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# E: HH BERGEENS FAD #IH (Panax ginseng FAD, PgFAD) FEIFWAE PgFAD2-56 WIhfE, UAHAR R PgFAD
FEEM SRR E NS 775 FIFAEMGEEETFBEMAANS 12T RRAH & PeFAD SR FIGET, i BT
Rl Rettb i, FEFEH . RTEFT . IR o R IL R M RRE, DURMME 540 N RIRBAE R i 7 X T
MF=FRIE FAD2 5HRIA G /e ) DABREEERHE N RIFFRIB KBS TR PgFAD2-56 it 5R  MAS 27 EE A3
Y% E R 98 A PgFAD N, MRIFEIERRITHIAHCMETT 438 6 MK (ADS SLD FAD3/FAD7/FADS FAD6. FAD2 1 FAB),
X Rl 5325 1) FE IR GE AN 57 S5 7 1 S R o T8 B X4 5 HA DR B B A0 S 2 e P ek R 8 S DR 45 7 05 (TFBS),
KB PgFADs WIFRIERIEZRZMAREM. SLEMEITRI FAD2 WikEANSHEE BEY 7K. REFRIESHRKIEE S
PgFADs FEJam b B 2 R RKIE. 07X R ER FAD2-56 S5MBRI 45 & EERAK (—6.5 keal/mol), JE 4 i i PEAR
T H M & ik FAD2 He . BB YR KA SZ IR ESE PgFAD2-56 ] AL RE W R 4 70, A8 8 B IR I B 7= A W e, 3%
RIS AP B PeFAD ERFIGEEA RNV RE, EASHY R RIS BEEER, D2 WIEKY
ik J PgFAD2-56 MRS N N S P4y T & PPt TIB 7R .
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Abstract: Objective FAD enzymes introduce double bonds at specific positions in fatty acids, converting saturated fatty acids into
unsaturated fatty acids, playing crucial roles in plant growth, development, and stress responses. This study aimed to systematically
identify the F4D gene family in Panax ginseng and verify the function of PgFAD2-56, so as to elucidate the functions and stress
response mechanisms of ginseng FAD genes. Methods Using bioinformatics approaches, 98 PgFAD genes were identified from the
P. ginseng T2T genome, and their physicochemical properties, phylogenetic relationships, chromosomal localization, gene structures,
conserved motifs, cis-acting regulatory elements, collinearity, and expression patterns under stress conditions were analyzed. Molecular
docking was performed to predict the binding affinity of highly expressed FAD2 proteins with oleic acid, and the function of PgFAD2-
56 was verified using a yeast heterologous expression system. Results The results showed that the 98 PgFAD genes could be classified
into six subfamilies (ADS, SLD, FAD3/FAD7/FADS, FADG6, FAD2, and FAB) based on amino acid sequence similarity, which was
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consistently supported by their gene structures and conserved motifs. Numerous hormone- and stress-responsive cis-acting elements

and transcription factor binding sites (TFBSs) were identified in the promoters of PgF4D genes. Collinearity analysis revealed significant

expansion of the F4D2 subfamily in P. ginseng. Gene expression analysis demonstrated that some PgFADs displayed significant differential

expression under stress conditions. Molecular docking indicated that F4D2-56 exhibited the lowest binding energy with oleic acid (—6.5

kcal/mol) among the highly expressed FAD2 proteins. Heterologous expression in yeast confirmed that PgF4D2-56 altered fatty acid

composition by producing linoleic acid and enhanced cold stress resistance. Conclusion  This study demonstrates that the ginseng FAD

gene family exhibits strong subfamily specificity and plays a vital role in stress resistance, with the expansion of the F4D2 subfamily and

functional characterization of PgFAD2-56 providing potential targets for stress-resistant molecular breeding in P, ginseng.

Key words: Panax ginseng C. A. Mey.; whole genome identification; F4D gene family; unsaturated fatty acids; bioinformatics analysis

