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Abstract

Arabidopsis contains four forms of tocopherol which differ by the number and position of methyl
groups on the chromanol ring. Tocopherol represents a chloroplast lipid antioxidant that is
essential for human nutrition (vitamin E). During tocopherol synthesis, phytol from
phytol-diphosphate is linked to homogentisate by homogentisate phytyl transferase (HPT1). After
methylation, dimethyl-phytyl-benzoquinol (DMPBQ) is converted into gamma-tocopherol by
tocopherol cyclase (VTEL). Plastoquinol-9, the electron carrier of photosystem II, harbors the
same headgroup as DMPBQ but contains a longer isoprenoid side chain. Overexpression of VTEI
in Arabidopsis leaves resulted in the conversion of a large proportion of plastoquinol-9 into its
cyclisized product, plastochromanol-8 (PC-8). Therefore, plastoquinol-9 can also undergo
VTEI1-dependent cyclization, analogous to DMPBQ. PC-8 is also detectable in Arabidopsis wild
type leaves, albeit at low concentration. Chloroplast fractionation experiments showed that large
proportions of tocopherol and of PC-8 localize to plastoglobules, small lipid-protein particles in
the chloroplasts. Plastoglobules presumably represent storage particles for excess lipid material in
the chloroplasts. The conversion of plastoquinol-9 into PC-8 by VTEl might represent a
mechanism for the regulation of the plastoquinol-9 pool available for photosynthesis.

During senescence and abiotic stress, chlorophyll is broken down in the chloroplasts of plants.
While the catabolism of the chlorphyll headgroup has been well characterized, little is known
about the metabolism of free phytol. In young plants, a large proportion of phytyl-diphosphate is
derived from the isoprenoid de novo synthesis pathway. In older plants and during senescence,
free phytol from chlorophyll degradation can be phosphorylated by phytyl kinase (VTES) and
phytyl-phosphate kinase. We obtained a cDNA and the corresponding T-DNA insertion mutant
from Arabidopsis as a candidate for phytyl-phosphate kinase ("vte6") by sequence homology
searches. Homozygous vte6 mutants are strongly reduced in size, and the leaves are deficient in

tocopherol indicating that this gene is involved in tocopherol synthesis.




TTFMEMTHDHY A XF AT 4O ha7zn— (EX I E) BFEELT
B, ZhZEnr o~/ —LBRIEE L TWD AT INVIEONESCENER D, B MO
HARBRTLHD ba 7z — L, EHMETIIIEEMEE LAl L THREL Tnb &
EZHNTWD, haZ=a—LEMTIEHEST., 740 b—EB Y VRO T ¢ h—/LR
RETUFVUBRT 4 FNVIEELEBEEE (HPT1) ISk > THRES VF UV UBRICERR S,
e AF AL, R LIS AF LT 4 F ARV % ) —)L (DMPBQ) 28 ha 7 x o —
NVEBRAVEESE (VTED Ik > Ty-F a7 xo— A~ EHEN5, bR U OFEFRE
KTHDHTTARE ) —/L-9 1%, DMPBQ & I HiEZ L TRV, LVEWS VT
VA R ZFF>, v A XFXF O VIEl iBFEIRBEKOETIE, 7T A %) —b
9 ORELEDELESH, T A7~ /) —1-8 (PC8) IZEBEINTWZ Lk,
7T A hF /) —/L9 1, DMPBQ & [0 VIEL AFOBAVE G221 T\ D Z L3
STz, PC-8ITEBETIZH DN, oA XFAFHAEROE TSNS, BEkiAs
Fx IRBI ST 8 2 A, KE D ha 7 xa—L b PC-8 1L, BERAOFIZH D /S
RIEE-Z v I BRFThH T TA NI B 2 ) VITHFETHZ N bhotz, 2D L
M, TTA RN B 2 VFIERRIGERICFET D IREEDE 2 LTV b L Eb
N5, VIELIZE DT T A RF /) —/1-9 )n5 PC-8 ~DEHIT, BZ 6 AT LT
TIARK )9 OT =L OHIEEEICEL L T DO THA D,

BALXIFAEMIA L RIZE Y | MMEREA T v a7 4 VISR IND, 7rr 7 ¢
IVDRIVT 4 U BN D S FRACETIFZE TR L C WD 8, HEREL 727 « b — L D4 iR
IZOWTIEHFE Y B 0o Ty, FWEMIATIZ, KD ~7 4 b—nrtnrl v
BRIZA Y 7L A RV A RREIC L > TAREN D2, A LT fEg0o#1
WRETIL, 77 A VOSBRI K> TlERELTZT 4 b= 7 ¢ b=V U VIR blER
(VTE5) °7 4 b=/ VR VbR IC L > TV UMb A2 5 L Bbhn s, Fix
ARV 2D, 7 ¢ b= U 8 Y UER{EEESE O ¢cDNA X0, xtiiad™ % T-DNA ffi A&
B IIERR (vte6) DA% > 1 A X T R F B EEELT-, vte6 ZZBRD R EREAIR TR,
RN L L, EO ha 7 zog— R RZ LW, ZOZ &L, 20BN =2
Tz VBRI L TWAZ EERL TN D,

