##fFi%(Korean J. Crop Sci.), 47(S): 175~185(2002)

4

FETH

|

d SdEdAER FEAER

sgnt 1
M7

Prospect and Situation of Quality Improvement in Oilseed rape
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Chungchunli, Chunggye-Myen, Muan, Jeonam 534-833, Korea

ABSTRACT : Rapeseed (Brassica napus L.) is an impor-
tant oil crop as a vegetable oil, concentrated feed and
industrial materials. The name “‘canola” was registered in
1979 by the Western Canadian Oilseed Crushers Associa-
tion to describe “double-low” varieties. Double low indi-
cates that the processed oil contains less than 2% erucic
acid and the meal less than 3 mg/g of glucosinolates. Today
annual worldwide production of rapeseed is approxi-
mately 35 million tons on 24 million hectares. China
accounts for 33% of the world production and the Euro-
pean Economic Community for nearly 32%. Canola
ranks 3rd in production among the world's oilseed crops
following soybeans, sunflowers, peanuts and cottonseed.
The recent advances in genomics and in gene function
studies has allowed us to understand the detailed genetic
basis of many complex traits, such as flowering time,
height, and disease resistance. The manipulation of seed
oil content via transgene insertion has been one of the ear-
liest successful applications of modern biotechnology in
agriculture. For example, the first transgenic crop with a
modified seed composition to be approved for unrestricted
commercial cultivation in the US was a lauric oil, rape-
seed, grown in 1995. There were also some significant
early successes, mostly notably the achievement of 40% to
60% lauric acid content in rapeseed oil, which normally
accumulates little or no lauric acid. The name “Lauri-
cal™” was registered in 1995 by Calgene Inc. Neverthe-
less, attempts to achieve high levels of other novel fatty
acids in seed oils have met with much less success and
there have been several reports that the presence of novel
fatty acids in transgenic plants can sometimes lead to the
induction of catabolic pathways which break down the
novel fatty acid, i.e. the plant recognizes the ‘“‘strange”
fatty acid and, far from tolerating it, may even actively
eliminate it from the seed oil. It is likely that, in the future,
transgenic oil crops and newly domesticated oil crops will
both be developed in order to provide the increased
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amount and diversity of oils which will be required for
both edible and industrial use. It is important that we rec-
ognize that both approaches have both positive and nega-
tive points. It will be a combination of these two strategies
that is most likely to supply the increasing demands for
plant oils in the 21st century and beyond.
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o, file AEA7IEY AYezA AA 3R
(Hauman 1988).
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Table 1. Total production of major oil crops in the world (Unit : 1,000t)
Qil crop 1995 1996 1997 1998 1999 2000 2001
Soybean 126,979 130,206 144417 160,097 157,783 161,406 171,847
Cottonseed 56,558 55,156 54,349 51,789 52,830 53,297 56,526
Rapeseed 34,317 30,527 35,178 35,842 43,296 39,662 35,688
Groundnut 29,057 31,466 29,636 34,156 31,475 34,325 34,395
Sunflower 26,258 24,303 23,303 25,014 28,829 26,094 22,035
"Data : FAOSTAT |
Table 2. Cultivation area of major oil crops in the world (Unit : 1,000t)
Oil crop 1995 1996 1997 1998 1999 2000 2001
Soybean 62,496 61,081 66,947 70,976 71,890 74,150 76,368
Cottonseed 35,670 34,533 33,868 33,427 32,570 31,876 33,886
Rapeseed 23,943 21,780 23,557 25,938 27,827 26,180 24,015
Groundnut 22,280 22,542 22,518 23,437 23,477 23,540 25,102
Sunflower 20,884 20,438 18,753 20,696 23,242 20,977 18,126
"Data : FAOSTAT |
Table 3. Rapeseed production of high production countries in the world (Unit : 1,000t)
Country 1995 1996 1997 1998 1999 2000 2001
China 9,777 9,021 9,544 8,300 10,312 11,381 11,760
EU 10,806 8,672 10,534 11,972 14,815 11,785 11,384
India 5,758 5,999 6,658 4,703 5,660 5,960 4,090
Canada 6,434 5,062 6,392 7,643 8,798 7,119 4,789
USA . 250 219 416 709 621 917 925
World 4,317 30,527 35,178 35,842 43,296 39,662 35,688

MData : FAOSTAT,
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Table 4. Rapeseed cultivation area of high cultivation countries in the world

(Unit : 1,000ha)

Country 1995 1996 1997 1998 1999 2000 2001

China 6,907 6,734 6,475 6,527 6,899 7,770 8,000
EU 4,260 3,614 3,784 4,342 5,496 4,700 4,553
India 6,060 6,546 6,545 7,041 6,597 6,070 4,630
Canada 5,271 3,451 4,870 5,429 5,564 4,816 3,829
USA 174 142 283 437 424 612 634
World 23,943 21,780 23,557 25,938 27,827 26,180 24,015

"Data : FAOSTAT |
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FAle] FAels 40~45% 715°] &= dom 7159
AE 2L FANEO] HAGS FFES = palmitic
acid(Cl16: 0), stearic acid(C18:0), oleic acid(C18:1), linoleic
acid(C18 : 2), linolenic acid(C18:3), eicosenoic acid(C20: 1)
2 erucic acid(C22: 1)8] Ao g xAdo] Hojded, F42
o] M#FH FF2 canolax= EZAI enucic acidE AS]
3t palmitic acid, stearic acid, oleic acid, linoleic acid,
linolenic acid 2 eicosencic acid® FAE] At} F-xute]
YE-Z4S dry matter 89%, crude protein 36.5%, calcium
0.7%, phosphorus 1.2%, potassium 1.3%, magnesium 0.6%,
acid detergent fiber 20%, neutral detergent fiber 25%, total
digestible nutrient 66%, undegraded intake protein 30%, net
energy-lactation mcals/Ib 0.68% % nonfiber carbohydrare
251%=% Z’34=°] 2™, gulcosinolate(isothiocyantes, oxa-
zolidine-2-thiones, nitriles, thiocyanates® X3he F3Zo] 7l
#r7] o= 3mg/g ool oY E-ol JEE canola=
3mg ©]&teltt.

