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Transformation of Chinese Cabbage Glutathione Reductase (GR) gene
into Lettuce (Lactuca sativa L.) with Particle Bombardment
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ABSTRACT The cytosolic glutathione reductase(GR) gene of chinese cabbage was introduced into Lettuce

(Lactuca sativa L.) with particle bombardment method. When cotyledon explants were treated with osmoticum-
conditioning medium (0.6 M sorbitol/mannitol) 4 hours prior to and 16 hours after bombardment, it was identified
by GUS assay that this condition was the most efficient one for introduction of foreign genes into cotyledon tissue of

lettuce with particle bornbardment. The stable intergration of a GR gene was confirned by the PCR analysis. 0.3,

0.6, 1.5 kbp PCR fragments of transgenes were obtained by three types of primers designed on the basis of GR

sequence. To know whether the expression of the GR gene of pBKs-GR1 can be stably maintained in the next

generation, T2 selfing seeds obtained from the transformed mother plants were sowed on MS medium

supplemented with 200 mg/L kanamycin sulfate. 70% of seedlings showed resistance to kanamycin.
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bombardmentZE ©)-£3}= ¥'H2 helium gas 55 AH-51A
Nz A 2o} YE WHEoTA Ba) 24E AE
2] Have FBE FUN 2 424 37 Aol
& AN PAAESE 22 ASE deA Y (Sanford
1990).

wha] 2 A§L2 particle bombardment (BlO]lSth PDS-
1000/He system)E ©]&-3fd AAZOZ 71 Za 8 A
2 AAET ol MHEE ALY ARe) FAAREE B
ol7] 93 B Jlx Q9L AAINYoH I ARE BEhR
3o A BlE 0ZGEA8AA (Glutathione Reductase
gene, GR; Lee et al. 1998)E FAAE F AEIAA HE
Ao 2 GRFAA7F YAASE A55 MEstaa A
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MEXIZ 2 Plasmids

Az|u} A3 (Lactuca sativa L.)8) FAE 1% NaOCI (F
stEA, G& F2 4%)8d0 1587 Aty BETFE T
Ag+ & MSH]Z] (Chung et al. 1998)ell =E3le] 25427, 1
Q9 1647 Y 49 Tol AP FAA AP ARE
AR2-319 ) PDS-1000/He system (Bio-rad, USA)E ©]-&-3}
o HAAZ D23 Hd AL THI}L GRAMAE A
Z g TYA717) 98tk AHEEF plasmids pIG121-HM
Z pBKS-GR12 7z} E. coli host JM109¢} HB1O01o) &2
Q8 i, Audety SEAAH SRS
23g Bohugit} pIG121-HM 2 kanamycin¥} hygro-
mycinel WAE 7= FAA 2R E X-Gluc (5-Bromo-
4-chloro-3-indolyl-B-D-glucuronide, USB, USA)e] &34t
2.31= GUS (Bglucuronidase)fA 27} 358 promoterAto]
o] AdElold itk pBKS-GR1E wiFollM g2l 1,782
bpel 2ZF uUAel ##EH sl §4¢1 Glutathione
Reductase S-32t2] ¢cDNA7Z} 35S promoter9} nopaline
synthase®] terminator (Tnos) Atojoll A§I=old U,
kanamycinol] W4-& Uehi= neomycin phosphotrans-
ferase gene [[ (NPT D& 7} th

Biolistic transformation

GUSS GR&#AE 71A plG121-HM 3} pBKS-GRI
plasmid DNAZ F®37] 913k tungsten UAF 60 mgS
70% EtOHZ AN&3}7 50% glycerol | mLZE HEsI3TH
gerolg Aeksle] & A2 the, A FHe 50 ¥ B5at
7 plasmid DNA 5 L (1 pg/uL), CaCly (2.5 M) 50 L,
spermidin (0.1 M) 20 uLZ 12 Yo z}zhe] Yalel ¥
&9tk 70% EtOH= A& 312 100% EtOH 48 uLE #H7fst
o] g3 tFS macrocarrierd] 13]o] 8 uL¥ T@sle] A&
3tk GR Azl A5Ad W29 2382 pBKS-
GR1< tungsten 1028 83k thg 1,100 psi®] heliums}
o2 AEAYE 9emZ 3k AAEHTh AFE §F chamber
2] vacuumS A AL sampleS Ao} 2U7F vk &
kanamycin sulfate 50 mg/L7} 718 MSujA]ell &A A&
StAIZiTH

ME ZHA Hel

AEzEA L H7Pt fA2 A F GUS #4822 23
o owsl JIFL v|xE=R FAVE] f3kd 0, 04,06 M
sorbitol/mannitol S MSu| Aol H7}sled, AFESL7] A 0, 4A]
ZH ARESE 30, 16417, A% 242 4, 16417 Aglste GUS