OH CHj CHs3 CH4 CHj3
H3C =
CHs
H5C
OH
DMPBQ

HaC CH3 CH; CHg CHg

TTARE ) —)L9




Title Plant biomass and the role of plant lipid biotechnology for fuels and materials

Name Sten Stymne
Affiliation Swedish University of Agricultural Sciences
Abstract

Climate, geopolitical and economic reasons necessitate a rapid replacement of the fossil oil with
environmental neutral and sustainable alternatives. In the last years, agricultural products have
been in the focus as an alternative, in particular for the production ethanol and biodiesel. Despite
that there is no doubt that agriculture can only replace a minor part of the fossil oil used today, I
will in this presentation argue for that agriculture can have an important role to deliver reduced
hydrocarbons in form of plant oils to replace the fossil oil, in particular for the chemical industry.
Plant oils are energy dense, liquid and resemble chemically the fossil oil, the latter being actually
derived from plant (algae) oils. From these perspectives, plant oils are the obvious choice as
alternatives to fossil oil for both liquid fuel and chemical industry. I will present a vision whereby
we, in the next 20 years, can make it possible replace 60% of the fossil oil in the chemical
industry with plant oils by using plant biotechnology and this without jeopardizing food
production. In order for the chemical industry to consider plant oils instead of fossil oils on a big
scale, we have to make sure that vegetable oil production will not be limited for them as well as
we have to optimize the chemical structures of the oil to suit the various industrial applications. I
will, with some examples, show how plant biotechnology is addressing these challenges.
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Effect of LED lights and plant hormones on carotenoid metabolism and its
regulation mechanism in citrus fruits

*1ok A, 1,285 W, 1 EaBIse, 1 BRI, 1 LB, 1
Yraten, 3t e, 3 Rk

1R R BREEE, 2 I BRBEE S AT TERE, 3 AT A A

Carotenoid metabolism, which has been well documented in various plant species, is a
complicated process and influenced by environmental factors and plant hormones. In our
study, the effects of LED lights (blue, white and red) and plant hormones (ABA and GA)
on carotenoid metabolism and its regulation mechanism in the three citrus cultivars
(Satsuma mandarin Valencia orange, and Lisbon lemon) were investigated. The results
showed that the carotenoid accumulation was induced by the blue and white lights, while
it was not affected by the red light in Satsuma mandarin, Valencia orange and Lisbon
lemon. With the treatment of ABA and GA the carotenoid contents decreased significantly
in the three citrus cultivars. Gene expression analysis by real-time PCR showed that the
modulation of the carotenoid metabolism by the LED lights, ABA and GA was highly
regulated at the transcript level.

P-8

Regulation of ascorbate metabolism by 1-methylcyclopropene and ethylene in
post-harvest broccoli and cauliflower

1,255 W, 288 R, 2 0EEHED, 2 (i Ene, 2 EHRR, 3 PH)ISESER, 3
A e, 3 AR

1 I B RBe B S AT FERY, 2 BRI =T, 3 AR R AR A

The effects of 1-methylcyclopropene (1-MCP) and ethylene on ascorbate metabolism
were studied and the possible molecular mechanisms were examined in two cultivars of
broccoli, ‘Haitsu’ and ‘Ryokurei’ and two cultivars of cauliflower, ‘Violet Queen’ and
‘Snow Crown’. The results showed that the decrease in AsA content was delayed by
treatment with 1-MCP, while it was accelerated by treatment with ethylene in ‘Haitsu’,
‘Ryokurei’, and ‘Violet Queen’ after harvest. However, in ‘Snow Crown’, the AsA content
was lower and less sensitive to the 1-MCP and ethylene treatments than that in the other
three cultivars. In addition, the AsA metabolism in the four cultivars was highly
co-regulated by the cytosolic, mitochondrial, and chloroplastic genes for the enzymes
involved in ascorbate-glutathione cycle in response to 1-MCP and ethylene treatment.
These results might provide new insights into the mechanisms by which 1-MCP and
ethylene delay or accelerate the senescence in plants.
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b, BIEFREREITCENZY a vV a U2 HWT RI WAEKICH - 5%
REBLET LNV THRIELZ EBICRIZEEEL 2 L Thxickb Lz 2 A,
SMEEI IR ZACIZ R S Ao T2, AR, PEIMELE, HMmIER, TOR RRHiE
RRBLEOEE), 7o EOEMRZ RITTENH L, 72, RI OFRAEREEH
IR L U CABEMR DAY ) —=0 T aiToTc & 2 A, RINZ L DA
TERNIAKIAERI S ICE EN TS Z ERNHIBA LT, ZOKEMER S 2/ L, <
NENE NG U CORAMREEE 2 RO 25 L & bic, FoEic s
DEDIp BRI E - RXTF R« ZPEENEEN TN 2175 Z & T, R
2 N DIEMERS DRIEE BITHTH D,

