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Comparison of Erucic Acid Biosynthesis of the FAE1 Genes
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Abstract: In plants, erucic acid is synthesized by the catalysis of a multienzyme complex, in which the -
Ketoacyl-CoA synthase encoded by FAEI (fatty acid elongase 1) is a key rate limiting factor. Erucic acid is
mainly stored in seeds in the form of TAG and is an important oleochemical feedstocks. The FAE! genes in plants
are variable on DNA sequence, thus resulting in differences on capability of erucic acid synthesis. To identify
and isolate FAEI genes with the highest capability on erucic acid synthesis, four plant species including Brassica

napus, Crambe abyssinica, Tropacolum majus and Limnanthes douglasii were used and twelve encoded FAE]
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sequences were obtained from their genomes by homologous cloning method. Each FAE] gene was sub-cloned
into the yeast expression vector, followed by the analysis of erucic acid content in each recombinant yeast under
induction culture conditions. The results showed that the twelve FAE! genes shared 52.1-99.9% and 49.9-99.8%
identity on cDNA and amino acid sequence, respectively, showing species-specific characteristics. By GC-MS
analysis of all recombinant yeasts, eight FAE] genes derived from Mianyou328, Crambe abyssinica and Limnanthes
douglasii have been demonstrated with the capability to synthesize very-long-chain fatty acids. CaFAE-3 had the
strongest capability to synthesize erucic acid (4.82%) , followed by GjFAEI-1 (4.53%) , and LdFAEI that was
the weakest one (0.29% ). In addition, 95.39% of the C20: 1 fatty acids were converted by CaFAE1-3, implying
great application potential in high erucic acid breeding. The remaining four genes derived from Yangguang80 and
Tropaeolum majus were not detected with the capability on erucic acid synthesis. This is possible because of
GyFAE1-2, TmFAE1-1 and TmFAE-2 that contain mutations in the conserved cysteine or (and) histidine sites,
and GyFAEl-1 that contains a R395K mutation resulting in loss of enzyme activity. Collectively, this study
represented better understanding of the relationship between the structure and function of FAEI gene, which has
implication in higher erucic acid breeding and genetic engineering improvement on erucic acid trait in rapeseed
and Crambe abyssinica.
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Table 1 Information of primers for gene cloning and recombinant expression vector
EIL/ YN 195 (5-3) Elk7E2 S S1WF5(5-3)
Primer name Sequence (5'-3") Primer name Sequence (5'-3")
BnFAEI-F CCGGAATTCATGACGTCCGTTAACGTAAAGC BnFAEI-R CGGGATCCTTAGGACCGACCGTTTTGGAC
CaFAEI-F CCGGAATTCATGACGTCCATTAACGTAAAGCTC || CaFAEI-R CGGGATCCTTAGGACCGACCGTTTTGGG
TmFAEI-F CCGGAATTCATGTCAGGAACAAAAGCAACATCAG || TmFAEI-R CGGGATCCTTAATTTAATGGAACCTCAACCGGAA
LdFAEI-F CCGGAATTCATGTCGGAGACAAAACCTGAGA LdFAEI-R CGGGATCCTTAGACAACAGCAACCGGAAAC
LdFAEI-Ex2-F GGAGAAGACAAAGGTGAATCCGAAG LdFAEI-Ex1-R CTTCGGATTCACCTTTGTCTTCTCC
Linker-F AGCTTGGGCCGGAATTCCGGGATCCCGGCT Linker-R CTAGAGCCGGGATCCCGGAATTCCGGCCCA
PpYES2-sq-F AATATACCTCTATACTTTAACGTC PpYES2-sq-R GCGTGAATGTAAGCGTGAC

S5 FRMA IR T BE R A DT ERRU 51

Italic and bold letters in primer sequences indicate the restriction enzyme recognition site
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epitope . Enterokinase (EK) recognition site) 5% M
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1.6 BEEARMNFSRERBHERD

