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Acyltransferases for production of industrial oils in transgenic plants
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Abstract  Fatty acids in seed oil from plants are essential for
human nutrients and have been used for industrial purpose.
The growing demands of seed oil as food resources and
feedstocks for industrial uses have attempted to modify fatty
acid composition and to increase oil content in transgenic
plants. However, production of unusual fatty acids in trans-
genic plants are limited, which is not synthesized the level
same as original plants. This bottleneck was common for
production of several unusual fatty acids in transgenic plants
and suggests that there is different for substrate preference in
oil metabolic pathway enzymes between host oil plants and
original wild plants. Review of acyltransferases involved in
acyl-editing and seed oil accumulation of oil plant and wild-
plant producing unusual fatty acids will design strategies to
maximize the production of unusual fatty acids in transgenic
plants. In here, we identified eleven acyltransferase genes in
castor based on sequence homology, which will be useful to
increase hydroxy unusual fatty acids in transgenic plants.
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Aol 22y @ A7) 7)ol Bk A7 A%
A3y =3l Q)31 (Drexler et al. 2003), AFYl o 483 E
HPARS ol Al Ro A AM|H 2zo @ ALY =
7= A7) MY =E L QA9 (Napier and Graham 2010),
O} A7} A A A o2 AA Al £ AAE 4~ 9=
YAZA S0l 27 w4 Eehis Aol ol
FASL AZ oAt ATE SAUA A0} Um
B2 993 Sol AU S Z0A1717] el
sjdsfor & = —rXﬂ@%% ropdl o= 1 3ith (Larson et
al. 2002; Cahoon et al. 2007). AR 2= ABASL R} 3= E
O] R HFAL HAJ of] ARE-E] = acyl-CoA 2} 2122 (phospholipid)
POH 714 9] Z}o] (dichotomy)E =538k QAT 4= 9l
EARE TEUL U %18 AoIE £55A 10
N7lE SR w20l Basi e U
_j%x}xﬂ 7} Z¥31 9l WA acyltransferase & ASTHEN A2
Sol ARt gt 7] A S0l o] glolA, Hf BE
o] Eo|AHAbe] 713 23} Zh= acyltransferase -5
Aol drso] B4 el oz JlgHck Hze vy
Ao A 249 H3HE 913 4
el EH/\}%@}% A= SolAHAtel dis) A
Zt= acyltransferase o] Ggto] mj-Q F Q3+ HojFu
Burgal et al. 2008; Shockey et al. 2006). & &/ o] A=
REAEQ] of 7| At o] @ AUt of #oldl= acyltransferase
Axkel 7)ol el AR, olE $UAE ol §
& ZHhakel 2l A= 914 (ricinoleic acid)S AY
QAT 24 A Aol iAo oA
5} acyltransferase A AHS 2] drto] T3j 7|
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o A& T4 Y-S A5 S triacylglycerol
(TAG)+= 2234 (endoplasmic reticulum)ol] &2 3}= glycerol
-3-phosphate (G3P)o] 35-2}9] acyl-CoA (FA-CoA)7} o] 2~H]
Agtsto] AT TAG F4 3 TAGY A4t 24
A5t o= 7 7HA =2 tiabg ol ok A WA,
UubA o 2 A& %A Kennedy pathway E+= sn-glycerol-3-
phosphate pathwayz} Sl= T4 O 2 acyl-CoAE 7|2 =& o}
o sn-glycerol-3-phosphateo]] A&2 02 ATIA|7]+= 1A
o]t} (Kennedy 1961). Fig. 12 2 o] tfAtz7gof hoish
L 329 acyltransferase”} 1t} 2, @ sn-glycerol-3-phosphate
acyltransferase (GPAT)ol| 2] 3} lysophosphatidic acid (LPA)7}
SFA & n, (2 lysophosphatidic acid acyltransferase (LPAT)o]]
9] 3} phosphatidic acid (PA)Z 2% & phosphatidic acid
phosphatase (PAP)®f| &J3}| dephosphorylation =]¢] diacylglycerol
(DAG)o| YA =™ ulz|ato 2 (3) diacylglycerol acyltransferase
(DGAT)ol| &fslf TAG7} g Eeh. 7] tfAbatg-2 G3Po
3%9] A<4A 9l acyltransferase 7} A~3E 3| o] £A5}+= acyl-CoA
AAbE A4 APAA TAGE F4ste Aol +
HA, TAGE FAst= tiAto= A7) Kennedy pathway o]
A A E DAGZEEFE phosphatidylcholine: diacylglycerol
cholinephosphotransferase (PDCT) (Fig. 12] ) HF-3-of ]3|
A A= phosphatidylcholine (PC)o] Si4]o] ¥t} PCZEH
O] TAG Ao Tofst= &
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A|HHARS PDCT (Fig. 12] ®)¢ll ]38 DAGE A%d &
Kennedy pathway 2] DGAT (Fig. 12] @)°f 2J3] TAGZ 3t
H}h T3 PCof|A] g% E o] R HAko] Kennedy pathway
£ AR A 93l phospholipid: diacylglycerol acyltransferase
(PDAT) (Fig. 12] @)o] 2J3] 214 DAGE AeHo] TAGE
A 4 e 7120l FHEGlTk (Dahlqvist et al. 2000;
Stahl et al. 2004). $] 2] HF-g-o| Al A4 == lysophosphatidic
acid (LPC)+= t}A] lysophosphatidylcholine acyltransferase
(LPCAT) (Fig. 18] ®) RE-g-¢f 23] acyl-CoAS} A g3}
tHAl PCE AR 419 tiabs dREA TAG 3749
o] 3= Kennedy pathway®t= T2 PCof| A gHAJH 5o
AAko] A e da A3t 4= 4= 9l= acyl-editing 7]
2o} g 4= Qlrk. e A FolAuhite] 7| AXeHYE 2k
+ acyltransferase 2} acyl-editingol] 3oidl+= AR} 1 &
27125 9 4 o, L AAEO A AR E SOl A