P-28
ST BMI ek Z W= 8EER, SParvaRy b, T AHF—ADOEME
HEITER, WA B, AriedErs, #RAHT

FRAE TRR - BT - s AT A

IR, M EREDEFEZL LV TTREHOTICHER LU £ a2 BfE
THEMNER SN TW5D, AWFZETIXLA CRE 2 THIRO M~ 7 2734 2
CKkE oCz ) ZHW\WT, ME-CHEFRRELZEDLSITEHTL Z &0
B EE LTz, FED 3 80 GEHATRERERIE 5 & LTI, RISEESO RN,
heEnr, IRERIEBNENLA H DA, NI D15 B3 LB BRI 3 s o T2, 2 2
THVENL & IREREENEN 2 VT, SOERTR O E LZ L2 BET DV AT L%
TED . VAT AOIRERR 250 L (B . R, Oz AVl LoiE
BN K> TA LD EE#RE AW TINEREFIZEY 579 ms Th 0 | RERESE)IC K
2 I EEIE 800 ms THh - 7z, F7-AEE B % BIEICEMET 2 DIZIXFIFES L3
R EMbhoTz, TOHERLS TEDHL I, HEEHRTERIET STV
Ry b (BAR) Lo ABr—A (FR) 2% Lo THET S,
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IINE DR STIERRMT & ABREZ DM E ) 7 2 v LUV OEEEIE
] mAEE SR, 20 0, #1 AT

1 B TR - BT - By 2T A, 28 - BSI - AW =3:E

TaywVEWIINSOF AIEEE LT b O E A RIS, A ERT D
B D 5 B EISEFLFICE D D & & D AreaX & JBRIEEN PR ~DER ~
4 — KRRy ZICBDDNIfIZ~vA 7 a i AT ) AT a—_ERE L, KM%
DORIFEINE /7 2 v LoD EAL &2 HHATEN T C 15 oI E\sllE Lz, £727°
2 —~_NE LAE—/V(GABA 7 A=A ML "a—/(Ach 7T =X )T
it U WiA% 2 SEERL 20 R U 7=, BRCSCIEI T 7 b EUREKA % VT N-Gram
AT LA — b~ P AR L7z, NIf BEOLTE—/LRIKIC LD NEDA BLO
ZORFH O _EF-. WOKERTIES] (Frv 7)) ORELERFOFRESRE ()
DY I LB DOHENN72 L35 @%htoitNH@ﬁwA:~wﬂ@fiDAk
KXOZEORBRED EH & 3k E, @ ooy, Kimidl a2 ks 5
T 7 O IR LD 23R bz,
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TOR (% Cded2 4 L CHEZFHIHET S

*] AZEPHEA L K O T EE, 1 HEEEYD 2 REFE2C2 IUARHR 2 IV EMR, #1 THFasl
1 FRA R - B - AR 2 FRid R - B - b5

RO HEE X Rho 7 7 X U —GTP G # v /X EHTH D Cded2 IZ L DT TF
> DR CTRRMAET 5, Cded2 X GAP (Cdc24) & GEF (Bem2/3,Rgal/2) (2 & il
WEnD, 7T A FF—E TOR ITREPHRITICE U CRIALIR O FE 2 il 3
% o REEVRALA T TOR MAREMEAL T2 &  SHfOHENESND Z L 2Fx
IR U7-, ARAFZEIE. TOR 78 Cded2 #Jr L CHIZEZ HliEd 5 = & 25T 5,
TOR Z# REMALESHHE B FF U OB E & BICHIENRE L IH Sh
720 ZTAUTEES T, Cde42-GEF, -GAP % & T Cded2 OFIEIK 1 DIF & A E A3
L7z, Bem3 & Rgal X TOR R{EMAL TorfiE MMEdE S vz, CDC42 O FELIE
TOR FRIEMALIC K 2 HZEMH A2 bR Uiz, LA EDORERIX, TOR 73 Cded2 DOFiE
ZALUCHEZHEL TS Z A2 RLTWS,
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DHFERE tor2 T X~ A T VR ERR D FRMT

*EREE, | R, LA IME, | BEAFRAR, 2 HHUARE, 3 B HFE, #1 NRER
1 FRpE <« BR - b7, 2 K - B - A9, 3Cancer Research UK

