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F— EWSARIERE O E 72 0 I L7l

L @ EIE DR 20 8% EORICEE4 5 1 #

(1) 7B EOALEM T KO B SRBREEIZ 1T 5 Ak

O sk, KHKRTFEAS

4 a3 rEx

Rt

#:4, : Oilseed rape

¥4, : Brassica napus L.

@  EEOMEXIIRMA

B FEACHWEE X, B 3023200 /7 — 7 4 Kumily TH 5H(LLTF,
FEfAz B a v T 2% £T5),

@  EHAKOES O BRI 5 B AR

A 3T Z 3 (B. napus) O PERIIAZHERBLDB. rapal B. oleracead /3 A3 E 72 %k
d—my /N IHFEREEBEZ O TEY, BEX, ttRAFICZzoSmR RS
(OECD, 1997; OGTR, 2017), &A1 I U F & xid, EEEHEMTON R TH, BBV
REEIHETEFTNARERTHHL Z ENMON TR, BNET G LHEE AN TS
BRSO WICEEAEDHERR ST D (TEK D, 2001), F7=, T & 3 O ABEE D CrEfkRs
DZEFENEOLNFREEEZ DNDEFTNRE SN TWD (BHKFEA, 2018; MNZITEE
N ERTEREEWIIERT, 2015) . UL, A 3 v FZ 3L, BRRE T CE LT 52444
HALBEAGLAEA TS Z L ERETHD Z E0NH 5TV 5 (OECD, 2012),

EAEICITEA 3 0T 2 XOEBBEARIIAE LRV, LAL2RA L, TBEICHS
¥ Lt L LC, B.rapa (77 7). B.juncea (77 v, XA+, =7 A%),
B. nigra (7 & 4 7 ). Raphanus raphanistrum (21 = 7 / %4 =), Hirschfeldia incana
(¥ A 2% K%), Sinapis arvensis (/ /~7 %77 ), B. tornefortii (/~V ~°F % x), Eruca
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vesicaria (/37 A2 X3 1), Erucastrum gallicum (4~ % % 7 2) & Sinapis alba (3 =
H T ) BRETF BN D (OECD, 2012; OGTR, 2017; BeBE4, 2002; 1, 2003; EAKER,
2017), Z® 9 BB.rapa&B.junceald, WRAERHRICHEIN ) LB A SN EREICH KT S
£ 2 55 (Nishizawa et al., 2010), Z AL & 13BN, &S HIZIA F > 72B. junceald,
MELL L Ca—nma b7 AV B Aoz b D EHERI SN TV 5D (P, 2003), il
J7. B. nigra, R. raphanistrum, H. incana. S. arvensis, B. tornefortii, E. vesicaria E..
gallicum % U'S. albaiZ, W94 b BIRLARRIZIRIL LTS R TH 5 (1, 2003),

(2) i FH A D S} OVBLIR

O  ENEROEMCBIT D H SRS

A a2, BERLICT—e o RXICBWTEE LR EE T STV 5D
(OECD, 2011), FEBENZHWTIX, & < 2 5B, rapadd#ls S v, 77 RIS B’
ROFRE U TRKBICEEE ST, —, B 3 U2 RIBRRRICEER
=y R PLIASNTRESND L9124V, B orapak ¥ bilEMEICEN, ZILT
MOEELZWVWZ ENLREICIAE Y., B rapad #1372 < s> Tno 7= (11
2001), L/ L, ZOROENDEIIBIT HEA I U T2 ROFEIT, A 28550 7ML
IZEDEMOER Y CERROMERE OB O OREICFR L, BUEIIHEROZHIZ
PAERNCHEE SN D Z LIHIT & A LR (FéK, 2000),

@  EoHdEHE BRETIA. FEERE L O &

[EE A EME] (FAO) 12X D &, 2017FICB T 284 3 U X X OFEHED E
ALENE, B 2 #9844 7ha, FIEKI665 ha, 1 > FHI6007haTdH 5 (FAO, 2019), HAE,
BRETEEIN TS A I U+ 2 2OEMREITN1,9800aTH Y | INHEEITH
3,670t Td 5 (FAO, 2019),

A I TFHRITIE, RIROFTHE, & OB LG K OTEFED IR &2 3 & T DK
ML, ZhalBmE LRWERIRENR SV | U X EER IR I EICERE
TR S, 3 —m y NE T EICHKEE & M GE STV (OECD, 2012),

0175 B T X AT O FE/REFEEIZ, B4 (192,133 751, HFE (1,327 51),
A > K (¥179273t) TH - 7= (FAO, 2019), FEIZIEZ, 2018FIZ AR EE L CTHI23405
tOF X FFEADHEA S, EREASII T T (K214 51, IRWTAH—A ST U T ()
2077t) T o 7= (BIRIKFESA, 2019),
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A TS ERFESOHEN - R I, B BN & OV T2 A EE
ELTHIAESNTWS, #EMZOMIZEFEIEE S L THW SIS (OECD, 2011),

(3) AR M OVERB ) Re

A FEARHFFE

YA VT RIS BT L AR TH D,

v AR SIIEF TRELBREL O &AMt

YA I T H RIS R TR SN D, Koy L RSO BN EY TH
AU, IRERZR TEESRHICES L, AR ATE f%éoW@mE12WCi@b¢ﬁ_
<L 12°C 726 30°C DR TR ET %, HEFEROMMIL, Bt £ TR iRaIRIE 2 47
F, BAEE O ERILRGAZE Fd . BAED O 7Rk E CoO MR < 725 (CFIA, 2012),

N HHEVMESOTFAEM

= BGETIETEDOER

©  FEFOBURIME, Bkl IRIRIE N O 6

YA I TFHRIIRA L2155 720 P15~ 25K OFE N TE | R L7 11352
@Lt%@ﬂﬁ LV D (OGTR, 2017), ¥l L7=31E, DT 072 e ny il
D ZFH3 5 72 (OECD, 2012), Bkt iXHim @ EB 2 6 b,

AU FTIROMETFIL, —RIRIRMEZ R 200 AT G E LRV TR
TIRIRIRICAD Z &R D, TOLERENT, KR, BRARZ KO L D A b
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LR L&, ZIRIRIE, ERE, KIR 2~4°C) A WIEEE S RIEOBR VIR L Y
IZ X VT =45 (OGTR, 2017),

AT FHROFEFDOFMIT, FREFEPCRTERMFICE > TR D, FERZICHER
IREE CWEIRTE L7255 E1213 25 A2/ L T H R 3T 5 (OECD, 2012), LU 5,
INHERFICTEH L, HIRICE DT OZ IO O | FE2 X TEFTDH I LN TE AR
V' (OECD, 2012),

@  RBEIEOKAN RICHARRMFICB O TR ERZ AL 5 MM SUIRE LD D
2R

v A I RTHEFBIE ATV, BARARBTICBW TMOZSRE 2D OBEFEIL Z
FTOEZARENRN,

® HAEME, FEMEOFRE . AFAMESTEOHE, T AR L OZHEMER VT R
I UAEET DR AT A5 AR ORE

AU FT A RIAZEAEMEE R T AR T 508, Ho I thiE 17415
(OECD, 2012), & 37 F # RO —1ZHNITH T 2 MFERITF T20~40% T, F &
LU CRIERF OBRBESMIC L > TH L B72 5 (OECD, 2012), FH3EOHABIEH I
T, B2 z2zHCCTHIEEEZFHELZE Z A, 3FEOFEENI61% ThHh - -
(Yamamori, 2011),

KEICHMTHoEBA U FTZ & ZHETRE/RUTixfE & LT, B. rapa, B. juncea, B.
nigra, H.incana, R.raphanistrum O°S. arvensis?3 21} 541 % (OECD, 2012; OGTR, 2017;
BREEAE, 2002; HHE, 2003; FEARKFEE, 2018).

A I TF R EB. rapal DRHEMEIZHOWT, HIRRHE N &L A O A REME T
HHLOO, RICHERENER SN E LTH, EERICITERE: - INESD NEERE, b
LI, BEHOEA G 0T 2R ORI MREEZRITES L EHRES T
% (OECD, 2012), &4 3 U F X RXDIZOIMUIIB. rapad—HEZE X 72 H5DE A 3 ¥
T H R E DRMEZRIT04~15%TH Y . R ST MEFE A DA FRIT2% AT TH - 72
(OGTR, 2017), L22L, BA 3 U222/ rBle LT, R—I1EZHNITB. rapak iz
1:1 CHE 2 7236 DA HERIT9% T - 7= (Jorgensen et al., 1996), F7=. FfE{RDOIE Fatt:
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35

I3 T35%IZ/K T L (Jorgensen et al., 1996), HiZ, F2 X O'BCHAR TR IEEIZOWNT
b, GnfE - BHMICEERN S D OO, RERMITIKLS 225 L OHED & % (Hauser et al.,
1998), HALEEMEE ¥ —ORBRIFHITHE W T, A 3 U F X XO@MBICA v M
B2 DB. rapaD b5 iS5 R A BLiE L, oot s 7e—% A4 A N —
IZE DR LfER. B. rapakitf@E DA I v & 1 & O HRZHERIT2~50%, T
22.8% T & - 7= (Yamamori, 2011),

A IS HFRL B juncea & DRMEMEIZHOWT, HARZHERIT 3~47%TH VY, A
UFTEREFELBETHLEIIEITRS 2D, BHESMHT 1L1~13%E 75 (HHD,
2016; OGTR, 2017), A3EAMEIRIFZEFTORBRIEIH BT, FEMIR & 72 2 BrEAlmE
YA I UFZ 3 EPIIIEE L, JAMIC B. juncea Z Al L C AR HER A2 HA L4
Ry ARHMEERITIRAEHL S TIE 1.62%., BEEEHLS TUX 0.306%., FEMTRA 5 O FEREA 1.0 m,
50m,. 10.0 m, 20.0 m, 27.5 m OHETIE, THLI 0.0499%, 0.0369%. 0.0396%.
0.0000%. 0.0000%C& 7= (Tsuda et al., 2012), — . BT K D MER A PEME O ST,
YA T FHXBFEFHOEE 0.07 8 HEREEYAEAL). 1ERMBLOSE 4.05 [ &0 5 #
wHRDD (FHEHED, 2016), MEREZICE LT, Fi AR TIIRMEAMEL 2528, R LM
LIS AIERERREET L2 L WO ERH D (HH D, 2016), LU 5, HIRSE
T IR &« OEFERIRREERERE N FAE T D Z & 2B BT D & MR AME 53 2 iThE
PRV EEZ BN D,

YA I UF 2K EB. nigral OAZHEMEIZ DWW T, B IRAZHERBR T I CHERR T R L e
WEINTE LT (Bingetal, 1996), HIRAZHED FTHEMEIZAR UV &HIBr <415 (OECD, 2012),
F7z. FfEEORRMEIZK< . RAUBCHRZMSG2 OIXE L & i Tuv% (OECD,
2012),

A 37 F %3 ER. raphanistrum & OZHEVEIZ DWW T, 1ZETOREIZIBWNTEA 3
U A R EFEBE LTGA O MERIT3.8x108~5.1x10%%, LBl L L7=HE1X1x10°
7~3.1x10°% & W5 3 & 5 (Chevre et al., 2000; Rieger et al., 2001; Warwick et al., 2003),
Fo. FEETIISh e ORFROAFR, nty MEOEE., WWEHR SICHERKT
MR, BATHEFLAFTBL TAMIIETEDLAREITERNEEZEZIOND
(Guéritaine et al., 2003),

YA =3 vF X3 EH. incanad OAHEMEIZSW T, AN TASELIZ K- T100/E2%4 72 v 3.1k
DFFE 7RO DD, BIERDBI%AM TH Y, 1T LA EDOFEKIZIB VTN
WIS AR LT & STy b (OECD, 2012),
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YA 3% LS. arvensis & DERZHEMEIZOW T, HRZHECHEEATGE AL 3 VX
F 100152 7= 0 0. 18K DOF FE - 035 L7228, £ < TR AME W UL BT Fa TH -
7z L HE &N TV A (OECD, 2012),

F7. BA TG TFERITIEZTRIZ ZAOREERET A LWV 9 #5170,

@ B OAdpER, FalE, IR, B TTIE. REBEREE K O

YA I UF RIS T2 0 KIT~9 TR DFER; % 4 U % (Takahata et al., 2008), Brassica
BOEIE, B EER D 503N (K30~40 pm) TH Y, BUS Lo TEEN DM,
YNRF IR EORBIZE > THHEA S5 (OECD, 2012), A I U F X ROMIERIZHS
WC, BAbEEMEE L ¥ —ORBRIESGICEBWT, TA v UBERERICT D20 EE
FAW TR L72fE R, fEE 5 B F AMII2025m, 1m, Sm, 10m, 30m, 60 mffi
T2 HUE TOMIERIL, FHEN4.09%. 1.35%. 0.43%. 0.15%. 0.09%. 0.01%& . E¥
TR S BEN D IR ONABIB L7z (Yamamori, 2011), £ 7=, OECD (2012) I3HER D40
RIS L, IERITRE K THIERIED 550~100 mD HiH T0.5%LL T, 200 mDOHi5 T
0.1%LLF & LTWa,

