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Plant lipid synthesis-related genes function verification
by TRV overexpression and silencing systems
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College of Life Sciences, Sichuan University, Chengdu 610064, China)

Abstract: In order to explore the possibility of tobacco rattle virus overexpression and silencing system
for oil-related gene research, this study cloned Arabidopsis thaliana WRI1 and FAD2 genes, and con-
structed TRV overexpression and silencing vectors, respectively. The transient infection technique was
used to infect Nicotiana benthamiana , and the material was collected for RT-PCR and fatty acid content
detection. The results showed that the WRI1 gene and related fatty acid synthesis genes ACP1, KASI,
and BCCP2 in both infected and non-infected leaves were significantly up-regulated in Nicotiana
benthamiana overexpressing the WRI1 gene, and the fatty acid content test results showed that the lev-
els of fatty acids increased 16% and 28%, respectively. In Nicotiana benthamiana plants that silenced
the FDA2 gene, the content of polyunsaturated fatty acids was found to be reduced by approximately
25% and 24%, respectively. Therefore, it is possible to use TRV system to study lipid related genes.
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1 5 §

Y HE 52495 3 (Tobacco Rattle Virus, TRV)
PP S RNA 88, HIEER 41 H1 RNAL Fl
RNA2 P4 2H . RNAT B9/ INFISL 791 e g
PP, EEAIEKB T RNA 1) RNA R 5 i
(RNA dependent RNA polymerase, RdRp) Fll %
/1% 1 (Movement Protein, MP), H 1] DL i J5 8
RFTETE EAEY N E 5. RNA2 — Bt &
P AT A (Coat Protein, CP)Fl—8dp: 45 #ak:
FEH, RNA2 LR 21 A] DL & i DA s S IR L 1A
PRItk B A 32 R s e 1) RNA2 0L g
SL B AN RENS 1= YL M0 B L 3 RE A 42 L 2 i 2R 5
PRBU 22 448 RS20 R A RLAE (BORAE R
SRS T AR JRRIRARS | SR RS

TEAEY A S N TR rh L W AL G i i LR 47
A BB o AR 5L R A W FE 2 R AR rh 3R
TR R S AR B R TR AR AR A
TS 1 1B I R G AE iR e it 3R s H Y Ak
U TRV YRRy — R w5 40k, B & il e
TGRSR /N LA ANLBBTE AR G i

Feik H LR FERAZ e -t RE A 4 H A LA
UESS7

WFFE R B WRIT 48 5 B I 2 5 7Y O B Ak
N1 FAD2 5[5 J2 BAAS 16 R0 I iR A 1 22 K
TRLFIAR 7 R 1Y OGRS 1T 22 ANARLFN R AS A1) Tt 77
UUER FAD2 K& R A] DL /D 22 AN 10 s 7 2 1Y) &
UL AR E A TRV-WRIT i 3k 24 A
TRV-FDA2 JUEREM WG 7 KA 14 KAYA K
MHERR R WRIT R i 5 R A7 0 & 23 B 9100
FERR I B BRI IR & & AP 2 AT H TRV 3
FIR R GEHAT AR SR Dy Re A 9T 19 AT A7,
2 MBI5RIE
2.1 # #
2.1.1 MMpMH AR (Nicotiana benthami-
ana) TR A S 00 % R AT
2.1.2 A#FRAE KIGFHEE. cold) MIARFFH
(Agrobacterium tume faciens) GV3101 FH ¥ T —
80 “CUKAATRATF. MHFLE 2L 1 o Fe 3K KT ER A
R T80 CURFATRAT.
2.1.3 PCR3l4 %1

F1 AXHETAPCR3

Tab. 1

PCR primers used in this article

ElE/EA

S5 (5'-3")