TOR [T LI RIF S N7 T A ¥ —8 T, #HA1K TORC1 & TORC2 %
£, 7/3vA 2 TTORCI BNHEINS &, MldiXEEE2 Gl #iTElRET 5,
DRI T S~ A ¥ U IRINTORGERE 2/~ S 7203, TOR OBEIE 12D
(torl" & tor2") 1FfET %, TP 95 H Tor2 (X TORCL & L THERET 2 & &2 b T
W5,

Fx LT R~ A VM tor2 A BRR A BUS, RT L CE T, ZOERKKILT
N A VRIS IZHIE 2 Gl W1k U, 28 FFALARE BA 72 B 0l n 138
BARL, DLEORRIZ. ORI S~ A 2 U IRINCEZFARRISZ & Pz
HFEETHI EERT, £ T Tor2 OMHEL ¥ 7 F VR EZ 5 HI T, Z DOk
EHRAWT, I8 VU EMET ST at—Y T Ly —E 5 DR
BaRT, W ONMEMNELNTWDER, BFE, 7TI /BT UV AR—F —
ERRBRFIZOWTEEL SR TW S, 414, Tor2 O % ZPRAUERINE ~DHHE
INBH U RIEEDOBIEIZONWTE LIZHEEIT O,

P-32

tor2 T 3<% A VMR O~NVF a v —3 7 Ly — DR & fRHT
HED M, #IA ER

1 N I (e

TOR (Target of rapamycin) & | ZFFEINEIFI T S~ A > L DIFERZ X7 EThH 5,
TOR (FAEMDAEFIC MR RER CTH D BRI 2 I L ClkE « 54 Hf L <
BY, B e lOZL OEMITFEL, B - b - B LG5 2 &3 A
5N TW5,

I EERE Y TOR WFSEIZENL 7= BT LAY T Torl & Tor2 ® 2 5@ TOR % FfD,
2T H Tor2 (IEBICHAT, BRFERM L ClE - Bz H#E L 0D, L
73U, Tor2 ORI ARMIA /=20, Tor2 O FiiZ v N7 EEPALNNITHZ L %
Hfed . AWFIETIX, tor2 ICERZ ANTZ tor2 7 /3= A 3 S MR (tor2™) 2 H
WD, tor2®lE, T /3% A ¥ UAFE FIZEWT Tor2 ORERENME T T 5729,
ERENH DI o TERFHMISE BB Z2Rd, ZD0LED or2®
\Z7 ) L DNA A4 77V —28ANL, I\~ A T ORESEEIMEST D~ VT
abt—H 7Ly IR L, T,

BE, IR A VU FETTHUOHETE 20 0% 84 an =—Ft5 L, T 217
S TW5D,

29



P-33

CAM EIZ & 5 & BrAmEIIES B 2758

1 FATERST, 1 ORHEES, 2 FEBEE. 2 HHSE. 2 3, 1 REEERH]

1§ RN R « BeEREfd - BSOS, 2@E K Ry oA 77 /A A

[BR] mAEHE L X, BEFOmE ) bHICmEM@MPI RIS NLBIRTHY |
KR & 0 BIRICES- L CWA Z ERH LN E 2o TS, ARIFFETIXZ T, HfE
NEETHY, AHRETHROBOND in vivo R & L THIMEEIRIE
(Chorioallantoic Membrane : CAM)iE%Z, 7 7R /A FEEZ AWV THENL L, M Hr
AERITETEZ R Uz, [Tk - f5R] CAM 1L &1, AREBINO CAM _EIZHE}
UL, AR AR 2R 2 FiETh 5, BRI, SRR 3
A BIZHT 2 MEFAEMGE 28122 L IGHEOMI 2 BHRIZ XKD 5 B TR L7,
Z DR A2 BRI, AT AERIREEZE N5 2 & TERLEZITo72, CAM {EIC
K DFHITIEL, FREPONTICR TS IREHRAFRY 72 (8B A IS M B 42
Slz, Lo T, CAM IED invitro BRI LN~ 7 X 2 [Tz in vivo 3R OARFE
EE LT, AHTHLZ ENRBINTZ,

