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FERLTE B REPEA B AR R & B B> 2257 0 it

F R, KOEL AR R, ReE A3, T4 gE
C B8 AR 25 ) 20 9/ A 28 25 TR AR s o 4 M R 307 L 05 5 R 5 O A5, B 550006 2 Bt 49 i
R (0 SRRV ST S 550006; 3 R SOA Ml A2 Bl 25 B 47038 s 15 R 095 5 T892 30 R M A S R X ) A A 4
O AR, R 210005; 4 IR MY KA 22 B, FRAK 611130)

BE: FERAATER AREEETR2AHZ —, AR TR TERG TEFRAFEY K SMFF Lt
o RFRFT, MITME T BT H A (FVGZKY001) *F if Ak Bkt H 4k 7 F (FVGZBY001) #4t, A RF
PR AT R A K2, ARSI ZHAFE R R o £ R #4748 &% - % (LC-MS, liquid chromatograph-mass spectrometer)
SA. RAW, 5T HMH FVGZKYO001 48tk, FvGZBY001 AHMHM S LA R £ 5, BARLAHEMHAK, BEBHFL

iy #zo M2 FVGZBYO001 #= FVGZKY001 #F42 P 3494 7 K 49 MM T &, HAG R K4 oA 1353 4= 1351 #F; =4
TEETH A A LFEFORR XSGR, LF 29 MIER X4 R AL FVGZBYO00L #td Lifkin OABBREAL) , 124
R&JR £ 40 i £ FVGZKYO001 Mt d L&k (A hE G A E) o LION &0 AN, LT 2EEE RDATRAMA L, &
A IR MGG TG FER A £ HNE A FVGZBY00! H e R F, ZAFHETRTFHELLFEMH P, £5 FVvGZKY001
HFFRG B s 0 09 £ 5T B T A 4 A i &b L 69 1R O 2 A A
XBRIA: WA EBRAH: BAAS: LC-MS: 2R

a2
1%

Creation of Male Sterile Materials of Seed Fennel and Difference

Analysis of Lipid Composition
LUO Qing', ZHANG Hao?, ZHONG Xiulai!, ZHU Shunhua!, XIONG Aisheng?, LI Mengyao*, TAN Guofei!

(Mnstitute of Horticulture, Guizhou Academy of Agricultural Sciences/Hoticultural Engineering Technology Research of Guizhou/ Key Laboratory of Crop
Gene Resources and Germplasm Innovation in Karst Mounttain Area of Ministry of Agriculture and Rural Affairs, Guiyang 550006, *Institute of Crop Variety
Resources, Guizhou Academy of Agricultural Sciences, Guiyang 550006, 3College of Horticulture , Nanjing Agricultural University/State Key Laboratory of Crop
Genetics and Germplasm Enhancement/Ministry of Agriculture and Rural Affairs Key Laboratory of Biology and Germplasm Enhancement of Horticultural
Crops in East China, Nanjing 210095; *College of Horticulture, Sichuan Agricultural University, Chengdu 611130)

Abstract: Seed fennel is one of the important spices in Chinese marinade and barbecue. The lack of male sterile material severely
limits the research process of breeding high-quality seed fennel varieties. In this study, male sterile materials (FvGZBYO001) of seed
fennel were obtained from local fertility varieties (FVGZKY001) of Guizhou province. We observated and identificated the sterility
characters of FvGZBY001, and analyzed the difference of lipid composition between the two grains by LC-MS (liquid
chromatography-mass spectrometry). The results show that there was no significant difference in plant morphology in FvGZBY001
compared with the fertile material FvGZKYO001, the filaments of FvGZBY001 did not extend significantly and no pollen grains in
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anthers. There were 7 types of 49 lipid molecule subclasses detected in the seeds fennel both FvGZBY001 and FvGZKY001, which
are 1353 and 1351 kinds of lipid substance respectively. A total of 41 lipid substances with significant differences were identified
among them, which 29 lipids were up-regulated expression in FvGZBYO001 (mainly sphingomyelin) while 12 lipids was up-regulated
expression in FvGZKY001 (mainly glycerol phospholipids). LION enrichment analysis showed that they were mainly concentrated in
22 different lipid substances, which the predominant lipid substances were fatty acids with different carbon numbers. We presumed
that fennel FvGZBY001 is NMS (nuclear male sterility), and the sterility characteristics can be used in crossbreeding of fennel. The
difference of lipid composition with FvGZKYO001 can be used for the quality evaluation and utilization of its seed oil.

