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Construction of Arabidopsis AtFAD6 gene mutant
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Abstract:  The optimized CRISPR/Cas9 gene editing vector was used to create two distinct Arabidopsis AtFAD6 gene
mutant. As the nucleotide sequence of the conserved amino acid residues was mutated, and the stop codon was introduced
in advance, the fad6 gene function of these two mutants was completely lost. The results of fatty acid composition analysis
showed that monounsaturated fatty acids 16 : 1 and 18 : 1 accumulated significantly while the content of polyunsaturated
fatty acids 16 : 3 and 18 : 3 decreased significantly in the leaves of these two mutants. At the same time, phenotypes of the
mutants were appeared, including yellowed leaves, significantly decreased above-ground biomass, and bolting 2—3 days
earlier than wild-type. The paly unsaturated fatty acid 18 : 3 was used as the precursor substance of jasmonic acid synthesis.
The decrease of its content reduced the expression of the jasmonic acid signal marker gene AtVSPI in the leaves, while the
expression in stems increased by more than 40%. The two AtFADG6 loss-of-function mutants obtained in our study provide

important genetic material for further research on the relationship between lipid metabolism and plant growth and develop-

ment.
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JE VR 25 10 RN ( FAD ) S AEACAR T R B R o 1 B TR
JCUSHR R = A AN A0 B T R A T2, 2 A R RN 4
SRR FCREEE 1T DLy A8 4 20 21 g 105 TR 2 L
17T R AN R 7 PR e 2 5 5t A el 2 o 5 |
A HE T e 1 AR Ak, AEAR A P 0 B IT (Arabidopsis
thaliana) 11 ,AtFAD6 J2&JFi IR R 1 1Y) -6 BYJIE 7 iR
FHARURE , v IR B H I R TR R 2R
2 (18 + 1) SAFR AR (16 : 1) i JF RV JH AR (18 -
2) A R (16 = 2) 1 B AR 44 5 1) £
FEPERR S B A EEAEH, £ 2 5K AT (Jas-
monic acid, JA) A= 91 & B0 AR 9 i = 06 B 15 R
(Trienoic fatty acid) 4 B o 2R R A2 Al 40 14 1Y
—FPEEMNIEM R, BRI R R ERK S
Az SRR T R R I RIAES R iR A=
K AT ARILIFE A T SR R Ak
FEEERY A2 LR, FAD6 1E
PP HEAAGIR | 35 £ M ae 5 R A Y aa v B EE 2
YER™

FE LA 0 3L R T RE AIF 5 b, BF R R R R
) st A% 2% B, i g FE R R AR ik, 32 B4 AR OKF
14 BEL I AT A R 28 AR A 1) T 1 2 A2 i AR
SRIMT, X 7 2 1) 28 48 IR 8 HUFE H A 3 1A
KRR R SRR I & A A AN — i T K
SEHYIREM e e S, B A Wt 5% 45 R s (]
EMS 545 #E 1 ATST H5 K 28 48 PR A7 7 7™ 1 1) 3
HBEILD I, 0 # G o8 4l K 58 78
A B A B T 5 PR T BB 1 B LR B B A R
AR AR 1 & J&  CRISPR/Cas9 & 4t i 1830 i
fifi iy 2 1) BB 3t 2k AU 28 A% fR AR 15 ] ff . CRISPR/
Cas9 B FEEH sgRNA Fll Cas9 & FH PHHE /3 H4 1l ,
AR TAEJFE PR seRNA 7532 R 5 K 4 b 4 5] 5
HHANECT B F B, 51 S Cas9 8 1 XHZ A S kAT
DI, i J5 FEAL Y DNA A RBE SR P 5 AR
RSl

H e A AR 2 AT 52 08, i FH B AtFADG
FER G AR AR [ AR Hor HUA B S R
FRIL S s T DR T M LS X AR R R T
HHB5r AtFADG TG YE, TEXAME BT, ATTASGE
SEA T ik AtFADG BER W IfE, KM, o Tk — 2
FIHH AtFAD6 1Y 56 R Ty B, A BiF 52 A AL IS
CRISPR/ Cas9 & [H i f 2 AR X AtFADG FEHI 4T
SRR R T AR 6 Al R R R AR K I A AT Ar-