P-34
=U Y IRHIBPIEBRIZ T B 0 RAY VBEE S DORBARNT
] AT, 2HERAEEE, #2 /i
18R - BBl - A, 28K - B - AW

MREESE 13, T OB SO BREHIE 21T 5, Rl Ca® kAN
DOIIAEEE 31T DI R U NTEMIRTRE A R ORI GE R C I W CEE R
BREHS, L LR s=U 8RR SRS 52206 ORBUTIT &
A EHLMZEN TR, ZZTHZHIE=U b IR AR B 1 T
% E-, N-JW RANYU COFBINE— KB L, SIS0 TE ORI LT,
FEORER, B-B RAY IR CEFEIICE S BB L T\ e, £72 N-7 K~
U IR IRZE ORGP U 2 507, S OVHAMHIE R Tol < 5B L TU s,
2RI CIITa WL L VB S o7z, &6, =T MY IRIERIETE D —
BT N- RV U DRRTHR < FHL L TV D EBAEEAE LT, BIE, SR LS
B H2 AW RIIBERIERICEB T D N KU 8RB R O MR REfRAT 21T
S>TEY, ZOREERLELE THET S,
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BEIRICE T DHH LR BRI EFEERORE & f#T
R SR LA AR

el - BeE - (B

PE o ZOIBUR T GRERE TR O D Rk fiia sl ch v . FH—mRUTB T
ARG AR DB DNE = 5, FHRIY RO SR T E 2 STl 53, 2
DO 2 BRET 2 72 DI 57 5N - O RER 2 RE LT T 2 BN H D,
DEFERHTEY R AT O Z & TR ZKT 203, mBUZRENEL S LAt
HHERMETTDEEZLND, TZCTHRFEFREEELL, A7 —=0 7
BT T, BHRAEZEAN LT 12000 #05 faFATFR O T L7z 500 6% BLEE L |
Z D 500 BROGL R ZBIEZL L T, B A TOLRAKRDIER S 5\ IT BT %
Y59 RO BMR A8 LT, 59 RO FKE) b AR ORI T LT
% 22 BREWE BB D YR B R R & U TG Lz, 2 22 BRIZI,
T4 T A MROEEEPBIE SN DEOERSCEOE b &, ZivE Tloil
HHORNWRBRZ R THELEENTEY . REDOKTIZERNTFEL TND A
BEMEZ R LT D,

P-36

BRELRVE U BRBIC K DEEME - RIEBIL - EHLEA~DOE

*1 e AREC,2 [ LR 2 BUBRSE 2,3 A 1L SERE,3 5 B #1 AT ik id

1Rl - BEEE - B9, 2 ZUK - BRAEEMNE C, 3 BRIJIRSEK « BeETh et -
RinRERT

fR PR T BREE A /L€ (EDCs) #FE (T & 2 iR~ DBz 211 09 < |
HEEXMZEMEREE (ADHD) 7% & OfRERE & EDCs O BE M2 /R X4 C
Wb, FRlcEAT7 =/ —v A (BPA) X OISR EEEFEDOREICTH Y |
BYZHE L TENICAD B END Z ENER SN TWD, ABFZETIEZ O BPA
IS A Y T, MR EREE L EEOEWE ) TS AR EE O & . EE)
P - HIEEIME - FEIRLIE R EOITENAE 21TV, IRER - ATEh A~ DI O
THRELT-, F£72. ADHD & B HEOEWIEE 2R A S, ZO8r -2
NS L TR T LR - TRV OB A HERE LT, £ DR, BPA Sppb #f
& 50ppb AL CHRIPLHI S « HHFCE NI L VKR T L2, &0 FERTY,
IR EE BPA, FFIZ Sppb B TrafEEIMEOEARN L < Ao/, E72 500ppb FE Tl
)T IVBEICRLEEEZIT T, ZOXICEEICLSTE T I U0
22T DR BN R HRER E o T2,
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BEBHES % 737 E TLS (2 & 2 BRI S O A7 B

*1 IR LA, 2 i HRRSE, 3 iR, #4 K552

1 FREOR « BeBR - Ak, 2 FREEOC - BR - Ak, 3 FRIA - BeBR - Ak, 4 FRAE - B - Ak

ZHIVETIZ, ¥WFEETIL, S S % > 7378 EWS (Ewing’s sarcoma) DL
fEO MR 25 D Arg-Gly-Gly 2% < & TefH (RGG fHIE) 7% mRNA H1D 277 =
Y WYEHEH RNA (ZHEET 5 2 & THIRREZMGIF 5 Z L z@mis Lic, T2 T Abf
JETIX, EWS LR 77XV —D&% 37 E T, RGG fHIEK%E > TLS
(Translocated in liposacroma) D EZ ks & ek (Z X 2 FHER RS 2. BIRRsEIE 2
77 = EEHEE KT D85 %A 35 mRNA 2 AUV T, in vitro translation
\Z & o THEMT LT, EOFRER, TLS OFERE & T/ F T, mRNA 7> 5 OFIER
BRI Lc, 7o, 77 =V NESEBE A RNLET 2 ERZ A I2f5 %2
T %5 mRNA 2L OFFRIL, TLS fAE FCTh-oTh, ESN e oTe, 2D &
6, TLS OREFE A HERIL 7 7 = UESFFEEICHES L, EE2LZEkT5 2
& TmRNA L OFRZE L TWD ZENEZ BN D,