AT FT 2 ROMEMIT, WEBRNEMRBEFE 26T 52PN TND, BRE
EFClE, (B OFmiT 4~5 BRICOT D 1RAIZHD T 5 & S45 (Rantio-Lehtimaki,
1995),

A R

~ HEWEOEAN

A IR0 HIZIEE NEAOEMICEEEEZOND TV UBE TV
JL—REBREENTWD, TV URITT v FOKEERICE W TERE & ODgR O34
B O EEEICHBET A RN L E SN TRY, Zvay / L— I, FIRiR



AERGH R AP OB g s 2 5l & i =4 2 L2V RE S Tuvwb (OGTR, 2017), L2»
L., s BICE VIRV VBRI v 2y ) L— FORENER ISR, &
FIXEMAME LT, £, #HMISERHEE L THWLND X 974 -7 (OECD,
2011), 728, FMP O /LY VEEEGEN 2% AT, Fvay ) L—hEENHH 1 g

5 %720 30 pmol Rl D enFEIL—MKIZH / — T il & I TE Y (OECD, 2011), fHET
H % Kumily b7 /) —F FEO—>TH 5,

~ £ DM OTEHR

10
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2. BT R WSS ORI IZBE T D 1E

(1) 512 B 5

LM ABRFIENRE A N A 2 XU ) o RBREAmMEE A 3 v ) % % (D6E
(Pp), D5D (Tc), D6D (Ot), D6E (Tp), D12D (Ps), 03D (Pir), 03D (Pi), D4D (Tc), D4D (Pl), D5E

(Ot), AHAS (At), Brassica napus L.) (LBFLFK, OECD UI: BPS-BFLFK-2) (LA T,

[AHE R %

AU FER] ET 5, ) OEHITHW BT M50 O L OB SR O k%
£ 1ITR Lz BIREE 1),

A AR O R O R

F1 WEREZOYA X, X7 ¥ — EONiE, HRE OB
~ 1 J\\\y y _J:@ st N A =)
T-DNA
c-D6E(Pp) JEH W > I
P_USP(VH) 509-1192 Vicia faba H1 3k O ffi1- & FE 15 F- USP(unkown seed protein)
(684) D7 1T —F — il (Baumlein et al., 1991),
 AtLq01170 1,193-1,444 Arabidopsis thaliana F3& ™ Atl1g01170 D 5’UTR % & e A
g (252) k&2 > (Nakabayashi et al., 2005).
Intervening 1,445-1,446 BEERO Y 0= 7\ b
sequence 2)
Physcomitrella patens H13£ ™ A -6 =1 > % —E(GenBank
Accession No: AF428243) (Zank et al., 2000)% = — F3 5 & /s
1.447-2.319 Fo BAFYTHARICBILRBUTES H LI ICa Rk
c-D6E(Pp) én)’ B L TWDS, ZOWBIZEY T BEANITAEL
TR, AERIL, v-U ) LUBEO I VRX VIVERIC
2ODRAKFEIEZ BN L PRE-y -V ) L UB~DLEH %
fiffk4~ % (Yilmaz et al., 2017),
-CaMV355 2,320-2,535 BV T7ZU—=FFA 7 TANAHKD CaMV35S #— I 1
(216) — % — (Hajdukiewicz et al., 1994),

c-D5D(To)1 FEL I & > b

p-CNL(LU) 2,628-3,691 Linum usitatissimum Fi 3@ conlinin & {1 O -4 il 7 o
(1064) % — & — (Truksa et al., 2003),

i-At5g63190 3,692-4,068 A. thaliana Hi 3™ At5g63190 20 5°UTR # & ieA o hr v
(377) (Sharma et al., 2007, Wang et al., 2008),

Intervening 4,069-4,071 BEERO Y 0= 7\ bk

sequence 3)

11



Xy H—ED

S - N
Thraustochytrium sp. 3™ A -5 5 % F = 7 — ¥ (GenBank
Accession No: AF489588) (Qiuetal., 2001) % 21— K 5 Ex
4.072-5.391 . BAIUFZRIT Té%ﬁfﬁgﬁﬁ‘éij a No%x
eDSD(TOL | (50 S LTOBA, ZOREICEY T ) SRS L
TV, AEEFEIZ, ORE-v-U L UBOILRFS
NRIED B A TS FEHOMBEIC _EHELEALTT 7
x UM~ DLW 4% (Yilmaz et al., 2017),
5.307-5.583 Agrobacterium tumefaciens D427 FE R TIi 7T AI K
t-OCS (1’92) ’ pTil5955 KD A7 hE U ARER T DX —I F—H —
(MacDonald et al., 1991),
c-D6D(Ot) FEH N » |
5710.7.517 V. faba kD X 7 & — A5G E AE RS O 7 v E—
p-SBP(Vf) (i799)’ — (Grimes et al., 1992; Heim et al., 2001), F& 1B ZAELpE D
Tﬁﬁ;ﬁ BB FEEE LS E D,
i-At1g65090 7,518-7,972 A. thaliana H13k @ At1g65090 JFED S'UTR & &deA > kb w
(455) (Braybrook et al., 2006),
Intervening 7,973-7,981 BEEHED Y 10— = T S AR
sequence 9
Ostreococcus tauri 3D A -6 7 % F = 7 — ¥ (GenBank
MwmebAW%%ﬂdegmmmZWQ%Z_F?
70829350 HBIaF, BT HRICBITL2RBITES D L9102
c-D6D(Ot) dWD’ Ry Z il L TWA, ZOWEIC ;DYE[%EWﬁ
LTV, ABERIZ, U —EBOI VAT VIVE
BB AT 6FEBONEIC EHAEZEALT y-U /
LU U~ O A i3 % (Yilmaz et al., 2017),
Intervening 9,353-9,379 FUEERD 7 11— = o 7| B 7 b
sequence 27)
9,380-9,614 Solanum tuberosum FH3ED 517 7L > D [LEE LS D X —
t-CATHD(SY (235) % —# — (Hannapel, 1993),
c-D6E(Tp) ZHL W & » |k
9.693-11.419 L. usitatissimum R D~V A% L K3V URERE OB
p-PXR(Lu) ’ ’ 57T 5 PXR O 1R )~ 1 & — % — (Duwenig and
(1727 Loyall, 2006),
i-At1962290 11,420-12,265 A. thaliana F13k D At1g62290 JiED S'UTR & &deA o b w v
(846) (Chen et al., 2002).
Intervening 12,266-12,278 BEERO Y 0= 7T b
sequence (13)
Thalassiosira pseudonana 3£ ® A -6 = v > ' —F¥ (GenBank
MwmeOXMOM%M%MMMmmmm2%@%3_
12.279-13.097 NI 2586, B3 T ZRCBITHHBUTTET H LD
c-D6E(Tp) @b) ’ (22 Rzt LTV aA 8, ZO%ZEIC ;DYi/Mm
FNFZEE L TR, REERIE, v-U / LU BRO LR F
TIVERERIZ 2 DD RALKB I A BN L VRE-y-U ) L
FE~D LM% il 4~ % (Yilmaz et al., 2017),
Intervening 13,098-13,152 BEERED Y 10— 7B A
sequence (55)
PXR(AY) 13,153-13,552 A. thaliana s D~UL A4 F L K& 20 (PXR) BEEBHE O

(400)

{5 F PER1 O % — I r— % — (Haslekds et al., 1998),
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SR !

Ry H2— LD
fiZ & (bp)

FH ok M OV RE

c-D12D(Ps) ¥Ei 1 & » b

p-napA(Bn)

13,722-14,385

B. napus H1 >k OFE i FE 7 B A/B B OFE1-5F

(664) H)~7 v & — 4% — (Ellerstrom et al., 1996; Rask et al., 1998),
i-At563190 14,386-14,762 A. thaliana Hi & ™D At5g63190 JED 5’UTR = &ieA > ha v
(377) (Sharma et al., 2007; Wang et al., 2008),
Intervening 14,763-14,768 BRBEZRDO I a—= F IR,
sequence (6)
Phytophthora sojae 13 A-12 5 % F = 7 —(GenBank
Accession No: GY508423) (Cirpus and Bauer, 2006) % =t — R4~
14.769-15.965 5\5‘%4&%3 13 '7?‘5‘* hekS15) 65%@%66@7{‘6 Ji 21z =
¢c-D12D(Ps) 1197y Rz REL L TOHA, ZOREICEY 7 I/ B
B LTV, AEERIE, A LA VBOT VAT VR
SO X T 12F B OMEIC EESGEEALTY J—b
i ~D I % fil 4~ 5 (Yilmaz et al., 2017),
Intervening 15,966-15,983 WEEZEO Y 0—= o 7B AR,
sequence (18)
-rbeS(PS) 15,984-16,541 Pisum sativum H13E @ RuBisCO /N7 == = &5 1 (rbeS)

(558)

E9 O % — I % — 4 — (Coruzzi et al., 1984; Smigocki, 1991),

c-03D(Pin1 EH AU & »

16,634-17,867

B. napus H12k @ SETL & - DR R 7 ot — & —

p-SETL(BN) (1234) (Bauer and Senger, 2010),
Intervening 17,868-17,869 BEEED Y 01— = 7\ T AR
sequence 2)
Pythium irregulare 13K o -3 5 ¥ = 7 — ¥ (GenBank
Accession No: FB753541) (Cheng et al., 2010) % == — K9 % &
_ 17.870-18.961 5. BA YT IR HFEBUTES D L HIc=a R
¢-03D(Pir)1 O®D ’ ZEEIL L TWDD, ZOWEIZEY 7 I/ BEAIEE
LTy, KBERIT, 77 F FUBROD o (A F /L) Kb
LEATIFEHOMEIC “HEAZHEAL, oA 3 H -~
S T U~ DA 9 % (Yilmaz et al., 2017),
Intervening 18,962-18,982 BEEHED Y 0= o T S A IR
sequence (21)
18,983-19,596 B. napus Hi & ® SETL i {x 1D ¥ — I *— ¥ — (Bauer and
&-SETL(Bn) (614) Senger, 2010),
c-O3D(Pi) JEHL N £ v I
p-USP(VF) 19,675-20,358 V. faba HR Ol B S - USP D7 'R £ — 4 —
(684) (Baumlein et al., 1991),
i-At1g01170 20,359-20,610 A. thaliana Hi2k ™ Atlg01170 2D 5S’UTR % & deA v hr
(252) (Nakabayashi et al., 2005),
Intervening 20,611-20,620 BIEERD 70— = 7 T Ak
sequence (10)
Phytophthora infestans FH 3 ® w -3 7 % F = 7 — £ (GenBank
Accession No: XM_002902553) (Wu et al., 2005) # =2— K9 %
. 20.621-21.706 Ein . 13 VTS RICBIT D REBUSE T H L oI R
c-03D(Pi) U@Q ’ CERELLTOWAR, ZOWREICIY T I BRESNITE
fEL T2, KEERIL, 77 F RVBBO o (A FIV) Kt
B AT 3 FEAOMEIC EHEGEEAL T a3
VP PR DO WA RS 5 (Yilmaz et al., 2017),
Intervening 21,707-21,714 BIEEED Y 01— = 7\ T AR
sequence (8)

13




AR 2SR !