FADG EIK D RE 32 2 % 400 B Il 22 SR AT R A5
SiR B AR

1 ARSIk

1.1 AtFAD6 EEThege KB RTEHIE

1.1.1 CRISPR/Cas9 # 1k #9#&  CRISPR/Cas9
BT R AR A B S I Wang 2618 F1R T
PR T, LATRLRE T I 1 R 2 1 AT B TN Au-
FAD6 WHRIEDR IR G C & i Sk H AR
PR SR 1) 2 > K8 R BE AtFADG target sequence 1
(5'-CAGAAGAAGCAGCAAGCTTAGG-3") Fl AtFAD6
target sequence 2 ( 5'-AAACCGCCATGGCTCATAT-
GGG -3 1ERHE T A, Hrh 5 — AT 5 &F
Hind 111 BFUIA7 A, AT RLRE B FH Y PAGE 1A 717 16 5]
PRy ¥ L 5 1 1) Bk i 5 e R /N R B i 2 g i) A
JH = PR ECH LRGBS 100 %59 pCBC-DT1T2 A BiAR i
70453k 519 (5'-TGCAGAAGAAGCAGCAAGCTT-
GTTTTAGAGCTAGAAATAGC-3', 5'-AACATATGAG-
CCATGGCGGTTTCAATCTCTTAGTCGACTCTCTAC-
3',5"-ATATATGGTCTCGATTGCAGAAGAAGCAG-
CAAGCTTGTT-3' fil 5'-ATTATTGGTCTCGAAACA-
TATGAGCCATGGCGGTTTC -3’ ) PCR ¥ 4 If 4fi fk,
B4 PCR 7%, [t Bsal BV EIULE) PCR P24
H1 CRISPR/ Cas9 # A, T4 4 452 i 4H 2% fe 2 344, 3R
XU 5 CRISPR/ Cas9 3[R B 4814

1.1.2 @yt as s BEHRAR B2
FPAEFIFE ST (Col-0) , A K55 F K 14 h SEHE/10 h
R JRACIREE N 22 °C/18 C , AHRHEE N 40% , 7K
O e o T FHAR KT T 5 s o ) Sl e ) G e
RN N TP 1

1.1.3 WéFmuidiREReHe FKITHE
CRISPR/ Cas9 Fk A v b TR FHe S ik iy
A2S3 JA BT UK 3 26 F i 2 2 K mCherry AF
SR EEARIC ), PR I, e 4 G 2R A A 0 R T 3R
15 T S FE R R I (8 FH 2 't 8 S i 18 2 S 1A
FHPERD T, e B BHPE RN HBA 2O P i i 2
mCherry W6 A TE W (R OGT AT DL /R 216858
D/

.14 REKRGST IR FEFITH] ALFADG target
sequence 1 Fll AtFADG target sequence 2 Wi 435115
514, i PCR 74 0 A 45 58 57 1 78 8 25 200 bp
(R B, $RICT AR PH MG SE PR AR I R 19 DNA Ry
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WiMGHEAT PCR, BUELA AtFADG target sequence 1 JF
59 PCR P9l Hind I 7550 BV , 48 2% B3R Wk
B KA . BUCELA AtFADG target sequence 2 J§3)
(4 PCR =W 8% 1) AF 722 14 5 TR 475 ok B 458 e ( TR M
Pef = F OO R =29 « 1) K™
1.2 MHEERERA S 74T

AR 33 d BYAE AR R RE A TR EITE JE R
B 500 mg #EATIRER . LA 100 wl 100 wg/mlf)+-E ke
P2 H M =R F O e bR, 6 ml S 0
B AR (102 10 : 1, R FLL) Al 2 ml & {5« H
s K(5 05 1, RELL) 48 2 kb, A OF i 4R
U, I 3 ml 5 0. 2 mol/LERRFN 1. 0 mol/LEAAL
PRAYKES W, e TR AN, &R R TS, A
300 wl AR IIVE FRE I, FIA 2 ml 1% 5 1R -
H B, T 80 CHHIE T X &8 2 h, VK LR 3,
FH 2 ml 0.9% NaCl( JEEARFH) WA 2 ml IEC
BEAERUR , B 2 ml 1E 2 ke IR AR, AT AU,
3 o AR TR A A BURAR AL 2 100 ™! SR IE IR
AT AR RIEE 3 AN
R, R R 22500k ik R 1 25 55 . 2
Tk,
1.3 MHEZREENE

