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SUMMARY

INTRODUCTION

Most lipoxygenases (EC 1.13.14.12) harbor non-heme iron, and occur
ubiquitously in both animals and plants. Lipoxygenase is a dioxygenase which
catalyzes the hydroperoxidation of polyunsaturated fatty acids containing one or
more (1Z47)-pentadiene structures in the presence of molecular oxygen.
Lipoxygenase—catalyzed reactions are generally both regiospecific and
stereospecific. In plants, linoleic acid and/or linolenic acid is oxygenated at the
C-9 or C-13 of the hydrocarbon backbone of the unsaturated fatty acid, by
9-LOX or 13-LOX, respectively. The corresponding (9S)-hydroperoxy or
(13S)-hydroperoxy derivatives are further metabolized into a variety of
biologically active compounds, via seven metabolic branches. The lipoxygenase
pathway is responsible for the initiation of the biosynthesis of a number of
physiologically important oxylipins, which can function as elicitors of the
expression of defense genes, antimicrobial compounds against biotic stresses
[78], and inducers of hypersensitive cell death. For example, jasmonate
biosynthesis is initiated by the 13-LOX pathway, the peroxidation of lipids in
the hypersensitivity response is mediated primarily by 9-LOX, and leaf
aldehydes are synthesized via either the 9-LOX or 13-LOX pathway. Previous
experiments have shown that the orientation of the substrate molecule
determines the positional specificity, whereas some recent studies have indicated
that the frameshift re-alignment of the substrate may perform an crucial
function in both positional and stereo specificity. Interestingly, a few
lipoxygenases which have been classified as nontraditional lipoxygenases exhibit
a unique dual positional specificity in plants, and some individual lipoxygenases,
including the leukocyte-type lipoxygenases of 12-LOX and 15-LOX in animals,

synthesize two chiral hydroperoxide products. The metabolic roles and detailed



catalytic mechanisms exploited by these dual positional specific lipoxygenases
remain, thus far, unknown.

We previously have produced transgenic rice plants overexpressing
nontraditional dual positional specific maize lipoxygenase gene and tentatively
proposed that the utilization of the lipoxygenase gene may lead to the possible
development of broad-spectral stress-resistant crops. This study examines 1) the
genetic stability of the transgenic rice plants overexpressing the dual positional
specific maize lipoxygenase, 2) characterization of the transgenic rice plants
overexpressing the maize lipoxygenase, 3) responses of the transgenic rice
plants overexpressing the maize lipoxygenase on various stress factors, and 4)
evaluatiojn of desease-resistance against blast-fungi or Xanthomonas of the

transgenic rice plants overexpressing the maize lipoxygenase.

RESULTS AND DISCUSSION

1. Selection of homozygous lines and genetic stability of the transgene

The expression of the transgene in 1A T. lines was analyzed by
SDS-PAGE and Western methods. As seen in Table 3-1-1, the transgene was
stably expressed to proteins in 1AZ2, 1A5, 1A12, 1A13, 1A22, 1A24 lines.
However, 1A13 and 1A22 lines were selected as a homozygous lines since other
lines did not have enough number of seeds. The genetic stability of 1A13 and
1A22 lines was confirmed at their T3 lines by SDS-PAGE and Western
analysis. Therefore, we successfully prodeuce the transgenic rice plants stably

overexpressing the maize lipoxygenase at protein level.
2. Positional specificity of the lipoxygenase in vivo in transgenic rice plants

The substrate specificity and positional specifixcity of the lipoxygenase

were analyzed by HPLC. Results indicated that the substrate specificity becomes



more favorable for LNA in transgenic plants. Analysis of the positional
specificity seemed to depend on the substrate. In wild type, 9-LOX product was
favored in LA whereas the 13-LOX product was favored in LNA. However, the
ratio of 13-LOX to 9-LOX was higher with LA than that with LNA in
transgeic plants. Our results suggest that the 13-LOX with LA pathway
becomes the major pathway in transgenic plants. This result is consistent with
our previous finding that LA rather than LNA is a better substrate of the maize

lipoxygenase (submitted to BBRC).

3. Analysis of antioxidative enzyme activities

The lipoxygenase produce hydroperoxy fatty acids, which are known to
activate the antioxidant system. The activation of antioxidant system by reactive
oxygen species such as hydroperoxides may provide the major mechanism for
the broad spectral stress-resistance in transgenic plants. Activites of superoxide
dismutase (SOD), catalase (CAT), peroxydase (POD), and hydrperoxide lyase
(HPL) were measured. Results showed that activities of all antioxidative
enzymes (SOD, CAT, POD) were increase and the remarkable increase of the
HPL activity. Our result suggest that the antioxidant system was activated by

the overexpressed lipoxygenase in transgenic rice plants.

4. Evaluation of desease-resistance of transgenic rice plants overexpressing the

maize LOX.

The selected homozygous lines were more resistant to the blast fungi
than the Nakdong (WT) both in terms of the area of symptoms and the
transmission rate as seen in Table II-2. Our result clearly indicate that the
overexpression of the nontraditional dual positional specific maize lipoxygenase

increases the resistance to the blast fungi.



Table II-2. Evaluation of blast fungi resistance in the homozygous transgeic rice

plants overexpressing the maize lipoxygenase gene

In leaves(%)

Lines Earing season — In ear
Area of symptom Transmission
Nakdong(WT) Aug 21 0.68 14.7 0
1A2 Aug 19 0.28 12.0 0
1A5 Aug 22 0.09 39 0
1A9 Aug 22 0.31 11.0 0
1A24 Aug 21 0.38 174 0
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(LNA)E 712 =3kl C-9 oyt C-13 AAE AsAZe=2A (9S)-hydrperoxy &+
(13S)-hydroperoxy F+E=AE wEAHL (Fig. 2), ol FEAd< Ud3t 2= 53
of AaEiks Fash Ay 242 WskET

/\_/\_M——cow

13 9
o-linolenic acid

9-LOX 13-LOX

|
AN AN

OOH HOO

9-hydroperoxylinolenic acid 13-hydroperoxylinolenic
1 acid l

other metabolites
COOH

o

jasmonic acid

Fig. 2. Metabolic fates of nontraditional dual positional lipoxygenase
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Fig. 4. Amino acid sequence alignments around the active site of nontraditional
LOXs including wound-inducible maize LOX. Presumed motifs (R(K)TH /TV)

responsible for positional specificities are in bold-face.
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Table 1. Positional specificities of nontraditional plant LOXs

Access No. . Observed
Phylogenetic motif ositional
Plant LOX Name Tree Analysis p P
specificity
DNA Protein
barley LOX1-Hv3 L37358 AAB70865 Type-1/9-LOX  TV/K 13°
rice LOX1-Osl X64396 CAA45738  Type-1/9-LOX  TV/R 13*
potato LOX1-St2  Y18548 CAB65460  Type-1/9-LOX  TV/R 13/9°
1R\
cucumber LOX1-Cs3  X92890 CAA63483 Type-1/9-LOX  TH/R 13/9(84:16)
maize LOX1-Zml AF271894  --——--- Type-1/9-LOX  TV/R 13/9(6:4)°

2 Feussner and Westernack (2002)
bPorta and Rocha-Sosa (2002)
¢ This study

AF271894 A A<} 19 9)&to] encoding® = nontraditional LOX2 &4
= agste] 2, & A ARE AbgstuAtste Fd A8 Bl= =dy o9l
vk Wal ol diete] Bl AFdAES el F dSS A5 5 drk A
HE =gy Wk oyt SelntE el tistol A= HEe nhgk

Adds Bo FAG(Fig. 5. 184 olegdt 235 BT

2ol AdERA AA s A& TS dotry] SsiM e 24
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A1 4 =9 #d e A4

=3
=4

-

i)
o

To = FEZA A YolA| 7} A EA o Wo] AlxHEoA F3 o
gl o (Montillet et al., 2002), =3} % 3}st4 A A = <At 2ol s}¢]
Ho] oln ®BiEo] th(Fukuchi-Mizutani, et al., 2000; Schaffrath et al.,

2
P

et
o
b

2000). &3] Xanthomonas(Jalloul et al, 2002), Fusarium (Devi et al., 2000),
Aspergillus ¢ 22 dE3 DHSA F22Est= & LS TFH HYTo o

st Wol7) s gttt 4 A vk (Kolomiets et al., 2000).

