE
A3} 27 Hlg) 2.5~3u A= Byk 277 F0E 7)i§
8ol 3t} (Figure 6B). 0] & éJEA £448 o}7)5= OH
Aol Hodsle feEldEe T feritin @ Ao] A9t
ozA 79 FAAL FYAA BATER D Iol
o] FZAHATY 77t
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Figure 5. Comparison of iron content in transgenic potato tubers of
CaMV 35S and hsr203J promoter-ferritin gene. Ca/Fe2, transfor-
mants of CaMV 35S promoter-ferritin gene; hst/Fe2, transformants
of hsr203J promoter-ferritin gene.

Wizl A8 A% ARl T ferritin FH2HE CaMV
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ferritin S £ FZAASA 7} 2.580, hsr203] promoterg}
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Figure 6. Soft rot disease tolerance (A) and comparison of
symptom size (B) in transgenic potato tubers of CaMV 35S and
hsr203J promoter-ferritin gene. lane Ca/Fel, 2, 3, 4, 5, transformants
of CaMV 35S promoter-ferritin gene; lane hsr/Fel, 2, 3, 4,
transformants of hsr203J promoter-ferritin gene.
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