£ FAET 520 33K ok % 25 34K pYES2/HEBX
TSR () P B AL, 2 BRI B TRT INVS e 1 8z 25 40 Jifd
P BT o FEAL BRI T SD-U - i ik
Je , PRI TR FH A 3 5 | P A 1A T 1S ¥ PCR
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100 mg #% K 78 552 5 1 64 7 g D R HH s Ak Ak
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A i A €0 3% 5 1% B¢ A (Thermo Scientific
Trace 1300-1SQ)#AT NI FRAH 733 M7 , 2 IR A7 2
5. 035 K ik 4 : TG-FAME (50 mx0.25 mmx
0.20 pm) A% 5 2SN A S T 0.63 mL/min;
VEAE 0 1.0 pl; 43 3 be o 300 15 A 11 B
270 °C; FHEFEF M 80 C(fFF 1 min), 420 C/min
BRI E] 160 °C (45 1.5 min) , F£ L4 3 °C/min 1Y
BT EF] 250 °C (5453 min) . B
F %% 17 (EI, electron impact) ; B F{LRE & 70 eV ; 1%
B2 IEE 260 °C 5 B TR 280 °C 5 H94#E Fl 50~
350 amu (atomic mass unit) .
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Y38 1512 bp, 4 % 503 > 2 LR 19 FAEL & [ .
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(T698G) i o5, (H R EL T & LR 74 8L T F233C
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A VAN R 80 bp N % F, M cDNA Zwh X 4>
1 1518 bp, 4 505 M2 SR I FAEL 1. [HI,
TEF SRR AR 1L FE v, FE SR T LdFAEI-
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PrEmRAS g X 2K )P o Bk 12 REIE R
A 11 FAET 3£ Z 6] cDNA ¥ 81— 8 A F
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TS AR A 3 RN FAE1 5 4 34
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FAEL HA A L5 R 58 (1. 10) , B0 T N i .
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ST R, S % O ZRRATE 4 A R e A ) 57 A A 4
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FAE () #5 155 2% F4) Jui 10 I1 ) 20 56 1R % ik 038
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102) ATEAVERE K . 7 AEFH FAEL 7£ 98 ,101~102
153 318 K. DI, 1 5 542 3% (R .DT) Fl 1t 48
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GjFAE1 .GyFAE1 .CaFAE1 . TmFAE1 HI LAFAE1 43 5| 3%7R Se 6 [ =7+ BRINSE 41 328 S il BRI =2 B 80 g 18 S M G R A 1Y
FAE SERI) AL TP 515 AAATO154.1 LRI ST FAE ZIEFR 415 T IR . W RN LA A 2550 ; @R —RIRLURAR AL 5
FFRMEATEVEN 25 s 0 BRI HERTEE CoA 45 4 0L ; ZL AT N 51 36 R B IRAS H 5 (1,11 11D
GjFAEL, GyFAEL, CaFAEl, TmFAE1, and LdFAEI represent the deduced amino acid sequences of FAE! isolated from high erucic acid rapeseed
Mianyou 328, high oleic acid rapeseed Yangguang 80, Crambe abyssinica, Tropaeolum majus, and Limnanthes douglasii, respectively.
AAA70154.1 represents the arabidopsis FAE1 protein; The same as below. ¥ symbol indicates key sites for malonyl-CoA binding; ®@symbol
indicates key sites for dimer interface; * symbol indicates key sites for active; Osymbol indicates key sites for product binding site; Sequences in
red rectangle represent transmembrane domain I, 1l and 1T

1 AEEYIRIRFAE1 S 2B F I ThRE SIS R X B RERU RS

Fig.1 Key amino acid site and functional domain analyses of FAE1 originated from different plant species
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GjFAEL : 43l 328 FAE1; GyFAE1: FHt:80 FAE1; CaFAEI: ¥ #5 FAEL; TmFAEL: 5.4 3% FAEL

; LAFAEL: fjfd i1k FAEL;