A2 Ay #4d Ve 4%

F ol = ZpAEARY] Fa Ao Wil octadecanoid pathwayol] thdk 1+
= AAgFEY SGHKim et al, 1992, Ha et al, 1996). 53] jasmonate
methyltransferase (JMT)ell #3lo] e AF7F o]F o2 Q2™ (Cheong and
Choi, 2003), c]&¢] A7Axd= & AT Aol B2 =53 ZEE AlF 5t
Fi Ak 28y LOXE o] &3 HE&AQ HalF AT ¥ FF 54 2 24

q

=
H4edo] B A7e Fohur] offrh B vl 49 o]d AW B W B R A
"

pul

&
seed®] &l SAtol= A A FHAE AU SFTY G FAA YA
cDNA<+E chloroplast targeting sequencesS X35t AR &= Type 1, Lox 1
gene family®A] nontraditional positional specificityS zt+ F4AAZ EF5E 4+
ATk HFAIAGolA 9] promoter A9 AFAU Ap=EAbe] 7HEEE putative
cis—elementE-& E33ar 92Ut B, Arabidopsis, flax seed ¢ <&@l 2xjol=

A&k FHAAE cytochrome P4502 A4 Arabidopsis®re] chloroplast targeting

fo



sequences E et gt ol @ 4 AARFYH S fZAX oAl
A7ke} Arabidopsis®] &l SAbel= A E A FAAE ARE

Fd A% wE Aer] AT =4 2AE vkEah.

(2) ZFA A GobAl o} Aol = SR fradzke] wd 7]
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gi
rlr

inclusion body”7} @A ES &2lst).
(4) gZA A tolA| o] wbE 54 9

gt Al olF AR B & Al X HolAl 9] positional specificity &
stttk 1 Ad, g EA A Yol = gEdlihs VEE stdSw C-13 3 C-9 A
o hydroperoxidations 6:4 ¢ H|&=Z ZFujsl= AS & F AATE FFA A HolA
o] o] %t dual positional specificity= % AFell t$t phylogenetic tree &4 23}
9 potential active-siteo] E£A|3lE= ofu|xAte] Fx BEA Axlel = AXFa
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Al 1 2 Homozygous line A% 2 F474 otAA A=

1. 244 lipoxygenase @A (polyclonal antibody) A%
7F A

F LOX7F =99 48 HolA S5 LOX7E Bd e 47] 9§
A AA dmAS Feste] SDS-PAGES Western®A & A A]stojof 3tr}, o]
E Hdl g wedA S5 LOXE o FLdAA AAstd i, A" S+4 LOX

g E7 FAete] FAE Askekdrh. Westernit Aol o] IAE o] &3 & e

1) =4 Lipoxygenase (LOX) ww g o] AL 1 ax) A%

SAAG ug/ml Ampicillin)7} #7Fd LB broth¥l#x 5 mloll &+
BL21(DE3)pLysS/ pRSETB-LOX 5% HZ 38} 37CeolA overnight &<F vk
ot wjgFH TFE FYE LB broth #iA|el 1/100 A ste] 3 E3FA L, A600 =
05 7hA 37CelA widd & ImM IPTGE 7kt 24TColA olF LS F=3)
Aok 7417 3 3,000 rpm, 4CollA 15 minZt YA dte] celle 343t az, 50 mM
Tris-HCI buffer (pH 7.5)°] #E 3t 1 mg/ml lysozymes H7}sFe] iceoll A 30
min ¥-§A1Z1 ¥ 1 mM PMSFE #7183l sonications A A gt} 13,000 rpm, 4T
oA 1A ZHE<E ARl A5 HS A1 50 mM Tris-HCl buffer (pH 75 %
equilibration® Ni-column®l &34 lipoxygenase (LOX)E binding*l 71
Imidazole gradient (0 mM - 500 mM)E o] &3] 24 LOXE AHAJG. AHA
L5+ LOXZHEH imidazole AA3H7] Y38 50mM Tris—HCI buffer (pH 7.0)%
overnight ¢t 4TColA dialysisE AAldt E7] dHAA S5 LOXY FAE
Azst7] Y8l 2 mg/ml FEE F=AAH AnyGen 3] Alel]l o] & 3}c)



2) Dot blot &4

FAAE B(Ty 1AL 1A2, 1A3) & AAFA 9 Ak Apdz 24 3t F
HiE test tubeo] B, lysis buffer (50 mM Tris-Hel (pH 7.2) containing 1
mmole/L of DTT and 32 mg/L of PMSF) 500 ul #7}ste] @Azl & dAA o9
de FEIUY FE=E AA G FdI d3 FIE I AR
membraned] blotting A1Z] & blotting® membraneE 204 blocking solution
(5% skim milk, 0.02% sodium azide, 0.02% tween 20) 10 mlel] 1A%} shakingd}<]
1/100, 1/500, 1/1000, 1/2000, 1/50008]= 3] ¥ &5 LOX @A solutionol] 44
7, 1 X PBS solution (8 g/l NaCl, 0.2 g/l KCl, 1.44 g/l NasHPO4 024 g/l
KHoPOg ol 5837F 3 AAtk. A2oA 2% DBovine Serum Solution®] 20+,
alkaline phosphatase conjugated secondary antibody solution (1:5,000 3]23)e 4] 1
A7k 1 X PBS solution®] 10%7F 3 A2 & NBT/BCIP solution®| 4] membrane

= EAAA FEAH

1) Alz¥" 549 LOX A (polyclonal antibody) 7%

S5 LOXE Ao oA A AAG & S5 LOX A Al
£E5 AnyGen 3|Atel] sttt AAlE S5 LOX oF Alx® S5 LOX @A
7h SolH o whgo] dojup=x] HFey] s 1" 3-1-13 o] Western &4

S AAEAY. o2 23 AAE S99 LOX9 %ol Westerni4] 2] band instensity

of vl gs #FEE 4 Y
a9 3-1-1 AlxE S99 LOX 34 d5s A%
HM LM A B C Western £41. H/M: Higher marker, L/M: Lower
(el up - marker, A, B, C: 3419 $4% LOX @9dg 7}

—

35les _— _.: = 7} 1, 2, 3 ug loading; The horseadish peroxidase
o conjugated 2nd antibody (1:7500 2]41) AF&.



2) Dot blot #4

S LOX A7 =9 @238 #(Ty 1AL, 1A2, 1A3) oA A

A HAS FEF F Western 240 A8 954 LOX 4 Ade A48
71 913l 1/100, 1/500, 1/1000, 1/2000, 1/5000M1 2 %45 LOX FAE 314 31o] dot
blot #4< AAstAch 7 A3 29 3-1-204 FLAF ¥ 1A2 linedt FAH
S5 LOXOIA 4% walo] Gehwd. 58 @4 A4 wad $54 LOX A

= 1/1,000 == 1/2,0000. 2 3] A ato] Age uw) 5o

FAHE HolA S5 LOX @i HEo] 7Fsds & Aok o A3E A
3}

=
T4 LOX FAE 1/20002.2 3|24 35to] Aol A-&3F3lt.

LI 11 GAF A3 Line

. ] ::-r O@@|w
ol 0RO =
| Jelu¥ TGN
® Ced
s ﬂ{;.@* | 1000

1 R

o
o
R=)
Jm
o
2
0,
59
T,

21 RES-}le]

a9 312 S44 LOX Ao 44 Aew 24e 9@
Dot blotting +21. The alkaline phosphatase conjugated
2nd antibody (1:5000 3]4]) AR&. LOX: AHAH 1’“*’?
LOX, W: Y4548 (negative control), 1A171A3: A A3 o
1A TO0¢] progenies.



2. Homozygous line A¥ 2 #3412 otdA #HZF
7F A

AT A= olF A FolAl 54 LOX AAY 7T AT
L= Egze] dig wgS Agetr] s A 227IHE o] &5
77 LOX F4zE Ydsdd =gAAT. 2y 2 o =gH &5
LOXE AldlE AAHA
T& FY7] Yl E S5 LOXVE A4S HdHE A 5 S5 LOX

E!