TEYIAE B AR RS o B8 2 R AR ha,
FHeab A B AR @ REMLR M. o, AR
(unsaturated fatty acids, UFAs) {EAEE 1) b4
FIEH 5y, TEREPARIRIN 52 M i 22 R E L A
&R, AR IR 21 AN (fatty acid desaturases, FADs)
PN B A% O BEE, T8 R 45 R D R 11
FMAFERE, BEMWEYIN AR E &I hE
IREE M BB, KA ThRe 5 4 i 72 437, FADs A &)
N T AWK R: FAB2. FAD2, FAD3/7/8. FADS.
FADG6. DSD F1 SLD. FAB2 (JRFRAgfRME-ACP 1M1
FIEE, SAD) J& T igME-ACP M FIBEE K ik, &
LTk, ot fR%-ACP (C18 © 0-ACP) fiii
S/ RUHEE-ACP (C18 : 1-ACP). FAD2., FADG6 Fi
FAD3/7/8 J& T o-EMBMEGV %, FAD2 1 FAD6
AR (C18 1 1) #A A IMER (C18:2), 1
FAD3/7/8 Wit — DA @ ER (C18 & 2) [a VR
(C18 : 3) %1k, FADS (JRFx ADS) i ST fEALAS
R (C16 : 0) Mt A pkriEMER (C16 : 1). DSD
& TAENR ARG XK, mis A4-ERG, 1EHT
A4 LB e C-4 A7 5 AL FE DS
YsENE . SLD W J& T A AR K MR, St AS-
it S, e AN IR 7 R 2 R iy 5 00 0 XA [
TERL A8 XUEEES, W LR, FADs 1ERY) NN PR 5
I8 HR R FESCBEAE L, U0 MaFADs 535 B0 i
IR E Fm R0 RIRE S R KR ik K E 3
GmFAD3A .25 5 1 3 B DR AR 1R i 5 14 A0 o
THARZED, ) AhFAD3 FERIAERE I R
TRRIER, REPETHR T B RITR & B & o- T BRIR
(Ala) L, FE3fomEh e ™4 s ee 7. &
R 45 RAE 5, FADs STREYIMAE KR B KIS E
JSL B A AN AT Bk ) R 4% T RE

N2 Panax ginseng C. A. Mey. & fix B8 2 1) 25 H
Yz —, BAESROREY, Hh=EaH (A
SR RREBENRAE, NS Z2omT R

WAL, TTRUEAAK. REBH A EAS, W
=, =t XCrEE. EERIBAS, AK
E I\ By L 2R 38 281 v 6 g 7 7 2 G A A
0 v S R R G R X PR e Rt X Y X T DY 54
NSAFAERFER B W] B et | FREEE N . FADs {E
SHEYIFR A IR R ek EiRIE . R
MKTNZ FAD 2:K (Panax ginseng FAD, PgFAD)
FISEARAWIT, KRR —r 8. A
Z) T2T FE R 2024 FHHREH LN, XNAS
(PFE R S ) S e PRt 1 2 A ANt PgFAD &K
FWEHAT T AT 8 LU AEYNE 2200, AFER
SR B Getadie i, JERSE PREFH TR
YERR e . FF HIEHHFT 1 SRR G2 DA
MAEA B FRRAE, HEER a1
Xz BERRINFEFAARRUE] | PgFAD2-56 v LAt
ANV AR DR )G RS 38 e B DRI B4 e () Bt
Mo XL FUAARRITT FAD TENSH AR
REAHAE NS BRI IHT R BEE 1 At
1 #MR5EE
1.1 Z5#f

NSBERE R T N AU A AP I 4 4
AERERR, 2 E PR R 2 2 e s vh s B BRATE 5 A 4 E
N NZ P ginseng C. A. Mey. .
1.2 ERSHIE

[ER = Saccharomyces cerevisiae T
INVScl Chis3-A1/his3-A1 leu2/leu2 trpl-289/trp1-289
ura3-52/ura3-52) WERFRIAHAKR pYES2.0 & K #T
Escherichia coli DH50, 852 2520 P35 04 T AL 5 ik
KAFRHA R A A
1.3 EERF

T RNA #2507 & (DP432). FastKing
cDNA ZF—HE & idi&E (KR116) W H RIRA M
B (dbmt) ABRAF]; 2XPhanta Max Master Mix
PR ELE . [R5 #4177 & ClonExpress Ultra One
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Step Cloning Kit (C115) Ji H i 5 i MERE AL VIR I
B R AF; Super BEREECZ A& 5L &
Plus (SK2402) I 5 AL BRI RHY A IR A 7] &R
TR (A8180). FMlER (K8020) M H ILRIZ 3K
FRHEHRAT; SC-URA JRIENEHRFE TR 37 L0
A bRz FERH A TR A F] ;s BilERE &L DNA [=1i
A& (DP209) W H RARAEHE (dbs) FIRA
Al HARE AT = o trali.
14 EFENEF
Veriti 96-Well Thermal Cycler & B4k =0 s M
(PCR) 1% (Z£[E Applied Biosystems /A ] ); 7890B
ARG, WRIEE AR g (FID, SEE
Agilent Technologies /27 ); Alpha 1-4 LDplus B %%
AURTENL (F5[E Martin Christ 2 7]); JY600C H
KA CIERCE B AR TTHIK AR 2 7]); Gel Doc
XR+EE 814 %4t (3£ 1H Bio-Rad A 7] ); NanoDrop
One flE 566 E T (36 Thermo Fisher Scientific
AT 3K15 B AR S O LS E Sigma A F]D;