AAAT70154.1: RIS FAEI
GjFAEL: FAELI isolated from rapeseed cultivar Mianyou 328; GyFAEL: FAE1 isolated from rapeseed cultivar Yangguang 80; CaFAEI: FAEI
isolated from Crambe abyssinica; TmFAEL: FAE] isolated from Tropaeolum majus; LAFAEL: FAE1 isolated from Limnanthes douglasii;
AAA70154.1: FAEI from Arabidopsis

&2

REEYSEIRER) FAE1 RS L RS

Fig.2 Phylogenetic tree of FAE1 originated from different plant species

GC-MS 73ty 45 S = B, B X B (35 pYES2/
HEBX 75 AR T B G AL 1 ) AL R C22: 1 (E3A),
FE3k FH G 80 2 54 T FAET (1) 1 B T MRt A FH R
C22:1(E3I~L) ., {HJE, fER MRl 24
B K C22: 1 FRER (B 4) , UL B 4 BL R 41
WA AT BEAEAE HiAth FAET $2 00, W 2 sa A 2 4
FAET ¥ VI UIREIE o Rk 328 I H i K fr (2
AL FAE]T WIBRERETRPR YR R C20-C24 B KA A i
fi% (& 3B~C .D~H M) , (HE&Fl IR IR G i A7 A 22
Sty Z2aR4 0 328 L B 80 FiiF H 5 FAET HRk Th Y
C20:1 &g 22 R SEAEWF b C20: 1 S 7
e F (H AR X T Y BRAS I 2] Z2 AR RN AR 7
iz (E4) . MWK EENE TR & BB - YME (£ 2)
B3Ik GIFAEL-1 WL AR T R A 2, X
1K 20.99% , H: ¥k iy CaFAEI-2(20.18%) , 1t CaFAE]
W CaFAEI-4 T R /b, 5 12.06%), L LAFAET i8Ik
1.06% , Ut AN [A] FAE 1 45 7= 0 A ) 2 % vk 22
SRR NGB P REE K B |, 3Rk GIFAEL-1
HRE R AR 2 C22(C22:0.C22: 1) BB AR T
P BRI R ZH 43 it o L K, R 11.519%, Hak &
ik CaFAEI-3 B WERETE AR (11.47%) , 16 53 2 S HE

PRI C18 I C20 4R A K A AR IE-CoA ¥ HAT
B BRI SEAIE s H 2, CaFAEL-3 BEfHil i) T~ 1A C20:
1-CoA NJEY), A B Z 1 ITR (4.82%) , H:C20: 1
FEAL AR AT IK 95.39%, 15 5 T GJFAEL-1 19 81.67%, 7%
TR B Rl ST RRIE R T AR AR L T 7