AA7E 14" hAE A

2 A o o

i
ol
i)
2 o

L
o

ol
-

LA
3 TAYES Ao R 24¢ LOX 28 A3 E WesternEA S E3)] 3

a1, Westernit A& A2 S5 027 A4S A 249 1A lines &

T~

%

i

el

o

BH8ta e ZE MAIEL] ASHE(Ty 1A 16 lines)S 7zt o AH)
32T FFFolA o= Fx3lt}h. wold Rot5S AEo| yFale] 257 28T ¢
A

FAANA FGAT I FEe o] vhEA Gus FA%0h 2F F ofUR

==

i
rf
o

2) FHHg W o Western #4

B 2 01 g& HAZAL9 A ApgE ZA 7 F HidH test tubed] B
al, lysis buffer (50 mM Tris-Hcl (pH 7.2) w/ 1 mmole/L of DTT and 32 mg/L
of PMSF) 500 ul 7}l A &A7l & 4T, 600 rpm =2 particleES A A3t A

ZNS PZE test tubeZ A FUth 47+ test tubeol] AE 20 ulE 2z
3l 5 X sample buffer (60 mM Tris-Hel (pH6.8) w/ 25% glycerol, 20%

SDS, 144 mM 2-mercaptoethanol, and 0.1% bromophenol blue) 5 ul®7}slx &



o 5 B BAAAT FHlE AE 25 ulE 7HA 3 8% SDS-PAGEE A Al
3 & stacking gel 915 A A3t cathode buffer (25 mM Tris-Hel (pH9.4), 40
mM Glycine, 10% Methanol)oll 15% shaking*lZth. gel =719 polyvinylidene
fluoride (PVDF) membranes 100% methanol®l] 15%, ® 4o 2%, anode buffer
I (25 mM Tris-Hel (pH10.8), 10% Methanol)ell 107t #3422 equilibration
A 71tk gel =719 3 MM whatman paper 64< 4|8t 3% cathode buffer, 2
2 anode buffer I (300 mM Tris-Hel (pH10.8), 10% Methanol), 18|11 1732
anode buffer II o A4t} semi-dry electroblotter® anode plate°ll anode buffer I

rir

o5 A4l paper 2%, anode buffer 11¢] 1%, membrane, gel, 18] i cathode buffer
7} A4 3 MM whatman paper 3% <22 blotterE ZASAZ . 130 mA, 1A%
ol wMAS geldl ] membranelE blottingdt ¥ membraneE AF-o) A
blocking solution (5% skim milk, 0.02% sodium azide, 0.02% tween 20) 10 milell
1217}, primary antibody solution (1:2,000 3]2)el] 4417k 1 X PBS solution (8 g/l
NaCl, 0.2 g/1 KCl, 1.44 g/l Na;HPO,4, 0.24 g/l KH.PO ol 5&83F 3 AUtk A=
A4 2% Bovine Serum Solution®] 20%, alkaline phosphatase conjugated
secondary antibody solution (1:5,000 3]4])o|4 1A]7F 1 X PBS solution®] 10+ 7F
3¥ A& % NBT/BCIP solution®l Al membranes &M A|A HitSFolA 57

3 Aol A=A AT

AzE S5 LOX FAE 7R 1L Western 42 AA3 & 7} lined
(To; 1A 16 lines) €44 LOX band %5 #Z 3t} homozygous lined A3
AHgE RE AAEANA 245 LOX band7b YEHE lineE #AAZox7 A4 T

R2E 1A TWAHTHES Western £4&
o2 #HE 4% Chi-square #& AFEst &5 LOX FHA7F skgd o=z =
o] Fa]o] HHo| uwe} FEo] HHEFY=A dopstrh. ek 1AL Ty Aol A
7N

XA 0 2 homozygous linel@ HEH MAEL HSAE(Ts At Auiste] =

Za) A o7 heterozygous line



T LOX7t et A o g2 w3y =2 SDS-PAGES Western. =2 1T},

Hol A dwsh 23 2ol i 3-1-1¢14 #AAE  line(Ty 1A 16
lines)o] FAAL © 511/ ASHES Auiste] bzt dA d@wEdS FE5h

SDS-PAGEE 3% ¥ grd S5 LOX FAE o83t Western #4415 2

11-12 13 14 15 16 17 18 19 20 21

LOX}F-'— T————

a9 3-1-3. d2AS ¥ T, Aol SDS-PAGE(A)9t Western(B)oll 3k %
LOX ©ufzd dbe A 11-12721: A d3 ¥ 1A2] T, AlH(1A1l line).

2) Western 4] Z o w2 homozygous T: line A8 2 Aot &1
SDS-PAGE®} Western #+41S E3ll 1AS] Ty linedlA S5 LOX &d
B AxE #F3-1-19 AEste] BFAHZAH O Z homozygous$t heterozygous lines <
A&ttt 3] heterozygous line 22 #eH 7} lined A$ 244 LOX #4
27F kA o2 wdel o] WA o] wel FEro] WHAHAEA dolr izt
Chi-square #<& Ar&3 . L A3} heterozygous 127019 line 5 1A133} 1A22%F

o] S5 LOXFAAL AAHOR FA¥E Ae FADF AU T2 lineol A



o

= 7ldPdd HEgel AolE YERWla, 1A99 1A209] 45 Agk zteo]E HY
olef Zo] o g Nt AolE Hole AL R EZHE Egd S5 LOX
AA7F QA A s AdE FAaEL dss AARRY 2 9] 84e] lineel £
3 2E JAIEC] &4 LOXE HdA7IE 1A2, 1AL, 1A12 18]3 1A24 lineEe
S homozyous linel 2 oAF o] ot} 1A2 1A5 line? A% A=" MASF7F Y
Aol AFErE "Wex o] F o lines AAAHTE A, 1A29 1A24E
homozygous linel. = FAA o2 AA L, 712te] line M= 3% 3-1-29F #Zo] 4
FES FH3AT T3 Ty AH(1A24 line)oll A &7 LOX7F ot H oz whgy
= AL SDS-PAGE®} Westerno. 2 el it}

pal

3 3-1-1. Western #4] Aol & S5 LOX @ o F A3
T, 1A Asd ST +OX ! 041?: Expected e 440 7
Ts Lines WA LOX LOX ratio veTe e
1A2 36 36 0 - - e
1A4 33 28 5 31 2.253 -
1A5 2 2 0 - - ++
1A6 23 20 3 31 4.482 -
1A8 46 31 15 31 0.290 -
1A9 23 1 22 31 442.333 +
1A10 19 16 3 31 1.810 -
1A11 12 6 6 31 1.333 -
1A12 3 3 0 - - +
1A13 42 32 10 31 0.013 -
1A17 34 31 3 31 17.924 -
1A20 32 31 1 31 261.333 +
1A21 45 28 17 31 0.610 -
1A22 36 27 9 31 0.000 -
1A23 47 37 10 31 0.163 -
1A24 78 78 0 - - e
X% Chi-Square, homozygous 34 A%: +++>+ heterozygous 33 AL ———>——>-




¥ 3-1-2. T3 lined] 3% XA}

Ty 1A9] ) 3 3 s
. MAF E5/0A Bds/E FAholg/E EdF/IAl S5
T3 Lines
1A2 26 21 74.4 23.7 1563 40638
1A4 21 18 66.9 49.1 1204 25284
1A5 2 32 44.6 54.4 1428 2856
1A6 23 21 50.7 15.7 1065 24495
1A8 27 27 30.8 34.4 831 22437
1A9 23 22 217 314 609 14007
1A10 19 19 46.3 33.6 880 16720
1A11 12 16 65.2 17.6 1043 12516
1A12 3 27 53 46.3 1431 4293
1A13 24 21 69.1 29.6 1451 34824
1A17 21 23 51.6 33.8 1187 24927
1A20 32 30 59.2 45.6 1776 56832
1A21 28 22 579 34.2 1274 35672
1A22 24 20 59.6 21.2 1192 28608
1A23 31 23 75.3 20.4 1733 53723
1A24 63 17 89.6 33.2 1523 95949