P-38
Tu X TERICB T AEBES Z /37 8 TLS OEefZH

*1 ZHPRER, 2 A IR, #3 Ki5s=

FRlA R « B - b2, 2 BRI - B - AR LR, 3 B - B - (b

AMFZETIL, BB G 4% 7327 & TLS (Translocated in liposarcoma) D7 & A7
RNA OHEFIZBAT DHREZ AT T 5, LT 12 A T CT7 17 A 7 RNA 28 RNA
RV AT—PHILL o TEHEINTWDZ ERHEINTEY, 7827 RNA
I A DA FIAIZ K DEEEMHIRCT 2 A 7 —8H D RNA & “ARHAZ K
THZ LIS TTr AT HELZRE LR AbicBbo T s &7
HENTWD, ITEMEREMENTIC LV 7 0 X 7 HEPNIC TLS WFEL TWDH Z &
DR Siulo, TLS OfRe & LGB BN B 5 R+ 07 mE—% —fHlTE
A N T B FIUULEZOMENZEE L TWD 2 b, T ATIZBWW LT 1
A7 RNA OEZBHIFNCEH > TWAHDTIIRWNEEZ bD, 2 THAIX
TLS 737 1 A7 RNA O#EGHIEIZ B 5 L TV 5 h & HeLa fllfia &2 F W CTHENT L 7=,
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RS # L 737 '8 TLS OREERE A DO fENT

*1 15 FHRRSE, 2 mEiREA, #3 K542

1 BRI - B - AL, 2 FRIEK - BBl - A bR, 3 B - B - [k

AWFZE ClIEEE RS A & » 737 '8 TLS (Translocated in liposarcoma) D7 B A 7 ~D
FEOMEE AT LTz, ZAUE TIZ HeLa fildD7 v X THEERNIZ TLS & £ T
WAHENRESINTZ, ZOZ LD TLS X7 v A THEFFCED 22 LT 5
ETARIILDN, TLS BT 1 AT DNA M OFDOMMODT o X TiER X /X7 ED
WTIUCHEA L CT B A TIZREL TWDONIA LN S TWRY, 77 =
VEE R —AREOT v A TESNIRBRENICKE N T T = I EERE A AR T
BT RSN TN T, ABFFETIE TLS ORI EE “AHE FT o AT
DNA & 77 = VI EEEE Z RS-t T r A7 DNA W=7 /1v 7
T oA Lo TRz, TORER TLS 137 1 X TES| & 13872 5 —AR8H DNA
LA E F T r AT DNA ICITREEETE hTrATREKT 577 = UE
A DNA IZREAT 5 Z E R ST,

P-40

TOR ¥ 7 F VLY A H = VIR DRI DAL B % fl# 3 5
1 ARILAE R, 1 TEFuass, 2 SR man st

1 ERfA R« BEBl - AW, 2 §ldK - BEBE - B

TOR(Target of Rapamycin)> 7 F /LI, ®EZAEMDILAT S TOR FF—E 5+
ZyEoOHPLE LT 7T A TH D, Fexld, TOR V7 F/LOHTHAFED EN
TWAAIHIIEAIZ BT DEENZDOWT Y A T )V Z VW THFZEIZER D #HATE,
£, TOR ¥ F—ELZD Lifiny T & LTE< Ras BEEHE TdH 5 Rheb 723, )
AR B W TR L TV D Z & 2R LT-, #il) T, Rheb OFEREIEFSRIZS L L
RERITUE B 2B L, & mRNA ZIRICIEA LTz, TOREER, ZRZMNZ T
720> Rheb 43 - CHE REMEAS T 28 . 2 1 % 72 Rheb 251 DFAET DARBE TIIi% HigiE
DRIBDN W HERE R RAAE B OB IR S O RIEDSHER S iz, R U <,
Rheb OFERAZHET2ENL T+ U 2 AV TEEALZLEAICS ., BiEEO XA
NENTZ, ZNHDOFER LY | TOR FF—E RO O EM AR ET D &k
ol DR o
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BCNE & > 7 —D%E| : R & ko iz 5
*1 AN B, #1 B A

1 5K - BEE - £

Iz Fa'g@ﬁé WA Z W B EORE DT, (5 F AW FHIF RO
%&Tﬂ@t V21 HRIZ 7 B ETRANENTZ V7 v v — D i
A @J%Fﬁ@' ﬁf 9% BCNE (Blastula Chordin- and Noggin-Expressing) & > ¥
*“Cibéo Fex XY ATV RE HNT, ZOFEOEE 2305 2 LI LT,
£9. BCNE B ¥ —DO~ A X —Eint & LTH< Siamois & Twin \IZOWT, %
DEEEENLT AV AV ITHELLE ZA, FICHESEOFHENZERICILE
AU, BEEEEN RIS HZ EHBA LT, F7o, PIRERE~OREZH T
kzé\¢%$%ﬁmﬂm#6:kﬁﬁﬁbtouL®F%iU BCNE &> %
— S PIREERRE O IEAFAE N TS, AFE T TIEP P IRIEIs oo+ 5 &)
W L7z,