E3], 44 gell= gluconapin® 2 22 sinigrin®] XS
of 3, 7hiEalol elaiM 718 EREY = A=A
sulphurs AAksith 2= 6709] vl (glucoside); gluco-
brassicanapin, glucoiberin, gluconapin, gluconasturtin, gluc-
orapiferin(progoitin) & sinalbin® 3l gt}

Yoz RE AAHE viFA| = hexadecatrienoic acido|t}. B
glell= allantoic?} allantoin®] E°IUv}. glucosinolate sinigrin
(potassium myronate)2} myrosin & A>(myrosinase); sinapic
acid; sinapine(sinapic acid choline ester); fixed oils(25-37%)
L F 2 erucic, eicosenoic, arachidic, nonadecanoic, behenic,
oleic 3 palmitic acid& FZ EFSIZ 421, protein(glo-
bulins 5)2 mucilageE WE3k2L Itk Myrosin(myrosinase)
of 9|8 7}4E3|E sinigrin®] isothiocyanate, glucose =
potassium bisulfate®] AJ/d €}, Allyl isothiocyanater= |23
o], t}E P Y EES methyl, isopropyl, sec-butyl,
butyl, 3-butenyl, 4-pentenyl, phenyl, 3-methylthiopropyl, benzyl
3} B-ohenylethyl isothiocyanate® X33l= EFZ 7R3

Bl of3iN AfEA FEskE
Aol ERME2 ol

AZR 3 B AR 8 X ES NE

2 A FRAM A R R O] W} 1968l St
goll A Aol F214F FE2] ‘Oro’ 7t S4EAA AAA F=i2
AL 28 A=A 7 HAUN, 197430 HLO9 = canola
) “Tower's S738H5Ach. MM, F=A 197430 A& A
o 2 EFNEE ATt FHI At AAkE
= 719 BEE A= canolac]th. Aol F2l4ke] £8jo] S}
=AM E AJZE U

ZEo] Aot o3 Wile Estd yHdE-x19
Aoz g} ol2dt BAog siake FEEC| vt
vl @ §olA s gt o FE4E 7]Eo] AddE
02 2879 nlaste] FFE A FaTt FoARA, o
e AESF7HES canoladl] FH=sH wiEE]R Utk oA
2 M2 FGE A Ao slEA By FAEH
el Ak ExsiAlsk .

Linolecic acid®} linolenic acid?Z-2 polyunsaturated fatty
acid(PUFA)?] Adkd o2 Eelgt Hol Jed, FAe 8-10%
9] linolenic acid® X3} U7l W& linolenic acid7}
HA FHEAY gle 71880 o W] vt "ok o224
linoleateS} linolenate®] A8l oleic acid®©} 10258 ©f =
o} fAolA  thiobarbituric acid(TBA)-test2} 7S w2 7A
Wael 23} linoleic/linolenic®] &5 WA AEQ A3
Q1 Mt ke Aol fEE |83t low-linolenic
acid 32L& 7= FAE BEojYt). X SdRelE it
A7 PUFAZ ©] @& $=F02 #5383 23 oleic acid?|
8077 S7He 5= S5k =T

E2o], 12-157) desaturase® &3l 12-15719] FHAE
o] AL, £HESH S FE higholecic acidt} high-
linoleic acid’} =AUt} oleic acid’t =32, linolenic acid
7F e AEBA7IEE ZFeddr a7HE 349 salad
dressingS 918t IHHE 2= HZ w9 salad 71FOE
A"t PUFA 58 £ tilell oleic acid’} S7H=®
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B WAje} Aol o3t AFHE Fo)AI=EL, high-oleicH
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o, AEA718e vAarFEdel FAE wans-faity acidE F
A & Uty 55 FGUHOZ cis-fatty acid®] 71818 o)A
HAEL JFHo= FAAA A7} g0l BaiXTh Trans-
fatty acide E3A|HAF Hoh o 2 ool A low-
density lipoprotein(LDL) Z#| 2B &L ZF7MA 7|3, 83
high-density lipoprotein(HDL) S48 &S &<t}

3 Aol 4] high palmitic A5 Cuphea hookerina=>-
] #2]3F 16:0-ACP thioestetrease T34} =og 2
ST}, Cuphea lanceolata®R-E] C/FatB4 AR =2
myristic?} palmitic®] E%0) 40%S zte FAAE S 7
E7 =3

7180 F28 4 82 oplitle] FYHUA 249 @
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2] phytic acid®} 7+2 sinapine, phenolic acid®} tanning 3
Fhe 22 FYA47HXE AtAZIt). Sinapine®] 73-5- ot
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Q) Q13 Aol "t o]H g RIYHIFEL W5
o] FYFIOE FAS ARSE o Asgich. ehiiE o v
S Zolx AglUAE FTM7IAE o frxjol] =4
Z2e] =9o] 831, canola] EEE =Y F o, o
Faba Blst AAEE Zdete 7198 & uth