X7 —LD
i (bp)

FH ok M OV RE

t-CaMV35S

21,715-21,930
(216)

B 75—V A 7 7 A ILAHKD CaMV358 ¥ — I X —
# — (Hajdukiewicz et al., 1994),

c-D5D(Te)2 FEL & > b

22,066-23,299

B. napus H13k® SETL &5+ OFE TR R 7 0t —H —

p-SETL(BN) (1234) (Bauer and Senger, 2010),
InterVenlng 23,300'23,301 iﬁ’fﬁg;ﬁ%@ y o *‘;Vﬁv(:%\géﬁﬁﬁfﬁio
sequence 2)
Thraustochytrium sp. H13k® A-5 5 % F = 7 — £ (GenBank
Accession No: AF489588) (Qiu et al., 2001) %z 21— N3 5 i&fx
23.302-24.621 Fo BAIUFERIZBITHRBUCHT S LOICa %
¢-D5D(Tc)2 (13:20) ’ it L CWD 2, ZOREICLY T X BEYNIIEl L
TV, KEHZIL, VFhE-v-U /L BOBVRF Y
NKIENPOEZ T 5 FEHOMEIC_EFHAFLZEALT, 7
7 X R~ D& A i3 % (Yilmaz et al., 2017),
Intervening 24,622-24,642 BEERED Y 10— = 7T B A
sequence (21)
24,643-25,256 B. napus HH3k® SETL #fn D ¥ — I x—# — (Bauer and
t-SETL(Bn) (614) Senger, 2010),
c-DAD(Tc) JEHL I & v b
_ARCS5(PV) 25,403-26,553 Phaseolus vulgaris H1 > D15 51 Arcelin-5 s 17 7 &
P (1151) — & — (Goossens et al., 1994; Goossens et al., 1999),
Intervening 26,554-26,563 BEERO Y 0= 7\ b
sequence (10)
Thraustochytrium sp. H13£® A -4 5% F = 7 —¥ (GenBank
Accession No: GN042654) (Qiu et al., 2001) &2 =— K3 5 i&E(s
26.564-28.123 Fo BEAIUFTEARICBITHREBUCET H LI Fr%
¢-D4D(Tc) (1560) ’ RIELLTWDR, ZOHREIZED T I BEIITEL L
TRV, AKEEFRIZ, Rabh o H o U BOILRX L
KO TAFEOMEIC _EfEGEZEALTRaY
~F Y U~ A 5 (Yilmaz et al., 2017),
Intervening 28,124-28,136 BEEHED Y 0= o T S A IR
sequence (13)
¢ ARC(PV) 28,137-28,736 P. vulgaris H1 2k @ Arc5 s D % — I 1 —# — (Goossens et

(600)

al., 1994; Goossens et al., 1999),

c-03D(Pir2 &I & >

28,829-30,555

L. usitatissimum D~V FF 2 L R UARERE OE

p-PXR(Lu) (1727) {57 PXR OFf -5 )~ 1 & — # — (Duwenig and Loyall,
2006),
I-AGO4(AD) 30,556-31,313 A. thaliana Hi3k D AGO4(AY)EE 1D 5 UTR =& ieA > k1
(758) > (Zilberman et al., 2003),
Intervening 31,314-31,328 BEERO Y 0= 7\ b
sequence (15)
P. irregulare 3D o -3 7% F = 7 —E(GenBank Accession
No: FB753541) (Cheng et al., 2010) % 22— R34 51, &A
31.329-32.420 YT AR LREBUCTET D L 513 Frafmmfb L
¢-03D(Pir)2 ’ ’ TWVWDAR, ZOHEIZEY 7 7 BESNIZEL L T

(1092)

VW, KEEFRIX, TI7F RO o (A F V)R HHZ T3
FHOMBIZ EEGEZEAL T2 PN F T i~
DR % R % (Yilmaz et al., 2017),
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Xy H—ED

S - N

Intervening 32,421-32,476 BEEHED Y 10— = T S AR

sequence (56)

-PXR(AD) 32,477-32,876 A.thaliana, ~/VA ¥ L F¥ 0 (PXR) HREHE OB T
(400) PER1 O f&H#5 K 7 (Haslekas et al., 1998),

c-DAD(Ph) FEHL A £ > b

p-CNL(Lu) 33,012-34,075 L. usitatissimum Hi 3 conlinin & {s 1 D4 EA) 7 1 £ —
(1064) # — (Truksa et al., 2003),

i-At1g65090 34,076-34,530 A. thaliana H1 2k ™ At1g65090 £ 5°UTR % &ideA v hr
(455) (Braybrook et al., 2006),

Intervening 34,531-34,539 RO Y 10— 7T A
sequence 9
Pavlova lutheri 3 A -4 7% = 7 —¥ (GenBank
Accession No: AY332747) (Tonon et al., 2003) Z = — K3 5 i&
34.540-35.877 %?ti A= Wfﬁﬁﬂlisﬁé%\éiﬁﬁl‘fﬁﬁ“é Xoltary
c-D4D(PI) Uﬁ& ’ EREALTVDD, ZOHREICLY T I/ BRESNITZEL
LTV, KEEHRIZ, Fay XU U BOILRx s
NWRIEN B A TAFBOMEIL _EHESZEAL TR
TV R SO A il % (Yilmaz et al., 2017),
Intervening 35,878-35,898 BEERO Y 0= 7\ b
sequence (21)
35.899-36.090 A. tumefaciens D427 b E'2 R Ti 777 A XK pTil 5955 I3k
t-OCS ’ ’ DA 7 N EEEA T O H — I % —4% — (MacDonald et

(192)

al., 1991),

c-D5E(Ot) FEHLH

b

36,284-37,713 B. napus kD=1 > A —E (FAELL) s D7 1 E—%
p-FAEL(BN) (1430) — (Han etal., 2001),
i At1g62290 37,714-38,560 A. thaliana H1k 0 At1g62290 JED S’UTR & & e » b
(847) (7 A5 F 7T 7 —PEA'E) (Chen et al., 2002),
Intervening 38,561-38,567 WEEED 7 10— = 2| I
sequence (7)
O. tauri FH3E?» A -5 =1 >/ —-(GenBank Accession No:
CS020159) (Zank et al., 2005) % 22— K3 5#x 1, B IV
18.568-30.470 THRITBY HRIUCHT D & 5122 Frafgo@ft LT
c-D5E(Ot) @&) ’ LM, TOWEITEY T I BESNIZEEL TRy, K
WFEIL, oA a P ROF T UEDO I LR F I ILERERIZ 2D
DRALKFREZBM L, Fahu & o U f~DE 7% fi
B3 % (Yilmaz et al., 2017),
Intervening 39,471-39,486 BEEED 7 10— = 7\
sequence (16)
FAEL(AD) 39,487-39,886 A. thaliana kDT o — BB (FAEL) O ¥ — I F—

(400)

# — (Rossak et al., 2001),

c-AHAS(AY) FE & » b

40,005-40,398

Petroselinum crispum H 3 D = £ % F > (Pcubi4-2) 7' & & —

p-Ubia(Pe) (394 A — (Kawalleck et al., 1993),

i-Ubi4(Pc) 40,399-40,986 P. crispum 1D SUTR D B X F & in A o~ kv
(388) (Kawalleck et al., 1993),

Intervening 40,987-40,993 Y T —

sequence (7
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Xy H—ED

MR ! {7 B (bp) FH 3k & O RE
A.thaliana kD7 & b & K r & VR AR EESE D S653N J
¢ AHAS(AD) 40,994-43,006 W A122T [EH D AHAS DRY 7=y haa— 4%
(2013) BT (Mazuretal., 1987), ABEFRILA I XV U ) o RERE
Hl~Diitth: % 5 % % (Tan et al., 2005),
43,007-43,786 A. thaliana ik AHAS(AYEAR 7D % — I r—# — (Mazur
AHAS(AD (780) etal., 1987),
Z DA
RB 1-328 A. tumefaciens 3B DA 27 FE LR Ti 77 A 2 K pTil5955
(328) @ T-DNA £ {155 S fE (Barker et al., 1983),
i‘;ﬁgﬁ;ﬂg ffgéf"g BREHED 7 10— = o 7L
meia I el BIREHRD /0= | BB,
e A WEERO Y 01— = 7 LB,
izz;rg]r??éng (97?3; e WIGEFED Y 1—= 1 7B fE,
igflfevﬁ?éng (113é59§3_13’721 RBEH D7 0 — = 7\ BRI,
e P A o
i I s
e v A o
e i A o
e e e A o
ggxgg ?ﬁglﬁﬁ” BEEFEO Y 00— = FIC LB R,
socunen S|ty 0 RO == 7 LR
e e e A o s
gﬁﬁgg ggWAHM BIRERO 7 v—= 7B R I,

LB

43,875-44,010
(136)

A. tumefaciens 3D A2 hE R Ti 77 A 2 K pTil5955
7 T-DNA e 52 L5815k (Barker et al., 1983),

Ny H— - SEg . (R A 3 U RITITFE LR WY)

44170 725 44835bp DALEIZ /7 v T AT = =a—/L T &F

Intervening 44,011-45,141 NET AT 2T —VBELGFOTaET—H—L —EOFR
sequence (1131) FEI A & Te, 44,011-44,169bp M OF 44,836-45,141bp (T {52
FDUo—= JIVEE R E,
45.142-45.957 Escherichia coli FIKD 7 F~ o ¥ ARHUE h T 2 A
c-KanR (8i6) ’ T3 D7 I /) 7V ay RIRKARIN IV AT 2T —E
(Oka et al., 1981; Naumovski and Friedberg, 1983),
45.058.46.078 E. coli RO I~ A v ARG kT 2 A > Tn903 D
p-KanR ’ ’ TI) VATV RIFANNTI AT 2T —BEBTOT

(121)

1 & — % — (Naumovski and Friedberg, 1983),
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VA A )

. == 1 7 N
Intervening 46,079-47,230 BEEED 7 0= 7T
sequence (1152)
0.0ri2 47,231-47,447 E.coli H3KD F 7' Z A I ROERIBAAA A (ori-2) (Murotsu et
(217) al., 1984),
Intervening 47.448-47,540 E.coli HDF 77 X3 NOBL B,
sequence 93)
q (
47,541-48,296 E.coliH3ED F 77 A3 RO repE i&fs1.
c-repE (756)
Intervening 48,297-48,874 c-repE K O c-sopA O ff] OB -1 FHBES !,
sequence (578)
¢-SODA 48.,875-50,050 E.coli H3ED F 75 A I KD sopA #&fn 1 (Morietal.,
P (1176) 1986),
c-sopB f;)%(gl-ﬂ,ozl E.coliH3ED F 77 A I KD sopB #E{x 1
Intervening 51,022-51,093 sopB & UF sopC @ ] D& A= 1 FIEL A1,
sequence (72)
E. coli Hi2&® plasmid partition > 2 7 2 (R D #5532 o>
S0nC 51,094-51,567 B2 7T A ROREMNIRIRREIZE ST 2) ICHE/RF 7T
P (474) A X RO sopC i (Helsberg and Eichenlaub, 1986;
Mori et al., 1986),
Intervening 51,568-52,480 pTiC58 725 D repABC A 211 BB+ A B TA A~
sequence (913) repABC O 7' 1 & — & — % & ¢ (Li and Farrand, 2000),
o-reDA 52,481-53,698 A. tumefaciens FH3E D pTiC58 L 7" U =2 /b D repA & fs1-
P (1218) (Li and Farrand, 2000),
Intervening SO93927 | vepABC A< 1 0 T IS
sequence (229)
o-reDB 53,928-54,938 A. tumefaciens H13K D pTiC58 L 7" U =2 226 O repB s -
P (1011) (Li and Farrand, 2000),
Intervening 54,939-55,152 repABC A~z > )b OB x 1 HIEL A
sequence (214)
oorenC 55,153-56,472 A. tumefaciens FH3E® pTiC58 L 7' U 22725 D repC i&fs1-
P (1320) (Li and Farrand, 2000),
Intervening 56,473-57,429 BEERO Y 0= 7\ b
sequence (957)
oS 57,430-58,991 E.coli Fi3k®D 5 > A4 L Tnb (Beck et al., 1982), 77 %
(1562) I R LTM593 OBERBIZITZHLEE R,
Intervening 58,992-59,286 BEEHED Y 10— = T S A IR
sequence (295)
ofiT 59,287-59,455 A. tumefaciens 13K pRK310 7> 5 DFESIRED L AL (Marx
(169) and Lidstrom, 2001),
Intervening 59,456-60,074 BEERO Y 10— = 7\ b
sequence (619)

R STV D HEEARE < p-. TR E— 2 — - SIERIEREEI (UTR) & & deA o b e, BHARAENG
t-. X —IFx—F—; 0, BRIEA, FUHREES 2 FEH STV 554 (c-D5D(Te) & Y
AR DA FRCHERE SN BN TN D,

c-03D(Pir)). ##

(T« AR S NEBILR DR R ONEOBLIIHHEE ICRET 5.)
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10

15

20

25

30

B AR SR DOFERE

O B, BEFAHER, RELy 7 I 0, @Rk~ — 0 —Z oMo 5RO

IREESR T LT DFERE

ALz A I 0T X R2OERICHW LG OREREFRITE 1 (p.11-17) I

R~LT,

Q@ BHEMETFRORE~— I —ORBUC LV EA SN DEAEOKREL Y ZERY
T VNX—MEGTLLRPALNERS>TVWLERE LMHAMEZAT 2561

TDE

ALz A 3 VT 23T 1 BEOEBEQENHIICEESN, 209 bEEAE
ThHod 7THOT ¥ F =7 —F (D5D (Tc), D6D (Ot), D12D (Ps), O3D (Pir), O3D (Pi), D4D

(Tc), D4D (PHYERE) K N3 fid v > 4 —8 (D6E (Pp), D6E (Tp), DSE (Ot) K HE
T, [FHFa7—EBRPzr U H—¥] T5, ) KT he Raxr@s

H) (LA
Pl

F (AHASAY) N EEND (K 2,p20), 7HTF 27 —EBROzw T—8IE, FEHIC

EPA XU DHA ZFE/E&® D (X 1, p21), ¥ 7 F s &AL T % AHAS(AY
X, FERRRITRTEL, A XYV URBREAI~ O Z 535,

EAE

BT, BN O A faFbIiX AR AR L O/ NMaROIE T £ % (Zauner et al.,
2012, Shanklin and Cahoon, 1998), AERAZIERIE LIcT Y F = 7 —BIEMEI T ZERMAIZ Rr

B 72T TARTERITIRAFT 5 2 E A EN 5TV 5 A% (Shanklin and Cahoon, 1998).
AT EREANINTT VT 27 —BITERERETTF R L TE
Fio. B CRBESETZBICOIEER S D 2 LD DIERKROE RERE LE L
53 (Yilmaz et al., 2017), /MAEDOFEIZRIEL TWD EE2HNL, =R T—