3. A AE ¥ Southern ¥4
7F A

GAABAAA 2 EAAGolA AR £Y o Reh copyFE A kel
ToMthe] FAAE Bl diete] Southern ¥4& St

oAl

)

W

ToAldl 470 line(1A, 2A, 3A, 4A) 2% ¥ o 04 g& AAE29 743
AbEE ZA 2 & EE test tubed 0.1 g® uFo] wol -70TCe] Rshe]
genomic DNAE F&& ] A3}t Genomic DNAE QIAGEN Plant Miniprep
Kit (QIAGEN)Z Al&3le] &% & Hind I Al¢ &£4=2 33 ddach 2
@¥ genomic DNAE 0.7 % agarose gelol]l @719 % 3 capillary HH o2 gelol A
nylon membrane (Hybond'™-NX, Amershan Pharmacia Biotech, UK) 2. & o] % A]
Z 3L, UV crosslinker (Bio-Link BLX-25A, Vilber Lourmat. com)® membrane®]
genomic DNAE A A 7t}
43} "ol 10 ml prehybridization solution (250 mM Na:HPO, w/ 7 % SDS, 10
mM EDTA, 0.1 g BSA)¥ genomic DNA7} & %% membraneZ® % i 60T ol A
I/ AGA AT S350 g FAIAYobAl cDNAE Nco I3 Bam HI A3 &
A2 AR 9953 bp)e FPo R 4L PP-CTPZ #7]49 probeE &4 3}
ol H7bste] 12413 o] &4k AlA T AAH (2 X SSC, 0.1 % SDS)S.= 6
0Coll A 15&3F 2 2] A= AlF e (02 X SSC, 0.1 % SDS)e.= 60T A
20% 3 geiger counter® background”} A2 §lold wj7hx] A& F 2 X SSCeofl &
213 MM paper 919l membranes &vl% 3, wrapo.2 & § 7Hgdol| 2447 &

oF oFAo A w=%A]7A phosphoimagerZ signals 7 &34t}
o Ay % a3z

ToAlth &g v el S5 2l ZFAIA oAl FH27F 32 7] =g A
| <7198 478 WA (1A, 2A, 3A, 4A)E H-E] genomic DNAS FZ3lo] 19
22 southern 232 AUt southern 4 E3 ToAlt 5 1A lineol Al
T YFAA YA FHAZE 1 copy FE E=QHAUSFTS FelglaL, 1A lined
E9S g Ay o] &t ow, TOAA & FA A votA]l {27 1 copy =
NS st oz TIAUFE = Western #4412 o] &3l ool 2y &

N w
ii%ﬁ&r
Ml X, to
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a9 3-1-4. S (W)L TO &3 WA, 2A, 3A, 4A)A4

Al AR southern #4]

2
=

P
T

=
T

2]

3Z
=

Al Lpo}



H AT

Jm

Al 24 S99 LOX7F =49 2 v

1. 23 wol A LOXEA =74 % Malondialdehyde (MDA) &3 £
7F A

LOX+E= AEA Y AAUS FASE FRAE linoleic acid®} linolenic acid

So AnEat AFAel o8

o=
o,
™
2l
i
i

= hydroperoxydationA] 7] &4 2 °lE X

Ad g 2Ed 2 vgkgol gk Wojrjae S48 Azt 2 Aol A AbgdE

AN Wl SH5 LOXFAAT} TRl B4e A 49 AAET B

3le] lipid peroxidation®] dojd 4 Qlth. o]& gQlstux LOX &4 lipid
2

peroxidation?] A EEZ<Q MDA HS A3 e} TJeuiodr A3

Bf3k3 9= homozygous seed(Ts 1A24)5 S SAFEIQl 32T FFFolA

Wobg Rk Wobyl WAES FE REF] T g 8T WA Y
A

v Qo nRE A duds AT (AL et al. 2005)°.% FZE3te] BCA
WHow AA dde] x5 FA5ATHSmith et al. 1985). LOXel &4 & 50
mM Tris-HCl (pH7.2) w/ 0.25 mM linolenic acidel] F&% AA &=z 2S5 0.085
ug, 0.170 ug, 0.255 ug, 0.340 ug¥ o] H7}ete] 234 nmles = 25000M ‘cm el

A FAEE 45 A4 Bud T Asd hE Gx0 FHL At

3) MDA &% =4

1g ¥ Qo] AAReE Fojzhn

i

A 23 5 ml9 100 mM Tris-HCl



(pH 7.4) w/ 15% PVP(polyvinyl pyrrolidone)E #7}ete] &£3Faldct. 12,000 g, 30
B oEoh gAREgE 4Ed 1 mle 4 mle 20% trichloroacetic acid w/ 0.5%
thiobarbituric acidell &%3atAth. £3HE& 90T, 30 73t ice o 27 %
12,000 g, 303 HAEEATE AFAe FHEE 532, 600 nmolA F7F AT
532 nm¥] FFHEZHH 600 nme FFHEE A & MDASQ extinction coefficient,

155 mM "+cm '& o] g-8to] A atsl

;&
g

o Ay 9 3

45 LOX7F =gd B4 vlelA o] fFHA7 TdF B4 7HA
=% g93l7] $1él linolenic acidE 7| A= &l XS =43, 2 A3 13
3-2-1(A)l A BZo] FAHE oA YGaurtt 3u) o] &Aool =A Yetye

2

linolenic acid®] AA o] o] FAXE AF37] sl lipid peroxidation®] A E&E4 <l

S 3els 4 AUt T3 AA Wel A hydroperoxy linoleic acid®} hydroperoxy

MDAZ F& 2% vt dand SAskaih. 2 243 29 3-2-1B)lA =
T %ol A Wl MDAZ el ¥ =5< Fdsidt o= Fdxd B

Al S5 LOXOl 9]¢k lipid peroxidation®] dojvbil &5 Ho] Faith
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a9 3-2-1 S5 LOX7F =9d d2dE H(De Hem(W)oll A o] LOXZ
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=
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2. S LOX7F =99 ¥d A3 oA hydroperoxy fatty acidE<] positional

S LOX7E =99 dHAAS oA lipid peroxidation A ZEEZ<]
MDA% ZHS =A3omxn 244 LOX 938 lipid peroxidationo] 5w Bt} W
ATdAM = S5 LOX 93] F& APEEC] A

=4 Zotr 7] 9l 71E <2 linoleic acid®} linolenic acidg 77 feeding Al % L,

HPLCE o] &3t AAPLEES] A Eolds AT3A

2) Substrate feeding

wol F7]18 Hdd & 50 mM Tris-HCl (pH 7.2) w/ 0.025% Tween20,
50 mM Tris-HCl (pH 7.2) w/ 0.025% Tween207} 0.25 mM linoleic acid, 50 mM
Tris-HCI (pH 7.2) w/ 0.025% Tween203} 0.25 mM linolenic acidell 28, 10A]3F
Fot 712 S feeding A A feeding® 05 g9 ¥ A= AAALE o] &3le] ZxpAL
w2 ZA 2P F acetone: 50 mM citric acid (70:30, v/v) w/ sodium borohydride®ll
7 8ke] overnight® ¢t JEAIAY. JIgH ASFS
3l ¥ rotary evaporatorZ acetone® 3| A|Z T B AU A] 3 dHESHe] 10
ml diethyl ether= acetone¢] AAH &N MEFH &3 & ether ¥ 353
At} 34 % ether €45 10 ml 2 FAH712 # 38| aminoprophyl cartridgeel] &=

H A1zl 5 7 ml chloroform: isopropanol (2:1 v/v) M S 2 cartridgeE A& 3t}

A EAIE FF AN 5



10 ml diethyl ether: acetic acid (98:2 v/v) & HE cartridgedl &3AAH LOX A4
MBS FEAT FEEREE f7189E A 98] 40TA 1 mlolst
7

THA] 3EA 7] & 1 ml glass vialdl 74 speed vacuum drier2 $FA3] HZAIH

3) 44 LOX A ALE 9] Positional specificity &4

9 FEEE reverse phase solvent(methanol: H-O: acetic acid; 80:20:0.1,
v/v/v)Z2 =<2 % Shimazu HPLC system(Shimazu, Japan)ol <+ 3&lt}. Shimazu
HPLC= CBM 10A =47], SPD 10A VP #%7], LCIOA VP HxX 31
Shim-Pack CLC Z#H (250 mm x 4.6 ID, 5 ul particle size)°] 94X 1, F% 05
ml/min® & 234 nmolA LOX A AFE-S monitering 3%