fralate] JIHIIXE EE] k] SNFHE =T
Z9E Pz} she 858 AlEst] gFeisiedl, A1
A9 F7A4 9 354 a0 fAld H2MorRY m=aA
7R st FAZS £ F AUe 7Hede] o, ke
e Y FRHAE Boste] FIME AAsiy EASH
FRAAEYS w3t T3 glucosinolates} FFE TAPAE-S
AEA2A 2 olg 7HsAe] UL, glucosinolate= B-D-
thioglucose YFE Af3h= f71-8°]2°]™, isothiocyanate®]
Felz AxAdo] 2 4 J2H, metam-sodium(Vapam)®] &}
TFES AT = Aok ARk AE2dolv 23 F&
&2 glucosinolate $HFo] =21, phytotoxic 2H8-3} 4HE9]
It e Aoz g ok A 2o 2RE] glucosino-
latex= Cylindrocladium parasiticum(Crous Wingefield and
Alfenas)l] o3t F3o] WAl a3}, B3| Cylindrocladium
black rot(CBR)?| ZHE ZFole &7t slo] WAL, %
9] CBR(Cylindrocladium black rot)® 3] SCN(soybean
cyst nematode, Heterodera glycines Ichinohe)s HrAl3h=vl
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83 fAAEC] cloningH L, 15 F B 7= fF1l
AHEATH 2 AFE 2K E ol SHEe FEEEE A
B3, doldt 79 7SR FA AEAEC] TR,
AR EF9 8A4L 9% EHrE AedA 2 ZHolth
2 olfel] A2 FAle] SA4d¢] 7ItE 2, SHe 2go]
2 F e T OE 7ES ANE e, &4 AniAE
< st =& 713815 & & Utk /A AR, 71852
7FEAL, ARRRA vl Be] d 4 ok FH2e] o
7] EHoA AFE HE-S BE A& XAl As)e)
3 BxpEske] olad 4~ e WHE FdHo] HAL, 7|E
FA] fEe 77 FEA FH=L ek Calgene Inc.
9] 71ERHA AE 7189 el oig a5 ds
ZresiA 28T 4 vk 2o sk 715 Ake Hg
£ 9] ujsiAlE FAlo] L, canolaZt®E B2 low-erucicd &
2 o] Ao

@ LAURICAL™

California bay(Umbellularia californica)®58 £21% 12:0-
ACP(acyl-carrier protein) thioesterases -3l Hl(iF)e] ¥32
APl A AWt A Fsle HFHoR AsaEsi
3, 2 AT AFEY laurae’t SHEAT olH T laurates
A FAHE 715olaL, e AHte] AFHAAAZTE A
A8 ZolW, wiglycerides(TAGs)S] F &EZA] Kennedy
pathwaye] &) oJsfr] o] &} Hxo] FAMIA = 7]
29 laurate ¥l H37F A0, thioesterase E40] o7
He2 YHEE=S FAAIFHR] T o=t JeRlz
Azfo|t}, FApe] HlwZ) A B O high-lauric Al%-S A
g ¢ %oy, A&A] §F3 2FAPe s FFS N
slth. o] £E& ‘Laurate Canola’2 L&A U, 1994390
Georgia®l|Al ABHEATE ] FF& At e 40%7t
laurate2 5 7128 AABIAT) Laurical™e =2 43 A o] #

O:

T



7 FE 2t o oY 179

YFold 7152 HFe}t A9 AlZo] A-&o] Frt 2A)
28249 o]g sFsAo] A FAF o AT}
(@ HIGH-LAURIC OIL

olE FAAFH AEA o) lavrate 71E0] FHI AL Ex}
o} 3% 12:0-ACP thioeaterase E=9] ok} HHo] glo
=

o, o2k 60 mol% laurate®|T}. Thioesterase 8ol Z71= A
71 A BAG o] R AR AER Al ¢
sl £8E F U= 7FeAol e, o] Erhal dj4 7]
Bl lawrate’} B B ES A7}t e AL o gt
] AHd2 Kennedy pathway2] T WA acyltransferase ¥H-o)
oA Zsld 7128 o] g FHZQ AFe] vk Ao
t}. FAloll A, lysophosphatidic acid acyltransferase(LPAAT )=
sn-2 acylation THANA 18; 1o Xge 7[Fel gt 7H3st
Aelg FHte g ZujgEe vk 2 A=, 302 TAGs
= sn2 fAONA A ExSE acyl ZAEC| Al
AR ASARMANA FHHES laurates TAGs®] &&olzk
2 AT} 52 mol% laurates ESEL = FEHPH
AEO ZHE TAGs2] sn-2 XA 5mol% laurateaksS Z¢
=rt sn-13 sn-3 YoM H laurate TS 76 mol%©]
. o}F EE lauwraeE 2w 71554 F55 /dehs A
L sn-2 X9 acyl AT, medium-chain 2 PHA Fx3}
AEE 7Fd 2= 9l LPAAT 88lo] Ex)sledo} g},

Medium-chain 7]2¢l] tigt AS= LPAATE 2= XA
U] lavrate’t 718 A RS FREEA | o0& 7)&
oo} gt o2& coconut®] vlAS wifroll e dEow
TEE 7 Jon, aie) A ol He] f5siE A
Tt FE3 WA= W gl A S st B 4 9l
o, olof Agshe FHAME cloningdtAl Eth E. colivlA
olg]gt FA] WHL medium-chain LPAAT €22 F53}
Asla, 2R 488 s dIET) Napin SZA19] =
dslol] LPAATE H&3e FAllE laurated A4l 2
e AT E gt Fol S 3RS S29 75
9] 1214 2L coconut LPAATE E93% Z1E0] sn2 94X
et A FHE laurateR-& RAFT} sn-20A1 laurate”} 30
mol%Z FH3 A% laurate o) 40 mol%E EojuAl ot
olzigt ¥ TAG 729 2FHo] AMAZ HHHE o,
W) 2 71 g2k FAFEel osir] T3 uiglyceride®]
AL HEe)7|= &ty 919 welERE F, TAY Ak
thioesterase®} LPAAT AZH-7x} U2zt E2=o] A= 7]
T 3y, $Ee AT AAAE olFAAM 2014
laurte®] AY4to] 7+-& <ol laurate® ANFAE L, laurate’} =
73 715o] 7k AL At gy 5