A HH
59,
LTE
NadEVIN

JARIZRIEL TWAEAKRE L TORE< Z LA B TE Y (Haslam and Kunst, 2013).,
Flo, Az A G A RCEASN =0 o T —BIIEEBE N AL U ZHLTH

L7, MIEDIIZFEL TN D EBELDBND,

MY ORENIERIY. RS L T DBKMERNIZ L > T3 2O — /LIS
O7 v Fx VT EAE S — VITERRICREL, OfFERA 7 — LV ITMIE
VIVIRE (T N-TR AT 7 F )b« a ) VY T — U T/NNEIRDETHA B D,

o,

= @77

nn

3 SOOI T — VAV HIOBENTEIR TH Y | FEDONIEMRERIC X - THREN IR S

TUW5 (Batesetal., 2013), HAINT=THF 27 —BIZT T2 7 —BOFEHE

18
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T UV A ULT VVIBEOWT U ERIAT A8, ANz e v A—BET
VAHEESR A OB EFIHT D, Ko T, BAZIINTZ DHA £ TOHZ RGN EIX.
EFNENDOEBIZBWTHEREND T T 27 —EBid=n o T—BIlZL-> T, MilaE
WZBIT DMEERZ A T — L ENARIZBIT AT VVIEE S — Lk D%, TV EE OlR

5 BOTZODWNIEMEERITIKF L TBE) L 722 BB & R T,

10

15

Az B4 302 FXOEHICHWEZEAR T Z A3 RLTMS93I21%, 13&/a 17
Ty MAZIAENTWD A, BEREL T 7290, D5D(Te) & TNO3D(Pir) Ein 1% £ 4
ENageBia ity 20T OMAIAEILTWND O, FHHOE AN B H#IX11T
B 5 (M3,p.33), £7=. D6E(Tp) K UD6E(Pp). O3D(Pir) K (*O3D(Pi) iff NZD4D(Tc) K
UD4D(PIl) 1%, ZNENMPGMHRITELR D05, FICAT v 7 a2 L, EA IG5
ARRICEE T D105 3. 4 LA VB BDHAZ EAT DTAT v 72t 5, %
72 AHAS(AL) IBIG 104 2 &) )V RBREA|I~ODMiME 2592,
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K2 AR A IV T ZRITEAN LTRSS B OBHR L Ot GR

BERA ™ FER DI i 54K
1 A-12 7% F 27—+ (Ps) D12D(Ps) P. sojae
2 | A-6T7HTF a7 —F (O D6D(Ot) O. tauri
3 A-6 =r 2 H—E (Tp) D6E(Tp) T. pseudonana
4 A-6 =1 77— (Pp) D6E(Pp) P. patens
5 A-5F%F 27 —F (To) D5D(Tc) 2x Thraustochytrium sp.
6 | w-37H%F=7—E (Pir) 03D(Pir) 2x P. irregulare
7 | 037 TF a7 —F (Pi) 03D(Pi) P. infestans
8 A-5Twm 75—+ (0t) D5E(Ot) O. tauri
9 | AA4THTFaT7—F (To) D4D(Tc) Thraustochytrium sp.
10 | A4THF27—F (P D4D(PI) P. lutheri
11 | 7Ebhe Ry 2 —E (A | AHAS(AY) A. thaliana

FRBEFROBITH DML, ST HMEOMERER LTV,
1. D5D(Tc) }2 WY O3D(PIniBis 1%, TNENOBE T E#E0BIn Iy R EAHTZ X I K LTM593
W2 2OFTOMAAEN TS (X 3, p.33),
2x : R CFIRRAEIR AN B2 5 2 2OBE T RE Iy FTHEHINLTWS,
(E « RRICFHE SN RITR DHER R OCONEOE(LITHFEE IRBET 5,)
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14:0 16:1n-7 18:1n-7
—_—

13-0 16:1n-9 16:2n-6 16:3n-3
' — — | -3 fE W

24:0 < 22:0« 20:0 < 18:0

24:1n-9 = 22:1n-9 e=—— 20:1n-9 e—

kot A1 D)
W

{3
FEMERRIIRR G

‘5‘%%

.ﬂ_.
D%

wq

koA I FH L
IE 3 5 NTEMERE G
B AR

AR A 37T FRIZ
B\ BN S T el
BRI

1 A2 BA I U X RTEAINTZAEEE G GRS
FUA DS Y = BRIT. WSRO Z R ONEMEIEIE AR T, v-V / L )5 EPA & O DHA O A RRITAKHEL 2 ARIH 7218 A L 7= EIERE A Rk
BER LTS, BIERIE Cab OFETRL TS, I 2 TaldBifNORER 75, bIL “HEFESOKTH S, bnx OFLIEIL, “EEENKmHD o (AT
IV IRBINOEAZ TxFEHIMIBELTWDZ EEZRLTWD, oKEND 6FBIC HEABILE L TWDIEIIEE o-6 JEIfRE. 3 & BICALE L TV DI Z
w-3BNiEE &), BEEEDIEFRTE 2 (p.20) % B,
B TR LT NENGER K OB A i K OV W RENT, Az A I U2 RIEA L= TE R A R 2o~ L, JRE TR L7V K OB IR A Ak
B K OVRHNT, A2 2 A 3 U 2 RITEA LTNEAEE A R EESE N O U L » T L5 DGR % 19,

(F : RNZFEdH SN B HRITR DR M ONEOELIIHREE RET 5, )
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o -3 BHZ M A FIAE N

w -3 RS AfAFIENEE RS M AR O —f <, REOZRLOIX, BH
FHELHESED -V J LR, A a Y X U (EPA) MY R 3o F o g
(DHA) B3 5, —KIZEA SN TV RAFBEMD > 6. -3 BHSAM AR FIENEE %
GH LTS OIZIEMAIM (EPA X ONDHA &) K ONHER il (a-V / L UVBRE) D 5,

w-3 RSN A A FIIERGER X, ApiEEh, mwRdeE . k. EFERED. Mlao 5L,
EREL L O RBIEIC L > TEETH S, DHA IO FEK ORREEIZ & - CHEE
ThHO., a-V /LTt NOERNTITEATERVWMARR CTH LD, BinX
XY 7 U A FBERT HX5ENRNH D (NIH, 2018), EEFEENKRET D HAAND
REEIGLAE (2015 FiR) TiE, BEEOREF - O 7-DIZ, o-3 BHZM A EafIEN
a1 ANHT=0 1 B2 7T 205 2 E2EDTWD (JBAETEE, 2014),

T A aP xR (EPA) MO R F Yo iR (DHA)

w -3 RSN R Eafiligliie Cd 5 EPA K O'DHA (X, £ (T 7., 7B KO=R) R
A OEE (W=, A= NVHEHEORIX) 250WEY 2B L TEICERSNATWD,
ZE ORI LV . EPA LT DHA IR 1 H&H 720 55T 250~500 mg DR
HELEZ U CUN 5 (Yi et al., 2014; Salem and Eggersdorfer, 2015), L2>L72A3 5, —HO[H
TIIHEIEEIEL EE> T2 00, KEZEZTZ < OFETIIHEREERELZ TE - T
% (Gebauer et al., 2006; Kris-Etherton et al., 2009; Flock et al., 2013; Salem and Eggersdorfer,
2015), ZOFERBRIT, R TH DUBEDRINED D O Z 1S OREIIEE DG 3
[RONTNDMNETHY, EPA KT DHA % & eflin 2t e & CIHAEF IG5 2
CIIRERBEE o TN D, Eo, FHTH IO~ 2D L5 RIB DL W BRI
TAHTDDOTE S,

FHFa5—PROTa L H—F

THTF 2T =B, 7T (R-CO-) DIHE S NIALE THRETH L ENEYIC &
A DOIERK A2 - 283 T, ARV ENS —FEOMNBEIC HESZEATSA-
THF2T7—BL, AFNLENL —EONEIC _EEEGZEATDLo-TY T 278
NhD, Bz, A-2FHF 27 —BIEIILRFIINENLS REALKNIZER DK
FRNC, 03TV FaT7—BEAFLVENS 3 FZALD4EHORERIC _EEE 24
AT D, Kz A I3 0T X RZEASINTZE2TOTHT 27 —Bid, DI ERSE
AL TCRET 5,

1o-U J Lufg8:3m-3) KOy -V / L BB (18:3(n-6)) 1%, RFEE 18 T, 3 oD cis ~EFEAZEFD,
a-V 7 LVUBRIE, BAIO “HEEA T o RO Z CIFHISME L, HEREERTHD v-V /) LU
DOHEEITIE, o KIENHE A T6FRIIET 5,
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25

oy H—Fik, BEFEO C18 XLl EDIEIEEZ 2 IRFBENL THE S8 5 EH
T, B E 72t A0 4 BRBEORIGT A 7 VD 96 AERERE T H D G is e & fil
W5, Az A g v RICEASINT-ETOTr o T—BIX, /IMatkO IR,
ALTRIELTWS,

Afazx vA a2 RE, THTF 27 —EBEAR=a o T—EORBIZLY, L
A DS EPA K UONDHA ZPEASH, 1RO A 3 U F 2 3 L1387 % 5Nl % pEA
SHHERTER SN, EPA N DHA % PEAET 72018 A LT-BRE L OEED
A AT T EXRFFo TV DRI AR LD . kDA a v F 2 TR N2
WHERBE IS FEA ST, A X A 3 7 FZ RITEA I AENIRE G GRR K 2 X 1
(p21) IZ/R T,

kB, BAINEE2ETOTYF 27—z a T —EiX, 2017 4£iZ FARRP ®
AllergenOnline 7 — & ~X— &2 (version17) & HWTEEFO 7 L L5 2 & oAl R 2248 R
RBHEATOTAER, BB 7 Ly L OMEMEITRS SZen-oT-,

AHASAYVE BE

AMMEZ A T RCEANESNTA I XV ) U RBREAIMEER T (A X
F X HRWZE AHAS(AY) EIET) 1. 7 hb R ommankBEs (LT, TAHAS &
HE) L95)%a—RLTEY, TOBBTEHNTHS AHASAY ERAEOT X /%
Bil 122 /FHOT Z=F A =12, 653 FHDOEY SNET ANRT XU |ZER I
TW5, AHAS BBHEIX., Z< DWW AEGFT D72 OICHERFERE T, O LMY,
MAEMIE £, DT I 2B (RN mA v AV a0 AGROE B
[ % filif9~ % (Stidham and Singh, 1991), #EROHEMICINTIX, 4 I X4V U J U RERE
S AHAS EHBE A HET 5 Z & THIHT I VB RZ L, AFNHESND (K 2,
p.25), —77. AHAS(At) EAE R IE-MWIL. =D AHASAY) EAEIZEBIT 5T
RBOERIZEY, A XYY URBRERIOR GBS E S, 8 OGRS
T 5 2 7 < BREAIMMENM 5 S5 2 L3 53TV % (Newhouse et al., 1992),

2 AllergenOnline: Food Allergy Research and Resource Program (Z & ¥ Bi%E « &5 S5 T — & X— R (2035
DEHNZETe) T, BT LAF—OHMAFIZ LY EEH ST %, National Center for Biotechnology
Information(NCBI) & Internatinla Union of Immnological Societies(IUIS)H TR A3 21T & L7 BL¥ % #i53

L. o087 LA —iFsE (IgEfGHi) Ea®m7 Lax— (R 2Rz, 77—~
—RZIBMT5bDEEALTND,
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72%. AHAS(AY) EEHEO T X/ BBESNZE-S X, 2017 4£1Z FARRP @ AllergenOnline
T ~_— R (versionl7) = FHHWTREEND T LV v L ORI AR RIMERR SR 21T - 7=
R BT LS v E OMEIMIZRD iz,
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A FEEEME oA 3T F R
AHAS

eneom | [ereom) === [ 7t ram | === |

AHAS

B. AKX EAITFFX

AHAS(41)
lerevm |+ erers] ﬁ| 7+ bk | e <y |
AHAS

AHAS(A?)
2-4 MEERE [+ B v UE E— -7 b 2-b KX @l () | (v sy
@@',\
AHAS

(A A RREAC L SBRIEIAE |

X2  AHAS & FHE K O AHAS(AY) & 8 O1EFE

AHAS EABIIDIGET 2 VB (NY >, oAy, A aAf ) ARROF 1 BEBECERT 5, l:/lz
EUR 2 EMG LT ' MLBAENRT DS RNV E U 1 3 L 2-0 MEERE 1 3 E RS
L 2-TE B 2-b Rw A R 2 AT 2D RO Z il % (Singh and Shaner, 1995; Duggleby and Pang, 2000)
T A 34 R NTERD AHAS K EETEEILA S 47 ) ) 2 RREANC k> THES 5720, JEfLifA
A I T H RIS D (A, — . AHAS(At) EAEERAT IR A I 0 F X R TIE, 134
S CRBRERDFE T THHEET I B (N v, mA Ty A Va0 OESGRITAEI N
T A IX VY RERERIMNEZ R T (B),

(E - ARICFEH S N7 IE IS ER D MR M OB O BRI HFEE ITIRE T 5.)
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@ HEEOFRONESREZLLSELHBITLONE