%54 LOX7b £9% @448 wolAl lipid peroxidatione] S 1t} o
@ol $#E¥S MDA $#2 45t sl g 2e Aurl FAAH v

=

A S LOX9 wEgoll ofs] yehueA] Sletarat JE gk vo A LOXe vk
SHEES FE39] S LOXS ¥-$AHEE9] positional specificity & 73} %3
o} 19 3-2-2¢F ¥ 3-2-194 Y%EH 9 hydroperoxy linoleic acid®} hydroperoxy
linolenic acid B]7} 54:4.6%1 ®t, A A Su o= 29718 YEHUT HE v oA
hydroperoxy linoleic acid®] 4% 9-form¢| H|7} © =%kl hydroperoxy linolenic
acid 4% 13-forme] © =4t} ol Y& HalAl linoleic acide 9-LOX<} linolenic
acide= 13-LOX¢F 714 Sol#ow whgste= Zoz HAt. JAAS HolA=
hydroperoxy linolenic acid A4 &¢] H|7} hydroperoxy linolenic acid®.t} =A
Ebykt}. o]+ linolenic acid”} linoleic acid®.th ©] 2ol AAUolA o] &5 S
BolEa 9l ®3F hydroperoxy linolenic acid®] 9-3 13-form ®]7} A2l 1:19]
" hydroperoxy linoleic acid®] A% 9-3 13-forme] W7} 3.6:64% e



A)

800001
——————— W
T
60000
18-HOT
540000
9-HOD 13-HOD
20000
0 T e = T wﬁﬁﬁl T 77"| 777777
22 32 34

26 8 30
Retention Time (min)

B)
100000 0.25 mM LnA feeding ——— W
13-HOT — T
80000
< 60000-
13-HOD
9-HOD
40000
20000 1
22 28 30 32 34
Retention Time (min)
C)
140000 -
0.25 mM LA feeding ---—- W
120000+ — T
1000004 37HOT
§8000O-
13-HOD
60000 9-HOD
40000 -
20000 -
O — T T |/ m”l - T

22 34

26Fietenztieon Tin@lg (min%z
a9y 3-2-2. LOXE9 718S feedingdt FAAI w(T) HSEHW)ZEE Reverse
Phase-HPLCe®l| 9] 3+ LOX wWHSAFE £ A) Buffer(50 mM Tris-HCl, pH7.2, w/ 0.025%
Tween 20) Feeding, B) Buffer w/ 0.25 mM linolenic acid(LnA) Feeding, C) Buffer w/
0.25 mM linoleic acid(LA).



# 3-2-1. LOX¢] 7142 feeding?dt @A #(T)9t HeW(W)2H5H LOX ¥
A

AHE-9] positional specificity £49.

In vivo
HF S AL S w51 FAHAE o
Buffer- LA- LnA- Buffer- LA- LnA-
feeding feeding feeding Feeding feeding feeding
9-HOD 35.8% 32% 28% 14.7% 16% 11.8%
13-HOD 18.5%% 16.3% 12.2% 14.5% 19% 16.1%
9-HOT 17.8% 21% 24% 25.2% 23.2% 25.7%
13-HOT 27.9% 30.7% 35.8% 45.6% 41.8% 46.4%

HOD: HOT = 54.3:45.7 48.3:51.7  40.2: 59.8  29.2:70.8 35165 271.9772.1

9-:13-HOD 6.6:3.4 6.6:3.4 7.0:3.0 55 4.6:54 4.2:5.8

9-:13-HOT 3.9:6.1 4.1:59 4.0:6.0 3.6:6.4 3.6:6.4 3.6:6.4




3. %55 LOX7H 298 o ool At 24 B4

7h A

MDA &3 LOX ®bS AAF=Ee] HlE A7do=m FEHs HolA
¢ LOX ®¥Fgo)| 9 lipid peroxidation®] Y= Bt} ¢ @o] o] F
A= vle B2 W3l veet ol dAAS HolA &
o o3 o B2 7129 AR o|FARSE vt F, &
o wet 54 AAte] ARFHO® H
T Aes guEth AAR FAHE Hel e e Al
SAE Fotr7] 98 HA AFES FES GCE 3 74 AW 2A¥E %

3-2-29} o] Wlul EA3A

oo _I}o
2
=
]
o

L o™=
o
o

e

B33 9 homozygous T3(1A24 line)seed5S el 32C FHF
o A WolE gl Wold MNotEL HAEC dFsle] st 7F 28T wlFA oA

3771

=
o
i
2
4
S
L
=)
il
N
52
k1
Jh
Ho
X
Y
)

2) AA AA F=

10 mgel W & AAHALE o] &dto] HAAMTER A I F 5 ml
isopropanol, 5 ml methanol, 20 ml chloroforme] x4 & Z3%3stx1 255 ug
butylated hydroxytoluenes 7}ttt &3S 4Tl A 903+ AEatar, 10 ml
potassium chloride solution(8 g/ 100 ml)S A7}t overnight &<t 4Tl A &
A Zth Folch oz #8&9 F& A7sta A A4S 1 ml chloroformel F&
At o] AFE 06 M sodium hydroxide® methylesterst 3 & 06 M
hydrochloric  acid® %33ttt methyl ester52 hexanel® F=3I1

Strabilwax(R)Z# (30 m x 0.32 mm ID x 0.25 um df, Resteck, USA)3} Flame



Ionization Detector(Shimadzu, Japan)7} “¢2®l GC(GC-17B, Shimadzu, Japan)=
AA = Ae] A 2AS BAFA Y. WA 248 Y GC injectort detector
ST 225, 275C R AgsklaL, sh¥2 50 kpas frASHATh AH2mE 140C
oA 15, 140-210 CeollA 2C/mine &, 18] 210CAA 10823+ &350z W3l
A7t} Double Bond Index(DBD+& [(2 x % C182) + (3 x %C18:3)]/[(% C16:0) +
(%C18:0) + (% C181)]3 #o] Wismer & 25 ©]-&3t3ATh

FAAE HAAA S5 LOXd 9% lipid peroxidationo] H-&HHTh ¢
@ol] o]Fo] AussS MDARH vl 45 Sl et =3 71d 9
feedingoll 9]3F LOX AAAEE9] positional specficity 2 3ol A= L44 LOX|
o] AAFEES A7 v7t WsE s HESAT ol FAAS WA S
T LOX9 7]1#9o] T+ linolenic acid®} linoleic acid’} YW Ht ¢ e AV}
dolwk & owgth AA= o5 Isty] fl&) FAA et 5] HdA A A
ZA0 S #&ste] AUt F 3-2-2014 24 %ol FAAS W9 18:2/16:0,

bt

iy

18:3/16:0 “1¥]a DBIgke] Hov Ett Z2a 958 AT + At o= MDAE
g =4 Axel dx3t. 53] 183/16:087F © A yEhd A= 7] Eo)
feeding® & @A 3k wlo| A linolenic acid®] AXE7F ¢ Wo] dojt Aylel AX|gL

16:0 16:1 18:0 18:1 18:2 18:3 182/16:0 18:3/16:0 DBI

51 (%) 1761 0.09 431 126 1017 66.56 0.58 3.78

9.46

FAHS ¥ (%) 2102 012 430 112 957 63.77 0.46 3.03

7.90




4. Electrolyte leakage

7h A
A WolM S5 LOX7F AAWE] linolenic acid 13l linoleic
acide} W&l AL FA3A

—~

B
Atk AW &9 LOXe| 7]d = ARE-¥ = linolenic
acid¢} linoleic acidv= A2 F A0 = lipase®] @Al ofa] AlEvdol|A Hol
A 2t 2 AFelM e dEAE W S LOXd oa] Alxwe] F &S]
gol whel AlZwhe] jon Tl oW IS F