MLR-352H-PC % \ TS {546 ( H /K Panasonic A @) );

SW-CJ-2FD i TAE & (TR LR TEAHR
A#]); LDZX-50KBS B2 &R K # (-
HZERIT R ).
2 Ak
2.1 PgFAD ERAZEHLEEMBU MRS

M Figshare W %% C http://dx.doi.org/10.6084/
m9.figshare.25477741.v1) T # NS E K 2H 3R S
fFo EIT FAD I Fr 7R IE T TAIR R uf
( https://www.arabidopsis.org/ ) . M Pfam % #5
(http://pfam-legacy.xfam.org/) # & IF N E FAD
3 [A] PR ¥ 25 R 3R 10 B B R A1 PR00487 A
PF03405. 1 5uffiH Blastp F2/57FIH 24 MURIT
FAD 1E 9% 7751, tENSHLRH TR P 7]
REM) PgFAD I, B E N 11071, ifiJa 1 H]
HMMER v3.3.2 B R R &4 PF00487 A
PF03405 5 B E A FUF S, BIEBE Y 1X10719,
¥ 2 MR R )ik A P AIE 9F, M NCBI
CD-search #{#% J& Chttps://www.ncbi. nlm.nih.gov/
search/) Fll SMART #(#fi % (https:// smart.embl.de/)
BEATIAE, ZIBRBEGEMIA TR T . mAAT3
NS W] PgFAD K7 %), MijG, {HH TBtools
v2.019U 5 ££ ] Protein Paramter Calc #2 7r #T
PgFAD FEK F R I 3 A 57 - 18 WoLF PSORT -~
% (https://www.genscript.com/tools/wolf-psort) 4T

TV L T 57 FHE 53 B o
2.2 PgFAD ERRENRGZA BN RGE DA

FIH MAFF B AEXHUE T+ A2 FAD F iR
H AT 2 R B xS, BE S A A Fastree B8 FH
NIRRT A, KRR nwk SCAFRACE
itol M HEATREALI AT REAL, AR4E S5 HUF T+ FAD
SR REE BRI X e R AT 472K
2.3 PgFAD EARENRTERF. BEEZEHDN
P2

f§iF MEME v5.10.1 TEZR8AF 31T PgFAD
IR BRI R ST 2L, R A P BB B 9 20 4. i
H1 TBtools #AF® 4t SCAFHEAT FIAAL . fE NS5
RIZHIERER gff3 SCMF PR PgFAD FIGRR, 7
ML R S5 HRHIE . f#F TBtools #f4H 1) Visualize
Gene Structure 1 2EAT FTRLAL -
2.4 PgFAD ERZREHEFERSHIALB AR LM
Pz

8 Hl MCScanX X g AZH NS HEAT L4
437, 1§ i Tbtools f¥] Dual Systeny Plot for MCscanX
MFHATAI AL . B NS P viethamensis L.I{)%
R J R 7 512K T CNGBdb Chttps:/db.cngb.
org/), TiH % 35N CNP0002878.
2.5 PgFAD EREZGEEEBINXAIER TH 77

i Fil TBtools $&HXTH PgFAD %:[K CDS /771
3% 2000 bp /741, _FAEZ plantcare M u5 3T JH
BT et BRI o SR AT B )28,
BEJE A o A EAT AT R4 .
2.6 PgFAD ERFEZRIEMERBLRIEST

T AT NS H¥E U2 Chitp://ginsengdb.
snu.ac.kr/download.php?filename=DSC.tar.gz ) #t 1T
PgFAD R ZEFRILER) M, A TBtools
BAF R IR AT AT, 0 A [ 3R 04 B 5k PR
T8I, f#/H CB-DOCK2 7£ 4k M35 il FAD &
He G R 546871, X PgFAD 4T 57 75 #%
AT
2.7 PgFAD2-56 fEE B PR FIRERIARINGES