TRV-WRI1-F
TRV-WRI1-R
NOLACP1
NbBCCP2
NbPI-Pkb1
NbSUS2
NbKAS1
TRV-FDA2-F
TRV-FDA2-R

GCTCTAGAATGAAGAAGCGCTTAACCAC
CATGCCATGGAAAAAAAATCAGACCAAATAGTTACAAG
CTGGCTCTTACTGACGATAAGG

CCTCCACTCAAATGTCCCATG

TGAGCCATTATCGTCCTTGTG

TGGATGGGCAATTCAGATGG

GCAACCAAGTCTATGATAGGGC
AAGGTTACCGAATTCTCTAGAATGCTCCTCTACTATGCCGCGACCA
TGTCTTCGGGACATGCCCGGGTCACTGAAGGCGCTCACGGTCTGT

2.2 /i
2.2.1 WRI1 #= FAD2 % B 57 14 Fe BARM 12
VIR T RNA 28 [ % 5% cDNA AR, F
B B Primer STAR Max(TaKaRa, Japan) i
17 WRI1 Fl FAD2 R4 3%, 519 F 5 n sk 1
fiizs. FIH TaKaRa 23 &) 14 R il 14 4% # N V) Bl x5
TRV A& TRV JFOki Al PCR F=4) 47 Ui
g U] 2 W 45 R I A% i 2 A [l S 751 6 Tl i i 1)
PR IE AT DRI e AR GV3101.

2.2.2 RHAEERHE ¥4k A TRV-WRI1
1l TRV-FAD2 BRAT M 254 Kana, Rif $T
PR 8 32 3h, 28 °CL, 200 r/min %54k 24 h; B
1 mLiGf WM A YEB ¥ 35 3, 28 °C, 200 r/
min, 12 h, FfE ODg20. 8~1. 0;5 000 r/min, %
TS L B AR AT B R H E & (1 mol/L
MgCl; ,1 mol/L MES, 200 mmol/L AS) B & F A&
% ODsoe0. 8~1. 0,8 TRV2 B 5 TRV & 4%
BEL s 1 RBURS), FRBEERE 2~4 h

2.2.3 MREARMBE PP 4~6 HIBIRYA T
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B 5 AR TRV i KA o iR B A Ll b Ig A A8 2 A B 69 3 48 % 58 A&

e AT TR ER R R T S IR R I 22 A ).
TARAEYE S 2~3 it R g R R = 55 5% 24 h
J& BT 25 °CL16 h/8 hoBJRIH IR % B 5%

2.2.4 qRT-PCR »# FIFHKKEAY RNAPrep
Pure Plant Kit i3 &2 BUAR [GAHE 2 RNA, Pri-
meScript™ RT reagent Kit (TaKaRa, Japan) i)
&AW e cDNA. i ] SYBR® Premix Ex
Taq™ [1AFIXF WRIT FiE 4T qRT-PCR 4~
BT IS W 1.

2.2.5 hBgm A FRIO. 1 g YR RIA R
HAEC I SR G S5 1 R G R A B BE A L
A1 mL et fe il (14 50 iR F BE I (v/v) . i
A 300 pL HURAE R AR 5] FEMA 10 pL 2% 19
BHT %W 10 pg e Hul =B e N
S ARG HUE G R % TR 51, 90~95 CIK
ROV 1. 5~2 hs PO SR BE 4508 A0 =2 R A
1.5 mL FrétfcH a9 0. 9% NaCl . IR4). FiA
PRSE A 1 mL IEC e A BRI R R, 72 %
IRA) K 5 min, I FIE W T 2 mL #5350
Hh s AU 35 5 BB GC-MS 2010 X H2H
AR 7 R Y = R AT 0 = o B A O HP-88.
GC Z 2R+ KBS A A DU 285 RN A 2 35 B2
220 °C. JrRFHRART A : 160 C 4 1 mins K5
BB T 10 °CL FHE] 200 °CL AR FF 1 mins K5
BB 5 °C L THE) 210 CLPRFE 1 min. SRR
FH g 7 i ) 5 N S e T AR e T AR

3 ZERESWH

3.1 TRVWRI1 FRIEHE K TRV-FAD2 in 2k
ik
e b S WS ALY/ Bl e I3l IR ¢ Al
Hl CK
(@) B TRV-WRII
1.54
£

0.
ACP1 BCCP2 KASI

PI-Pkbl  SUS2

H WRI1 K/ 1 300 bp, FAD2 K/N212A 500 bp
(D, BB /NS B 28 SRS

bp M WRIl  FAD2 M bp

1000—
—500

H 1 WRIl A= FAD2 X K PCR 4 & % B
M: DL 2000 marker
Fig. 1 PCR product electrophoresis of WRI1 and FAD2 genes
M: DL 2000 marker
3.2 TRVWRIl1 T RIZEHRFTHERRIEE
S