HURE NS 3 ~ 4 JR AR R A b B35 A T3
[ 12 ml 47 S BEEEE , MA 3 ml 80% NERIAE ., 4
C FR-AE 14 h, S8 Armon 1 EXN HH 4 X & &
AT ) AR RN E 5 A EYEE A,
PRI ZE 5 2553 Wik o BTk 2R () 1) 22 5 Bl 2 1k
1.4 i EEHEYENE

KA 21~28 d (AR RS H B35, 40 Sl 7E
BETRT e AR R L i 5 T B e R
5 R A 250 o TR R 1 B R S K B
RIE 10 MEY)FEE PR R T 2500k b
PR (] 1) 2 5 Wl 2 1k
1.5 ERERZENH

FERF IR TR qRT-PCR 5, R E A
#J AtVSP1 il AtVSP2 JE:[H (Gene ID: AT5G24780) ¥
G (CBAHERIE T AR 15 B 5T IR www. Arabidopsis.
org) Wi SCAY 2 1 PCR 519, AVSPI BIE 514
MR 514953 9 9 5'-TGGATCTTTGACCTAGACGA-
CA-3'#15'-CGAGTTCCAAGAGGTTTTVGTA-3',

HUREFI S 40 d B9AR R AL R 2R ARG T
AL RNA ER I Trizol 1) ML ZH DNA 123 6%

BeS I LA CFE ST B cDNA S BEAR 1T RT-
PCR #, DAURGIT ALACTIN NS 3
S M 5'-GTCGTACAACCGGTATTGTGCT-3' Fil
5'- TGTCTCTTACAATTTCCCGCTCT-3', R Ht 2744¢
DT ARFIFER fARN s i

2 ZER 550

2.1 AtFAD6 EARTKHIIKE

2.1.1 AtFAD6 AR R EHRAB Ry »F 5%  fli
FHBFYIE A PAGE Y%} e 3k PR BH M A i i 4 7 BE R 7Y
YoE, i ZRGELRR SR, R T 2 N aiE
R N 4 NG W B8 1 TR TN E S A N
Wy, ¥ Hofis 244 fad6-2 T fad6-3.,

PAFLLA TR BT B SR AR S | X LR 7 55
BRI S0 R AT AT B6IE . 25 SR fad6-2 F fad6-3
ARG IR 2 AL AL, RIS 5 ASFNEE 2 AM4h
WAL, KT 47 bp BRCHT 1 bp 4 AR 54 (K]
1), CDS 590 K A AR N A2 Ak, 8 I AE RS 2818, 7R
BE S BT D fad6-2 (055 187 o 2 SR ik 5L
H 7522 (T) 2272 2R (M) |, I 7k B4R
B2 NEEEM (VG-AV) J5, 5l AKX L% 51
UAA BRI 1 B fad6-3 FUEE 25 o G JE iR 7% e
Hse R (L) A N 22 2R (S) , e AR B 152 Rl
17 % K2 ( AASSARVSPGVYAVKPI-CCFFCSCF-
SWCICCEAD) J& , 51 AZEZ W+ UGA, $E T2 1k
BIgE, —HE pih JRALT 207,210, 211,367,
370 371 i s b i 6 A2 2 R 5k L 1 A HE TR T 5 &
AR, T X B A XN R B 2 S oA SR
FHUST PRI, FRAT TR A 2878 M mT F Wl T Bt
RIGARA
2.1.2 AtFADG6 K B 52 K AR 69 fig By BR 48 4 5 AT

AtFADG 157 9 B 5 14 i I R 25 1 A1 e , 2 AT LA
PEALAE BRI A R 16 = 1 518 = 1 5| A
— B 16 2 2 BE18 ¢ 2 B RO, R, i Af
DL 3k I s 0 B 5 R 4 43 1) A8 AR B IE AtFADG
SR TR s, XA 33 d iR R iR AT
NEWT PR 20 73 0 M, 45 2R (3R 1) W, 5 B 2R B AH
H L2 ANSARIR T AtFADG6 BYIRPI16 < 1 A1+ 1 K
gV O 1 I 2 O SO (18 85 = 32 et 7/ N (O