S F B 80 Fl 545 3% FAET W BRE AL TR 24K
Rl 2] C22:1,C24: 1 JRMTIR LR . X IL )7 51 43
Mr &3, GyFAE-2 4t =155 282 (i AR N AR F,
MAE 22 %W S, & —Fh JCiE 1 19~ 9 ; GyFAE1-1 #&
F 2L R 7 51 5 A 9T LA T IR A L RE T it oA
FAE1 &AM e, HAE S 395 1 A i & iR K, i Hofth
FAE1 2 RS 20 R, o] B o6 dE i s ),
SRR A T CHF ™ . TIRERI FAEL ¥ HA
TRF  E EBR TR 3 A A R AR I, AT A — A &R
RASHR A TEPESE 43K, TmFAEL-1{0E
A LA S AR B P M A R AR JE , X N GJFAEL-1
55 223 S AR TN EIR F; HAh , X GJFAEL-1 55 42017
WARHENR H, N2 MR Y. TmFAE1-2 5 TmFAE]-1
I E IR IR I 25 5%, RIXT I GJFAEL-1 55 223 037,
TmFAE1-2 JtAb A 22 C, 55 420 /3 55 TmFAEL-1
AR, Y R Y. G, AT LAAEDN , TmFAEL-2
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A: ZS#LJFH Pyes2/HEBX; B, C: GJFAEI-1, GJFAEI-2; D~H: CaFAEI-1~CaFAEI-5; 1, J: GyFAEI-1, GyFAEI-2; K, L: TmFAEI-1,
TmFAEI-2; M: LAFAEL (47506 1 216 11 ARIIRIITR 20 510 AR IR (C16:0) AHTHAR (Cl6: 1) BEARRR (C18:0) JHAR(C18:1)
FEAEIR(C20:0) AR (C20: 1) (NFFIR (C22:0) , -+ “BRMAR (C22: 1, cis-11) FFRR(C22: 1, ¢is-13) ARBHER(C24:0) FHZFR(C24:1)
A': Negative plasmid Pyes2/HEBX; B, C: GjFAEL-1, GJFAEL-2; D-H: CaFAEI-1-CaFAEI-5; 1, J: GyFAEI-1, GyFAEI-2; K, L: TmFAEI-1,
TmFAEI-2; M: LdFAEI.Chromatographic peak 1 to peak 11 represents palmitic acid (C16:0), palmitoleic acid (C16:1), stearic acid (C18:0),
oleic acid (C18:1), arachidic acid (C20:0), eicosenoic acid (C20:1), behenic acid (C22:0), docosenoic acid (C22:1, cis-11), erucic acid
(C22:1, cis-13), lignoceric acid (C24:0), and nervonic acid (C24:1), respectively

B3 RE FAE] EESAR BN ME S SR a4
Fig.3 GC-MS analysis of fatty acid components in yeast transformed with different FAE1 genes
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s 43285 B: MR C: FHOE80; D At (g 1 204 12 B MARITR A AR (C16:0) AR (Cl6:1) THASAR(C18:0)
WMAR(C18:1) JEIHAR (C18:2) AELERR(C20:0) AEAEMEHR(C20: 1) JFHRFR(C18:3) \INFIR(C22:00) FFAR(C22:1),
ARIEIR(C24:0) FIZFR(C24:1)
A': Mianyou328; B: Crambe abyssinica; C: Yangguang80; D: Tropaeolum majus ; Chromatographic peak 1 to peak 12 represent palmitic acid (C16:0),
palmitoleic acid (C16:1), stearic acid (C18:0), oleic acid (C18:1), linoleic acid (C18:2), arachidic acid (C20:0), eicosenoic acid (C20:1),
linolenic acid (C18:3), behenic acid (C22:0), erucic acid (C22:1), lignoceric acid (C24:0), and nervonic acid (C24:1), respectively
El4 FFhERBEASNSREIESH
Fig.4 GC-MS analysis of fatty acid components in seeds

®2 AFFAEI#HUBESRERERBRAS SHERERES N
Table 2 GC-MS analyses of fatty acid components in yeast transformed with different FAE1 genes

FRAL LR S-S IR IR AR X 5

Target gene and average relative abundance of fatty acid

s IRIRRNE
Peak Fatty acid

GjFA GjFA CaFA CaFA CaFA CaFA CaFA LdF  GyFA GyFA TmFA TmFA  pYES2/

number type

El-1  EI-2  EI-l El-2  EI3  EI-4 EI-5 AEI  El-l El-2 El-1 El-2 HEBX

1 FrAE R 1476 1497 15.02 1479 1458 1694 1539 1477 2127 2122 2131 2095 21.15
(C16:0)

2 FEHBMER 2510 24.03 2441 2415 2572 2883  25.15 2528 2955 2935  28.18 29.58 2824
(C16:1)

3 [dilEi 3.90 430 438 4.04 3.78 5.11 439 568 1071 1030  11.03  10.09 10.66
(C18:0)