FYF T —P LT H—P

AR EA I U TR, BASNET Y F a7 —BTHAPTr o —E 3D

BT K DFT-RIENRR AR 2@ L T, 1RO EA I VT ZXPEATLF LA
fit % F£1Z EPA & ()" DHA 24T % (K 1, p.21),

THF 2T —BR O o —BRENERRE RIS TORME Z L3f b T

V% (Shanklin and Cahoon, 1998, Leonard et al., 2004), EPA K& T DHA O & K1 L H —
10 TR, BBAKRREO Ry U —7 &@ L CAEMICELEIND EE2Z LD
(1, p.21),

2015 F\KE 7 3B (T A A TN, SRV ZIN 2 S, BUX T, S —AFaL

N, o RF LN, Uy BN ITBWTIE S =AMz A 3 T F 2 % (Ts
15 A% X 4, p.36). FEFH X B A T U X R ROPEEMFEO LA 7123 T, OECD
QROI) IZFE T BN TV DRI K ONEAN LT BB I > THEASNDAEAEICE - T
R ZT D AR D & D HEMEE 2 E LTz (3% 3, BINE B 2),

#* 3 WE 1T - To2NElik

BERE | B4 BERB | EA4% BiERE | B4
C14:0 RURFUWE C18:4n-3 ATT U R C22:4n-3 —
C16:0 2L F U C20:0 VA A C22:4n-6 7 KL g
Cl16:1n-7 AV NPT C20:1n-9 = g C22:5n-3 VA ZaV ANV
C16:1n-9 Cis -7-~F V7 & i C20:2n-6 A aY T MR C22:5n-6 FAR L Nig

_ _ . . _ Fa %4z i)
C16:3n-3 C20:2n-9 C22:6n-3 (DHA)
C17:0 ~ LAY R C20:3n-3 A at )W C24:0 V7 kv R
C17:1 ~na LA R C20:3n-6 UREy-U LR C24:1n-9 IV PR
C18:0 A2ATFT U MR C20:3n-9 I — N Cl16:1 trans | trans-/S/L X F i
C18:1n-7 cis -7 & g C20:4n-3 EARERAT TV C18:1 trans | trans- A7 7 U g
C18:1n-9 T LA Uk C20:4n-6 T T N C18:2 trans | —
C18:2n-6 | U/ —/Ljik 0503 | S FI ST =YW Cles trans | —

(EPA)

_ o . SR NN A
C18:2n-9 C22:0 AN S
C18:3n-3 a-U /L EE C22:1n-9 —
C18:3n-6 v-U L C22:2n-6 —

(E : RFICRREH SN2 ERITRDER L ONEOEEIIREE CRET 5,)
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7% 4(p.28-29) 12, AfHLZ A T 7 & RV T EPA KT DHA OA RGEFE THi/z
WCHEASNDIENERZ R L CWD, ZbOiEhERIX, M v A1 3 v 2 X KO
MR CITEERR (LOQ) Rii7Z~7=7=, Az A 3 v ¥ RITBIT 5 HIER
RDOHZER LT,

FEMEM A I T RCBWTCHEESN DI E Az A 3 v+ X
FERBE LT A, ATT U VEE, U — VR, ROV R T v ARRRFERIZ BV T, K
Mz B A I T2 RITBTHENHEERCAEICELS . — ., 27UV LA VR,
Cis-/ N7 BUR, ALVA VIR, -V /LB TIXVURR, A2 Rl SRR
77 R ORIV RIS %wfiﬁﬁ%% ICHBITIR > 12 (3 4, p.28-29),

KMz A I T FHARIIBITBHNVI A VR, ATT U R, cis-/NT & U,
a-U VU, RIVRUEE, TIOXTVUEE, TR, XU VT kY VR
e b7 2R D28 ki, EPA O DHA # AT AT-DICEAINT-T YV F 27
— B LRV T —RBITEEEZZ T O TH L0 (K1, p2l), 2o DA )
MBI, PR ST ILST A Ak oy 7 — 5“*7%EM2MQ®W@@ﬁIWT%OKO
—07, A2 A I U T RICBNT, RHESMAEFMENLROAEICRIT 5 FEE
%%WT%%%V%VM@%@#ﬁ@z?4a?%&?&%@bfﬁﬁ%% CHEICK
<V —NEEG RIS Z A I 7 F 2 3 L R L CHEHFRIICERICE > T2,
TSI PEE TR ORI K OV ILSI ARy T — X RXR—ADEBO#FHE B 2 T\

O, —ROEWEROERAMM (KEHM, hvEra M, 272l OHFENTH-
7= (/%Ha‘llz*a/\ H AT AR A 2 2017)

VAR T A T T HRCBT DR N7 ARBE O EAIMEIL., PEEMFED
ﬁ@%l%ﬂzf#ﬁﬁzk%a?%&z&m«mﬁ%% ICHRBIZE -T2, Ak Z
A TFERICBWTIE, BRI B I F R LT E AN S L AFET
L2, TIHMN N T AR B ATREMERN S K e BN, HIE ST b T v A IENEE
DEIRD THLETH -7 (3 4, p.28-29),

Kz a2 xOEHBRTHD IV AF U, cis-7-~FV T8, <L
HY U, v a A VRN A U UEEOE IR, R FRRIEENT O S A T
ST, ENENORRRIEE O EIMEIX., & TrREENFEOFANTH -T2, 7=,
TV UFROMEIT, A A 3 AR RO A G v Xxoet T
B W TEREIRFEART CThH 0 . IEIESHEEIZ R L 2% & 95 Z:#E (OECD, 2011) %
7= LT,

k. JEIAEE & IXBNICHIEZE ZRIE L TRBY, *BOHEMBEZ A a3 v 2 RITE
WTIE 38.95+0.96 (%), Az A 3 v ¥ 2 ORRERILEXIZEB W TIE
38.45+0.96 (%Wif#E) T, Az A a3 v S X x LI Z A 3 v - X X OHIE
BEBEIITREIRNABEEN 2L RNz A a3 v+ X 2O G BT IE
WLz B a2 R ERRREEEZEZ BN,

UbDzZ &t Az A1 3 v 2 xOEEEMRIL. EPA XU DHA % & F
PHZ M AAEFAG L EE DEIS OBEIN, BB R OV RRIGRAER IS 724 LA VB, VU
—VEE, WONZ b7 AR OEIG OELZFRWT, kDA I U F & R EFRE
Thbd, Fl-. Kz A I U FZRITBNT, HIEICEASH D IENRRIL. NIENE
felhle L REkIc, N—2Bric X csnsd EEx6n5,
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fFoT, THF 25— ROT o H—F L. EMEEHARKICEX L7-Z{K OESHE
L TCTPRINDELLAMT, EEORBHRITEL TRWEE X BT,

H 4 AL A T T SRR UM T A DTS RIS BRI (%)

£1E wiayrwx | einnrsx| Pl RO | st o
THERERERE | R HEEEE | e 2 R X[

(21])4:/;)%\&2 0.061 + 00069 [0.064 + 00038 | NA* | 004 - o007 |TFOQ OO0
(/égf))%‘/% 454 + 011 | 457 =+ 0.11 Oi\llé“ 291 - 446 3.55-5.7
E??g;lj)\wi T — 0.057 + 0.0043 | NA’ _ _
ZC;Zi nF.7I)M o 029 + 0011 | 019 + 0011 O'SOOI 018 - 028 | 0.16-0.4
E&ZJ&XJL?JZ “B 10040 + 00057 | 0048 + 00049 | NA® | 003 - 0062 —
{f:i?jg)u " 0.048 + 00028 | 0.048 = 00037 | NA® | 0032 - 0048 |TORGO)
Z;?jf)m A 0.053 + 0.0035 <LOQ NA | 004 - 006 | Log 1(2-04)7
(T:Z?(:)U " 218 £ 0061 | 277 £ 0061 — 0'8001 173 - 223 1.5-2.77
Egﬁﬁ%T”Vﬁ — 012 = 0019 | NA® _ _
f(lislsj\liﬂ;)/gﬁ 350 + 0.0 | 346 =+ 0.10 0‘%47 257 - 347 —
(2511;;41 ﬁ/g);{ 5483 % 074 | 2641 = 074 [— O'SOOI 5521 - 7644 | 53.19-69.45
(231/8;;11/% 1920 + 047 | 2780 = 047 000L4 s8I - 2323 | 1413-25.68
C18:2n-9 — 1.12 + 0.15 NA3 — —
?C;jsé 1[1/3;@2 801 = 021 | 537 = 021 [— 05001 197 - 852 _
zcig/?, ?6/) it — 160 + 0.16 | NA? — _
(XC?;Z 3 3?‘/% — 026 + 0038 | NA3 _ _
é;oﬂg)//@; 070+ 0017 | 066 = 0017 20 057 - 08 (025)9(?8 ]
(:[cz/oEnA;) 1.03 0.7 = 0'8001 1 - 145 | 1.00-1.82¢
EEZ); f 53: - 0071 + 0019 | 010 + 000 | NA’ | 0045 - 0.12 (0; 4%90%64
C20:2 n-9 — 033+ 0060 | NAS — -
éz%:? ?3§ S — 0.067 + 0.0093 | NA® — _
(é;:)?nyg el — 406 + 038 | NAS _ _
(227):?%9) — 0079 + 0016 | NA® _ _
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EAREATT U oW

—_— 3 _ _
(C20:4 n-3) 192 + 027 NA

7% N

— 3 . —
(C20:4 n-6) 187 £ 025 NA

TA AP R F T :
(EPA) (C20:5 n-3) - 627 =+ 0.46 NA — _

N <0.001

(€22:0) 034 =+ 0011 | 026 =+ 0.011 S 020 - 045 0.19-0.46
C22:4n-3 — 068 =+ 0.12 NA3 — —

7 RL U :

(C22:4 n-6) — 045 <+ 0.042 NA _ _
TR ) KRR :

(C22:5n-3) - 275 +£ 0.5 NA _ _

F AR Rig .

(C22:5 n-6) — 0.072 + 0.017 NA _ _
Rt

_ 3 _ _
(DHA) (C22:6 n-3) 077 £ 0.12 NA

A R

(é;_g)t) < 0.19 + 00078 | 0.13 =+ 00078 <0'8001 015 - 031 (035)9326
PRIV R <0.001 <LOQ
(o1 ) 0.13 £ 0.0079 | 0082 0.0079 == 0.08 - 018 | (GO
N A <0.

EEH;L 0.062 + 0.0065 | 027 + 0.0065 08001 <LOQ - 0. NR

7 % FTOIES (4% 4 K1) T, 100g OFE7- &5, o#r Lizfla2 ko, (JEIiREA &/ BB E A& )x 100 T
IR Y 72 0 OXIENFE O EIHE (%) 2R L T0D, A A I3 72 RCB N TORBH i, FEHHR
ZEA AT HRIIBN TR SN b0, — R L,

VARHIH Z A 3 07T R, BEUER R BRELHI M OBEDS 3~4 KD CTOA 2 2 Y ) U RREAIO BN (35 g
a.i./ha) (T K 2 HMER LR PR A F2h L 7=,

PARMMAZ B A T U FH R LI A T U E RITBWT HRIECE BKME 5%) 21T o 72,

NSHEZZ L, SAEEDLV,

S ERE B RO R AW T2 SR o 1220, HRE BT A R0 o 72, NA GETE )

4C20:1n-9 1% 20:1 =1 =& fE, C20:2n-6 1% 20:2 =A IV UfE, C24:1n9 13 24:1 FVR UL L THRES L
TWa,

STRFHIENT 2 3 D BRI R T B AT o 7o, MBI 2 U 7= 3, ARSI X A e L 7R v o 72,

6 k7 v ABIO G LR OKFN

<LOQ :E&mMRFANG, NR: #eE72 L

(JE : ARICFHE S AT HIER DR L ONE O BRI IRET D.)
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A2 A T 7T X FOFRGER

2014 FAIZHERE T T KEICB T AR 2 A a3 v F 2 x &2 EH L TYTo721F
BaRRICB O T, NS REE TOMICATORIENEE L AHEW 2 KO3 IER
MET L7z (3% 9),

KA Z A 3 U F 2RO T DB, Iz B a3 v 2Ltk
LT, ARSI ER 2B S LR R IEE EIZZIT 20 b O OGN A A
BlbL, FTORE - ARICEEBLZRIFILCWDLAREERH DL EEZDND, vu A X
X7 (A. thaliana), 77 37 (B.juncea). 7 7 77 (B.rapa) K Nt A I 7 HX RIZEBW
T, M EOHEBA B EFROMTICHEZL KT TVD EOWENRH S (Knutzon et
al.; 1992; Miquel and Browse, 1994; Schierholt and Becker, 2011; Bhattacharya et al., 2015),

25 2014 FKRENCB W TAICHEME L7215 BRI 1T 21 7 O R HER (%)