RIiFR16 = 3 FI18 « 3 F it KM T g, b 25 SR [A A
FWIFRAG (1 5 A8 1K AtFADG K IR 3y RE 32 % A %8

AR
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5'-UTR Hind T Hind T

N

FAD6 gDNA

Nde | Hind M 3-UTR

gRNA ==—------- CCTAAGCTTGCTGCTTCTTCTG—= mmmmmmmm o mmm oo CCCATATGAGCCATGGCGGTTT- - - - -~ -~~~
WT TCCTAGGGTTCCTAAGCTTGCTGCTTCTTCTGCT -+ 890 bp -+ CATTGTGGGTACTCTCGCCTTCCTACCACTTGTCTACCCATATGAGCCATGGCGGTTTAAGCACGACC
fad6-2 TCCTAGGGTTCCTAAGCTTGCTGCTTCTTCTGCT -+ 890 bp « -+ cfT-———— - - . JGCGGTTTAAGCACGACC -47 bp
fad6-3 TCCTAGGGTTCCTAA@T TGCTGCTTCTTCTGCT -+ 890 bp -+ CATTGTGGGTACTCTCGCCTTCCTACCACTTGTCTACCCATATGAGCCATGGCGGTTTAAGCACGACC +1 bp
[TCCTAGGGTTCCTAAGCTTGCTGCTTCTTCTGCT CATTGTGGGTACTCTCGCCTTCCTACCACTTGTCTACCCATATGAGCCATGGCGGTTTAAGCACGACC
WT {\ fﬂ‘ 890 bp - h
A | A ﬂ |
/WW | ﬂf A N\{\ \ Y VY
TCCTAGGGTTCCTAAGCTTGCTGCTTCTTCTGCT CAT (GC GGTTTAAGCACGACC

g TN |

-47 bp

ﬂﬂﬂﬂﬂﬂﬂﬂnﬂﬂﬂnﬂﬁﬂ

TCCTAGGGTTCCTAAGT|ICTTGCTGCTTCTTCTGCT

fad6-3 /\[\/\/\/\ W\/W\Nwﬂk

890 bp -+

CATTGTGGGTACTCTCGCCTTCCTACCACTTGTCTACCCATATGAGCCATGGCGGTTTAAGCACGAC(C

s

1 fad6-2 F fad6-3 REFFEE
Fig.1 Sequence information of fad6-2 and fad6-3 mutants

F1 FERSRIEMEIZ A EHFBENRREBES ST
Table 1 Fatty acid composition of total lipids in leaves of mutant

and wild-type Arabidopsis planted for 33 days

R 1y 2 WA (WT) RAMK fad6-2  FABK fad6-3
16:0 21.7120.33a 20.28+0.70b 19.47+0.39b
16: 1 2.86+0.09b 11.56£0.30a 11.80+0.29a
16:2 0.63+£0.01a 0b 0b

16:3 11.28+0.54a 0.54=0.18b 0.4020.27b
18:0 1.14+0.09a 1.34£0.13a 1.28+0.10a
18: 1 2.66+0.08¢ 18.73+0.44b 20.05+0.42a
18:2 15.40£0.92a 15.65+0.51a 15.36+0.29a
18:3 44.3220.58a 31.90+0.88b 31.63x0.14b

n=3, R/NG FEFoR R IR o B 0 A PR 2 M1 77 7E 0.05 /K
FLEREES,
2.2 AtFAD6 ERERTEHFRE 5

FERE 21 d,AtFAD6 FEH D REE K R S8R 1Ak
PP AR LR B T AR 2 R MR R AR
B(E20) ;M5 R a SHEE b WAL Bt
23.4% (K 2E) ;b b3 AE K AR 55, #h b3 AE P
W WA U 62% 2247 (B 2D) |, i i e % 7K &
KEABELA(BIEATIR) . 54N, AFAD6 3
PR Dy RE 3t 2 ] I S A P AR (B 2C) |, 2R IR
PAF8~9 3t Ja s B m] il 22 | 17 7 A= 7 3% e 7
11~13 F i iah 28 (F 2B) , S RUA 1, 2878
PAAh 22 H O L BP A= B4R T 72~3 d( B 2F) . J35h,

AtFAD6 7718 : 3 Z 5 WK N R F R EW &
B, AtFADG 3 [R5 78 T R S i AR B 1A N S FTIR
BRI, AP R AR AT T AR L FE P AtVSPI
AT TRk, 53R WoR AvSPl Rk w et
R A TR TEZEFF RS T 40% L 1 (Bl 26G)
T A K BB, ALFADG SIRERY L 55 R B 1A oy 2
IR (55 s ma BAT U 1