@ OTHER MEDIUM-CHAIN FATTY ACIDS

Acyl-ACP thioesterase 712-Hlol]l o8] 7F2] dae RAE0]
%4, CalgeneAlol Al TA. Voelker, K. Dehesh, J. Kridl,
L.Yan 5°| cloningdtAith. ©|&& A9} B F 1Fo 2 o

FoA BE AFHEC SAce AR v|Fo| Fsisit
A thioesterases= 21E A|W4F AAFAd2] oleoyl-ACP thioes-
terase® AR =0} VERdTh B Fe-2 E3ME acyl-ACP 7]
Aol A5, 531 medium-chain-preferringg 0132, 5%
& 718FARIAEE Zet £ = ok BREE 14:0-7 16:0-
71&el| st MBS 3h= thicesteraseE AL oW, 71E
ZAol] SR o3 A EAZTE £t cloningit 2
sojt}. o]2igt thioesterase®] 7152 ZFA S0l HAYH A
A, A=Y FAAM FHEY & LA A= &

o] 7}A B thioesteraser= medium-chain 71224 -
Mz g¥o] H3 3ot 7|82 80, 10:0% 14:0& E35H
3, ddTde] ol A o7 7R FulE A A
t}. d2M, Cupea hookerianaZ3-E] thicesterase Ch FatB2
o] ¥¥2 AEA 7|55 8:03 10:00] FHsHA Ha,
F3715°] 10mol% 8:02} 25mol% 10:0S Egs= A
A = QAR T T2 B thicesterase®] X2 40
mol% 14:0& E¥sh= FAE AT & AUk Medium-
chain®] ¥l gt 7HFS 71 vigae ATS S5 A
& 53t ML = A g ol E Al g2 ks
< Hole TAGsE +4AlE, Algkd &8+ T tdstsE
Frskedl 7t 7heditt.

@ ALTERED SATURATION

B2 G2 $437 71730 L& 7189 NEe Esk(saw-
rated)/ = 3H(unsaturated) AWAke] WAE W&o wet A
o] 7Fséttt. d2A obF ISPIEl(high-stearic)”| 5025
B} A9 glyceridew ofF vlgAd 715E 7 F I
W, trans AARS 2381A] 9431, 24819 (hydrogenated) A
HE o @ FH2EHES gtk S 2Ad Fa%
WA 2 ¥ T = stearoyl-ACP desaturase &2 £F&
ARk mel gzl olaiglt Eae ARt Aol o

tle

Table 5. Seed fatty acyl composition of ‘laurate Canola’ and
canola seed

Composition (wt %)

Fatty acyl group laurate canola Canola
C 12:07 40.0 0.0
C 14:0 39 0.0
C16:0 29 6.2
C18:0 1.1 1.6
C18:1 29.8 60.8
C18:2 13.3 9.2
C183 6.8 92
C20:0 03 0.3
C20:1 0.6 0.9

*fatty acids: 12 : 0 = lauric, 14 : 0 = myristic, 16 : 0 = palmitic, 18;
0 =stearic, 18:1 n-9=oleic, 18:2 n-6=linoleic, 18:3 n-3=
linolenic, 20 : 1 n-9 =eicosenoic, 22 : 1 n-9 = erucic acid
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8:0 10:0 120 14:0 16:0 13:0 18:1
_|:Ch FatB2 L] [ )
Cp FatB1 o °
———(Cp FatB2 @ ot
Ch FatBl1 . ] . .
Ua FatB1 . . . [ ]
At FatBl ) @
Mi FatB1 @
[:Uc FatBl @ o
Ce FatB1 . ®
— _[:Ct FatAl
Ct FatA2
Ap FatAl = . . [ ]
Bn FatAl
Ch FatAl
Mi FatAl

Fig. 1. Example of homologous, higher plant, acyl-ACP thioesterases. The left-hand side of the figure shows a phylogenetic tree of some of
the acyl-ACP thioesterases cloned to date, constructed from an alignment of aminoacid sequences. The right-hand diagram
summarizes the subatrate specificities of the corresponding enzyme activities, semi-quantitatively. The activity on each acyl-ACP
substrate is represented by a dot below the corresponding substrate acyl group (8 : O through to 18:1), and the diameter of the dot is
an approximate indication of relative activity. The source of these thioesterases are as follows: Ap, Allium porrum (leek); At,
Arabidopsis thaliana; Bn, Brissica napus (rapeseed); Cc, Cinnamomum camphora (camphor); Ch, Cuphea hookeriana; Cp,
Cuphea palustris; Ct, Carthamus tinctorius (safflower); Mi, Mangifera indica (Mango); Ua, Ulmus americana (elm); Uc,

Umbellularia californica (California bay).

Fo)AAA stearoyl- ACPERE| oleoyl-ACP7} 34E uf wi=]
<2] ©¥3}(desaturation) ¥H2-of] T3}, safflower(1Z)e]
stearoyl-ACP desaturase A2 A8 2siA canola®]
2498 ¢ Z7/MNE 3Tt oF 2900 1% AEE Eo
Er}. FAolA] desaturase F-AA o g W= AL A
o] g8 Fols RS ko] 718U stearate(18 : 0)
o] FE 40%7HA F7H stk

Stearate®} A5-& g E e 715 HelA 18:1-
ACPE A37A|3l= 4B 18:0-ACP tig 288 oA
Sl= acyl-ACP thioesteraseS @& 3tA| sz Zioltt. J. Kridl
9} F8E°] mangosteen(Garcinia mangostana)Z%-€] thioes-
terase’}El= FAE cloningdte], stearate”t 50% EFE ]
A= FTAE AU CanoladlA o]t F2xte] EHL 7]
0l 20%°] stearico] XgE 4= A} ol2g FAAS AT
£ antisense desaturase® ¥ 8she E43 A o] 9ok