NIRRT N LA MR NS, 12
HUN 2 RNA J5 #5369 cDNA 120 CUKFALRAT o
FIFH PgFAD2-56 B4z K741 ¥ it 514 PgFAD2-56-
F (actatagggcgaattcccggg ATGGTCATATCCTCACG-
TGCG ) . PgFAD2-56-R ( gattcgcgaacgcgtgagete-
CTACAAGTCTACAATACCTTCATGGTGT), LAA
Z: cDNA TE NI, HEATY 1. § e . &
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P£ 95 °C. 3 min, BE/GHEAT 34 NMEIR, TEIAGLHE
95 ‘C. 15s, 60 ‘C. 15s, 72 ‘C. 60s, )5 72 C
WIRLE S min. KEAF B0 790K F B AR B s
PRSI SR Jz (=S =42, I Aok P [ 9 2 ik 7
FF B R B S U S8R AT 8 . K
Wz A ME, FIHSEZRIUER LB Pk
FPBAPEGTI%, B PCR BB G 2 2= A F W,
D e A A AL i B ) o

BRPYEZ BEEL AL 77752 18 coolaber Super B#BE
T2 A5 2% 5 AR & Plus (SK2402) 15t B ik
170 BB EEREE R T SC-URA TRfAR: 7%,
30 ‘C. 200 r/min #R¥G I BN ALK (4o~
1.0), 4 "C. 5000 r/min &0 5 min WAL E A, 7518
KV 3 W, HHESAETENT-50 CT
i 24 h, BFES SO K« AREUA T B8 50 mg, IA
2 mL 5% - R, 70 C/KIGHERAL 1 h,

AEEMA 1 mL IECKEM 1 mL W ATE AL
W, WRGIRY, #ESE, WEEECKM,
23848 7890B A AH (X (FID &l %%, DB-
23 BHE OGRS, 60mXx0.25mm, 0.25um), %
2 TR 7 VR I A 7 R 2H 4y o R REVA I 38 S 56
SR PME LT EUA 7V, o B AR B S DA I B
WA deoo N 1.0, 1% 10 f5EEE R IRFR R 2
0.1, 0.01. 1X1073, 1X10744%, &HS5 pL fff
T SC-URA [l k35555, 70T 30 ‘CHI 4 CHF
BRI 3~5d, WEEEEKE.
3 ER59%
3.1 PgFAD FRIXBVE EME AR

14T Blast Fl Hmmer §7 3% DA M 25 R 30300E )
IIIENS T2T BRI e 3 98 IS NS PgFAD
BRSO (R D, MR S5HFGIT AtFAD J7 5 HIAH
BAPE DA R AR etk B AL B, dr %N PgADS3-