AR AARES SN 4 Sl A A 4 9 Aotk

SOl Kennedy pathwayOf 20{5k= 389
Acyltransferase2| 7|ZS0|d

(D GPAT (sn-Glycerol-3-phosphate acyltransferase)
AEole GEA, vE2=e ok fxA o EAst= Al
7HAl F579 GPATZF &l A Stk o] & &3EA] GPAT7}
FAL Ao Bofttt. AZA of7|F oA 5F
Of &3A| GPAT F7dAol dis Eiasglont o fio]
fre A FElgA o] Bo]dlal (Zheng et al. 2003; Beisson
et al. 2007; Li et al. 2007), AR 7}R] 22 L 9] TAG &4
of ¥Adt=z GPAT FAAto] thsf M= HILEA] 3L
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Fig. 1 Generalized scheme for triacylglycerol (TAG) assembly in developing seeds of oil plants. GPAT: sn-glycerol-3-phosphate
acyltransferase, LPAT: lysophosphatidic acid acyltransferase, DGAT: diacylglycerol acyltransferase, PDAT: phospholipid:diacylglycerol
acyltransferase, PDCT: phosphatidylcholine: diacylglycerol cholinephosphotransferase, LPCAT: lysophosphatidylcholine acyltransferase,
CoA: coenzyme A, DAG: sn-1,2-diacylglycerol, FA: Fatty acid, FA-CoA: Fatty acyl-coenzyme A, G3P: sn-glycerol-3-phosphate, LPA,
lysophosphatidic acid, LPC, lysophosphatidylcholine, PA: phosphatidic acid, PAP: phosphatidic acid phosphatase, PC: phosphatidylcholine,

PLA2: phospholipase A2
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LA GPAT &40 7|AEo| Ao I3l H 117} gl
o5} xuFAke] st 7] A Eo| AL Holth =, Yy
Al &) A Akel SR AL, T E 2SR A
LEEE3} R uFAbe) HE-S-3l= A o]t} (Christie et al. 1991;
Brokerhoff et al. 1966; Lisa et al. 2008; Wiberg et al. 2000).

5.3} (safflower)} G2 o] A E2] % microsomal GPAT=
petroselinic acid (18:1%%) .t} oleic acid (18:1%%)0] E0]2 Al
S =5 Holth (Dutta et al. 1992). SFA|TF & 2 A3} A Eof
A= 29k HHo] & oleic acid E. T} petroselinic acid7} TAG
of Z2=) 9t} (Suh et al. 2002).

Tl A FHEZIA YA Aibe fe S 2R
b 3 A =dE FAdE s ve FE
TAG] sn-1 912 F EE} A H4ko] 80%7FA] AFA] 8%
oh BHE fA o] Ae d¥bA o= sn-l Ao 7% 9] L3t
Aibo] EAst= AC® dHA S T of o
HhA 0 2 GPATE Al Wol Al A4l s So]7]d
dol EAfst= AB = NEZY &4 3}= acyl-Co
of wzt TAGY sn-1 $12] 8] XA F77F 44 E 740
2 A= "t} (Voelker and Kinney 2001).