Key words: fennel; male sterile; lipid composition; LC-MS; variation analysis

W #F (Foeniculum vulgare Mill.)  (2n=2x=22) N %/PNEiE CFFR/RID © BE&. BMETF. HETE,
NATERE R B 2 A A, A B RPRME S — 0, R RIS A R R Ak, T A
CREFRD BT NZy, R, e S CREOIDRFFRID SHERME, BaHENL. dum. 3.
MEE A D BUR. AT BRI SR e S T R R TR X, BEA O TR RS s,
FEFRE Bt G 3 B I A A, TR, S LT, HOR A, R R R A S X A S & T A
i), AN AR SRR, SRR . HMET P AR AR T, RS EEE, &
EERKAY MR S BEEFRORO; MR REEEER. TR FRRSZMRRD. AR
BB, T B RREEE A AR 7 o BREET A 1208 L R B 8, 76 WG [ 28 & L
% (https://www.seedworld.com/europe/2015/10/06/modernising-fennel/) - FFFi i 7 3= T F L4l 1) 1 AokF
R, R R B ) RBE S I B R R —, FRE K. SIS ER & SR LA ZL (FAO, food and
agriculture organization, ) iit, WEMEANF. 2. FRIABZL AR &MY, BEFMEL 100 23T,
HAT W ig.

SIERMER, W=k (Apium graveolens L) P\, % N (Daucus carota L.) 10, K75 [ Oenanthe javanica
(Blume) DC.] N5, M@AEEAEmtE. BN REA B RO KSR, XK HIR 6 T T8 A
BN A BRI HERR o HEVEAS B MORHE R IUADFI 2 T RME Y 228 B R IR O, R AR K b et <
TEAHEM S B ORI . 15 20 el 60 FAK LK, EANER LAEZ RKI 7 BRZEH & MR TR
LT F AR TR, SEE S AR 95% LA BRI A AR, HRT, 3R R A A
PR, EACHDERE ST ARMA, BIHAE T IR A, AR HORIM B PN G K
MBSO AEYNEVENSIETTH, A R, FR . AT B TR, HANEIR N o TR I A e
PR B MREE KA A RIS, XA T 3 1 & F P AR SR &

MY, RIS 524 MmN, WiGaEE g, Yishm. 58RI S5%&0. 4k
B, UL T BN IR B R WA S 2 AR R A RIEE VIR RIS, s kA AE . K
PRI BERERE. B /RIKHGER (AD, alzheimer disease) VAR SE. R, AEYIBINE B2 T, F)
FH SRR U718 5 AR R b S A A B g8, o e 32 B R R A ASOR IS OY [ A T A R RL R R



LB FYIT RSy, FoAP R I B G A B A (Estragole) AT (Limonene). 217 i
(trans-anethole) HIEHAHUE (Methyl chavicoD). KRR (Phenylpropanoid) M IH #rHid (Fenchone) [3:20-211;
Wy R A E B NEAEF (CirsilioD. H i (Anethole) i EfiN (Estragole) 1922); fg iz 3= N Al g
R AN LRI AR I R, 10 A i RIR  (Petroselinic acid) MR (Linoleic acid) A& 5 32 B2 I AN ORI AR 7 %
231, X ey A R A BRI BT A . AEENE S, SO R, Tolk I ARAT L E A R AR SRR
TREFFRLE AR, AR IR E, WK (Phellandrene) AT o-JRM (o-pinened. 8-
FERARE G (3-cadinene) FIFAVMIME (Terpinene) %24, AT St W, Tl 2 v i 23 F (0 B 3 s 75 i Xof 75 25 1
HAHME RO, [FI 5458 (LinalooD) . RAEEMW . AWM (Eucalyptol). FHE M. a-JRME. d-F
(d-carvone) ATBEM . B-HAEM: (B-laurene) Z5is Mo 11 B kKL KUK IR T AT B ZE TR, Rk,
SE A ARG BT A Fn T, R A 2 1 7,

JEFi 402 (Lipidomics) J& P& T-¥AH 3 - i i (LC-MS, liquid chromatograph-mass spectrometer) [}
TR, AR R A AE S R AR R b AR A S R, T ) AR DG R AR
s hALA S R E . H AT, AR PR OB TSR0, 7 RROOSE Rk E I Forh . (B TRPRL A
Jie R A TH R GERIBIE FE 5 /b, e Sl A AN R 181 7l i A 20 o T R W FU R . B R E & AN E
50 B MEFFRLIN 2 SR, AR LC-MS mEi@ AR, 7 A R E 500 & MR R
FE R RSy 5 Sy S (R 5 SR AN PR i 5 R L B B 2 R BE Al ST 0 I A Pl K TR AR B R A%
PR o
1 RIS RE
1.1 R3a#a