[e]
linolenic 3 linoleic acid’} A&
=X dAFsr] 918 dAAZ Hel e JdorHREH HUAREE FH5)

d

3 9+ homozygous T3(1A24 line) seedES U EfQ 32C FH/HS
=3 wold HotEL2 HE uFsle] std It 2

AN FE o] vEA] FEE FA T

2) Ton leakage =7

H & AAg Mol JAHg WA jon leakage =4S Conductivity/ TEMP
Meter C75 (ISTECK, Korea)E ©]-&3te] 53 o] Faadt. Jdd3 vef
geue A5 HAA 1 cm HESo 2 Awste] mutiple petridishol €< % 3% 57/
15 ml& F7F Ak Aztel wE SR AVARES S8, W Yl

ion leakage:x 7| A X% intensity (uS/g)= XAt
o Ay 9@

FAHdE Aol A MDAE o] =A WERUAL, hydroperoxy linoleic acid<}



hydroperoxy linolenic acid®] H]¢] Zpo|7} Fslglom, Axzute] Wil xAgdu] 5
18:2/16:0, 18:3/16:0 2]l DBIgko] H&r it =3 25S A A5 3 &4
ot ol FAAS vl A A5y 2EY AT L5454 LOXY §Hgo] o) &

E9E omgtt. A=A WA o]yt &4 LOXHEE©] jone] "Rl o
ol R 7] 93 conductivityE 73t Hkth 1¥ 3-2-39

MoRSol A ¥ QoM Z7]el HAZ ione] FEC] o]Fo] AWM T
2l

6 —— Wild type
] —{— Transgenic
5
< ]
o 4-
[
= ]
£ 34
n
e 4
w24
o ]
2 1y
0-
0.0 0.5 1.0 15 2.0
Time (h)

3-2-3. FAAE H(D G| W) dollA e ion F=

v
934., oY



i

LOX ¥Wkg AAAMEC] hydroperoxy fatty acids At3t ~E @~ QA& 3
Zhsh systems Z43AI7IE Aom dHA Ut S LOXUE =dd dEAS
Hol A A H S5 LOX W8 AdikEo] 34ts} systems &3 A7 &
olal7] 98] thEZ <l FAta 492 Superoxide dimutase(SOD), Catalase(CAT),
Peroxygenase(POD)2} LOX ®HS 4AHES 7|" =2 FH3l& Hydroperoxy lyase(HPL)

o g4e =439

B33 9 homozygous T3(1A24 line) seedE5S <HAHICl 32T /7
2

oA Wt fEdth Wobd MAEE FEA RFdhel & 7t
Z,:

vl QlonRE A duds AT (AL et al. 2005)°.% FZE3te] BCA

2ol »r2 =AU (Smith et al. 1985). Superoxide
dimutase(SOD) &4 5742 NADHE AF&3}o] nitroblue tetrazolium®] reductions
monitering 3t 4 tH(Beyer and Fridovich 1987). Catalase(CAT) #&A <2 50 mM
phosphate buffer(pH7.0) w/ 10 mM HzOz0l A Ho029] %7] ZHAE 240 nmolA =
A3 thH(Aebi 1974). Peroxygenase(POX) 42 50 mM phosphate buffer(pH?7.0)
w/ 20 mM guaiacol®} 10 mM HoOo1 A H:022] %7] ZAE 470 nmol A =743}
o (Putter 1974). Hydroperoxide lyase(HPL) 42 50 mM Tris-HCI(pH7.2) w/
25 mM linolenic acid, soybean LOX, 5 unit alchol dehydrogenase 13 5 mM
NADH®| whgHeo]  HA wuwldS Hriksted NADHO A4S 340 nmeoll A

wyow A o



monitoring 3} %3 tH(Vick 1991).

A

o2y 2

CERED

2

Wo A S LOX 93] A ¥ hydroperoxy fatty acidE ©]
Fitst systems &3 Al7I=A Eld A3 FAAZ oA SODEA S oF 3
Wi, CATS 2¥], POD 19w 1832 HPLS 479 %At 3-2-3). o] IF#A
3 "o A 249 LOX 9So 93 lipid peroxidation W&o &4F3} systemo] T

¥ 3-2-3. 343l &9 specific activity.

SOD CAT POD HPL
( Units*mg ) (UM*min *mg ')  (UM#*min *mg ') (uUM#*min "*mg )
o5 11.37 £ 0.24 18.37 £0.98 455.89 £ 07.15 87 + 0.71
A A3 3942 £ 19 3697 + 3.3 85451 £29.1 41.07 + 041




6. FAAE o] R2EAY Salicylic acid % #4]

A2~ Ake A EA o EAste AdEA EZZMeyer et al.19834) Ao
Walls 5o 874 2E# 2z wkgste] Z4F duldE kst fHAE S5
A 71+= signal 9&S 3}H(Creelman et al. 1992, Farmer & Ryan 1992, Staswick
1992, Mueller et al. 1993). AF2=AFe] A2 LOX7} linolenic acide} WHS-3Ho
24 AZEn W S544 LOX7F =9 del weh A2=qke] e Wt leA
goletaih 3 FA P2 Hol A AaZake] kst Salicylic acid 9% W3}

o} M2 wigiE s dAbo] RuEolAo) ugl AAEAe E2F Salicylic acid 32k

05 g9 HE AAHZLE o]&sto A= A 2 % internal
standard (100 ug prostangrandin Al)E F 718t th 10 ml acetone: 50mM citric

acid (7:3 v/v) EF&HS FHE ASol ¥ 1243, 6417, 18] 3A3Et 7}

=

Zy AT A AGAZAL IgH AES ARV ZE AEAs A F 29
A BHFHEE Rt acetoned FLAIATH £ Zdi7|ol A 3W ¥HESRe] 10 ml diethyl
ether® acetone®] A|AE &g M= 3t & ether &S 34319t 34

H ether £9= 10 ml #8 FAIE #H3&| aminoprophyl cartridgeo] E3A171 &

_\-;1

et
R

s

7 ml chloroform: isopropanol (2:1 v/v) &YS=2 cartridgeE AHI}. 10 ml



diethyl ether: acetic acid (98:2 v/v) &N & cartridged] THA|A A=EAS F=
sAtt FEEESFYH 718w E AASH] S 40TelA 1 mlelat7bA FEAIZ
% 1 ml glass vialol %7 speed vacuum drier® 443 AZAIAT. F7]-897}
A3 AxHE 1 ml glass vialdl 20 ul TMSE #7718l 85Tl A 587t silylation
GC-MS 45 AAls3it

=
)

3) Salicylic acid 3=

05 g9 ¥ o4& HAALE Fol7b ¥A Zi 4 mLe 70 mM KH.PO,
buffer (pH7.4)¢} 1 upg?l internal standard (propyl paraben)E % o] vortexdlt}.
deionized water 1 mL, 3 N HCI 1 mL, chloroform 2 mL& A2 Yo 944
8] Hol=% 33l chloroform FRF Fskel 5 S2A2l § Tri-Sil 20 pL& ¥

31 8 CoA 583t silylationste] GC-MS-SIMo. 2 #2513t

4) GC-MS #4 W

HERE FHF9 2EAY salicylic acid® 4317 $18] GC-MS
(Agilent 19091S-433)2 A3ttt 20 ul TMSE silylation® F&% 1 ul® GC
HP-5MS column (30 m x 0.25 mm LD., 0.25 um film thickness)oll %3ttt A}
28A ) salicylic acid #2412 981 GC injector®} detector &%= 2607T, 300C =
AR AL, column &%= 100Cel A 1, 100-160C el A 20C/minS. &, 160-170C
ol A 1°C/min, 1707280 Col A 20C/min, 18]l 280Cell A 5587 =4 o=z s}
A Z Tk Ho A ZRFAEAF salicylic acidwe Adlzow zbz B3 7] el mass
2] SIM (selective ion monitoring) modeZ ©] &3ttt A& A3} prostangrandin
AlS 93] °]E<9 mass spectra®l 117, 151, 2823} 319, 409, 480 m/zS monitord}
31, salicylic acid®} propyl parabensS {3iA = 193, 252, 267, 282 m/zS monitor
Eiae