2 o P~
r° n_% 5]
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@ LPAT (Lysophospatidic acid acyltransferase)
23ZA 9 microsomal LPAT+ Kenneday pathway2]
acyltransferase == 714} 7] AEo0| A o] 78t & 40|t} (Laurent
and Huang 1992). E0| A 9IS A5 459 LPATE=
o5 Eo|AWAte] 7AHSTEE YEFWATE (Sun et al.
1988; Oo and Huang 1989; Bafor et al. 1990; Bernerth and
Frentzen 1990; Cao et al. 1990; Lohden and Frentzen 1992,
Davies et al. 1995). LPAT+= A& 2 49| st ® oy}
Amure] TAREC XA PCY A 2HoE F
2% e stk BESAYAL] gE 71 Sol4o]
Alszate) st o - #Hojd 4 gt
d& &9 oln} (flax)9] microsomal LPAT+= &3E3} X
HEALO] 18:2-CoA < 18:1-CoA < 18:3-CoA £=9] EojALS H
eIt} (Sorensen et al. 2005). o] E0]A12 PCY sn-2 $X|3F
18:2 A A AlS desaturaseQ] FAD3 o] 9J3f 18:3 x| H}AF
ome B LS SRt AT A, 42 of
ul£ 2} A HFAES] 60% o] AFo] 18:3¢1 A} A X|gt.
NS ESSE HH A 59 LPAT= 18:13} 18:2¢] 7] &
& Kol "hd, 16:02} 18:00] thafjA = vl A€ 4

> mlm

O

o] It} (Brown et al. 2002). o]} Zro] ESIA| WAL
i}%ﬂ /\OL Eyel 2_017(]- _/] 011:1]—;(40] -@]A]-oi
ZF=ITh (Christie et al. 1991; Brokerhoff et al. 1966).

FEAY AzolAM9 & SolEd, A A
Tl A BlFo AR, Aol EAEHA de 2
24 (12008 A4S 19 S ) FAAT 44 F4
LA TAGY] sn-2 §1#]of| 2h-24to] AEA] g 0]
EA)7F = QT (Frentzen 1993; Sun et al. 1988). A=+ 2| L

o}
Gl

oX 2 o 210
ot oSk

>l‘:‘__ﬁ:c»ﬁ“l

Yol YA 4= (California bay) 2]& 2] 12:0-acyl carrier protein
(ACP) thioesterase@} T F R 9] e} X2 A Eo] LPAT {7
AS FAlO HAAH RN, FA TAGY sn-2 93]

FEARS 23ete edZ AT 4 ST (Knutzon
et al. 1999). 7, A4, ZetAE, FTgo] Yaz 483
oANFLAF 22:1)& iﬂ%i A abst= A Aol Qlof A,
Ao WA LPATS] A sn2 ¢ x|of o £AALS AX
5l A& (Bernerth and Frentzen 1990; Taylor et al. 1991)9]
o] o] FESFALAL 22:1-CoA0] 5ol/dE Zh= LPAT
£ FA ol =45te] TAGY] sn-2 9] x]of| o £24FS] F7F
£ HOIt} (Lassner et al. 1995; Brough et al. 1996; Zou et
al. 1997; Katavic et al. 2001; Taylor et al. 2002).

@ DGAT (Diacylglycerol acyltransferase)

DGAT+= Kennedy pathwayo| 4] TAG TS ZAHA =
ulz] e g A o]t} (Perry and Harwood 1993). DGAT 9] A%
Aboll tigt 71 A 5043t DGAT A9 Tprpdkdof 9
g e dF S THeAdel gt Aol S E U
FTAY] I AE microsomal #2lof 9]3l] DGATS] 7]
AEol & 2AMSHIT 330l A DGAT= S4 A W4t
13 & Hol7| Kk theFdt F7 9 DAGE} acyl-CoA
o A& Rt} (Ichihara et al. 1982, 1988). 5, 3t&
(Nasturtium, Tropaeolum majus), S 0}A} (castor bean, Ricinus
communis)?} Cuphea lanceolata®] WA DGAT+= Eo] A"t
Atof| 7)1 A 23H8-S Bt} (Lohden et al. 1992; Taylor et
al. 1991; Martin and Wilson 1983; Taylor et al. 1992; Vogel
and Browse 1996; Yu et al. 2006; Lung and Weselake 2006;
He et al. 2004).