P-42

RGG Z U7 BWES L2 77 = TUESEE DT

*] RAFNFEH], 2 ETERER, 3

1 FHREAR « B - AR, 2 FIER - BBR - b5, 3 FRhi K - B - b5

Tu AT LR, MRS T LEICELS VMR b, — 5, BAKT
(TR ENEE Z 0 72N B b7 v A 7 IR Ukei e O R k& 5] & i 2 9,
ZORIAEYFOCEERT o AT T = UEEEE TH YV RBRENTS T
=VWUEEHEZER LT o A7 HEEZAET S, HICRBRENTY 7 = UEHHIC
A LS EZ RLET DX %78 hnRNP Al 1L, T 17 X TIT/RIE LAKRN
TTuRATREZEET D, TE, TAX=- T U707 2/ BEEY
”VNGG%W%ﬁféTEQHMﬁ%@@?B}TEfﬁ%Eb LY

IZMHFZER TIZRGG & /X7 E D EWS 877 = WU B S SR BAOICHE & L.
%Emfé &S LIz, =2 ChnRNPAL O, EWS XU TLS (£ FiZ
57T = WEEM ST Z BIE L, &X VNV EFIETICBIFA 77T = UE
FiREE A CD 227 MU L » THHT LT,
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LC-MSMS Wz b~ FNREFIFIRF ROV ay b FueTAHIT R
*ENRSERE, | WABE T, 2 ERESR, 1 UPEER, 3 BRRIESE, 3 EREE BB,
#1 ARG T

1 BRI « 2. 2 BRIEK - Bia T EBREEE, 3 REEmAK - "M 4 - == b

ARFFRITEGRICER N E L WD T T A —Afffr e b~ 7 /207 J—
ZEFHTHZ LITE D REABMEO R D6k, ¥, &, RO b~ MREEZHW
T/ uESTA MR 2 NV EEZZHEEEL, 7 e 72 07T aT
I =BT —HRX—=2EY) BT, EREKNL 7 vET T T A NOGLICEET D #
XY B AR L. 7 a7 T A MMk ofdsE s T OEMORE. ok
AT =X LOTZ HINE LTV 5, RRBREO R 72 D~ A 7 1 b D RFE(k, .
F&. JR)%Z H T Nycodenz # & AJfdim L BEIC LW 7T AF RE2HBEL .
LC-MS/MS % HWT 607 DT T AF RE NI EEHETE LT-, 4 AT — VD
B 5 BIBAT — VU TIROLEL DX U RIEERE L, AT —V DT T AF
NIZERRE 70772 NOW G OMEEZR L, tEamks o rE&huT )
A REEGTREAPEICED D X RV ERRBIERICEAL WS EEZ N5,
BH L2 BR v BT DTS T A NI aT A —L0T—% L L
e ZA HBBLTWDX AT HEZTOT P RETHY, b~ bDOr/rETST A
NEFRA IR H R B RS FETH LN TE T, GO &b L ITAMIZE TRt
L7277 aE®7 7 A RNZ LRI EHD40%BMEGEH 7 vt 22> Tnbd Z 30
V. Z7aEeFT A ML RRBTEY DOAFE L BT TVnHEEZLND,

P-44

t k Mad2 B#EEHR7F FOAIR L BEREMT
AT A, AR, IR ZR B

R VRN« AETERF « B

HE L BMIMad2 1Z G2M BIA Y FAF = v 7R A NEAE TH Y, Madl
& OHE/ERNTEBER2&E 2 5, Fxid Madl-Mad2 B OHEIER ZHET %
RTF KRBT NERST 0T 47 A 5T 585 2. Mad2 &AM Madl
5 SARELS D HS % 3R T 72,

[Fik &fER] Madl @ Mad2 #5691 &7 X2k L, Wk -7 7 b
A —VPEIEEL T HWER 2 A 7Yy R & THAR Madl B L0 b5
LR— 2 &M G2 B E A V== 7 Ui, & ISR A s LT &
25 WARESD 20 fEU LD VIR —Z =GR G2 5 7 n— 25T, BUE,
Hf L7 i {UBlS & GFP DR E B VEORBLRAME L, FREIT> T D,
A, Mad2 & R @A AR DB FHIMNT 24T 5 TETH D,
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Gy RBERE tor] 1R BEIRSE A RARD G & fRAT