AEe ~EA Nk A signal® AHEshs AaEAbe] A LOX



9] WkgAFE-9]l 13(S)-hydroperoxy linolenic acidoll ¢]&) Al &E o] At} B ¢ FLof A
o] &% o]F 914 HolHl &4 LOXE linolenic acid®} linolenic acidg 77+ 7]
FAR=S = 3 9(R/S)-/13(R/S)-hydroperoxy linolenic acid<}

9(R/S)-/13(R/S)-hydroperoxy linolenic acidE A A ZIth. 249 LOX7} Ap2EAE
Aol AFHoZ A E=AE Polry] fal FAHE vl A~ A g
Wt et 2 A AP Bk Hew Aleolo] A=Al gheEe] WSt
ol B & i ™ 3-2-4, A). 181} Salicylic acid3 &2 A3 1o A

dad AS FAsdy (29 3-2-4, B).

rlu

A) B)
cw
—w
140 - N 8 =T
120 -
6
100 -
£ 3o s
z 4
(=2
B - (=)
3 60 g
401 )
20 -
0 0
JA SA

3-2-4. FEdE (D FsHW)elA A2 2HJA)F Salicylic acid(SA)

LN
o o
r_{



7. AR Bo A LOXE subcellular localization

Ak

FARBAAN =48 FAA] ostel AL B FAA oA T
o Az E4 9AE FeletnA stk WEAL PP R GFP fusion U
2 ol gah WEI AT £71BE Felstel dEAAUeAY 4 4K 34
St WS B 4 otk eFAAueld wude] BA%100 kDo) weld o,
GFP fusion®l o & fusion Wl a o] el vj§ 2 Aow olguglon] wolq

LOX-GFP fusion wi¥ld o] Aol &3slA o]Fojd 4 ¢S 7teAS wiAE &
AAT}. Wt E o Fo A= Sucrose FE=T-Ho] wE chloroplast 2] WHS o]

gahsint
AR R

1) Sucrose sZ=THo] w& chloroplast &

ToAlt] 1A24 lined] A H3 Ho|A chloroplast® Munne-Bosch® W
of ez} v o] EEldu. FAHZ ¥ < 5 gol isolation buffer(10 m
Tris—HCIl, pH 7.8, 0.5 M sorbitiol, 50 mM tricine, 1 mM dithiothreitol, 5 m
MgCl2, 2 mM EDTA, 1 mM BHT and 0.1 % BSA) 20 mlS H7Fst & 15%3¢
12,000 g& homogenizations 2 A1 8th. homogenate (S-S 479 A== HEHY 3
F 5%z 3000 goll A AAlEsAT (FF A % pellet: P?). pellet® iosolation
buffer 10 ml= €& Azl F 200 g, 5 w3t YA F5HE FAS AL +
AE AFdE 3000 g, 102xF AAEEst AMEAVIH F9S
iosolation buffer 2 mlZ & ¥ A Z T} centrifugation buffer (10 mM Tris-HCl, pH
7.8, protease inhibitor)oll sucrose(20%~ 60%)¢] TEZ=THIS A T JEE M E
271 £33 S loading3d}il. swing bucket rotors o] &3te] 4T, 16417k 125000 g

o
==
A AATEE F 2 mY 23

= 2 E

2) chlorophyll ¥+ 43 immunodetection

sucrose FEFulel  od] 8 H fractiondl A chloroplast thylakoid
membrane® marker”} ¥+ chlorophyllS Schaller o2 FZ3sle] £33 L =4
2 g3Fs 4390k = 7F fraction 2 10% SDS-PAGE A1 3 A1 0]
A 478139l Western blot analysisE &3 %5 lipoxygenase?] EAAFE 3zt

aF At



3) chloroplast®+-H £ lipoxygenase ¢

HFAAL woA]  £44  lipoxygenase’t Ca®dl 93, chloroplast
membrane°] 2§ ¥ o] Q=4 #FE7] fl& bS53 2ol AAS FA . A
Ba)8 chloroplast fraction(S*)e] 1 mM EDTAES #7kst & 12000 g, 1717 94
weate] FFASHA AAEEPH S BEste] A1l el 10% SDS-PAGE
9} Western blot analysisE <33} t}.

4) cytoplasm®l 4] membrane®. & Ca’'oll ¢ <44 lipoxygenase®| translocation

Y518 9] membranes Munne-Bosch®] Wil we} th53 o] 8] 3%
ot 9459 < 5 goll phosphate buffer(10 mM KH-PO,, pH 7.8, 0.5 M sucrose, 1
mM EDTA) 20 ml& #H7I3 & 15{%7P 10,000 g& homogenizationS 2 A] &t}
homogenates 4739 A== FAEY 3 F 10 7 1,000 goll A LA s A
F92 12000 g, 1417+ 9AE 25 membranes I AAZ1 & 1 mM EDTAZ 6
¥, PBS buffer® 6% {Fi}ﬂ © 2 washing 3ttt PBS buffer 1 mlol membrane
1 mgg #H7lslel dEYA2l & CaClb® 44 1 mM, 100 uM, 10 uM, == 1 uM
HA AU 42 e] mixtureo] A AE S99 lipoxygenases #7}sle] 583
2o A shaking 3 F 12,000 g, 30% FAEE s FsAH AHAES R
A1A N9t o] 10% SDS-PAGE® Western blot analysisE 43 8} 31t

[ ST A

2 Ho A %—’F—?«l LOX7} 1/1-Ao A HE 213 o] g A
A3

Ea71 8o =4S A S LOXVF AlxA7|E & GEAd =4
sh=AE dobr 98 1d1-Bek C 7L°] sucrose density gradientel ©]sf 2] ¥
7} fractionS 9] chlorophyll &3 <42 LOXe %S ztz wlwaslgity. 2 A3t
chlorophyll &3 <44 LOXS o] A2 dAe= RS B 29D

= X o)

Fu = AR

= S5 LOX HbdHor dsAd Adsel e nelF
o]
pIs

A3 oA 244 LOX7F 92 A9 translocation ] o



ElE ~@ Concentration of chlorophyll | [60
st P2 S2 o O | 0= Sucrose Density - g
1 [
E 6 0. ]
g. O F52 @
— e 0. 9
% Og e o
4 . L g
- 00q P “ 5
] o =8 Lao <
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_ o Rk (em) o] w4 =
FdA8A K1 K2 K3 (079)
w51 6.7 78 8.1 7
1A2 113 12.4 10.2 5
1A4 89 77 9.8 4
1A5 52 65 53 5
1A6 7.1 10.9 89 3
1A8 8.1 12.3 12.9 4
1A9 9.6 12.2 10.9 4
1A10 9.7 11.0 9.1 5
1A11 5.4 12.3 10.2 4
1A12 9.0 11.0 99 5
1A13 10.4 115 12.1 5
1A17 9.9 12.3 10.8 4
1A20 10.3 12.1 175 6
1A21 12.1 14.8 11.0 6
1A22 9.1 114 99 4
1A23 10.4 10.6 11.1 6
1A24 86 10.9 115 5
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A 7HH 0.7 05 0.3 1
A A 5} 0.9 0.4 0.3 1
T 05 0.4 0.3 0
R R 0.8 13.6 10.2 3
o 33 = 0.1 16.7 14.6 5
11% 0.7 1.0 1.0 5
215 %18 05 05 0.3 1
o FH 2.6 9.4 0.8 1
o v H 0.1 11.8 11.3 7
s} o] 0.6 0.3 0.3 1
g 105 159 9.8 7

« 8% 24%00] A AE 0] 9 2020l WS ZAIGIA S,

a9 3-4-2. aFEAW] dvtElTES AFH Tl vEbd Rt
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% 346 AEAA Yol fAAT 2UE AAAS vo] A%g