Z7] Akt W o2 5343t 7|yo| A DGATS| &
d A9 oAl= DGATIZ} DGAT2 78] 7| A Eold& +
Hahx] okl oy DGATIH 445/ o] §l= DGAT27h
HIEHA DGAT20] gt A-7F X 3Y = }lch. Tung tree
9] DGAT1Z} DGAT2:= n| 3t 7| A Eo| AL Helon, &
R FAAEH S o] &3t 7| A 50| AE ol A= DGAT2
7} Eo] x| uFALal a-eleostearic acid (18:3*""" o) BT} 2
}AS B o DGATIT 2= A2 thE A %A =udl

o £Aske] 1 7150l FHHA gk SR 710l 9)
S AjEstA " o 2 A|ALS}IT) (Shockey et al. 2006).
Hup2}o] DGAT2+= 2] AlEd| ¢lAke] Aedo] qlom, 7
Al s 1AL SR FAHI2QF DGATIE EA o HHal
o o] of 7|t FAFel A T 30%2) sfo|EFA] A
AR ABARSEQI T (Burgal et al. 2008). o] A= ofr Al
S A G ¥ acyltransferase”} & A Al EoA E9]
AA A= SN 7= Hol $8% 9ds I 2

F= 9ol

H| & A7)0 Aites So|AHAE AAte] Slof DGAT2
7} DGATI .t} Fostrfal & 4= 9lo} 7F A&ntr} of
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H DGAT aa7b A @99 F2o] 8 a5 5
A= =5ttt of 714t o DGATIO] & ols H 5
OF 15%9] 2} 2 Yo] FFAaHo| BHIE QI (Katavic et al.
1995), S50 K 0010 Z7heh ATHE gHOS A2}
= DGATI G317kl 17]9] ofm]leito] 7hE o] @ ¢k
o] 27h8 melon, o] §ARA} A4 A$ okl
5h= AS Kt} (Zheng et al. 2008). o 7] Ao ¢+
G0 Al DGATI BA8/ 9 Hae APAE 240 =
& Fof YL (183)9) 378 GESHAT o @
DGATI &4 9] F7}2 3|E 5 o] (Zheng et al. 2008;
Jako et al. 2001), DGAT10] £ 2 4-4ko] that TAGR <]
Aol WolTL A AT

FAAS AEo)| A DGATIZ DGAT2 §-7A48] prd
o olgt WA N FH0 Fefof T AT
7b Y= A §A DGATIZE t = DGAT2 732} 7§
A Ao it 714 9] apolo e Stetal L A7 St
o 217} Q= Aoz 2t (Weselake et al. 2008;
Taylor et al. 2009). DGAT1Z} DGAT29] @ Y=y} e U=z
el ofst= At 7|2l tigh At oS o] Fo
Aok Gk DGAT §A71e] Q1914 BAMolH] BAL
$a) Batgel 57 9 145040 MRS SEote
o177 AE T 9k (Siloto et al. 2009).

o rlr

o> of o oy
flo ot Hx b

HESH QIxZe| B of3t XYl oisis
Acyltransferase

@ PDAT (Phospholipid: diacylglycerol acyltransferase)
PDATS| 7] So]gof #gt A= 94 HH A&
oA AFE U o5 AEFollA 2 PDAT 242 =
=23} Y So[Aate] disf 245 HAr:. of7]F
microsome 53] PDATE= PC9) sn-2 Ao £A3t A=
@2l (18:1-0H), Hz4k, 18:3 Bl 20:48) ARibof dfsf 18:2,
18:1, 10:0 Bt} =2 A3 Bt} (Stahl et al. 2004). o]
A= PDATZF A2t A2 AR Hof A Sol A4k
= AATE AFAEL TAG Fej= HeA A
A ZSA A AE A HoAdhe HoEH Al2ute
A Ao EAsHH df7h H= SolA AR YAakete A
=9 d & 54, gupx}, 2L 5o opAESolt
of Y A= 2] PDAT= A|2H19 QA A 2R E S| At

= AAshE F8 7sE S AR ASH=

et al 2000) YHFAEE9] PDAT 7|32 ¢t & E4 & 7}
A oz A of 71 ol Al PDATE ofuti= FA}
of AU I Aga 24E A sk ol
= F9 98 oA = A Zrh (Mhaske et al. 2005).
oful = t}E acyl-editing 7] 2}, = Lands cycle (Lands 1960)
= PCo} DAG Afo] o] Aozt Hghof #ojst= PDCT
(Phosphatidylcholine: diacylglycerol cholinephosphotransferase)

=
o

o] ZF-gof ol PCYF TAGTHY] A HHAF 24 o] AAE A
o2 AyztETh (Lu et al. 2009).