RIS, 1), 1R TR, 2 HAUAE, #1 MR IE#
1 FRREOC « BR - Ak, 2 FRAEOC - B - A28

TOR [ TALMICRIF SN2 T T A X —8BTH D, HEEERHZIE TOR OF
1L 20 (torl L tor2") TFAET 5, tor]l BRI B OSLMCIXERICAT T
DX, ANVABRR T CABTTE 20 ) 2, ERFOESE L TXv, LE»
5. Torl IFA VAT CTOEBRLERWAISE 2B Z LR EIND, L
L. A ML RIFIZZOBEENER SN D D0, 7213, ZHLIETOEFEIC Torl 3
VBLTH D DINIRHTH - 7=,

Al tor] IREREEMERRAERL L=, Z ORKIZEE ., 25°CTh 34°CTHIEFIC
BTXHN, AMLVABRETTIE, 25CTIIAEBFTTE, 4CTIIEBTTE AL
725, T O TERIHERICE 2 72, 34CTHZE L7l % 25°CTERPAL
fRICE < L IEFITINE L2y, 25°C TR Lo Mifina 34 C TERPFEIRICES &
ERERINVENTE o Tlz, ZOZ G, Torl IZEZBIRALRICEZ D H DI E)
ST ENFRBRENT, EBIT, ZOMO~LFar— 7Ly —@n 1 DRR
ZITo7,

P-46

uAf XFRFDE T T % HFVT- DNA/RNA S EF— 7 2B o5HIER
&z R B ORENT

*1FSEMA, I AATHERE, 1 BEEFEE T, 2B, 3EHEA, 3 kM
1, 2 TR 1 AES T

1 ERER « B « A NA A, 2 BYBSRAFSERT PSC, 3 HARZL K - Bt

Ba— ROFHIERAE S R EORBEZH LN T 572D, v rA XFXF0
BT ITA DR SN ORREEREO IS RRELFRNERE S R
HZa— L, DNA 72X RNAFEAET — 7 &£ apg9 <14 + 15 (albino or pale
green mutant 9, 14, 15 ) OfFENT 2D TV 5, APGY * APGl4 (7T A F NirEE
PG iR 2 R B PTAC) EE SN TEY . 77 AF ROBEBTRIUCES L
TWA RN TR I TWD, APGY I3EBHES NAA L Th D SAP (after
SAF-A/B, Acinus and PIAS) R A A &5, APGI4 X RNA G FA AL Th D
S1 (Ribosomal protein S1) ZHFf>TW\5, F=A /N TR 7B OIEGHFAGEIC
B 5T 5 & A &L TV 5, PPR (Pentaticopeptide repeat) % > /XV'EH 7 7 I U —
IZERAFE &7= PPR EF— 7 % APGY * APGIS5 (35 LT\ %, ERto L o7z on
JEOBSIMERE D, b DX XY ENIERIES T OIRBE IS LT
WHEBZ BN LD, < DEERKER T OIGEMITOVNT RNA 71
v MENTEZAT o T2,
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uA XFRFDETTA AN RNA BEEF— 7 2 08EREKZ
B DOYSREFRYT

*lRRREE T 1 RERA, 1 RHER, 2 IS, 3 R R, 3 kLT,
2 IR —ME, #1 ARES T

1 Bl - B 2 BYL2ERFZERT PSC. 3 AAK R - bt - B

IERRIR A RERL « BREBICER SN A X VRV BEDE L IICa— RS Ty,
DR 7 Ja— RO 237 BIC K BEGHMEIC & > CHERMAR S 72 e
FF2 RNA 5 FICHEAT 5, Ba— ROFHERR S "7 EOMEEZ B 5T
TDH, BxIET A XT AT OX T T A 55 HEES Iz @R R FERED
9B, FEBE T RNA fEET — 7 2R 08ERMA X v XV Baa— KT 5
apgl4,15(albino or pale green mutant14,15) DIFEHT 2 8 T 5, AL TIiL, APG14,
15 2 /87 RNA G ETF — 7 2 ffolch, /— AT = A5 4k, it
FEfEATIC LD Z#—72 > M &2 D RNA BFIEZRE L, HiEZHALNCTHIZ L%
HAEJE LTWB, APGI4, 1581n1% GST (Glutathione S-transferase) 4 7 D>
W Z—THRA LT A N7 NEfERC L, # v "7 BRBIEREZITo T2,

P-48
YaAXFRFDETTA RV R Y —LfEEETF RBFA OKER S
APG4 L DEEEZ /X7 B OBSRERRAT

*] AR, 1N, 1 A, 2,3 BT, 3 AR, 3 TR, #1 A
SEE

1 FRPER « 2« A SA A A = X, 2 Inplanta Innovation Inc., 3 EiAff PSC

BERMRDOMERECTERICBA 535 2 VXV BEO L IFZICa— FEanTnb, #iil
o — FEERA S 7 O ZRIAT 5720, Fxldivn A XFXFD T
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