® HIGH-ERUCIC OIL

4L SR AR 2ol 71890A erucic acid(22: 1)
7F A9l o8 7R FEEA high-erucic acid rapeseed
(HEAR)Z Zte F5& A <l8d TAGs7t 2o €
erucoykZ sn-2 Yol Hollom, o] A9 S FHE}

Zgre

Lt iy

oA ol erucate FEES SE Zlo] JFe3ith
2 erucoyl ZHEEE2] T W2 ALk AU EA
2k ohal 5g o] A4S 1% tierucin
Ak, CalgeneArte] Lassners} Metz 59 §8
71A] @] WA o] FAo F2ack A W
jojobaZF-E] ketoacyl-CoA synthase(KCS)E &&= Al
49} fatty acyl AFAAE ASRs Wl AJEA= F
HAE cloningstAth. 2719] 2 fEA, o] A AR
wax esteroll 4] -ME C20, C22 2 C24 acyl AEHE AYAHS
elongase A A2 AdFEF-olth Canolaol] ©] FAAE =9
A= ©]2)3F very long-chain fatty acid(VLCFAs)e} 78
acyl 9] 58%7} AJ8shs TAGsS] A4te] 7hs3it). oA
o] Aol MEZL] fatty acyl AAIAl) Zol7F HEAR
off &gk canola® VLCFAsS] FAIE zHAIs s A& A4
stk EA R olHd FAXTE Al Aozt KCS
7159 FAR JeplAl= A& BoFE Zolth KCS #3432}
© HEARZEWH AR 822 Ee2lsldHEAR®] 40-45%
Hr} o 2 g A=t AoX A=A skt 2o
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sn-2 YA A AT AR 3=E sk Aot} Lassner 5
£ meadowfoam 2= (Limnanthes alba)E5-E] erucate® A3
3= LPAATE 9¥F f4AE cloningslSith. HEAR 71l
o] FAAE =3l TAGsY sn-2 Y9 erucyl FHEES
e A Hi, AR 718 terucin®] &
< u Bol A ot ojH3 Sdsle KCSeF LPAAT &
2F 93 FHAES MEL supererucic FAIAIES U=
Hjo] & 4 ik

® ALCOHOLS AND WAX ESTERS

e e A= FAl TAGsY] fatty acyl A2 HMHdh=
A Aol Roj7lrt. B} T oAl A& E thE Bt
gt A 4E 2= TAGSE HX|H=H, jojoba FAPA] 2
obE F Ae FEE&A HEol He wax ester/t 23olTt
o] 712 very-long-chain fatty acids(VLCFAs)e] AJ4tell 845
3, long-chain alcoholl VLCFA-CoAg] FHo] Eol=%= 4
oji, o]E alcoholE©] wax ester HE]Z VLCFA-CoAsS]
H %ol ZheE 2= Zolu). Lassner, Metz} 18 558
E°] alcohol 4H-2] P43 HEARY #3AE Fdsks 2
of Aol & jojobaS] acyl-CoA reductaseZ cloningd%ith.
71&ZAeto] acyl ek oF 4%7} alcohol HEHolA FolE
Zolt}, wax esters’ 715FA FAL] F 8%E alcoholel 4]
ester8lShs G4 o} EAAR Aol gAY ester S
ZA3k= wax synthaseZ jojobaZH-E] cloningS F% Foll

At

Trierucing SE=ES 7|185&2 XM& X|&Q| bioassem-
bly

A EAY 3] 71EEA WY Z2AE] Wt 51
DNAA|ZSE 38k Fate], 7Y IA85H
I gl 5H3) A9 71EAE AL £ e 7Y
MR F52 Ndeke Zlolth. 19 22 RdEA ¢
erucic acid(22 : 1, cis-13-docosenoic acid)’} Bo] &
Brassica napus®} very long chain fatty acid(VLCFAs)&
71 98 AR WA= Al #Ae Zeth
VLCFAsE AREAEA, 7kl 2 I EA ] ks e
THAEE, &9 &8FE 7FX7F 23, adrenolekody-
stroohyoll 7Fd whg#]sh Agj2A] 2470tk 12F4]] high-
erucic 7182 erucamide®] AJ4tel] 2xo]H, plastic filmé] A|
Zl anti-blockx| 2] A 2] o8} A2, C22 oleocemicals
erucic acid, behenic acid(22:0, docosanoic acid)®} ZE 9
HPEL 24718 AT 3ELEIE 2 5 Sk

VLCFAsS ¥3F5h= triacylglycerols(TAGs)S] A8 &4 &)
2= AFE (1) erucic acid®t 72+ VLCFAsE 7182
Eo] w&3hz] /92 F(dacylglycerol) 22HE0] S5
Zo]3, ZH(phospho- Fe glyco- X el FAdo] olly; (2)
22: 1 TAG assemblylX| 5383+ Astels] 7]2}-8 Avele
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B 7H 9@ B3 4949 BRIk (3) VLCFAsS)
Z7H 720 712 B0 FA-HAE MY TAG-SHol
al
4

2 & 9T, WA oAl ol AL AN g 23]
@ & Qe Aolth. = 4B, BA-fAsE Aol 7]

EEAETEH F /A B FAAE skt ARA, £
25l B. napusoll BAHMEZ o= BHH, HFHQl VLCFAs
7} 718EA ] B4 THEHES sk Aotk 3 WA =
A& Brassica % <l lyso- phosphtidic acid acyltrans-
ferase = LPAT”} glycerol backboneStell ZF7FX](sn-2)l
erucic acid’b 912 & gloh. 22, oE A= F52& ol
g 715E Ak, ol#d 58S B napusol FoIA FA
Al 3B} ARG HHE 95 B3t Hok 2R A%
71890 AL 8l o]#dt faty acide] ARE g
Algstd VLCFA A4S A% 588 S7M12 4.7t 3l
< &tk F A EFE fatty acyl A7EHQ C18& A
ZajA] AAE = 2804 VLCFAsE YH=+ ‘elongase 3 Ale] T},