24% ZAsAch Plasmid= pIGI21-HME AHEsH9l
helium$} 1,100 psioll AEAZE 9 cmZ 31T

Histochemical assay

Azo) Az ik GUS ¥d 42 Jefferson F
(1987)9] uhdol wke} FasH Tk 45 AFE well plate
o ¥y GUSEAMA (2 mM 5-bromo-4-chloro-3-indolyl-
glucuronide in 50 mM NaPOs, pH 7.0)& wellg 300 uL¥)
A7}sldth 1 % plateE parafilm o2 £33 ok 37CollA
48A17F A2jstr GUS #4dzke] HdAFE &gk 5 70%
EtOHZ oz o] J242 A A% g AAdnALR
A3 At

PCR analysis

GR $AA7 AEA A4 W) 35S promoter$}
BcGRI §287 2571 ARSI EA Y RS ERlsy]
atod PCR B4 2 S33lth 2 EA 9 do25E DNAE
B33l sterilized-H.0 £ | ng/uL 5 =2 3t
template DNAZ o] 238}, PCR 5H-&-&42 10 Xbuffer
2.5 uL, dNTPs 2 pL, Taq polymerase 0.2 uLE 37}st2
primer 1 - 25 z}z} 0.5 ul, template DNA 2 ul (2 ng/uL)
2 9y AHA 292 25 L2 o] ¥REAIZ T Thermo
Cycler (Gene Amp PCR System 2400)% ©]§-3 3 DNA
WAL 95°ColA 287 %] WAL 94CelA 3027
annealing & 55CellA 187+ 723 DNA 342 72CollA
138 3022 30 cycleS 3o, 5 DNA 42 72C
oA 327F stk wheA7) S-A2 1.4% agarose gelo] X
WA UV lampol A bandE F<latych GREA ] ARg-d
primery 3£02 dasE SEF4HEC] 1.5 kbpgl sence
primer (5 -AACCATGGCGAGGAAGATGC-3")9}
antisence promer (5" -GTCTGAGGATCCGACCAAAC-
3%, 0.6 kbp¢l sence primer (5" -CCCACCCACGAGGAG
CATC-3)¢} antisence primer (5" -CTAGCATCCT
CAAGTTCACC-3") 28T 0.3 kbpel sence primer (5" -
TTCAACAAAGGGTAATATCCGG-3") ¢} antisence
promer (5 -CGAAGGATAGTGGGATTGTGC-3) 0]t}

YRS SAT,)2| kamamycin LY A

24

HAAS & AR TAN AEAE 27C ofide] 2
oA 30~40U7} Blop3ls {3t & A Fuid
& ArteRe, HEF E2E 1% NaOCl (F3=25, FrE
Ak 4%y 1587 Agsty FErE 33 FAske
kanamycin sulfate7} 200 mg/L -8 MSujzjol| zHEs}ed

WloFe 309 Fol 4EEE ZASH

2
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Particle bombardmentZ 0]-£-3l 44 3kA] uj = LH"“ At
T H7teted Al AFEAY AEs Al
7He gelsto g4 GR fraAte] gA#EA] o—][ﬂq} A=
A5 F 7 USA dotry] s Ads A3 (Table 1),
sorbitol # mannitol-& Z}7} 0.6 M 718 A a]7ojr=
A Eth GUS wkg spote] © Wol Vel Azl A7k
2= AEA 473 ABT 1647 O ARRS 97k A}
24 47 M2l B2 ARET 6AIZF Mel ¥ FAEEG o
2o GUS HHE spotd 051:} OWL@ 2 particle
bombardmentE ©]-&3 FAARA e FHAE AYS
AAZE A=Al 2o A2 el T =W 4%
AR BO R oA Hed ARREAE ol &3l
A, A3 Aol Rejd AEE ofget YAl ot 98 &&
o] 7¥sAlo]l HolA (Russell et al. 1992; Vain et al. 1993).
particle bombardmente]] 2]& Y% -5 te] LHS
7 4 gloha B ¥ v} Ut} (Takeuchi et al. 1992).
olgfsl. FEEREA loL i AE ZAE &
ZAZ o 24 osmotic conditioningS & 4 Qiri= HI’_};
gltt (Finer and McMullan 1990). wela] 2 Aldo A 9} 7+
o] particle bombardmentE ©}-83F HAASA] ALEZHE 4}

Z A0 sorbitolZ} mannitol& 0.6 ME 2tz X alsle] 5
AR Y 2R RIE F95 AEE dAHeg o
A7 DNA7F 289 24e] AEA] WA sk
S HA|8ro 24 ARG aAY 7202 AzbE 9ok

