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Effect of Silencing of BnFAD2 ,BnFAD3 ,BnFATB Genes on Fatty
Acid Component in Rapeseed ( Brassica napus )

LIU Fang,LIU Rui-yang, GUAN Chun-yun
(College of Agronomy ,Hunan Agricultural University/ National Oilseed Crops Improvement Center in Hunan ,Changsha 410128)

Abstract ; Brassica napus L. is an important oil crop. In order to improve fatty acid components in rape seed
and enhance its economic value,this study analyzed the synthesis and accumulation mode of fatty acid in seed de-
velopmental stages and the expression pattern of BnFAD2, Bn FAD3 and BnFATB genes. The results suggested that
BnFAD2, BnFAD3 and BnFATB genes played important roles in the synthesis and accumulation of oleic acid in
mid-late period of seed development stage (25 days after pollination) with its efficient expression. Through Napin
promoter induction, BnFAD2 ;BnFAD3 and BnFATB genes were suppressed by RNA interference technology to en-
hance the oleic acid content. The results showed that the BnFAD2 , BnFAD3 and BnFATB genes’ expression was
strongly inhibited in transgenic oilseed and the oleic acid content increased from 66. 76% to 82.98% . At the same
time , the expression of related genes up-regulated synchronously.
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Table 1 Primer pairs used in vector construction

iz , #1d pFGC5941. nap #H ik, pFGC5941. nap i
pMD18-T-FADB Jii 4% 2 BamH I Il Xba I Y] 4b
S, % U1 F B9 FADB-1% A pFGC5941. nap ¥4 £t
pFGC5941. nap. ( FADB-) #% &, ¥ it #% 1K F0
pMD18-T-FADB f#i FH Ncol 1 Swal XU , 48 )5 K¢
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GC5941.nap (FADB +) Ttk ¥ #8m
BRI A ARAT T LBA4404 v | LI XU il 32 XL 9
SHMEM R Z R AT SR A

Z5 RNz ENER EIEE 7

Categry Gene name Gene annotation  Primer name

EiEZis 2l

Primer sequences

fEfFEH Napin ~ Storage protein  Napin promoter F:5'GGAATTCCAAGCTTTCTTCATCGGTGATTGAT3’
Storage protein R:5'CATGCCATGGCATGAGTAAAGAGTGAAGCGGATGAGT3’
F 0 AT FAD2 Oleate Recombie-FAD2 F:5'GGCGCGCCGGATCCGAATTCTCCCTCGCTCTTTCTC3'
Desaturase desaturase R:5'CCATGGTCTAGAATGTCTGACTTCTTCTTGG3’
FAD3 Linoleate Recombie-FAD3 F:5'ATTATCTTTGTAATGTGGTTGGACG3'

desaturase R:5'TTATCAACGACAACCTGCGTACGAGCGTAGAGATCTGGATCTGTCTCGTA3'
T FATB  Palmitoyl-ACP  Recombie-FATB F:5'CTCGTACGCAGGTTGTCGTTGATAA3'
Thioesterase thioesterase R:5'ATTTAAATGGATCCAACATGCTGGTTAACATCCAAGTCA3’

FAD2
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[ NN rATB
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Camv 35S CHSA intron OCS3 FADB fragment
— I 9000000909090 — [
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1 BnFAD2 .BnFAD3 BnFATB ERETHHEMETE
Fig.1 Construction of BnFAD2 ,BnFAD3 and BnFATB gene RNAi vector
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(A) :Different stage of Brassica napus L. seed, (B) : FAD2 expression in different stage of seed,

(C) : FAD3 expression in different stage of seed,D:FATB expression in different stage of seed

Bl 2 FAD2 FAD3 FATB TEiMEMFHERIES
Fig.2 Expression analysis of FAD2, FAD3 and FATB in rape seed

2.2 FERAERFREREX 4R HLR MR T, a3 2 iR, WSE Rl 1 5 Fb
T REMSHERG I E AR R AR R IR . A NE R PR b A S A b O R, R MM
MR R R A TR AT BRI AR MBI (r=0.99), MIIKEE 97.91% ~
TR, WA SOMH (0 3 A 78 1 30 3 72 v i A IR 100. 45% Z 18], K 25 1 328 56 5505 4 (b o D 22 /)
% R EMRE ERIE IS, RASME T 2% ), ol H T3 Al v A 5 IR i iR R G I
TENARIEME T S R B MR L E,