4 TR 8.65 9.38 9.46 8.84 948  13.81 970 17.84 2465 2451 2448 2525 2471
(C18:1)

5 AR 0.88 0.90 0.92 0.93 0.84 0.89 078 330 015 0.15 0.17 0.17  0.19
(C20:0)

6 A EIRIR 2.15 2.03 2.62 2.42 0.48 1.99 197 492  0.07 0.06 0.04 0.03  0.06
(C20:1)

7 11378 3.11 2.74 2.46 2.97 2.77 1.42 269 188  0.08 0.08 0.10 0.10  0.11

(C22:0)
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F:2(4)

FRALIEDR S~ P I R TIRA X 5

WS IRMIRRFN Target gene and average relative abundance of fatty acid
Peak Fatty acid
number  type GjFA  GjFA  CaFA  CaFA  CaFA CaFA CaFA LdF  GyFA  GyFA  TmFA  TmFA pYES2/
El-1 El-2 El-1 El-2 EI-3 El-4 EI-5 AE1 El-1 EI-2 El-1 El-2 HEBX
8 —t= 3.87 3.49 4.17 3.73 3.88 3.41 3.22 0.17
TIRIR
(C22:1
(cis-11))
9 JFR(C22:1 453 4.05 3.68 3.73 4.82 1.31 4.42 0.29
(cis-13))
10 REETR 527 482 420 5.12 4.60 2.68 464 250 0.3 0.15 0.17 0.16 021
(C24:0)
11 FUEZY7d 1.18 1.13 1.02 1.28 1.23 0.36 1.27 0.06
(C24:1)

IR RR AR X 55 e fELHR 1 WUk ST A2 B SR M V-3 5 2 T s s s AAGL I B A 0 i 107 7R

The value of relative abundance of fatty acid is taken from the average of two independent biological repeated determinations; The space in the table

indicates that the corresponding fatty acid is undetectable

3 itig

3.1 EYFEBRERMBEESFA

AR AR A R AR T ITIR & e, (0
HAh TS AR (6%~10%) , H AT &M AE K
2 B N — 2 5 TR AR Sfil
HIC KB A R . BT, ENAMTIR T
b i B 1 DR 2 T R ST R T R
] PR Ml 0] = {6l P i ST RS I

HERBMEE S (AACC, 2n=4 x =38) FIifF H
(2n=6x=90) ¥ 4+ FAEFL ZAHAR D F X TFh+
IF R AL IR 2R IR T H R . H i
TSR T IR0 B a2 2 % ELAT I 1 P f U 2 R
il [ ot A8 37 35 A% R 38 R ER BT IR 38 AR I e
Ji %R SRy 2 %) A B R+ 22 LR o gt A S, 2
FIEE 5 HILF A LC AR G i, 3 PR A
& [ AAE Z 3L R EEAE R Y . Fourmann 55
KB, W SRR R A A 2 A FAEL B
(BnFAEL.1 #1 BnFAEL.2) 5 ¥ v TR & f /) 2 4~ 3k
K7 (ET R E2) f7AE L3 B G 2R . Barret 5640
—ESE, Horh— AN FAEL(CE7) BV Ry E1 a3 KLY,
HEM 5 —A> FAET T 688 E2 @ 5L, E1F1 E2 43 5]
T IT R T 1 KT R 5511 56.4% F128.6% , — 3
A i BT R AR 519 90.6% . Qiu 45
TNDH AR I 21 2 A~ 18 32 Fh 797 B2 % 2 1 24
QTL, 73 WI: T A8 F1 C3 & B Bt . 76 M Bl |,
Wang Z& 2 HIESE 3% 2 4> QTL A6 e 3L R 1 FAET
JL[H (Bn. FAEI-A8 .Bn. FAEI-C3) . +F#4EF} FAEI

FE IR A P 1) AR S B LA IR O s VAR G, A
Z AR R R, BRI H IR TIT IR
PR AL 1 SCIRHR A , (H AP (T R 1 1 R A
% FAET 441

L, A= 77 B ARIT IR s A i R
FAET Wk, BEREINRESIEG A FAET B B IRIT IR BX,
R R b PR & A A=, B 80 HR AR A |
HaZ R S GRS S B RE Y FAEL 55
VIR b AR ol AR A 7, an i 250 0 s T
1 5425 9 3% i A A S Carmen , Hochst , Prophet 45
T H LS ARDeS20 B X PR 2R A ) FAET B H )P
Y ERAE, & JF & 1 T SNP.RAPD. CAPS. SCAR .
InDel 55224 M Z R o ARl AT AL AT, KORER
BT EFRCE IR T F AR
3.2 FAEIEREEGFTEHRE R EE