(@ BIOASSEMBLY OF TAGs CONTAINING VLCFAs
IN BRASSICA NAPUS L.. THE MICROSPORE-DERIVED
EMBRYO MODEL SYSTEM

B. napus LOIA ZrolE £ )= TAGs® & Brassicaceae
9] 718FAE] 7 U= acyl 2EC] T} eicosenoic
(20: D} erucic(22 : 1) 7+ VLCFAsE sn-13} sn2 91|
oA oZB|Z8l HR|T, sn-2 YRR O ZE of| 2|
2318 A Rtk -2 ARNAE oleic(18: N -2
C18 fatty acids o ZE|Eslgict. I15AENA ol
C16%} CI8 fatty acyl Y2 Kennedyol] 2lair Atd
G-3-P(glycerol-3-phosphate) pathwayE 7353} TAGsZ H
gtk H27HA), VLCFAsE Edshe TAGsS] A8l =
e I 712k 3] ol HA] Eelitt. 1A R O
o]Ego] A¥Z el thafAFelA, THYLASE erucic acidt
erucoyl-CoAZo°] 7IWelA HEA fR7tsls waagollA] of
F HlokelAl thAt ol FoZivhes otk

HEA| voli zHo =z AF AR (microspore-derived,
MD) (it )= BEpAlolaL, ojEo] E3lEel, 2 olFe] &
F3l%ol, ulAdSs 3 AxAlelth. ZAMY 7leg Fok,
AXAES FHE TANM FEE wirt 28k A v
A wiEAo] A E ). ERE], o}F &2 erucic acid FF
¢l Reaton®A] MD Hli= 22 FE2] JEA w7t E5si=
A 22 W2 o2 TAGsHl 22: 13 722 VLCFAs7t %3
HE AE B 5 A¥th 9 Fasl, H2Y Id7ES
Reston MD 8jAlAlE &dsi tiAbs Fa3PEA, 7104
TAGsHl 599430 erucoyl YH-Eo] B &S vt
FHh. MD #l A A7 TAG bioassemblyS 13k} 2 ash §4
o] HFE ARt dvke Ag & & UA s

A WA GdAeA olefst AAE FTH I A=A B.
napusIA sn-13} sn-3 ¥ AXOA erucoyl AHE EFsiar
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3= TAGs acyl FHA 24 erucoyl-CoASt & %2 acceptor®
] G-3-P2 Z'+= Kennedy Pathway®E 75l AXEE<]
ok 520, of 712k sl dEAE Jen, A &
2E Zfrshe Zola, B o] o594 malonyl-CoA®| &
Al F el v} #HASe] oleoyl-CoAZFE] VLCFA
Aol Fx=Ht) “C very long chain acyl-CoA¥ 7]l
A Aol Ho, 158 G-3-P2 glycerol backboneoll 37|
o, LPA, PA, DAGE©°| "i7l&l= Kennedy pathway©l*]
TAGSE =334 "t} 9)4(exogenous)?] G-3-P2] FAl=
EE glycerolipidetold MEA A== VLCFAse] W§ol
Fo1EA B} 22}, TAGsE very long chain acyl-CoAs9]
N2e AL Fubelar, Hx2) acyl FHAEA] G-3-P2 9
&g AR|Et. VLCFAsE EFshe TAGsS] AIFAE
gk 712k2 2 4] Kennedy pathways= B. napus®] Reaton F%
o] H3E viol gg=lo] dom, T ARSI E & A
FUHEH H=g AP AAE k=t “C oleoyl-CoArk
“C 20:1-CoAZ €] VLCFA A@Ao] olFofxEdd we
Reston #5°] MD wjA|All osjrx 7oA YA€
TAGs®] A2 (stereospecific)?] 212 FHLASHE erucoyl
Aol sn-13t sn-3 XA BEE S, sn-204 = o] Fo]
AA] gethe RE 2oFt. odd 23 MDY HEA

Reston 2] vl ok2te] JAe] TAGs7} H|$&sith= Aolt).
H20], FAN(B. napusy= sn-2 A=l erucoyl YH-Eo] zFg
e T Ue 847 TEHo] A9HY AHE ¢ F Ao,
A0 erucic acid Y] 2/3 EE 66 mol%E A|THe] Hrie=
g A H3sl= Aolrk ol ManitobacogkrollH $58 A=
St A3 hugh erucic acid?] 56% 22:12] §-39 AF33it
® ENZYME TARGETS FOR MANIPULATION OF
VLCFA LEVELS IN B. NAPUS ‘
(i) Lyso-Phosphatidic Acid Acyltransferase(LPAT)
High-erucic acid?l B. napuse 239 A 718t sn-2
A1l erucoyl YFE-S ZHA] o™, trierucing W E3HA| %
e, 28, AAle] ofE FEL sn-2 AR Fa% F
9] erucic acidE ZH1= 3}, Nasturtium(EE Y Tropaeolum
majus)] FAE sn2 Xl i 1/30] A=EFH 75%
erucic acid® X5t AUTh BL9], trierucin® nasturtiumol]
A o}F FHE TAGs FE°IH, 453 TAEFYH TAg =7+
S E3l] mass spectrometry® AF @A ojnix
sn-2 erucoyl 554 L 7 £2 o= meadowfoam
(Limnanthes douglasiny®|A B 4= 0] sn-2 Y04 erucic
acid®] 2/37} o131t}
Meadowfoam EA sn-2 AN erucic acide] =7

18:1 ba Phosphatase 18:1 DGAT r 18:1
18:1 » : > .
P OH 18:1-CoA 18:1
PA DAG TAG
LPAT CPT
18:1-CoA
18:1 18:1
OH 18:1 (18:2)
P PC
LPA
G-3-P