x2 EHRPEHNZERIESE

Table 2 Fatty acid methylesters standard linear regression equations

Bt EcanlEyoyi R2 K RPN (mg/mL) FrifE2E (% ) M (% )
Standard substance Equation of linear regression Correlation R2 Linearity range Standard deviation Recover
A R H g y =0. 8467x - 0. 0057 0. 9996 0.1~0.9 0.37 100. 45
Methyl palmitate

i i 1% HF 1 y =0.9832x - 0. 003 0. 9963 0.05 ~0.45 0.11 99. 65
Methyl stearate

IR H g y =1.1585x +0. 0051 0.998 0.016 ~0. 144 0.11 99. 67
Methyl oleate y =1.08x - 0. 0489 0.9994 1~10 1.75 98. 09
V7 i Y i y =1.0856x - 0. 0592 0. 9985 0.5~4.5 0.76 98.92

Methyl linoleate

N AR y = 1. 1399x +0. 0025 0. 9979 0.201 ~1. 809 0.52 97.91
Methyl linolenate
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Fig.3 The accumulation pattern of FAME in developing seed
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BnFATB FRTERR IR G MU R DB & 42 , A0 53 ik
FH Napin Ji 8 F, X & & # ¥ ' BnFAD2 , BnFAD3
BnFATB 3 3517 RNAi T3, RNAI-FAD2 , FAD3

£33 6N T3HERKRFMTFHIEHRAS S

FATB #3ARAE B AT 3 5 A ik 2 B 2R Bl S b
KRG o0 H T3 55 3 RS2 (1 Fp 217 1R
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R, AR FATB 5& N TEM AR G U ) iE MR 2] T
AR MR SRR IR P fi A ek b (0 U B
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Table 3 Fatty acids composition of T3 seeds from six transgenic lines

BRA& FRRERR (% ) TR (% ) THEE (% ) AR (% ) IR (% ) FABAR IR (% )
Lines Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid Other acids
TB11-3 1.78 £0. 19¢ 1.10 £0. 21¢ 78.37 £1. 16¢ 12.51 £0. 64c¢ 3.37 =0. 56d 2.88 0. 46b
TB34-2 1.55 £0. 12¢ 1.53 +£0. 12be 74.50 =0. 65d 14.93 +0.33b 4.59 +0. 53bc 2.83 +0. 84b
TB41-7 1.16 +0. 11d 1.55 +0. 51be 74.66 0. 67d 13.09 £0. 98¢ 5.41 +0. 63b 2.92 +0.67b
TB51-11 1.09 +0. 12d 1.18 £0. 17¢ 81.19 £0.29b 8.05 £0. 14de 4.60 +0. 11bc 3.89 +0.45ab
TB54-8 2.06 +£0.22b 1.88 0. 12b 79.34 £0. 63¢ 8.59 £0.24d 4.44 0. 14¢ 4.44 £0.67a
TB55-17 1. 83 +0. 13be 1.52 +0. 18bc 82.98 +0.31a 7.55 £0. 36e 3.17 =0. 16d 3.93 0. 18a
WwT 3.11 £0. 15a 2.43 £0.48a 66.76 £0.95e 18.00 £0. 35a 8.23 +0.96a 1.51 £0.43¢

TB : Transgenic plants, WT ; Control ( zhongshuang 9) . Each value is the mean of three replicates. Values are expressed as mean + SD,* P <0. 05 statisti-

cally significant difference
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Fig.4 Expression of FAD2 ,FAD3 and FATB in wild-type and transgenic plants
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(A) Diagram of the fatty acid biosynthetic pathway with major steps in the plastid and the endoplasmic reticulum, ( B) Expression of
representative fatty acid synthetic genes analyzed by qPCR using total RNA prepared from wild-type and transgenic plants
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Fig.5 Expression of different genes in the fatty acid biosynthesis pathway in transgenic plants

FERRAE R G S BURE IF i, o R A X R ES R IR AR AR AR R R 1 Ak 5 RIS 1 55
FAD2 \FAD3 FATB Z:H 317 RNAT T4, WAl A8 BRI ANMER i LA FPEH . FER FE D=,
BEERRIWRAL /3 & i, A T FIRFSE Rt 2B ARRER iR I RRIR % £ 0 5 K, B BnFAD2 |
‘ﬂﬁ?jﬁ Q. Peng 25150 FAD2 1 FAEL Wi T4 BnFAD3 BnFATB H:[H B3k 554/ T X4 I X 5%