MR P, W 3 FAET 3 R7E B g 5 X
DNA JFKFAFAET 12 B S iR 22 451 (SNP) .
FEABE I, ARG FAET 36D H 2565 25 1 [
FEAFAE 12 ) — R a5 22 5 )R R BT IR & Al fg
TR ERARE . K [ 4 328 A T iE BT Ag
T FAEL Y9 HA 3 5 A5 8 L 6 MR ST 1 2R R
PR HE 4 A ORAT I 2H 2 R 5k LA S282 \R395 5%
FEAE , T K F FH % 80 Fl5 4 3 1 25 1 B FAEL 7€ I
W R — B A G s R v s AR R AR LA
LAFAE1 B A77E HA20Y SR 5 28 8 4T AT 5576
P, BB FAEL 53 T ARG WA 2R

DSk & FAEL S B A5 E 2 — , 5 H:
— QIR B A . AN FAE L XA [R) Rt 4 15
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FER AN () IEME-CoA SE M I A7 AE 22 5 F R e epe e
T A BH VLCFAs ifREE K B . AtFAEL{L LA C18:
1-CoA 1 C20: 1-CoA A JIEW™ , LAFAEL {5 1] T LA
MO FIAE TR C18:0-CoA F1 C20:0-CoA MM, i
SAFAE1'® . BnFAE1"*"  TmFAE1"? [} }z CaFAE1"
X} C18 FI C20 13 A1 Sz FEASE FN G i R -CoA 2 AT
AT, HXF C20 WA B R o ASWFFE AT A AR
KIR, 2 A g R R Y GJFAEL-1 Fll CaFAEL-3
X C20 A IS P R S5 ¥ B T C18, W & %) C18:
0-CoA 5L AL Z 43 51 K 70.36% 1 68.47% , %} C20:
0-CoA FEAL Z 34 90% 2247 3 i %F C18: 1-CoA
PIEEAL RS2 5N 57.56% F1152.34% , B4} C20: 1-CoA
544K CaFAE1-3(95.39% ) Bt it 5 T GjFAEL-1
(81.67%) . KNI, S IT IR F FI I CaFAEL-3 T H )]
W7,

Blacklock 25"k Jy , FAE1 B9 IS ¥ 5 S vk 2
HN AN C i S LR 3 4 AL Rl e g 1) . H AT, FAE]
XF S R It -CoA Bl B < B FIUAN TR BE S 519 43+
HUHRIE A AT AE 51 (HXEFA 0= ik B K 1)
43 F ML, Denic 55" 38 1 2 11 Jg JoT 14 51 4 52 060 44
H TR R (Molecular caliper) HLi] , TA K i A7
15 Elop S i 25 R U8R 457 Fes st B 30 190 1 240 PR =2
V] 1) B B e PR . Paul 2550 R PR, T B rp B —
— ol K B e S K 16 Elop AEKFAS [ B B 1 2 i
Y16 i3 [R]— A B =9, [R) AN ] Elop M REH [F]—
e 1 B JEC A B A AN TR B K B2 =4 o
3.2 FAEIEESHFERES=E

FAEI LR 5Ov IR & i . SRR R0
Fh 7 I iR & 1 5 H5E A FAE T ¥ DUBUR IE AR G
e DUBOE 2 R & by, FL vtk sy
RZFAET SER AR 0 I, A IR & i B
13 S i Rl s 2 [ R N ) S
TSR b =D AE S A FAE L FERFE L, HI H
IR G BE T, 2 R AT IT R 1 ik R 1
JRRE R — 5T .