AT S~ —18:1-CoA

OH
E OH

P
G-3-P

Fig. 2. Scheme for tricaylglycerol bioassembly (Kennedy) pathway in developing oilseeds. 18 : 1-CoA, oleoyl-coenzyme A; 18:2,
linoleic acid; G-3-P, glycerol-3-phosphate; G-3-PAT, glycerol-3-phosphate acyltransferase; LPA, lyso-phosphatidic acid; LPAT,
lyso-phosphatidic acid acyltransferase; PA, phosphatidic acid; DAG, diacylglycerol; DGAT, diacylglycerol acyltransferase; TAG,
triacylglycerol; CPT, sn-1,2-diacylglycerol cholinephosphotransferase. After desaturation on the PC backbone, polyunsaturated
C18 fatty acids can enter the acyl-CoA pool via the enzyme acyl-CoA: lyso-phosphatidylcholine acyltransferase (not shown).
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lyso-phosphatidic acid acyltransferase(LPAT)®] & erucoyl-

CoA Erslol 9¢le] 2}t Meadowfoam @ ZH-E 548 LAl
A T YA 22: 1-CoALPAT 23] B. napuslix
g ¥Rt 50-1000) O =c}h 28v), meadowfoams
Sa1e] 18: 1-CoA:LPAT B33 79 ujS=3ict,
Meadowfoam @ Z7E] erucoyl-specific LPATE encoding(3}
Fshshs RS ERAA el SRR H2
stk A= W83k B Limnanthes douglasii SAZ5-
Bl cDNA libraryS ¥7] 93l oligonucleotide probe(micros-
equencing 5ol AA R} A ] o] 8o ¢fste] ofef 7R
WeElal e 71 8RR RE LPATsS] AAet elg X
3+ Aslels ok A WA Al ZAE AAste A
o gy #AdE ZRAEY wHE e Aotk
Meadowfoamn S 2%-E] erucoyl-CoA specific LPAT=, 2|42
AFAANE 10,000X g pellet 22l FRaI0H, FL LA
A 249 A4 2] 95%5 AT F WMAle ¥ H
o] Houbgeld], 71823} LPAT #3442 encoding3t?] ¢
8l E coli®] LPAT7} Aod EAWoIAE 7Idishs Aol
Meadowfoam LPAt -3zl #4E ZHe 21, trherucing
Aaer = QI fafol] FAZBAT| A} sk Aolet. A
o] Aty A7 T UoA HA=H, (1) meadowfoam
LPATE 22 : 1-lyso-phosphatidic acid(22 : 1-LPAYE {1213}3L,
sn-2 12l erucic acidE AY$Th 22: 1-LPA7} B. napus
oA VLCFAsZ Z§3h= TAGsS AR TR S /8
& 3= Aoz HARAT 2) 71 AENAM meadowfoam
LPATE B. napus®) F2HEE AFshs AAE TP
d, B. napus MD W 2FE LAY FLEZL 14C
erucoyl-CoA%} ¥EZ] | 2-dierucin g AlF3tATE oj#3dh
ZAsNA, “C EAF tierucin® B. napus AN 234
A kol 5]} o v, | 2-diacylglycerol acyltransferase(DGAT)7}
sn-13F sn-2 92 YR oA 22:19 diacylglycerolE ©]-8-2
% 9E Fdo] ATt YLol, B. napus2] MD ARt
DGAT:E= 7oA 5uM o142 oleoyl-CoAS @A erucoyl-

[o) 1
I

(en-1) 1 20:1411
H,—C-0O 1 (etcosenotc ackd)
| o 3

il {

(sn-2) =
- 18:1468
H-C OWC acid)
| o o

{
{sn-3) .
H,~Cc-0 W‘f‘-ﬁm

Fig. 3. Siructure of a triacylglycerol typical of that found in the
Brassicaceae (e.g. B. napus), including the stereo-
chemically-distinct sn-1, sn-2 and sn-3 positions. Erucic
acid (22 : 1) can be esterified at both the sn-1 and sn-3
positions, but is virtually excluded from the sn-2 position.
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(ii) Elongase

TAG AEHAYE AT FFe] A
foam LPATE ZH= B. napus®] JAPIS ExEsio, 1lck
HoZ crucoyl FEo AR FES tierucin®] F2 & 7t
A oA 3}t FAHAFE B napusol VLCFA 752
T JEE F7] 95k, F HK EI oleoyl-CoAZFH
VLCFA AZAS 98t Y-S ZEE elongases ¥33}
(encoding)dh= ARkl

olg]d FAAE 53] A% H2o] BAMASe sht
ojt}. VLCFA AgAle] zivpslt HAMs}AQ1 Arabidopsis
thaliana®] A9 EQAH0)AE £2|5lod, elogase +AH7H
Edolo) 2Jajr Eao] HEE AXE wolAe] B4o] ¥
5 chromosome walking?] 7]&2 ©o]&3te] o] fFH=
cloning@t}. o83 71$& A thaliana7} 7V A& 352
2] genome(dir 100,000kbyS 7FAIL SUaL, A FaY
B2l DNAZ Afrsl7]dl slxde] 2