B G A TR b i A SE S B4 B RNAL LT 4R AR 92 [ B 40 ) BnFAD2 | BnFAD3 |
MR ARITRRT AR . ABFAS SRR, BaFATB 3L 225606 1, 45 )T 82 & 7 b il e it
¥ FAD2 FAD3 FATB 3[R RNAi T4 Brft & )5 AL

e[ A 2 H A WA S Cle AR iR LECI FEPRUZ R ¥EAH Y R0 15 i 1R 5 B iy o 22



244 X1

F54F . BnFAD2 BnFAD3 F1 BnFATB PR B4 364 X3 90 32 Fh 7 15 5 R 41 43 Al 52 i) 297

e i Feak LECT &R ] DL = Fl - o 9 g
fIE S FEARBFIEH, & RNAL T35 i 56 3L N
SRR T, BnFAD2 \BnFAD3 LN 321k 0]
REEAG, S FLRT A 00 SRR R % J b . X AT e
AR 200 B R 3 n SV JRR TR 1) % R I 4 T LECT BE A
A, LECI JE B a3 inmT DLk — 242
PEHCR U 08 5 3 I WRIT (LIL  bZIP67 1) 33k I
P22 WRIT AR bR 5 I 05 R A ) R B
ST, ek i 2 5 T LAGE S RE S 5 ) R
BRI B AR RRE, LIL JE R 36k 1 f 3 7
A B TR S 3N, DGATI J PR 2 45 il il
G - Kenney i8I OCHERE A, X4 DGATI #1 WRII
FE R RT3k by B b= 00 55 vl £ RN AN AR RN R
U R 14 e 1) S 4 i) L PDATT F PR B 36 3k 4
FE, AT LR #E PC A B IR 7 R I & DAG i #%, Jin
HTAG BIA I,

g5 IR st g TR 1) A 3 AR
T A B (RIJFAE)S 25 ~40 d) |, 1 3 e BoR
M FPR TR S Z2 AN AN R TR K i & AR R | Fl -
20 B W R 20 43 % it 1 2 p 3K A D) i e
BnFAD2 \BnFAD3 JER7E NG A B = s e ik e 1t
WEANRFARITRF R0 ELZE A, FEFh-FIhig &
W, % BnFAD2 \BnFAD3 BnFATB £:[H 34T RNAL
S AT DL SR T R R Y i

[1]  Maher L, Burton W, Salisbury P, et al. High oleic, low linolenic
(HOLL) specialty canola development in Australia [ C ]. The
12th International Rapeseed Congress,2007 ;22-24

[2] Carré P, Evrard J,Judde A, et al. Technological performances of
low linolenic/high oleic rapeseed oils for food and non-food appli-
cation [ C]. The 12th International Rapeseed Congress, 2007 :
152-159

[3] Lou Y, Schwender J, Shanklin J. FAD2 and FAD3 desaturases
form heterodimers that facilitate metabolic channeling in vivo
[J].J Biol Chem,2014,289(26) :17996-18007

[4] Okuley J, Lightner J, Feldmann K, et al. Arabidopsis FAD2 gene
encodes the enzyme that is essential for polyunsaturated lipid syn-
thesis [ J]. Plant Cell Online,1994,6(1) :147-158

[5] Arondel V, Lemieux B, Hwang I, et al. Map-based cloning of a
gene controlling omega-3 fatty acid desaturation in Arabidopsis
[J]. Science,1992,258 (5086 ) :1353-1355

[6] Stymne S, Appelqvist L A. The biosynthesis of linoleate from
oleoyl-CoA via oleoyl-phosphatidylcholine in microsomes of devel-
oping safflower seeds [ J]. European J Biochem,1978,90 (2) :
223-229

[7]  Kinney A J, Knowlton S. Designer oils; the high oleic acid soy-
bean [ M ]. Genetic modification in the food industry, 1998
193-213

[8] Green A G. A mutant genotype of flax ( Linum usitatissimum L. )
containing very low levels of linolenic acid in its seed oil[ J]. Ca-

nadian J Plant Sci, 1986 ,66:499-503

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[21]

[22]

[23]

[24]

Bonaventure G, Salas J J, Pollard M R, et al. Disruption of the
FATB gene in Arabidopsis demonstrates an essential role of satu-
rated fatty acids in plant growth [ J]. Plant Cell,2003,15(4) .
1020-1033

Dérmann P, Voelker T A, Ohlrogge J B. Accumulation of palmitate
in Arabidopsis mediated by the Acyl-Acyl carrier protein thioester-
ase FATBI [J]. Plant Physiol ,2000,123(2) :637-643