FH TRV-WRI1 i3 2 35 84K 1 AT 4 2 e A
ICHFARAR S 3 ITE AR S5 56 6 d RISE 13 d $2K
RGN B RNA, DUE B Bactin AN Z, F
F qRT-PCR $ AR KZ I WRI1 %% 5% P HH & HE A
HEk . AN ACP1, KAS1, BCCP2, Pkbl
1 SUS2 Fe K347 8 740 B, L g 45 R R WL, Toie
ARG R R G R IA R R AV 5 A
ORHE R By F IR 3 3 TR IRA 56 6 RIR YL
i ACP1 4 RIS hn it e o B 30, 5 0k BRZH A L
BN Y 3 5 A2 YL 13 d i RS, ACP1 3
R SUS2 JE[H FRak e 3 in e B, 35 17 249 1 4%
LS A BT ARG WRIT AHOCHEE A (1Y
AFDGT 15 JIT WS JE Wt v 3 2R 8 P ok DG 66 BRI 7 R X
T B (& 2). TRV-WRI1 53 3355 - 725 5 KT
VIR ALY b 5 R DR G AR DG HE PR ) k.

(b) mm CK
B TRV-WRII
2.5 »
E * %
220
[=]
2
gl.S'
5 1'0- * Kk * Kk
[
=
=05
a4

0.0~
ACP1 BCCP2 KAS1 PI-Pkbl SUS2

B/ 2 TRV-WRIL it Rk Hitket B WRI1 F A B AL 47
(a) BYJEHE 6 d Yt i WRIL FHFERER MR EKT 5 (b) BYL)E5E 13 d RGent it i WRIL RS 215K
Fig. 2 Analysis of downstream gene expression of WRII in leaves of TRV-WRI1 overexpressed plants
(a) The downstream gene expression level of WRI1 in infiltrated leaves at 6 pi; (b) the downstream gene expression level of WRI1 in

systemic leaves at 13 pi
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3.3 TRVWRIIL it RiXERAPMAES EMHK 5 H
i E

gt — RS WRIT JE R G 43 g & 2 FR
Ry, AWK TRV-WRIL f1 TRV =5 2§
(CKORZ YA A FE, 430 7E 55 7 d F1%E 14 d U
Jemt iy R R GE R 0 VR A o N
GPOR BN RS 7 4, S A P R AR IR IR
FACER A i 12 5 o 3G 0. DARESEAE Y o
I & SR AT, SE g A R S S LX)
MRL A0 16 %. 24 14 d J5 5% A A L, 52
2 r R o35 N i R 1 i S R, SR
Fb X B2 2493 i 28 0 (F& 3).

4 mm CK
TRV-WRII

3-

2-

*k

14 *k
*k
*%
0- - aln

Cl6:0 CI18:0 C181 C182 (183

Fatty acid content/(mg/g)

3.4 TRV-FDA2 i EK#E ¥k Hr it B & E R8I R 4 Fn
i E

RE— B EEGE FAD2 JE R g & & R
S, AWK TRV-FDA2 F1 TRV %5 4%
(CKORZ YA [ FE, 43 e 55 7 d F1%E 14 d U=
Ui 5 R G R 0 A Y B R
GOR R ARG T d A 14 d SR T
Z ARG D7 R o b, DURE AR I
AR & R AT, SE S A Y 2 AR AT DT R

i LT AL 2 25 %, TR YA 14 d, 5%t
MRZHAR L , S0 20 v i 2 AN AN G 5 R 2 i I 35 ek
/b R L X R L Y2 24 96 (& 4).
(b) mm CK
TRV-WRI1
5-
g}
£
=
5 31
321
= 0- I -I** -I** il