A718] Z2AE olgste] GRAAARE A&EAIZ] £ kana-
mycin 50 mg/L7} $H-5 w x| oA A E3leEl Aol 358
promotor9t BcGR1o] B3 AQlo] HAE=AE &¢ls6l7] ¢
& PCR3E A3} (Figure 1), F&ASE 2 EAoAE= 0.3,
0.6, 1.5 kbp¢] band7} UEltO L, HAABlo] 5] ore A

Bz ] x-ﬂ
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Table 1. The effect of various concentrations of osmoticum on GUS
expression in the bombarded cotyledon of Lactuca sativa L.

o|2st AMFEL Z 2| HiF Glutathione Reductase (GR) &

. ; Treatment(hour)
SortomMao) o U PP
oM B - e

4 0 +

0.4M 4 16 .
0 16 ++
4 0 ++

0.6M 4 16 44+
0 16 4+

* +; poor, ++; moderate, +++; good. ++++; very good.
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XM= owgh band®= WEREA] 2dth I8 GR
Az} A3 sRAlo] st PCR H4A] &&AS 7fa]of A
3= band o]l oi#] 7FA] background Eo] UERG=TH
o] olul 21 E-2] genomic DNA S| 413 primeré} H]
228 homology & 7174 sequenceEo] &g 4= 7] dl&
o ojeist Aol Vet Ao F5FAck
PCREAMS Falo] BRG] HALE SHolah 4o Ty
Z2}9] kanamycin®] WA oHE A}a}iilgtﬂ (Figure 2),
MEH FANM o 70%7} kanamycin W42 HERHo]
particle bombardmentel] 2}5} 459] genome£ 0= AMIH

GR$ 4% Mendelian®] o We} 425 Ao 24

A 35Sant- _GR GR anti-

358 sensel  sensel sense2
sensel > - s
358 promoter BcGR1 cDNA
358 :
sense2  —p -« GR anti-
senset
1 2 3 4 5 6 7 8 9 10 11 12 13

kbp

15

<06

«0.3

Figure 1. PCR primer design (A) and amplication of the GR gene in

control, transformed and nontransformed Lactuca sativa L. (B). 0.3
kbp : PCR with 35S sensel and 35S antisense 1 primers 0.6 kbp :
PCR with 35S sense 2 and GR antisense 1 primers 1.5 kbp : PCR
with GR sense | and GR antisense 2 primers (A). Lane 1,
size marker, Lane 3, 4, 5 :
regenerant, (.3, 0.6, 1.5
(B).

2.12.13:
: control, Lane 6. 7, 8 :GR positive
kbp, Lane 9. 10, 11 : GR negative regenerant

Figure 2. Seed germination of transgenic Lactuca sativa L. on
growth regulator free MS medium supplemented with 200 mg/L
kanamycin. Control; nontransgenic seedlings. Ta; transgenic
seedlings.
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2 A4 A3, NADPHEA A Ar3}3 glutathione
(GSSG)S 398 glutachione (GSH)Z HIA|AZ O ZH
AEAE Yol &4 Aags si5Ae AR 4EA
A& WMFS BecGRIFAAE particle bombardmentE ©)-&
st ARSI F Uk mEA Lojxl FAARAE
ol-&3tdd EYH BcGRI f+371e] #do] A 4tgsid uf
£ 339 S92 I IANET 45310 e S 1%
g BRLEY 2 v 9T T visted Bk g2 A7
7} oo & Ao E A7)

H 2

Abeol| particle bombardmentE ©]-£€-3F v¥}$ Glutathione
Reductase (GR) frxd2te] FAAREE 3y 9 FFAA
o] {ARAM| At HF S FPsle A AAE Qb
o33 7tk Particle bombardment ©]- 84 Al A 4A]7),
A 3 16A)7F E9F 422 A 9] 0.6 M sorbitol/mannitol
= Agste] JFAAFAY A3 AFGRFNAM GUS wHs
spoto] 7H ©ith 0.3, 0.6, 1.5 kbpE UER}= 3712 &
9] primerg A}&-3tel PCRE A3 74Z+e] primerd]
homologyZ ElblE bandE &918ted 35S promoterd
BcGRI1 FH27E Age] & AL glsidct FFASA 4
9] 24 E2E AF3tA kanamycin 200 mg/Lo] H71E
MSujR o) Este HAAFAITNA] B JFo] 2 £3)
o vlwsl 2 A¥}, FAASE A5 TAIA PolE R
] ¢k 70% % =7} kanamycin®l] tha] WAS vebi ok
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