EE I A ) = S =2 A3
Azxy (2 D) (Cm) Cm) 0N Sd0h) He®%) T
5 H 3.21 382.2 20.7 15.8 105.9 34.6 19.9
1A2 8.19 80.0 20.6 20.2 9%5.1 72.2 16.6
1A4 3.21 314 20.5 19.8 914 85.8 22.1
1A5 3.22 75.8 215 154 815 79.1 185
1A6 8.22 30.8 20.9 19.8 30.4 79.0 19.3
1A8 38.21 78.9 21.0 16.2 76.8 83.2 21.2
1A9 8.22 774 20.7 21.6 60.6 75.4 19.3
1A10 8.23 7.8 20.1 17.8 83.1 82.6 20.6
1A11 8.23 774 19.6 - - - -
1A12 8.23 75.2 21.1 18.8 135.8 82.7 21.6
1A13 8.21 78.8 20.4 19.8 90.4 86.4 214
1A17 8.21 80.2 20.4 16.4 82.2 4.7 234
1A20 8.21 72.6 186 20.6 74.8 68.8 16.8
1A21 8.22 74.8 21.6 14.2 70.0 65.0 165
1A22 3.21 76.0 20.6 176 90.0 31.8 215
1A23 8.22 72.6 20.6 16.2 65.3 60.2 175
1A24 3.21 78.0 21.0 18.8 1105 824 20.9

2005 =0l A Ed7lsd Ad A Akl &,
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7h M

35S promotorE AF&3le] 2] FA A YolAl S HopdEAI7]l A A =g
Aol AN E Flg wet, F A A3 Al pathogen-related -7 A2 ‘?:_L"é‘i
S vlolaRojfpo] WHoR FEA3H)

2

4o As 2

1) FdHdg 8 2y
Aol AAE TsAth 1A24 line®] JAAE ¥ AStE 70% &&= &
o )

53 F 3GFREE 3, 40 Aol AU 397
Ay ol itk BAG 272 Wby WA RS Ao $Ese] 277 28T )
FAANA HGAT I FEA Fio] ThEA FES FAHG

2) AA RNA F=3 mfo]azo]go] 4

2577 M F oA A FAAS vk Gew S 7247 100 mg #HE 9
A s A FA LS o] g3te] A ol QIAGENS] RNeasy Plant Mini Kit®
RNeasy Mini Handbook®] A Alel e} F&3Ath %% RNA+ Nano Drop”] 7]
= A3 EFEAS AAsAT 59 RNA 400 ngo= FE AgilentAte] Low
RNA Input Linear Amp KitE ©]&3t9 cDNAE wE31 Cyanine3 CTP%
Cyanine5 CTPZ ¥ A|¥ cRNAE PCRZ FTEHAAY. Nano Drop”]7]= ®AH
cRNAS AAI ALFEAS HA T 1000 ngS 27 sl Agilentrle] In Situ
Hibridization Kit Plus®] A Aol w2} rice DNA chip¥ 60C 17A]1ZF 6 rpme2& &
A3}3t & DNA chipS 7}7H9] buffer® 4H Aol A& 722 E7]|S A AFAG.
Genepix scanneroﬂ E7|7} A|A % DNA chipg Y3 Gene Pix Pro 40 X213 o
2 A% 3 Gene spring 6.02.2 HEu e FujolA mRNA HAFZS xfol& o
Bl & pathogen-related A XSS EAste] A2l

3) A=A FAE FAR primerxﬂzi} RT-PCR

no] A 2 o 2 o] ‘ﬂ“ﬁﬂr FAAG BolA Fujo]4d mRNA xﬂ} Aol =
el = pathogen-related 7 2k 37H S ANWEle] 717t primerE ¥ 3-4-73% 7
o] AZE3FAT. YA FE=H AA RNA 10 ugsS 7FA 3 StratageneArb
StrataScriptFirstStrand Synthesis System kitE ©]-&3to] RT-PCRE 4333 th
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72

o=

CR Z2a% 202 974 533t M 7§ 955 45%, 555 45%, 12|al
T=o1ERE 229 ibER F 72 101 SF AT RT-PCRE &3 & =2
15 % ot7t Aol A7]1dEstd A

3 3-4-7. Primer combinations used for RT-PCR

Forward Primer

Reverse Primer

Accession Primer

(Gene) Nucleotide sequence (5'-3")

name

Primer .
Nucleotide sequence (5'-3")
name

Product size
(bp)

AK107926 RJSR19 AGAAGAGCGACTACGACTACGC RJSR20 TGGATCAGACACTGACCTGTTT 287
AK108785 RJSR469 CAATGTGATACTCCAGGCTCAA RJSR470 CATGTCCGTAGGTGGATAAACA 239
AKO060867 RJSR21 CATCGAGACCTACGTCTTCTCC RJSR22 TACTATCGCGTACGCATCTGAC 284
EREE S ]
ufol A Zojgo] BA A3 T 3-4-83} o] 6719 pathogen-related -+
Agel A fEHD, TN SAREC] dAEe #HA @H gk =@
RT-PCRel|l 93] FAH3Z oA AK107926 (pathogen-related protein 1),
AK108785 (wilt disease resistance protein)e F+dA7F FEE I, AK060867
(glucanase)f+ A A= JAES AFAeAH(2H 3-4-3).
¥ 3-4-8. Pathogen-related -+ A=
Description Gene # Fold
Spl7b regulating lesion formation AKO064111 7.04
pathogenesis-related protein (PR-1) AK107926 6.54
wilt disease resistance protein (Vel) AK108785 6.28
probenazole-inducible protein (PBZ1) AKO071613 | 552
basic PR-1-type AKO060005 341
3-deoxy—-D-arabino—heptulosonate 7-phosphate synthase AK059247 2.79
putative selenium binding protein AKO71710 | -2.28
race-specific resistance to fungus AKO065824 | -2.36
RIMZ2 protein AKO065973 | -2.52
pathogenesis related protein AK109409 | -2.66
germin-like protein 2 AK059812 | -3.09
putative pathogenesis related protein AK106037 | -3.75
glucanase AKO060867 | -4.07
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AR LOTaR2E
14275 17350

AKLIDETAS

46340 54460
AKOE0BST

41120 36060

a8 3-4-3. 45 HW)F A AZ W(T)o A pathogen-related 22l RT-PCR
B F= HAA: AKL07926 (pathogen-related protein 1), AKI108785 (wilt
disease resistance protein); &1 A 72k AK060867 (glucanase).

[ A7 A= A7 Aol 23EA Fgoy, B a7 wep F71E A7ty

A=l
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2. A 2 AdE o] AT

e

239 Hrle ol 9 dAw

37t =E | am
oA = 3 7} 9| ga= HaET
b = T 11‘3]7]—9] Z} ol A = o= (xﬂ 3 =
<] RS = Zﬂlj}‘-_(%) (%) fef
1. homozygous T3
A3 ol Al
1. homozygous T3 &
2. homozygous T3 _ N 30 100 Al 14
FAAH W) fax [2EE HAA LOX
e AA Az dde) b A
=
4. homozygous T3 B}
HAAs v gl 2. homozygous T3 ¥
Uy B Adg woA AR
R = A ol 20 100 |4 24
= A
5. homozygous T3 line v _ A 34
B 3. homozygous T3 &
AAZ v =dy A
=
6. homozygous T3 o] wxzE AR 10 100 A4
lineol A thApat=ol A7) - |
o] 5
7. AR kAT R S R |
homozygous T3 &%} homozveous T3 &2
B e B 100 |44 4
g weo ¥ M
8. homozygous T3 o] £
5 2] 2] 3 o 1 3
370 = e B~ ace w1 _
ZA} A &4 2l homozygous . .
T3 9aa% mo O I
19. homozygous T3 EA A o= A4
FEAE v AF 2
2 A} 6. homozygous T3
FH A% v AF 2
10. homozygous T3 2=z 2] = o Bk
523 1o T v A= 9
S m =)
AetEyd K1, K2, |78 0 | 100 |43 =
K3 race & % 2% —jx
AEd A7 Al 44
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3. HZF HUbe #Zhd ¢ By 9=
H7F =% N
Pz X B3
Fdgys| T
Brke] Zery . TP A3 R
(%) (%)
1. Eddd AFgHdS Yehdle=
homozygous T3 &AW 30 100 |21 1 A
lines AJ4bstA=71? A2 A
2. =ddol] AYgAHS YE=
homozygous T3 lineol A &| 30 100 |4l 3 &
4 getEo] sAHJET? A 44
3. =dHe] AYHdS YEd+=
homozygous T3 FTAE A4H 40 100 |A 4 &
StRA=7F?
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