FAEISTTRA NAE ) SITIR & i . Puyaubert 55
RIL, IR A T & AT RIS SR FAET SERTE R
SR KT ELAT AEARL 1) 235 i 4, (RN e JF TR ok R 11
FAEI REAERI T4 BT IR , ULEH X FIIT IR A B AE
ZS IR ARG, WE AR IR IR
B LRE T 1) FAET &R FL g tidh = A4 AT R 1)
J¥ 510 4 A A O B 5 3 R 7 A5 . Wang R H
EcoTILLING £ AR Xt 110 4300 25 22 @ Ak FAET 5
K51 4387 % R, Bn. FAE 1-A8 %5 845 bp B C 1§,

T X Bl -3 B 7 i R0, A ol C R L
SEIFTIR B iR 45.36% , R T B BRI 5 2.04%
Xof 7 4] G ik 24 JE R 01 Ry 282 v 22 2 2 (S ) B R T
%W (F) . Bn.FAEI-C3 WAETESE 1366~1369 bp 5%,
(R 565 1422~1423 bp Bl FE BRI (1) 3 F s A5 Y, TE ik
R PAAE R B I IR 35 75 R 44.73%, 1366~1369 bp
Bl 2R AR BT IR - 18 5 5N 2.78% , 1422~1423 bp
B B R DT RS- Y5 5 R 0.67% , AU 1 LK
FERIGFRR T3 80 0.55% , B3I T8t Bk iy
it o AWFFE N EIITER IS S P4 T 328 = Y R
an AP BHYE 80 H SE Y FAE T P A EFIES Wang 2523
B Bl HOAR DL, RS2 FAET 2 3 2% 735 il 2k
S AR, SR DB RS A B A [
ULk, FAEL 2 (2 551 )7 51 B2 1E i 25 R A 42 B
B RIRGTRE R A AR e R YA A IR i
PRSP E N R . FAED R S 3 H g 7= 4 22 %
& H AT RIF BRI R B B E R R R . Wu B4 S g
F FAE1 &£ 4 bp Bk SECEITIRINSE . Wang 554
K FH TILLING £ ARARAGAY 3 MIETF IR AR (L080-1,
N004-1,L297-1) , AT LAAE S — B it a8t 4% 05 i
LEA WS G, 1A 2™ A= (A1 2% SR 500 At
{2,

FAE] SR KB SOV IR it . FAEL R80T
LA W 5 () b ek e S b, LGRS i T W28
N+ napin, LK S (1) FAET B 5% w5 030 5 i i
FEFEFILF [, Yan Z89%0 F 16 1981 3 1
ST Sy SRR AT & B, S TR T AL,
FI SR B SR T B MR IR AS IS FAE T SRt 7 5 A 53
2, AT R R R IR % S - i 1300 bp &b 1Y
28 bp Tl AL (& & AT) R F:30 T FAEL Rk KT
BEPITE . 2% P R R B 7 2 i AR AR b SR DT 1R
PRI . AL FE ST MYBY6 AT DL 4 5
FAET 3G 3l X A2 g HAE 7 rh il Sk b i 4
HESFRR A
33 BEABOYTFEIIEHH/ILEES

IFRR S —Fh S A4 T URE, B T2 593
G E R K , B E ST IR S ey
ARl R B AT, AR 2k RS B S AR
T PRI IR HA AT AR 2 Tl I R JEURE 3R H
(R ERAE R AR . B R R T R 1 R R SR
R AL i) £ AR , Li S0 30 2579 I R
Fr RGN 10% , FL & A v] BRAIE— 2 s 45 ik
1) 90% W BT 5 #22 FH FJF B8 Ik Jiie A= 7= 1 T 75 44k o
TE 155 I R SRR = T R M RL B O 1T, B KRR Y
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WFoE FNRGE , 5 A Be 28, anfh 24527 b
] 2 528 1A 4 i 2% 22 RNA T4 oo it
0006512 R L SE S RGE 1) — N O
¥k 2 (BnFAE + LALPAT + CaFAD2-RNAiQ) F 7%
iR 2 5 76.9% , J&Xa A JT R i i e I 1A% TR
MR A YR T ST R & RS R A R T
23 [a], Ay SE 7