T Mz A I T E R Az A I FHxR! t-IR E
A SEEfE AR YRR A2 AP = R ERA A 2 p
FEAEFR3 63.0+4.0 46.2+4.0 0.003

VKM Z B A 3 U2 R T, EEER R BRER K OBEN 3~4 B DBV TA I 4V U 7 REREA
DA (35 g ad/ha)ll K D HEFRIBRAE B4 FEhi L7z,

26 # FTDIFY; (4 4 XK18) OF-HIE,

S EHBOM BRI, EHTRE L2 DR &2 BRI SRR L7z, FEERIT, HELY
P U7 FE RIS T 2 RO E S E TR T,

(T« KRR S N EBUZLR DR M OB O BRI B SRR T 5.)
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15

20

AHASAYVE 18

AHAS EHEITHED K OED DAY o aA U RS YA DT I BAe
B RS THREE AN TV D REIEESE T D (Delfourne et al., 1994), AHAS & HE L
AR O EE L HEER CTH Y, KERMTHLIZENETNOT I JBRIZE->TY
4= Ry 7 Wil &% 5, AHAS EAEIL., BAShZT 2 /%%@ A5y
U ) URBRERISORESBI NN Z EBRHMLATEY, ZOERZLY, &
D7 4 — Ky 7 HllZEL@EOT I ) BOERREMFF LN, AIXV ) v
REREAN K DMt %+ 595 (Tan et al., 2005),

AHAS EHE X2 TOMY & MEIOEEMICHFET IO THY . 2HOEMMND
B ST & 72 (Mazur et al., 1987), Afl#fiz A 3 772 2R OEMABRZ A 3 75
ZXDT X )BT AT o To bR, Az B A 3 U F 2RO EET I /B v
B E RIS RN EDIRENT (£ 6), 7 2 7 BRI, 2015 4RI K E
D TIEG (TAFTUIN, IxVEM2HE, FFFTIN, 2 —AF LM, U RLa
PN, T b)) TUNHE SRR 2 A 3 7 F 2 3 (Ta A% X 4, p.36) K OVE
DiELEMETH IR Z A I VT HXFORBFEFNHAVLNZ, £V AT KD
NY UEREIL, A2 A I T2 R EIERZ A T T X R OISR A
BEIIARON -T2, £, Az A I v x4 v o GRITHFEMHBZ A
ISR I SHEFRNCABIE o720, B A T T X RPEELEOHKEANTH
> 7 (BIREE} 2),

—

~)L

FoT, AMME A T 7T X RTHIICHI &7 AHAS(AY & FBIEAE EORH!
RICEBRL T Ex b,

5% 6 JEHLz v A I U AR, Az A AU T X RICBIT AT 2 BREAE
(FZ R EE %)
T PR e
R Es YA TFH R g rext | ] p_ '_'f_g _______ MO AXM
LYy T FEUERA S S - REUERR S t-FR € 2 B/N-TK
AfvaAfsr | 104 + 0025 1.03 -+ 0025 mfﬁﬁ ------ 089 - 126
oAy 179 + 0042] 175 + 0042 |- Q%?Z ------ 153 - 218
Y 134 + 0030| 134 =+ 0.030 |- (2329 ------ 114 - 162
TH FOEE (& 45 E) T, 100g DR T & IR L. 25 Lo VI - e,

VARHHIA Z 2 A =T 7 2 R E, B BREA R OZED 3~4 MO TOA I XY J v RBRER| DA

(35 ga.i/ha) i
302 A HKHE 5%IC

T K D MR e P A S L7z
BOTHREIC L DAEEREETT T,

(H + ARFAC RS TP AR 2 HER B DA 00 B 1 7
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B, Rz B I U T X R THRIAT S AHASAY EEE X, BEICHE —FRAH B
DA CERL25%3 A 27 H) 25 TS 4 XXV U ) U RBREAIMMESY A4 X CVI2T B3 a
T HUWE csrl-2 B FNFEAT HUE AHAS EHED 122 ZFHOT 7= % A=
IZEH L7 D TH D, BE AHAS EHEIZ, TNETIIA I XV U J 2 RBREHImME

5 &P 595 LIAMT, 16 EOEHZN T ARENREICEEEY RIF L LT oME TR
VY,
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Q) X7 H =TT DI

A AR OHK

5 AMHELZEA T UFEFOERICHWERY X —x, X7 ¥ —pCH20 % FEICHES
ENT=7 T A RLTMS93 TH 5 (1K 3, BITSEE} 1),

(ug)7135-d

;““ﬁgsh

, 5D(Te)g N T,
/ 3\ %

i-At1965090 [
LTM593
60,074 bp

p-SBP(Vf)

W
20
o Q Q o o) b
¢} 2 s 2 o m)
3 i e 9 b
(&) (&]

3 77 A3 KLTM593 #i[X

10 #EAEOBLE 1Yy NI, WloMIC, &y MEITHWRHITRL TS, D5D(Te) &Y
03D(Pini&fs %, Al UEIaF235% OB+ HEy MIEASATEY, Zhb 2 SOEEFHEE
Tty FOAFRCERE RSN TND,

(E « ARICFEH S N7 TS ER D MR e O R O BRI HREE (SRR 2.)
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=S

©  R7 2O O RS

ARz A I U X XOEHICHWSNT-TF A2 K LTMS93 O 4 50T
60,074bp TH D, 77 A FLIM593 DR ERILE 1 (p.11-17) IR LT,

@  REOHREELA T HWIERSN D D HE1X. £ OkE

77 A3 K LTM593 13, T-DNA FEEELS OFMANT T RLiZ 3 HERE 2 RO Rds & A
T5, 2B, KX A I U F X RTINAO6DOEIIPEAIN TN RN &N
WA > — & o ZAH AT (Next Generation Sequencing: NGS®) (2 X W R ST\ 5,

® E.coli kD F 7T 2 3 ROEREILES (0-0ri2), BHRIBALAEISF (c-repE) X OV
T A RoELEE T (c-SopA, c-sopB 2 TN sopC), c-repE, c-sopA, c-sopB KN &
TL AV FTHD sopClla— FENTWAHEAEIL, 0-0ri2 HRLE S & DM AE
DEIZLD, E coliNT300kb £THOT T A RELEICHERF 35 (Murotsu et al.,
1984; Masson and Ray, 1986; Mori et al., 1986; Shizuya et al., 1992),

® A. tumefaciens D77 X I N pTiC58 IZHI2K$ % A~  repABC (c-repA, c-repB,
c-repC) (Li and Farrand, 2000), repABC B EHE X, 7 A I FOHEE A
tumefaciens D HLZ %5 L TV % (Oka et al., 1981; Tabata et al., 1989; Gerdes et al.,
2000; Pinto et al., 2012), #EAIRIEDK A (oriT) L. 77 A I KOG NBRLET DAL
[E|Zd % (Marx and Lidstrom, 2001),

® 77 A I F LTM593 DAVEREEIRIZIE, Bk~ — N —L LT, AT~ A T U0tk
Z 59 % Tn903 HI2k KanR B - KM ZE D7 nE—Z —%2f L TW\2D,

@ AT F—DEGME DO J NE M AT 55 AT £ OEFEEICE T 5 1R

7F A3 K LTMS593 OGP 1350 S0 TU 720,

SR — 7 = o AR, BT B 505 75 O DNA 4y F % R ESI E vl RE 2R il T b B, A
Hrix. Illumina HiSeq #gs &R L. 7/ L% 7 Z ANZOIW L TE L oW 2 1Ek L, £hEno
Wi by 2 e U, MRS 2 T3 2 2 & T, &7 7 AMEROE RSN HE TE S, ZhETOYY
7 uy METHLNDHER (EAGEITH, 2 €8 N7 ¥ —OIVEEERO A B OV BB
DOBEFTHARIT T DAREDOZZTENE) 73 NGS T L OFARMAR R I L >~ THE LN D,
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(3) EARF-HLHL 2 A E DR 15

A 15 BRI A S VIR R DRE R

HEENICBASINZZ T A KLTMS593 @ T-DNA R EFRIL, #£ 1 (p.11-17) (TR
L7,

7 15 ENIZBA ST g OB 1k

7°Z A3 R LTM593 O T-DNA fEI %2 7 7 a7 7 U o AEIC LY FEHEZ
A I U 2O ITE A LT (De Block et al., 1989),

N RIS TR 2 RS O B R

© BRI SO ERFE

eI AT > T2, 4 I &2V ) VRBREARIO 1 DTHHA~EXZE L%
Giokr TR LT,

@  BEBROBAGIERT 7any TV MNEDOBEIET 7uns 7 U U AOREK
DIRAF DA

PAMBEIN_R=V ) CERMUEEMIC LY BEERBRICHW =T 7 e s 7
U LAEERIIRESIN TS, BIZ, H—2 @) QIZEs#L-@y | flirz AT
NGS fifr 24T > Toth. A A I VT X XDST ) LETTAI R LTMS93 & D
A TCOBRBERIIOFFMEZRBE LR, Az A 3 v F 2 xicxr 22—t
BRERIIEENTE LT, 77 A3 F LTM593 2887 7 a7 5 U 7 AREF
LTCWAWnWZ xR LT,
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@  ERIABAINIZMIENS . BA SR OERY) OFIEIRIEZ MR LT
St FEEEIZS BRI U7 R = oA S R B S o LB A T A&
INET BTOICHW LN R E TOERR ORI

5 B ORI W T, A~ EBX ENLIZIEOH D NEHFEERIKL, D%
DIEFEERET To R OEMIEE ST, TolfkE2BFZH L, SEHAEO T it E
B’ L2, BROBEEZX 4 1278 Lz, 2B, AEGFEOMNZO#AIL, T ALY
ZO%MRTH D,

10 Az B I UFZRITONTIE, BEEEZSHEE 7RIS TR SUIEERHIZ
T D70 O, BEg, ML, RE. ERLOBERIT RN 2 OIS 5174
IZBIT2H —MHEASOREEZIT) TETH D, TOM, BAFAEEICE S AW
& L COREMEOMGRRGE 2 ARG 2, O 2MEOMR K OVE OUEIC
B9 D IEEICE S SR E L COREMOMIBHGE Z BHKER ICENENITS T

15 ETh 5,

[EABAE R > = FEBAR]

X4 KMz EA I TFHIOERKN
20
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(4) AIEPNIZIE A LT IR O AR HE e OV REMEIR . L D TR E B D22 e M

O BASNERROBERYDFET D 5T

RIEDONGSFEHTIC LD, Az A 3 U FZRIZBWT, B4 @RkoEn
Z41L 1 % P (Locus 1 & O Locus 2) (2 A S 4172 2 -2 T-DNA fEi (Insert 1 2 T Insert
2) (K 5, p.39) DAHAIAE N TN D Z & DR STz,

@ BASNIEROEEY O 2 & —H K OB A S TR OE R OIS
B DARED L EM

ALz B A I U T ZRIEASINTZEABRFOMARGEITER, 2 ©—%, X7
K — DI KRR O A7 B ] OV GE A T ORI BT DInEO L EN 2D
72812, NGS, FHFREIMERZR N DN AR S 7-fi8 O PCR & ONE SLELSI AT 21T > 7=
(3 7, p.38; BIVRE KL 3 KT 4),

KA Z A T 7T R (T3 A% X 4, p36) ROKHBOIGHIAZ A I 7 F % 2 h
BRI L7 2 &M Rk L. £ 125 bp OIS 2 Ry —7 =P —
(Mlumina® HiSeq™) & W THEMNT L7z, i, REHTICEBNT, —27 = AEENL
EHTI60 LA B2 o772, 07y — 7 U ARENHER SN TV D 2 & DR
nTW5,

Az BA I FZX0BELNTZ DNAKA O B, WAHT T 23 KEHMFE
PN S 5 DNA Wi &2 O, SVERSGEIR & FRIRIEDY & B BLA O A 8 2 il L 7= ik 3R,
GE RS R &I XFRRIE SRS BT, AL X A T U X RICHMVE R R TR
INieroTe, HIZ, DNA KA ORI O—HNEAHN T Z7 A REIEED S
JAE—HTHLDE, BABELRTEEEDOT ) AL OBEAEYIE L TEKL, 8
B REE A B U 7= (split read fifdT), ASHHAZ A I 7 X 2Tl 4 SOHEEEI
EESN, BESNTZ 4 >OEAEHEBON29IL 7T A3 RLTMS93 ® RB &, #FE &
N7z 4 SDOPEAFEROFEY O 221377 A3 K LTMS93 @ LB & #8453 I BL ] 0 —F
WRO BTz, — ), AROIEEEZ A 3 - % 32 Tld, #aEBITEE SR
Mmole, oT, KM Z A I UV FTEROT ) AHDO2IFFICENEN 1 28 —F
D, At 2 a2 —0 T-DNA fEIE LA E TRV . IVERERIIMR T S e o7,

S — AR WU A — 7 o A LA RTRE, v — 7 ATEEN 75 DL kI
BT, +oRBRMAMTA 5 Z ERHREINTVWAS (Kovalicetal., 2012)
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Insert 1