EMSZ 213 A. thaliana®] JFEL GCl 93N HE
&lod Zxjol] x12 ] VLCFA %ol eHgd 34 H3ls =
e oA e] B E Asidth olF FellA, vl A
o] EAHO)AE 20: 10] 1% olat2 T =] AXCEHIE &
e 20:10) 18% FH), 20:00] EJEULH, 22: 12 I
ole]x] ergkth FA A BAL o]F U] /e sdWHeAlE
fatty acid 2230 W3} NS RAFEH HE H9 9
%), FAE1IM E90)7}F dolibe-g ZalE. F4sted, o]
S AC562.2 E7]§ VLCFA Holxie] shist opd ezt 44
233t Fl oA VLCFA 0] opi ¥zt SdRolA 2
ZF7F 738 JERIT) ol2d B4Ag 942 elongase®]
-9 g4+ WA elongations A&, VLCFA Aol oF
o ulAd £ Qe HoFoh 7iela ACsee] 33
&1z1¢] EAshs EolA e} 77 oRIF M E Soluke
ol “C 18:1-CoAZREl “C B2 20:1, “C 20:1-CoA
ZRE MC 22:1, “C 18:0-CoA EFE “C 22:1& AF
k= B¥o] Ao=o], malonyl-CoAd] EA= g8 7A
U= )

FAEl §-37%= A. thaliana?te|X BE VLCFAs®] &
Z3stx glen, wElA FAEl fHAE  chromosome
walkingll &Jaix] ¥-2lale] Aeld 4= Qloh. FAE] =kt
A] chromosome walkingS FH]3ked, 2719 $X|7F cer2t
ap29] FeNFel TRl oJEiA Eeined Ue chromosome
4o Ax3 FHASAY. 2 A, AZE RFLP
marker3HE mappingS 2 EZSh= Zoltt. elongase A}
9} 71 WH3E RFLPE chromosome walkingell thgh Al2}
< gge Zolth

ArabidopsisZF-E] elongase AAE £23t, B. napus
ote]] ool AgH= FAAE Belste] B3 (probe)stit
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Table 6. Industrial uses of trierucin, erucic acid, and derivatives.

Industrial uses

Trierucin Pharmaceuticals, lubricants, waxes, heat transfer
fluids, dielectric fluids
Erucic acid Erucamide: slip agent, plasticzers

Amines : surfactants, antistats, flotation agent,
corrosion inhibitors
Antifriction coatings, mold release agents, flow
improvers, mixing and processing aids
Erucyl alcohol ~ Surfactants, slip and coating sgents
Behenyl alcohol Surfactants, slip and coating sgents
Wax esters Lubricants, cosmetics
Brassylic acid  Nylon, perfumes, plasticizers, polyesters,
synthetic lubricants, paints and coatings
Pelargonic acid  Plasticizers, plastics, coatings, flavors,
perfumes, cosmetics

Behenic acid

VLCFASEdS #3 elongse 7159 #A=dt L¥S mead-
owfoam LAPT 352 13l WS B. napuslol S8
gt mierucing AAbete=t] 2E

ZAEZX0Z Reston =% MD embryo model #HAE ©]
3= A&, VLCFAsE X §5h= TAGs7t high erucic acid

T3t B. napusg WFEEEINE 712 A AsiEr 7
< A3k Aot AEFEIIYEE 08 o] WYL
ultra-high erucic acid 718528 A4 e 718E
oA3A "ol F7R E8 §492 meadowfoam LAPTS} B.
napus elongase® P43 8}st kel S A3k F sk
A e Fee A}, 748, EAMES dHE 7)eol
A AE g e Agolrh. ol BX A ¥4

o

f

=)

3
i

e of

¢

° B. napus®] FAARI0l HE e {59 =¥& Tl
ek 66 mol%oll Fshs A9 erucic acids e FFE

ko] 7hEsith.

4) Biodiesel Production of Rapeseed Oil

Biodiesel2 diesel AF8t E3talAV A8V ©EY A
E2A4 29 = Utk 30% biodiesel?t 70% diesel2] E3HH]
o) 7 o, IR atEHE dEACA 53] vt
25t} dvkel oA AS TEHE Za 89S =Y
2171 WEoltt. Biodiesel?] A4t ¥]8-2 lited 0.15~0.51%
(gallon 0.56~1.95% )°1™, biodiesel] ZZAN1ZQ] 7 =)ol dgk
S PAE 7 a3 ¢l 7)E4o)t) g =
BI= Ssulphn®] HEo] A9 QAL d4T uf JAsEs
o} gislrio] WES Y F otk AE2A AEAY 7L
AREE w) A6 = FFE BH, 79t Xl e
A5 715S JE5E ARRSl 2Y 7 ok ZES dEs

ok AEAVEE EoHE gl v #

Table 7. Typical fuel properties of a raw rapwseed oil and methyl
and ethyl esters of rapeseed oil in comparsion with No. 2

diesel.
Properties Raw Methyl Ethyl Diesel
rapeseed ester ester

Heat of combustion

biu/lb (gross) 17,370 17,506 17,500 19,652
Flash point(°F) 525 338 365 176
Cloud point(°F) 12 26 30 7
Pour point(°F) 5 6 -5 -18
Viscosity(cs) @ 104°F  46.7 5.7 6.1 3.51
Sulfur (%, wt) 0.022 lessthan 0.001 0.008 0.36
Density (Ib/gal) @ 70°F  7.57 7.20 731 7.07

7 2 AEsiE L, mEA AR, Bt &5 29 e
ZHF7170e] gol QHERt FAE v AE HE 7 AUtk
Methanol 1ol alcoholZA] ethanols: 227] 3+ #1718
ester8H= ethanols} A EAZ|ES 37 k8o, AAate]
7Vesk, ethyl®}t methyl esters H]S:S A

ethanolS- methanolEt} CRE7)7) ebddteg, Zulg e =
9] AR A7l AE Fole AWV Atk EA) biodiesel
S A3 F710A biodiesel?] AR liquide] 4.2BTU's
o} o &2 a3pF Aot S A9 714, SAER
B 7188 FE31a 9= M2 7HA, glycerol®] 71|, alcohol
o] 7H4, Akl g AFo] A FAATF U HEFd &
Huck

gozo| MY

7IERES] e AEY AE, 7Y TRAREEA L
93 Aol o]Ale FPAHES] FHL HeldA A
AAEE AFsh= Z2 9 v]4E Apdol7|Esit).
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