FETF XTI v i 105 R A 5 G B A i A
ML K 53 A13 LA O 58 (R URIBR AR , DL R 4% BEAE D)
A7 TR RS, AL LA T T
I W7 R 5 B O B 23 ) 35k DR RN 8 s 6 DR 0B A 715 T
Ak, LRG0 T F L i, PRI IR &t is
809%~90% MM EHE 78 4 A AT REMY

(D EFF-BE B, IS RE g S 4l
AR BA IR S A S TAG 1 sn-2 107 S RE Y %5 1L
PEBENG R I HL 55 B2 i (LPAAT) , PRI B0 75 b 7 v
T M 66.7% (M BRISHLBR 7 1, R AL IE N SEH
Ui S YR T B R R . B L B M R
P LA FhRic sl Bl B 53R N T2%58
SEFAR AT AP S H AR SE RS Al A, T
RRE B R

(2) AL AL Z AR R B 5 . AR ZBF 9T 3
B, FAE T XA F I R & i HLAT I A S P800, B
A~ FAE 1 3% FE TR BTk 9 7 1R % 18 7E 19%~30% Z ] .
I SRR O I A R A A
X I BR A B AT ) A JE R R (= LR+ 0 2R R, i
E AR FAETER, AT IR KT " (C18: 1)
MIFARAR . BT, LU ESERNE T 3 o 2 66 Y
WL AR AR R R TR Y B, R L 3 I R T S F
Vi H W BRAR P AL A S AR EUN 1 R Rk
FER R SZ R bR R s AL S AR R AL

(3)#EhR LR e B A e ms . At
FEARW L B RIT R & R BT FAE L L FAD2 il
LPAAT 3 JER U FAVE R, AT OT e G s 5
SEAERY PR AR =AY R, % 3
TP AR R [ TREAG R AR . BTN IX 3 NS
FRAE Y 55 T R A R S DR BY )V 3% 02 FAEL FAEI fad2
fad2/LPAAT LPAAT., 318 =& BURE 1 1) FAET 7] 5K
PHRIHER VR 1 = S AL s FAD2 19 5535 (fad2) AT LABH.
W T R VR ) 2 AN AT T B A, 335 HC 1) e % 4B
75 AL R Y, TS A R Ik 2 ¥ Ul FUET
ALSZELC G [ R YRR s AMIR LPAAT 7 59T R
ANCPE” B I BE-CoA AR TAG i sn-211, 3
KRB S ST AR R B FAET IR B T

BT napin 1 CaMV 355P, 3 ~FE[RA] DAY 7
— AR M AT LA A AR AR A
FALTR A ARG 5 WIifiE 5 TR, LA
fad2fad2 BT 5O AR ST R MORE R AZ AR PG
13t FAE1+LPAAT RN AR AL P A T o

(4)FAEL L ERE . SEBUE S TR 31~ H
PRI Y FAE T e rT SRR R . HTH AR
FEYLE FAEL VR A WURE 1 W e A — 4, iX
JEATIEGE 0 R SR R Bk A AR A AR BT
PR = B BCRE I 1) FAET . ASWFSE S B 12 4N 1E 5 g
T[4 FAEL X5, CaFAE1-3 % C20: 1 [l fk 3K 1] ik
95.39% , 5 FHEC & — X C18: 1 = #% 1L R 1Y FAE],
Wn] B R S TR G A . Ak, 28 BT LU A
A8 KA M4 (Gene shuffling) 25 5 AR AW A1 i
FAEI Wik, T SFASIT IR & B Re i — 204 &
FAEI AT sG55 k. TR, BESr PHHE s T B st 1oy 3k
PHA E A RAE I FAET R
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