3 1) i

AtFADG6 TR w-6 BIRRITFR AR A , XF i Fr
TR R A o B S22, AEAHESE T A i A 2
A~ AtFAD6 R T RETE R RIS AR R IRAI16 = 1
18 : 1 RIFFLE, W16 : 3 18 : 3 H KiE
Rt X5 T AR IE 4 e —8C ' 540, B R 41
3 A AR B R ) ST AR R ) 5 e A sl T
SR KT 300 35 T 3 g i g R B, E O
WK EMT , AtFAD6 R 2878 S 3O vk i | 444
K, I R R R BRI R R R 2 B T
J6 R K B RS AR Y A P a5
AR B, A5 AR A K R v ok 32 3
AP REAEAE YA i K R R A AR
FERTZ RIS b AR A K B R K
(1, ZEARRN K & B AT BEJE T AtFADG B3 11 5%
AR AR A AR, LT BB 2 52 T i R P B )
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SRR SNYE , PRI S 20 SR & R e, i
FTAEA 6] R AL T B A AS 10 FT AR 15 1R =2 8] 47 78 32
R AtFADG BRI BRI, FEARAN 3

TR T (mg)

b3

LRI A (d)
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ESESY)

1 1 J 2.0
[F stk 4r G o
_— O A BEF
I g 3
#
%} @ 51:1 2
r a,
cé’ 1
<
| | |
WT fad6-2  fad6-3 0 WT fad6-2  fad6-3
R RAR LR AR

(A)HERPSHE 21 d HEARRAL; (B) ((C) H#EFNGEE 33 d MEARRAL; (D) #EFE S 21 d 3t LIFEE ST (n=10) ; (E)HMEH 21 d kK a 5
M4 b L (n=5) ; (F) B4 BRI A 22 s KB (n=20) ; (G) f&FIE 4 33 d AtVSPI MIN ik i, ™ FRIETE 0. 01 K- L i
FRS T FRRAFAE 0. 001 AKCOF LW 25 5 T ROARTFAED. 000 17KF LY 3255 . Bar=2 cm,

B 2 AtFAD6 EERTAE fad6-2 7 fad6-3 SFER (WT) HRBEER

Fig.2 Phenotypic differences between AtFAD6 gene mutant fad6-2 and fad6-3 with wild type( WT)

R RS RERW, B E AR KT, A
FADG6 3D BE 3 R X IR 19 A K K & &
LI BT EA T 45 R 5 HOIF R 58 4 —
., BATEBL, AtFAD6 FE PR 1) 5875 3 U A Pk 135
YR R R A AR, X T RE S T
TR ST b AR A PR 28 A M ) 0 At = 253 i EMS
PRI B S AR K fad6-1 AR HEAETR) L5
A5 HER Y 22 IREE A 160 A0 H 2R (G) 5k
SEGAS RS MR (R) 7, X R e A8 R of ) ALFADG
S TIRE T REA 58 A e e | i FRATTAL 2 10 28 A8 14y
DIRETe AU AR IR, X 22 3R 1 FRATIRAF TN
A2 R RIS AR (AN AT BY T T M AtkADG 3L 1)
fig, MRS R CRISPR/ Cas9 3 X 4 5 H7 A
B 35 R Dy R 2t 2 ()R A 28 A8 PR ELAG R 1) S R
FAME

FEARWEFE T FRATTE X KRS 5 hn e 3 A
VSPI TE ARG I+ A 2050 58 A48 (R il 22 9 0 | F0 25 AT
TR RIS AT R T, S5 R R, AtFADG 1) 5%
AT AL AtVSPT FEREREMT b 3Rk AN AT RRAR, 7625

FRH Ik i KR 2 T, W] AFAD6 Xt #9012
FIRAE 5 s B A 8URE . KR g 1%
B SRATIR AR 53 12 XA 4 T A6 o) 8] R 38 & & 4%

B EA EEAIEEIEN . AFAD6 FH )
7 38 28 5 M A 3R] TR A o8 T AR 22 AN R T T 7R 1 T
TG, ST 5 M 00 R A5 5 5 88 1 728 £ o A 4 4k 22 LA
BB s psg ), B FL B 43 AL A 75 i — 2
W5,

FIIH CRISPR/ Cas9 i [ 4 4 £ A A1 i3 AtFAD6
SER T fe e e B G ARR  RNAA B T 5838 X AFAD6
FER TR IAIR, R E hy i — 20 A 5 DR AR 5 4
WA R B WO R I T s bk,
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