Liu Q, Singh S, Green A. High-oleic and high-stearic cottonseed
oils ; nutritionally improved cooking oils developed using gene si-
lencing [ J].J Am Coll Nutr,2002,21(S3) :205-211

Park H, Graef G,Xu Y, et al. Stacking of a stearoyl-ACP thioes-
terase with a dual-silenced palmitoyl-ACP thioesterase and A 12
fatty acid desaturase in transgenic soybean [ J]. Plant Biotech J,
2014,12(8) :1035-1043

Peng Q,Hu Y, Wei R,et al. Simultaneous silencing of FAD2 and
FAEI genes affects both oleic acid and erucic acid contents in
Brassica napus seeds [ J]. Plant Cell Rep,2010,29(4) :317-325
Song C,Qi P,Zhou X Y, et al. Analysis of seed-specificity of si-
lencing fad2 gene expression in transgenic rapeseed line W-4
( Brassica napus 1..) [J]. Agric Sci Technol,2014,10(10) ;
608-610

Tan H, Yang X,Zhang F, et al. Enhanced seed oil production in
canola by conditional expression of Brassica napus LEAFY COTY-
LEDONI and LECI-LIKE in developing seeds [ J]. Plant Physi-
ol,2011,156(3) :1577-1588

Baud S, Boutin J P, Miquel M, et al. An integrated overview of
seed development in Arabidopsis thaliana ecotype WS [ J]. Plant
Physiol Biochem,2002,40(2) :151-160

Baud S, Dubreucq B, Miquel M, et al. Storage reserve accumula-
tion in Arabidopsis : metabolic and developmental control of seed
filling [J]. The Arabidopsis Book,2008,6:e0113

Ekman A, Hayden D M, Dehesh K, et al. Carbon partitioning be-
tween oil and carbohydrates in developing oat (Avena sativa L. )
seeds [ J].J Exp Bot,2008,59(15) :4247-4257

Mantese A I, Medan D, Hall A J. Achene structure, development
and lipid accumulation in sunflower cultivars differing in oil con-
tent at maturity [ J]. Ann Bot,2006,97(6) :999-1010
Rondanini D,Savin R,Hall A J. Dynamics of fruit growth and oil
quality of sunflower ( Helianthus annuus L. ) exposed to brief in-
tervals of high temperature during grain filling [ J]. Field Crops
Res,2003,83(1) :79-90

Chung C H,Yee Y J,Kim D H, et al. Changes of lipid, protein,
RNA and fatty acid composition in developing sesame ( Sesamum
indicum L. ) seeds [ J]. Plant Sci,1995,109(2) :237-243
Li-Beisson Y, Shorrosh B, Beisson F, et al. Acyl-lipid metabolism
[J]. The Arabidopsis book,2011,11(8) :e0133

Mu J,Tan H,Zheng Q,et al. LEAFY COTYLEDONTI is a key reg-
ulator of fatty acid biosynthesis in Arabidopsis [ J]. Plant Physiol ,
2008,148(2) :1042-1054

Mendes A, Kelly A A,van Erp H, et al. bZIP67 regulates the
omega-3 fatty acid content of arabidopsis seed oil by activating
FATTY ACID DESATURASE3 [ J/OL]. Plant Cell, 2013, 25
(8):3104-3116

Focks N, Benning C. wrinkled] : a novel, low-seed-oil mutant of
Arabidopsis with a deficiency in the seed-specific regulation of
carbohydrate metabolism [ J]. Plant Physiol, 1998, 118 (1)
91-101

Vanhercke T, El Tahchy A, Shrestha P, et al. Synergistic effect of
WRII and DGATI coexpression on triacylglycerol biosynthesis in
plants [ J]. FEBS Lett,2013,587(4) :364-369

Fan J,Yan C,Zhang X, et al. Dual role for phospholipid : diacylg-
lycerol acyltransferase : enhancing fatty acid synthesis and divert-
ing fatty acids from membrane lipids to triacylglycerol in Arabi-
dopsis leaves [ J/OL]. Plant Cell ,2013,25(9) :3506-3518



	植物遗传2期(全)_部分122
	植物遗传2期(全)_部分123
	植物遗传2期(全)_部分124
	植物遗传2期(全)_部分125
	植物遗传2期(全)_部分126
	植物遗传2期(全)_部分127
	植物遗传2期(全)_部分128
	植物遗传2期(全)_部分129