#F 1 PgFAD ERREER
Table 1 Information of PgFAD gene family

JFIID FEREE X TR BN S PREMERE RS BUKMESCTME T GH M E AL
PgADS3-1/PgFAD6-1 388 44 486.00 9.45 49.47 82.37 -0.106 -S4
PgADS3-2/PgFADG-2 397 45352.19 9.46 42.53 86.40 -0.055 A
PgADS3-3/PgFADG-3 397 45 346.14 9.45 40.80 84.43 -0.076 -S4
PgDSD-1 321 37 629.89 8.88 42.00 89.88 0.042 4 5
PgDSD-2 321 37 491.51 7.87 44.06 88.72 0.002 A LT
PgDSD-3 319 37357.40 7.92 46.43 90.19 0.011 A LT
PgFAB2-1 396 45 169.57 6.25 39.90 80.28 —0.474 RN
PgFAB2-2 396 45 255.66 5.91 33.16 77.63 -0.435 N
PgFAB2-3 332 38 066.29 5.32 35.36 83.73 —0.464 A LT
PgFAB2-4 396 45270.76 6.11 37.41 80.78 —0.454 RN
PgFAB2-5 354 40 820.76 6.24 40.62 80.17 -0.377 -S4
PgFAB2-6 396 45042.43 6.04 42.64 82.30 -0.424 -S4
PgFAB2-7 396 45 085.54 6.21 42.68 83.03 -0.418 S
PgFAB2-8 396 45342.83 6.25 36.79 79.80 —0.464 -4 A
PgFAB2-9 396 45 236.61 5.86 33.35 77.63 -0.432 -4 A
PgFAD2-1 382 44352.12 8.85 38.57 94.71 -0.063 P
PgFAD2-10 390 45382.14 8.85 37.83 93.74 -0.119 MBI
PgFAD2-11 571 66 454.73 8.62 42.97 89.60 -0.269 IFigN
PgFAD2-12 386 44933.74 7.78 37.72 92.90 -0.046 MBI
PgFAD2-13 382 44 540.37 7.06 38.02 87.77 -0.025 IFigN
PgFAD2-14 386 45147.97 8.81 41.49 91.94 -0.166 pUR=REZY[ 20N
PgFAD2-15 389 45239.94 8.59 36.59 93.50 -0.121 MBI
PgFAD2-16 386 45048.83 8.69 40.99 91.94 -0.155 SURRERY[I2EN
PgFAD2-17 973 111 410.00 8.43 33.79 93.05 0.008 Ak
PgFAD2-18 383 44 591.16 8.41 39.51 94.70 -0.104 P
PgFAD2-19 383 43 850.41 8.08 41.18 92.61 —0.089 A
PgFAD2-2 383 44 228.08 8.30 36.80 91.88 -0.087 A
PgFAD2-20 911 105 682.00 7.26 37.39 90.47 -0.353 A
PgFAD2-21 384 44 562.27 7.06 35.41 91.38 -0.121 IpigN
PgFAD2-22 395 45538.37 7.70 35.38 92.51 -0.016 IpigN
PgFAD2-23 384 44437.12 6.88 33.18 90.10 -0.110 IpigN
PgFAD2-24 386 45 054.75 8.13 40.67 90.93 -0.130 pUREREAY[IZEN
PgFAD2-25 520 60 372.63 8.30 41.88 89.02 =0.177 oS
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JPHIND  EERAGE AN e RSN AREERE JEDIERES GUKMERTIE WS
PgFAD2-26 383 44 280.07 8.31 37.51 90.86 -0.107 Jo A
PgFAD2-27 382 44220.01 7.70 38.37 92.62 -0.108 itk
PgFAD2-28 386 45147.97 8.81 41.49 91.94 -0.166 A A
PgFAD2-29 497 56 910.02 6.36 42.66 84.51 -0.300 Ji A4
PgFAD2-3 478 54 880.90 7.99 41.90 89.92 -0.259 A
PgFAD2-30 383 44 314.09 7.69 37.84 91.59 -0.097 JrAgZS
PgFAD2-31 427 49 611.27 8.79 37.13 96.56 -0.024 P 5 Y
PgFAD2-32 382 44229.99 7.32 34.84 92.59 -0.098 JEEZS
PgFAD2-33 382 44 336.00 8.05 35.64 92.36 -0.139 JEgZS
PgFAD2-34 386 45048.83 8.69 40.99 91.94 -0.155 A B A
PgFAD2-35 383 44 363.18 8.05 39.35 90.86 -0.107 JEEZS
PgFAD2-36 382 44 215.04 8.27 37.33 91.86 -0.093 itk
PgFAD2-37 384 44 510.29 7.68 35.46 91.88 —0.121 G
PgFAD2-38 386 45 003.70 8.39 41.84 91.68 -0.159 I E A A
PgFAD2-39 395 45 606.53 8.03 32.34 92.73 -0.015 JpigeN
PgFAD2-4 189 21 451.66 8.66 41.72 93.76 -0.033 N
PgFAD2-40 382 43 747.39 8.12 42.24 94.63 —0.032 A BT
PgFAD2-41 389 45111.88 8.84 36.07 96.50 -0.115 P J5E Y
PgFAD2-42 421 48 784.18 8.86 37.75 87.05 -0.210 Fifk
PgFAD2-43 386 44 987.79 8.14 42.29 93.94 -0.076 P J5E Y
PgFAD2-44 395 45 577.45 8.03 32.34 92.00 -0.029 Fifk
PgFAD2-45 384 44309.21 8.03 39.27 100.29 0.013 PA 5 Y
PgFAD2-46 192 22 547.99 9.45 46.76 83.23 -0.307 4 5T
PgFAD2-47 517 59 092.14 8.62 40.36 88.63 —0.068 LS
PgFAD2-48 381 44 135.94 8.81 36.42 94.70 -0.037 A BT