Cl6:0 Cl18:0 C181 C182 (183

B3 TRV-WRI1 i Rk taket i ¥ Bs by 82 Ar
(a) RYJEHE 7 d ARGt it IR IFIR IR s (b) Y5 14 d RGil B IR IR 14 &3k
Fig. 3 analysis of fatty acids in leaves of TRV-WRI1 overexpressed plants

(a) The expression of fatty acids in infiltrated leaves at 7pi; (b) the expression of fatty acids in systemic leaves at 14pi

(@)
CR
on
E 44 Hm CK
2 NtFAD2
2 34
<
(=]
Q
2 2-
Q
[~
> 14
£ 1
=

Cle:0  C18:2 Cl18:3

Fatty acid content/(mg/g)

(b)

4-
*
3] Il CK
[ NtFAD2
24

—

i

Cl6:0 C18:2 Cl18:3

B 4 TRV-FDAZ iRBKALART K P RER B2 57
() RYJEEE 7 d Ykt IsliR YR K ;. (b) RYLEEE 14 d REGEHIE R IR RR 5
Fig. 4 Analysis of fatty acids in leaves of TRV-FDAZ2 silencing plants

(a) The expression of fatty acids in infiltrated leaves at 7 pi; (b) the expression of fatty acids in systemic leaves at 14 pi

4 7 it

A Hh 3 G 1 B R A2 2 L R R s AR
FC U AR 5 R 1) A B A% £ E-CoA B AL L i i R &
Wil 52 ARG ZAESE R W 1, WRIT JEH 2 %5
SR

FpFahig A ™. M TRV Rk R 5,
FEA[CAR 3o 3858 WRIT LA, Bl %5 17 4L J5 B )

FRISE A AR DR 3 P9 AR ERA b R 3Rk 7
RULSSHIEE 6 d FIEE 13 d XF WRI 1 (4 F 0 5L
PEAT RE AT, SEER SRR WRIT /)3 32350
B 7T BRI AR5, ik kA R b T iR L
PG i 3 0 T R4 M qRT-PCR 45 3 nf
L FRGEM e WRIT T it £ R i3 m 7k o7 1%
ARA B Rl e S X IR AR L. RGE
f) BCCP1,KAS1 il PFPRB1 FE N () b TH AT X
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AR TRV A o i Bk £ AR iE AL A i fE S

G AR X R A % 58 &

WA RGN .

X EL AR R & A T I E 5 B AR Y B g
BT Esh 7 d 3N 1650, 55 14 d R G 38hn
28%. SXFHRLIAA L . 47 e - rp () B0 R | A IS 1R
B 3 AN R fig T 4] 2 ol 25 P 14 o 1T R e
PR TR RIS 4 AS AR R R i R 1) 5 S | T
R LR E 22 5. Yang &0 HE
Tl Al B i ek BAWRIL 55 T B F1 IS i
i A 0 ISR OG5 PR A e 53, A 8 wr i 7 v 1 9l
JE S I T 32. 5 f%, A2k T ik o g R 1
FFARIC R E L SR T, BAWRIL 152 363kt S 5
TR AR IR & w BB, B g R EAE . &
o L se T W B, R TRV 9% 8 2% 74k U0 B8R
FDA2 K, BB BRI 45 5 WoR eSS 7 d IR
14 d, 5xF FEAUAH Eb , Z2 10 RS R 20 3 R T
2501 24 %%, FLARRIIS IR & e 22 5 AN 3 s AR5
55 IR R R 2R AR T8 FDA2 JE .

05 T 2R AR R 42 e AR e 1k B LR AH LT
FoE ik RGAE I A] RS i, AR SL g0 v, A6
6 d WA E] T H AL ) GA L AR T IS T R
ErEAT R, (USR R AN KR B AR, A
Ref s h B BE A DNA A, & hilfa e k2,
ANIRIE R G 3k A6 A 0 A0 B P A e s AR [ R
TRV WA= G i it AT Jmy BR A {HZ AT LA
W T K T 22 19 B AR MAOR R X — )L 5 4k
W5 o] AR I ZE AR B i R TRV 9 8 4044
i3k WRIL FIyiER FAD2 JE[A 35 FI 3R = i g a
S A D AN RN B D R EE A5 E AL
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