Insert 1 (A L7277 A I FLTM593 35T 13 OB -HE & > b (14 3,p.33;
# 1, p.11-17) ZE ATV, 2 HEOBEHBENZBD 572 (K 5 A, p39), 1203 c-
D12D(Ps) OEFREEIRICIH VT, ¥ MU BT T = CHEEHR SN TE Y, 04k
B, DI2D(Ps) EAEICBWTIZZ == AT F=r R X7 I JBEkmsh T
Wiz, E£72. Insert 1 ® O3D(Pir) ® 7 11 & — & —p-PXR(LU) ([ZF VT, IO kv
MBET T = ~OREBEBBRPED SN0, ZOWEEEBRICLDT I BOEIL
IR oTz,

725, Insert 11X, RB ® 5] 184 bp & LB ™ 3l 72 bp 2K L THKY, RBD 5
18l 64 bp (ZF\V T HELHI D3RR S AL7,

Insert 2

Insert2 /[T A L7277 A X K LTMS93 & Te 13 OB TREBL I & > b (X 3,p. 33;
71, p.11-17) & ATV, c-DAD(Pl) OFFRFENICB W T 7T =0 R F I 12
BEBERINTEY, ZOEE, DADP) EHEIZBWNWTT Z=nEY 27 2/
FRiE A X Tz (X 5B, p.39), F7=. Insert2 X, RB D 5] 184 bp & LB @ 3] 53
bp KK LTHEY ., Insert2 D 5Kl DI D 2bp KO 3 Kl O Fe % D 4 bp 13,
T-DNA ke OME 5/ AEF &1L —F Lo T,

Flo. KLz B A 3 U 2RI TR S U286 3880% O T-DNA A =
TehdFZ PCRIC K VIR L, Z OB Z AT L7-/E %, A DNA @ 5] (1179 bp)
Je O3 (1291 bp) OITFFREFINIL, 18 F MO ANE (BT 28810 & —E L7 h5,
Insert 1 (23T 8 bp 23, Insert 2 (23T 31 bp D RKNDHER S 72,

A Z A T 7T Z FNICHA S37= T-DNA SEIROE LA (T3, Ta KO Ts 1
K X} 4, p.36) IZBIT DLEENEICSOWT, NGS OF — & & HWCTHREMREEZIT- 72
FER. FRE SN 4 o OAEKT 3 HRICBWTCH UEAT TGRS, A S
2 O® T-DNA fEIRITZE L THRRICER L TWD Z BRI GIREE 4),

30 7 BB TRNT DK
HH i e
EPNEDBIES B2 DYEARIZ 1 H T D0 G2 57,
o B —H 23—
bl ka0 A4 R & T,
i B LT DU BB O e A IUFTERT ) KRR S T,

(JE « ARICFEHE S NVIAFRITR DR R OB O BRI H A RRT 5,)
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Truncation Truncation
of RB(184bp) RB CtoA change c of LB (72 bp)

3'Flanking region

Rearranged fragm ent
of RB (64 bp)

5'Flanking region

(1,179bp) (1.291bp)
| : >
LBFLFK Insert1 (43,818 bp)
B
No alignmentto genomic Truncation Truncation No alignment

sequence orT-DNA of RB (184 bp) of LB (53 bp) togenomicsequence

(2bp) or T-DNA (4 bp)

5' Flanking region 3'Flanking region
(1,180bp) (1,009 bp)

LBFLFK Insert2 (43,779 bp)

FHAI T v b EERT D BInER

1t b FuE—4— Av b FHER Bk eI R A —
1 p-USP(Vf) i-At1g01170 c-D6E(Pp) t-CaMV35S
2 p-CNL(Lu) i-At5g63190 ¢c-D5D(Tc)1 t-OCS
3 p-SBP(Vf) i-At1g65090 c-D6D(Ot) t-CATHD(St)
4 p-PXR(Lu) i-At1g62290 c-D6E(Tp) t-PXR(At)
5 p-napA(Bn) i-At5g63190 c-D12D(Ps) t-rbcS(Ps)
6 p-SETL(Bn) ¢c-03D(Pin1 t-SETL(Bn)
7 p-USP(Vf) i-At1g01170 c-O3D(Pi) t-CaMV35S
8 p-SETL(Bn) ¢c-D5D(Tc)2 t-SETL(Bn)
9 p-ARC5(Pv) c-DAD(Tc) t-ARC(Pv)
10 p-PXR(Lu) i-AGO4(At) ¢c-0O3D(Pir)2 t-PXR(At)
11 p-CNL(Lu) i-At1g65090 c-DAD(PI) t-OCS
12 p-FAE1(Bn) i-At1g62290 c-D5E(Ot) t-FAE1(At)
13 p-Ubi4(Pc) i-Ubi4(Pc) c-AHAS(At) t-AHAS(At)

5 Kz T A I UFHZRKITEIT D Insert 1. Insert 2 Kk O EEAR S O HERE [X]

VEEERCANIZ AR S L, T-DNA SN ORE I v MIF S & OREREITRLTWS (Fa5 1
~13), HEOKHIT, T-DNA FEEOEFIN 7T A I K LTM593 DL & Bp > TW A iEEZ R LT
Be [GMB T X7 T=20mbFI~D, [ChE Al 1TV MU T T ~OE LB %
R LTWS (A, B),

(T« ARICFEH S N7 T HISER DR OB O BRI A IRE T 5.)
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@ RO LIEEa E=BEELTOLHAIE, TNOEEEL TW 228 T
WD DDl

Az A 3 U7 2 R1T BARDPEMRIC, ZRE7 1 57T (Locus 1 X TF Locus
2) IZHRA & 472 250 T-DNA FEIK (Insert 1 % O Insert 2) &2 :F2, £A 2 7% 1 Z,
“fERDT 7T (B. rapa, AA) N~V ¥ (B. oleracea, CC) T H RIS HERT A
HEDSFAE L, WS IRREDY A 3 7 % 3 (B.napus, AACC) B3R L7= & & 2 LT
% (HH 5, 2016), Insert 113 Cnn random’® & #HF SN TWD C T/ LaAERT 544
KD 1 DITHAIAE I, Insert 2 1% CO3 EHE SN TWD CT /) La ki 2 YLtk
D 1 DIZHLAIAFE HU7= (Chalhoub et al., 2014; Centre National de Séquengage, 2017),

@ (6)DD IZBNTEAITR SN D REICHOWT, BRSO T TOMER LD
AT ORI DL ENE

2015 KX TN 2016 A KE D 4 BEFOIFGTHEE SN, Az B3 v T4 =3
(Ta L OV Ts AR 4 4, p.36) & VY, B B EBEMEICB T 2 EN TN OERE
DORBEZWE Lz BIREE 5), HIEIE, Bz, FFREROHEBRMEZZE LT
ELISA {EUTERMN Y = A X% 7 vy MEZ W, ELISA {Ei%, D12D(Ps) B HE.
D6E(Pp) E & . D5D(Tc) & F'E LU DSE(Ot) EHEIZ, EEMNYVTAZ Ty k
i%1Z. D6D(Ot) & H'E . D6E(Tp) & H'E . O3D(Pir) &2 H'E . O3D(Pi) & HHE .
D4D(Pl) & H'&. D4D(Tc) & FHE K& Y AHAS(AY) & B DR EOPEIH W,

ZDfEFR, Ta HARIZIUWT DOE(Pp) HHE'E XU 03D(Pi) & HE TV Oflikic
BOTHRANBH SN0 - 7223, DI2D(Ps) & H'E . D5SD(Te)E H'E . DSE(Ot) &
FE. D6D(Ot) & HE . D6E(Tp) H H'E. O3D(Pir) 8 H'E. D4D(Pl) EHHE KT
D4D(Tc) BEHAE X, KA OV AT AAFE 7-NIZB W TO AR S iz (3F 8 LV,
p42), —J. Ts ARz TIE, D6E(Pp) HHE. D5SD(Tc) Z2HE. O3D(Pir) EH
&, DAD(Tc) EHE KON D4D(Pl) FEAE X, R OV UL RAFE 7-NIZ W\ TH
B s znotz, £72, AHASAY) EAEIL, T4 ROAME 7 2RE2£TO
R B W TER Sz, 7238, D6E (Pp) & U O3D(Pi)E /& X ELISA 1 & OVE 1Y
VAL 7y MEZHWTZERIZIERERA LT Th o 722y, REREEICE D
BRI AToTe v = A X 7 vy METIIRE S (T3 ), i, LC-MS/MSIZH
W D6E (Pp) e ¥ O3D(PiE HE 1T H S iz,

SB.napus D47/ ATTEARICHEH STV 720, Cnn random & FERRAMFUN TN D Ge @ik i3>8000 /7
EUbLoarT7 4 7 Tho,
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T, A2 A AT X RCEASINTET YT 27ROz H—EIZ
£ % EPA KT DHA O#IIIZDWT, Tz LT Ta HROFE 2 TR BR R A S HT
EiTole, TORER, BAINLTH T a7 —EBLRzr o T—BIZLDERkDE
A =TT X RIILFEA SN2V EPA R ONDHA 28, AFH 2 A 3 7 2 2B
RITHIZ D EEHNCFELE SN TWD Z & NHER S NT- (3 11, p.43),

Sk Y AON R AP S ANEN %ﬂéhtif®7ﬁ%:7~ﬁmﬂ 0 ==
FEAEORIUIWT O FIEIC X0 R éirwi (FENHEE), AR A

3 U F R8T DIENEEA X AR O BRI otwﬁﬂi.%xféf:&)%a’fé
OFRBUI AR TN H > 72 b DD FEWNHIEE), ELISA ¥ (38 8 N9, p.42) I
X D HERR S 72 Do 7= DOE(Pp) K Y O3D(PiYE FE 39~ 2 BE 21T DOE(Tp) L O
O3D(PINEAENZENENDOEMETHTEL TV, REEW TH D EPA L' DHA @

BRI DT D LR ERIRFEADHER S LT- (35 11, p43),
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#8 AMHLZ BA I U FZXR (TR OFHMFRICK T 2EA LA EAEORKIE

KAk DI2D(Ps) | D6D(Ot) | D6E(Tp) | D6E(Pp) | D5D(Tc) | O3D(Pir) | O3D(Pi) | DSE(Ot) | D4D(Tc) | DAD(PI) | AHAS(AL)
AR 16.27
) Leg | <LOD <LOD | <LOD <LOD <LOD <LOD <LOD <LOoD | <LoD | <LOD 1627
AR <LOD <LOD | <LOD <LOD <LOD <LOD <LOD <LOD | <LOD | <LOD <LOD
B 1 B
#

A B D <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD +7-14é7
A4 +1.
TR 0.49
RN P D <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD i '0 19
134 +0.

. 30.80 62621 169.26 2253 13.28 1412
=h +
RECGARET | 3728169 | Jieus | +1g49g | <LOD <LOD | 4 gg39 | <LOD <LOD | g7 | 4667 +3.68
” 41.80 915.86 1.53 561.61 15.36 10.88 403
ih —+
PARET 10835023 1 et | p7608 | <LOD 10.55 119620 | ~LOD 1363 | +371 | +£229 <LOD

i, ¥R E(ug/g DW) C/R9, DW : #2fE ., LOD : MRS,
AL Z A 7T X 1T, HERESRRO T2 OFEERRBREAIF I L | BN 3~ 4 DB TOA I XY ) VU RBRERIBREAIO#A (35 g ai/ha) 2T,
BAARRIT 2015 FAKE D 4 5 T (IR Y HI, B2, TAXHEM, Tv b)) OFE THE: S D HERELL 72(0=20),

(i « AR S U L6 D HER R O RO BHER 1 76

ZIRE T %)

KO AR T A T 7T ZF (Ts 1HAR) OREALK CRRAE - ICB T D EA LS EAE ORI &

ik D12D(Ps) | D6D(Ot) | D6E(Tp) | D6EPp) | DSD(Tc) | O3D(Pir) | O3D(PI) | DSE(Ot) | D4D(Tc) | D4DPI) | AHAS(AY)
. 424% | 27.13% | 826,70+ 86,54 T 11545
AP T 277 2353 | 26132 | <LOD | <LOD | “3y,9 | <LOD | <LOD | <LOD | <LOQ 3.53
» 0.80L | 2683% | 682.75= T 172.56% 753 T 331
PRAVEf 0.27 9.16 | 10010 | <LOD | <LOQ | "5 | <LOD | "55 | <LOD | <LOQ 0.45

B, ) EFERER 2 (ug/g DW) T/, DW : i E, LOQ : E&ERA,
Az A T 7T 2 K, HEREEFRO 72O OFERER) e PR EAEE L | BN 3~ KO TOA I XY ) V RREAIBREA]OHAR (35 g ai/ha) 23 Thiiz,
1. JIEMED LOQ LA F 72 - 785 Ar1%., LOQ D% AW THME A 7R L7,
BAARRIL 2016 TR KE D 4 BT (T v v b M, TAXBIN, £ Z M, 7 — A X 3 Z) OIFE THRE: S HEILL 72 (n=20),

(e« AR T S IUT AU 5 MR N R O FHEL 7

WZIRET %,)
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F 10 AHIZ A 3 U7 Z XHRICEBIT 28 A LcAEREORBEEEICK T 2 E &R (LOQ) DfE & O HRF (LOD) ™