® PDCT (Phosphatidylcholine: diacylglycerol
cholinephosphotransferase)

432 42| PDCT/H BALE N7 rod]
Aol £A42 ol AU (Lu et al. 2009). of 7]
) ¢] RODI (Reduced Oleate Desaturationl )2 18:1 Z]¥J-Ak
13k DAGE PCE Agst= 2 asoltt 99 wt
of 93] AAE PCY 18:1 A YA 1829} 183 L=
S} Atz HgkEl 3 PDCTO| &J3) tfA| DAGE
Aeke| 3 252 0 2 DGATO| of3f TAG Fej= Hghe
of 717 th o] PDCTY A2 Aol #-83F FolX
of 21eHd& 2= PDCTE Ao 45 dofFdeh Ak
o §-83t Eo]xHFAF gFAHES- - hydroxylation, epoxidation,
desaturation - ¢ 7]A-2 PCY| sn-2 YA o] &2A5}= At
Arol7) wlolth SolAWAr AL AL A &
go] PDCT= PCol A FH4H Sol X4k TAGES] ¢
gt WS 98] DAGE AEY 4 Uk 75e A1
Aoz FA

3

e
12 H oo o o2

o

okt
2

® LPCAT (Lysophosphatidylcholine acyltransferase)

Alszatel 8 Q1A =Sl PC AT ol A A FA4] of| A
A AARe tjfio] 7]Eo] il HAE A A
T4 Hth= acyl-editingo] 2= ALY & S8 PCO A
HHAES 2 A 3l=Elo] B 1 E ¢l (Williams et al. 2000; Bates
et al. 2007). o]o} 2 AF O A= FALY Al 9l
o] A} LPCAT7} 7} &Alo] =& acyltransferase =9 3}
Uol-S AJAFSHCE (Williams et al. 2000). T 5, E3}9} ofu}
ol A 18:1-CoAQ} 18:2-CoA7} 220 7| A& PCol| A 3hE ).
18:3-CoA= PCof| 22 vl &2 A=W, 23} A4k
A3 PCof| A=A 9k} (Ichihara et al. 1995). 2| &
2YE T F9 N7 LPCAT F-AA9] A= 18:29
22:00] i3k 7JA SOl oyt A} T E
33} ARl 16:13 18:1 of] 7] A Eo]/d& RSt} (Shen
et al. 2008). 29 AZAH[OF AM|E A S E LPCAT
= 18:1, 18:0, 16:0-CoA2] 20 uM = o FAS B oL,
18:1-CoAof = =& srof EALS Bt} (Furukawa-Stoffer
et al. 2003).

LPCATY 9uteF a A2 PCERE acyl-CoAE
2l Al A, acyl-CoA poolE FAdste AT et 5319
microsomeS ©|-8-3F 7| A H A A CoALl acyl-CoA AT
a2l (Acyl-CoA binding protein: ACBP)2] & 3}o| A]
PCYf sn-20] AgtE o] e FHUARE Hol&H 182 A
HFAFO] acyl-CoA poolo] 2= At} (Stymne and Stobart
1984). E3F 514 feeding A H S F3f PCY sn-13} sn-2
] 7ol acyl A|¥FAFo] W3BlE o], ofulz o] LPCATY]
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Table 1 Candidate castor acyltransferase genes in synthesis TAG during seed development. Castor genes were identified by sequence
homology with those of Arabidopsis

. No. of
Number in Acyltraqsferage . . Castor putatwf.: TIGR castor deduced
in Arabidopsis Arabidopsis genes acyltransferase in .
pathway . . . . transcript model AA from
oil synthesis oil synthesis .
transcript
D AtGPAT2 At5g60620 RcGPAT2 30122.m000357 360
) RCcLPAT2A 27810.m000646 396
) AtLPAT2 At3g57650 (Kim et al. 2005)
RcLPAT2B 30169.m006433 382
) AtDGATI1 At2g19450 RcDGATI1 29912.m005373 521
AtDGAT2 At3g51520 RcDGAT2 29682.m000581 341
RcPDATIA 29706.m001305 686
AtPDATI At5g13640 (Stahl et al. 2004)
@ RcPDATIB 29912.m005286 660
AtPDAT2 At3g44830 (Stahl et al. 2004) RcPDAT2 29991.m000626 612
® AtPDCT At3g15820 (Lu et al. 2009) RcPDCT 29841.m002865 285
RcLPCATI1 30170.m014002 363
AtLPCAT At1g80950
RcLPCAT?2 30174.m008937 382
G kgl o3 #RyE Aoz FAHEUT Bates et = of7IFHANA FAHI2 FAFAAE =YX B