PgFAD2-49 382 44 257.08 8.02 37.18 92.59 —0.092 L
PgFAD2-5 382 44 228.79 7.06 37.68 90.58 —0.118 G
PgFAD2-50 382 44 217.87 7.04 37.06 91.07 —0.118 G
PgFAD2-51 382 44 173.86 7.31 35.86 91.34 —0.104 JGELS
PgFAD2-52 406 46 578.53 7.10 33.89 86.03 -0.100 4T
PgFAD2-53 382 44290.08 7.31 36.63 90.84 -0.116 P 5 A
PgFAD2-54 382 44 243.05 8.02 37.23 91.34 -0.105 Tk
PgFAD2-55 385 44 821.68 8.12 33.31 93.14 -0.034 Tk
PgFAD2-56 218 24 807.47 9.28 39.32 81.88 -0.371 RSN
PgFAD2-57 392 45272.90 6.73 29.08 83.62 -0.120 Fifk
PgFAD2-58 384 44 474.15 7.68 35.08 91.38 —0.121 JHEIS
PgFAD2-59 386 45054.83 7.41 41.97 93.19 -0.076 BT
PgFAD2-6 384 44 478.23 7.68 35.46 92.66 —0.121 JHEIS
PgFAD2-60 390 45 423.20 8.85 37.52 94.00 —0.126 5T M
PgFAD2-61 383 44300.15 8.49 37.20 91.88 —0.094 Jpigss
PgFAD2-62 387 45071.91 7.79 35.55 92.92 —0.047 Jpiges
PgFAD2-63 383 44262.10 8.30 37.70 92.90 -0.073 Ttk
PgFAD2-64 382 43 699.34 8.12 41.52 95.39 —0.032 5
PgFAD2-65 382 44 264.08 7.32 37.39 92.36 —0.104 5
PgFAD2-66 476 54014.04 8.46 37.93 86.37 -0.184 AR
PgFAD2-67 385 44 829.66 8.12 32.45 92.39 -0.046 AR
PgFAD2-68 384 44 466.16 7.68 35.99 92.63 -0.113 A
PgFAD2-69 382 44264.08 732 37.39 92.36 -0.104 5L kA
PgFAD2-7 383 44 246.05 8.30 37.70 91.88 —0.087 A
PgFAD2-70 382 44309.11 6.85 38.87 93.61 -0.101 g7
PgFAD2-71 382 44 267.03 7.04 37.73 93.35 -0.105 JFig7S
PgFAD2-72 381 44 235.96 8.73 35.73 94.96 -0.055 P 5 1
PgFAD2-73 412 47 814.06 7.32 37.55 88.25 ~0.169 A
PgFAD2-74 392 45239.78 6.92 30.04 83.14 -0.156 2
PgFAD2-8 383 44 246.05 8.30 37.70 91.88 -0.087 AR
PgFAD2-9 1035 11 6954.10 7.08 54.65 74.65 -0.510 A
PgFAD3 455 51 862.58 9.17 35.89 80.33 —0.282 T EEUN
PgFADG-1 441 51213.78 9.24 52.40 89.61 -0.077 i
PgFADG-2 441 51202.76 9.24 54.75 88.75 -0.095 i
PgFAD7 445 50 894.46 9.16 29.29 84.47 -0.220 g7
PgFADS 436 50 125.67 9.15 33.15 83.56 -0.215 JpigZN
PgSLD-1 734 81 468.60 6.55 30.98 91.04 0.090 g7
PgSLD-2 706 78 172.51 6.61 32.98 89.41 0.041 JpigZN
PgSLD-3 454 52053.53 8.83 38.05 93.46 0.054 g7
PgSLD-4 454 51 955.40 8.67 38.55 93.24 0.065 JGigs
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Fig. 1 Phylogenetic analysis of FAD gene family in P. ginseng and Arabidopsis thaliana
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Fig.2 Analysis of conserved motifs (A) and gene structures (B) of PgFAD family in P. ginseng
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Fig.3 Cis-regulatory element analysis of P. ginseng FAD gene family
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Fig. 4 Synteny analysis of FAD gene family between P. ginseng and P. vietnamensis
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5 PgFAD EEREETER. TR, SEMETHRIEZELK
Fig.5 Expression profiles of PgFAD gene family under drought, cold, and heat stresses
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Fig. 6 Molecular docking analysis and minimum binding energy (F) of FAD2-15 (A), FAD2-22 (B), FAD2-25 (C), FAD2-30
(D), FAD2-56 (E), and oleic acid (C18 : 1)
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Fig.7 Gas chromatograms of wild-type yeast and PgFAD2-56 converted yeast (A), fatty acid components of wild-type yeast

and PgFAD2-56 converted yeast (B), low-temperature stress of wild-type yeast and PgFAD2-56 converted yeast (C)
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