{[EX
D12D(Ps) | D6D(Ot) | D6E(Tp) | D6E(Pp) | D5D(Tc) | O3D(Pir) | O3D(Pi) | D5E(Ot) | D4D(Tc) | D4D(Pl) | AHAS(At)
i LOQ (ng/g DW)
Lk LOD (ug/g DW)
ESERZLS 5.22 110.81 252.15 29.25 98.50 409.99 303.07 22.90 16.55 29.70 8.96
D;;é‘b B 1.22 36.94 163.27 4.88 39.40 117.26 101.97 4.99 6.81 18.86 1.88
RE IR 4.76 101.09 230.03 26.69 89.86 374.03 552.97 20.89 60.38 40.64 13.62
BHTE B e 1.11 33.70 148.95 4.45 35.94 106.97 186.06 4.55 24.83 25.80 1.72
1 38.18 101.30 230.52 53.49 180.10 499.77 923.59 41.87 60.51 27.15 6.55
= (=1
Eﬁiﬁzgg 8.93 33.77 149.26 8.91 72.04 142.93 310.76 9.13 24.89 17.24 1.38
Ui 0.64 54.54 62.05 14.40 24.24 784.77 149.17 9.39 16.29 21.93 0.39
= (=1
Eﬁiﬁ;ﬁ‘a 0.15 18.18 40.18 2.40 9.70 224.44 50.19 2.05 6.70 13.92 0.25
AR TR 2.97 15.77 448.51 16.65 28.03 87.51 19.03 13.03 8.83 5.63 6.12
%
FiC A B [ 0.70 5.26 232.33 2.78 11.21 33.37 7.26 2.84 4.84 2.68 1.28
DA
T 0.55 11.77 375.03 6.22 1.31 117.60 71.02 4.87 9.23 4.21 3.05
-~ 0.13 3.92 242 .83 1.04 0.52 37.37 27.08 1.06 3.80 2.00 0.64
BT, P EREE 2 (ug/g DW) TRy, DW : HofRE
(JE  ARICHEE SN HRIR DR L ONEOB(EITHFEE IFRET 5,)

# 11 BEEHACE F - EPA KT DHA D4 HT G 5

AR EPA DHA
T3 HhAY 721+1.26 1.02+0.18
Ta AR 6.27 +0.46 0.77+0.12

L, S04 Lo O3 + AR ERAE GRIRIIR B9~ 2815 (%))

(F © AR T S VT BT AR 2 R OV O RS 1

43
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® TANLA @Fsz%%@m@m%%xm L TR A ST D B A B 5 sz
SNDBND B DHEIT. U REE DA K OFLE

AR A I VT Z T, AnEEDOH D DNARSIZA L TR 6T, BRRET
(CBWTBA SNIERN B A S I mZE SN D BE TR,

(5) BAnF#A# 2 2B E OB K O O LWL NS Z R B D REJE K OfFHEME

KAz BA B U F 2RI 2 pFTORR HBIRFEIZFHA SN IZENENOFF
A DNA (Insert 1 %O Insert 2) |(ZFFRA72 77 4 ~—t& v b & TagMan 7= —7 % H
V72 real-time PCR VAT L U # H ORI 23 AT BE CTdo B (BIITREEF 6),

KIEIZ L AWEETEOBREEREL. 7/ A&ET0.01%TH 5,
73]

ARIFEOEVET, 4 FEiRIZBWTHREES v, M ABREN S 5 2 & 23RS
NTn5,

0}

(6) 15 £ X3 E E BT D08 EOFL L OfHE

O BASNERBROBRY DOFEHIZ LV A5 Sz ARS8 SUT AR R RFED
HARHNE

AHHEz A 3T 2T, BALLZTREEOT T 27 —E L3 EEO =1
H—EOIRBUZ LD FEFNONEMIEIEE CTH D4 LA k)5 EPA X () DHA % &
A4 %, E72. AHASAL) B F ORI L D AHASAY) EAENEASH, 4134
VU URBRERIASOMEE RS, YT VT 27— B RPN o — B IR
BRI OB E, £, AHASAY EAEIXEWEE/RAEZAEL TR, 2
NHDOEHENMUORB AR AR EZ T Z LITRE SN TE LT, EE
AR A R < EORBRITEEL RITT Z LiThnEEZX b5,

HiZ, Az A4 a3 o2 RIZEA LT 10 OIEMEREAKEEELE O I H, 9
aEEs Tﬂ%ﬂéht@GLh%ﬁﬁZ?K3?%5%ﬁﬂkkhf%%%@@m
AT TfE S, E ST IEIEEDS G Rk S dv, IEITEE G R IZIB W TR L2
IR By 72 (3 12, p.45; Senger et al., 2016),
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F12. AL 2 A T U F 2 RITEA LT 9 T TONENEES B B & s 1 M O
IHEVY ) RBREAIMEES A EA L, BIEBRONEEZITo72 A I U 2R
DR OEER DA S T

R
LBFDAU LBFDGG LBFDHG LBFGKN LBFIHE LBFPRA
S
DI12D(Ps) X X X X X X
D6D(0t) X X X X X X
D6E(Tp) X X X X X X
D6E(Pp) X X X X X
D5D(Tc) X X X X X X
O3D(Pir) X X X X X X
O3D(Pi) X X X X X X
DS5E(Ot) X X X X X X
D4D(Tc) X X X X X X
D4D(PI) X X X X X X
AHAS(AY) X X X X X X

BRMICEA SN EEE X TR,
(FE : AR SN F ISR D MR K ONBE ORI CRE T 5.)

@ LAFICHT 2 A0 AT AERR L RHEIC W T, B AR B L 15 £
BT BT O L ORI OMED AL OFEEN H B 513F OFLE
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EPA + DHA 77 / — 7 LBFLFK (23T 5 53 1 /EW) IR (Molecular
characterization of EPA + DHA canola event LBFLFK)
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3 H 85.0 7.0 12.8 1.6 2.3 180.3
4 H 101.1 12.6 18.6 7.0 2.5 175.7
5H 121.8 17.3 22.5 12.8 2.3 162.9
6 H 131.1 20.6 25.0 16.9 2.0 113.7
7H 140.4 24.1 28.7 20.7 1.8 128.7
8 H 141.8 25.5 30.5 22.0 1.9 168.5
9 H 176.0 22.0 26.8 18.3 1.8 123.8
10 H 155.8 16.1 21.4 11.8 1.5 138.4
11 A 68.2 10.1 16.0 5.0 1.5 153.6
12 H 39.2 4.9 11.3 -0.5 1.7 182.1
£ 1242.8 13.9 19.3 9.3 2.0 1901.6
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3 148 52.5 21 8.5 9.9 15.9 4.1 24.7| -1.1| 25 13|FadL 19|71 207.1
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7 102 44.5| 16.5 9 27.3 31.9 23.7] 36.3 19| 2.6 11.7|f 19.5|F 220.2
8 90| 445 41 235 26.7] 31.9 22.8| 37.1| 14.9| 2.6| 11.6|f 17.7|1/8 202.9
9 250 39.5| 15.5 13 22.1] 26.6 18.7] 33.2| 12.5| 2.3| 15.7|8 25.3|/m 82.8)
10 42.5 16 15.5 5 17.7 22.6 13.3] 32.5| 6.5 2 20|/ 31.4|fg 154.4
11 41 27.5 13 3.5 12.2 17.3 7.4| 22.8| 1.8] 15| 6.6|FdcF | 10.2|FmILEAE 160
12 32 14 4 1 5.8 11.2 0.8] 19.6| -5.7 2| 10.6|F@4tFm | 16.7|(F\ILFE | 164.5
2017
1 13.5 6.5| 1.5 0.5 3.4 9.7 241771 -6.6| 2.4|10.9 [ric) 18.1 | FILF | 233.7
2 13.5 70| 25 1.0 5.0 10.8 -1.1]121.4]-53| 3.1]13.4 | it | 20.5 | FwALFm | 221.2
3 66.0 245 4.0 1.5 7.0 12.4 1.11175|-41| 24| 9.7 [ri) 15.8 [ric) 203.0
4 86.5 30.0| 115 5.0 13.3| 19.0 76(26.0[ 19| 2.8]11.6 [E3] 17.7 | FAJbFE | 210.7
5 51.5 25.0| 5.0 2.0 19.1 24.0 147 (314 79| 24| 85 £3] 14.1 | FiLPE | 196.2
6 59.5 23.0 | 20.5 15.5 21.0 25.7 17.2129.7 (122 | 25| 11.1 | E| 17.7 | BgE | 176.6
7| 1635 67.5| 28.5 8.5 26.3| 30.7 22.9(33.3(209| 22| 7.3 |f@mmE| 12.3| JtE |175.2
8| 820]| 27.0[13.0 85| 252 29.0| 222(346(186| 20| 7.9 |mamE| 12.4| f& | 84.8
9| 148.0 40.0 | 37.5 18.0 21.8 26.6 18.0132.7 1141 | 2.1 | 159 || 23.5 | FgEg s | 145.5
10| 346.5 975|125 4.0 16.0| 20.0 126 (28.2| 47| 2.3|14.1 [ric) 22.6 [ric) 111.6
11 23.5 18.0( 4.0 1.0 9.6 15.3 421218|-10| 1.7| 87 [tic) 13.5 | FAFgPE | 168.6
12 12.5 55| 3.0 1.0 441 104 -1.2116.1(-6.4| 21| 9.8 |#iLFE| 16.9 | FwILFE | 221.9
2016
1 70.0 53.0| 85 2.0 3.7 9.7 220|156 |-6.4| 2.2 |11.7 [ri} 18.0 [tic) 210.5
2 39.0 225| 6.0 2.0 50| 10.9 -0.4|21.2|-52| 222|126 || 21.5 | FEmILFm | 181.1
3 61.0 245| 3.5 1.0 8.6 | 14.0 3.2|1208|-42) 24 |11.8 |FiLFE| 18.3 | FAiLFE | 170.2
4( 100.0 375| 75 2.5 14.1 19.3 9.1(25.2| 1.3| 3.0|15.6 53] 22.9 53 153.1
5 61.0 21.0| 5.0 2.0 19.1| 24.3 14.2 130.3| 9.7| 29|14.7 53 21.6 53] 202.6
6 87.0 42.0| 6.0 2.0 21.8 25.7 18.3|31.3|10.6| 2.4 | 8.3 |FrmE| 13.6 £3] 148.0
7 72.5 31.5|24.0 7.0 24.4 28.5 21.2|33.5|18.4| 20| 7.8 |Fgmgs| 13.7 | FE4ks | 149.3
8| 256.0 95.0 | 26.0 9.5 26.1| 30.7 22.7|35.3|18.8| 25 |15.4 | A | 24.2 | FAFaPFh | 186.2
9| 145.0 33.5]|19.0 10.5 23.4 27.2 20.6 (32.8|17.3| 20| 7.2 |FAm@E| 11.4 it 98.9)
10 79.0 32.0| 115 5.0 17.1 21.8 129 (31.1| 46| 1.7|10.8 53] 16.4 53 144.7
11| 1145 47.0| 14.0 3.0 9.7| 145 52204 |-3.4| 1.8 |11.1 |ggjkFa| 18.4 | JkFE | 147.7
12 66.5 28.0|14.0 4.5 6.4 12.5 09(18.7|-3.3| 22| 99 |#itim| 16.5 | FBiL#E | 207.2

* R D) IR EATORI GG BN TR THMT TODH DD BN OHFEH WA ERIE— T8O BISN A BRONCTIE H E
(BRI KT TR LRSS O (BEEF ) &35, HERERUT, BEHREITBR FITHEFHIEITIY
TR0, BIEED 80%& HELL TVD, KRBT R — LN— VKGR —V L ¥y Fe— R
7 A:2019 42 H 13 H)

2018 4F :

http://www.data.jma.go.jp/obd/stats/etrn/view/monthly_al.php?prec_no=40&block_no=0322&year=2018&m

onth=&day=&view=p1

2017 4 -

http://www.data.jma.go.jp/obd/stats/etrn/view/monthly_al.php?prec_no=40&block_no=0322

&year=2017&month=&day=&view=p1l

2016 4

http://www.data.jma.go.jp/obd/stats/etrn/view/monthly_al.php?prec_no=40&block_no=0322

&year=2016&month=&day=&view=p1l
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# 3 FREEISHICR 5% 3 EROFESERE

5 HHEHAMR(2018)
1F35 1 1A 2H B8H 48 5H 6A 78 8H 9H 108 118 128
No.1 EEFHEBRZTET >

JEEEFHBEZ 2 S|

No.2
No.3
No.4

5 FHEEHARI(2017)
Es=] L2 1A 2B 3B 48 5B 6B 7B 8H 98B 10H 118 128
No.1 BEFHRBEZDS >

EEEFHBZOZ >

No.2
No.3
No.4

5 5 HAM(2016)
1F15 iz 18 28 38 48 5B 63 7A 8H 93 108 118 128
No.2 FEGFHBZ T2

' BIETFHME TS
No.3 EEEFRBEZ TN >
No.4 FEGFHRB|RIIUNY >

5 (FE 1 AR HE S NI HHRICIR 5 MR R 0N O BT R T 5.)
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