al. 2007). LPCAT9] 9duh-e 840 Aulgwch 8t}
okol acylation H]-&9] 5% =2 oA Th (Ichihara et al. 1995).
A& 9] LPCATS] HHaF §h-g-ofl §lojA] 2|HAbol| dfgt 7]
Aol ol Y3t AT AT gick. 29| 7249] microsome
o] AH AT} 204, 18:0, 18:2-CoA= ATPE ©]-8-31 acyl-CoA
ligase W&ol ol A= 7] Btz 2 AxZ st
L x]upare] Z5o] o)5) o) H 90k (Sugiura et al. 1995).
1Y H R LPCATY] A YRE-32 So| A4l 7] dof digt
acyl-editingo]] ¥rojdt Ao 2 AR EHT}E o] WA S o] gt
EPU# %‘X‘xﬁ“‘ oA 8] EolAHAks AgAkst=d

4 alh x{x].e /\].B_zﬂ— 751 O tﬂ-}\uﬁ‘]— z,: %ﬂ_
ok}l Ao e o] (ichoomy) i
Zoltt. LPCAT g wh3-of 2lo]A1 9] acyl-CoA
T (ACBP)Y] o= 7| A Eolgof 7HA <
Aoltt. kst Ael 2 9 acyl-CoAof| of
142 LPCAT #15.9] 7|40 = d%e % 4

1r

_l

s o
i

=

© [ of M 30 bow
N0 o by

2

El
jm]
©
ol

(X @ekdof odsk= Acylansferases

Il
I

sjuka 2099 90%7k €A Edel Ao 7
AElof gick. 2 Ed|2 A A (18:1-0H)2 1284 B4
(M2)91 7] St =S A17] (OH)7H o] Glo] A=l
22 F0% 40| gt AMatolth ShAT Tjuba 244
2 A2 U] ofele ol glof HAEH A
WS FAHE A4S 0L B Edstel BAE

fol AALS AAFSHE AHBE Aske s o] 1%

o]
E 31 QIth (Lee and Kim 2009). S}A 9 &2 71 2] = L d A

A 17%, H Lol Fupa} DGAT? SAAE 2712 =98t

49 20 30%9] #4138 Ahake] A4Sl (Burgal
et al 2008). SHA|HF Atd A o 2 AA| A £Z29] FA=g el

WAL A4S S B8 A7k Basht. 04 g
0 BRI o7l greli Sol XAkl Al A Q)
A aks AL YR Agte] Hojst= FHA7E A 1
uhxle] 2 Qlghao] Tojahls ARl BE AL A
ZhE]of, Fupzto] @ UjtAol Hofst=
Q122 2] HF (editing) ] J—PO% 3}+= acyltransferase -5

acyltransferase 2}
TR

& UF EYSHU 0 QBN DA A AL
o =47 4 9L A 9_ AR E A 7R B
of = EA9. 7o) Tofats of714rhe] acyltransferase
FAAE o]&3sto] mupat %%ﬂﬂﬂ]olﬁﬂ"]’\oﬂﬁ v
wha 729 AlAtel] ¥ o:lfg Aoz 2AHE 19
acyltransferase --AAE =LAt (Table 1). 2 o 1A

oI w15 %Xdz}%ﬂl oe f A8
o]—ﬂ 0] = il At

FAHI2E °H711“3H°ﬂ Ef‘loﬂ E‘?Jé}oi A EE Rl A
AR Suiel BE Q7S pusta o

ol 48 9 e A4 AAA
& Fojstsh) e fAFoel AT FA2AY Pt
i



J Plant Biotechnol (2010) 37:220-227

225

e
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Ag /}_]—/ﬁ o

ofi
ok
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=
1>
i
=2
4
=
L
l o

2| 2 EATHA e, A2
A HALe] AT SR U2 O] 2L
def A qlek L ol Auli 7t &olstH
A& 9] acyltransferase 7} £-©] 2| HWFALo]|
/g0l Yol E3t Solzxiate] thgt Al
A2 AgA|7]= A7) 2 (editing
mechanism)© Bog Agdt 2 do| mEliE
o] 2212 A9 =2 o To]dt: acyltransferaseo] T3F G
AAE0] 2R YHYT, SolA ko] T EE AAH
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