201 84X T 7 BEUREATUSCHE , P b 275 A8 ) F L B IR 20 T 7 k0B i i A A ME A B A RL . 72201947
HEAEIAR, MWFEARWEE 1.0 mol/L. ¥57840 minfHEA T IfIE SRS — I IE 70, HAEZ KRG TEM kL
(1 HEPEAS B R AR (f74479: FVGZBYO001) o K15 77 MEMEAS B M RL 5 R EAT AR I A 7T & AR (o
FvGZKYO001) — 4 FE T 5 48 ARl RHE B b it Se prid e de b . 20194E7 H-20234F7 HAEMA, W H
MEFE B R, T FVGZKY 00 118K 243 25 FvGZBY 00 1 M4 K1 Fit o 202449 H ¥Fi sl AR , XFvGZBY001
FIFVGZKY 00 LR K} BEHLE PE3BR 3 B RAH RN 7, IF& BT, 3R ER, #AT IR
1.2 MR R

TEHE AW, FAAMEME (M165C, L#gR-RAGRARAF) W2 Mk, & FvGZBY001
5 FvGZBYO001 {6l (22545, BB (SHI1, JbRiiE AREAIRATD WATEd b e

BRI EE A R . AR 06 Ao 82 T & FvGZBY001 5 FvGZBY001 fE kI b3 2 S AHAR, 515205



XF 2 AR R B e AR AR AT N L SR
1.3 #FRIAR BRAk 53 M ZE

73 BIEBGE & FYGZBY001 5 FvGZBY001 ¥fk: (29 50 mg) F 2 mL B08d, IIANBIERFT 750 L &4
HIEE (2:1, viv) T, ATERS), 2 1R 50 Hz BFES 60's; B T-UK b 40 min, HIA 190 uL ddH,O, R5IJFE
Tk E 10 min; =i T, 12000 rpm &0 5 min, B2V 300 uL T8 2 mL B0 H, A 500 uL &
{5 FEER AT (2:1, viv) , WieiRE]: =R F, 12000 rpm &0 5 min, HU_EZE A 400 pL T5H 10 2 mL
B, PR RS IRAGDOHATIR SR NN 200 uL SRR S S, 0.22 pm B YE,  BIAS EIREI
FEA .

i ACQUITYUPLC® BEHC18 (2.1x100 mm, 1.7 um, Thermo Fisher Scientific, £[E) ; #H:iEA
50°C; HBhHERESHRZ Y 8°C, iE Y 0.25 mL/min; JZIAH A: 60% ZfFHEH+40%7K+ 10 mM F IR #+0.1%
HIR: WishH B: 10%Z5+90% 57 A HE+ 10 mM HREE+0.1% IR B DEBUAE PN 0~5 min, 70~57% A;
5~5.1 min, 57%~50% A; 5.1~14 min, 50%~30% A; 14~14.1 min, 30% A; 14.1~21 min, 30%~1% A; 21~24
min, 1% A; 24~24.1 min, 1%~70% A; 24.1~28 min, 70% A.

HLME 2 2 FJ& (ESI, electrospray ionization, Thermo Fisher Scientific, J2[E) , IE. & FHEK,
1B OB 755 LR 5O 3.50 kV AT 2.50 kV, 4B 10 arb, #1< 30 arb. BAHEIRE 325°CHI7 #2335 000
ZAT N T AR, FTEE Y 150~2 000; b KN 30 eV T, SR EEE#ES (HCD, higher collisional
dissociation) BT KA, FERHIEHFR LRI E ) MS/MS (Tandem mass spectrometry) 15 2513
B 5T T A
1.4 BB

W3t Lipid SearchB2Ek 4 (V4.2.28) (FEZHH bR. T. Tolerance=0.25, m-Score Threshold=3) ¥ Jii 1%
BB BAT PR RE, BEATIERS S W RS TAE, BBt (M/Z, mass to charge ratio). g/, &
Wi B2 {F (Intensity) FIERFARS ] (RT, retention time) 5555, PR &IEJH—4k (Sum peak normalization)
X] 8 AT IR IE

KH RIEF (v4.0.3) Ropls FAF LB 5 i %5 4 A H 48 3347 = 73 73t (PCA, principal component
analysis). 1EA /N 3 H 55081 (OPLS-DA, orthogonal partial least squares discriminant analysis) %%
TCG T AT B3, fEARE X/ 2 BTMkME. (VIP>1, variable importance in the projection) FIEZE M (P<0.05)
AETT, ik ZE SRR R Y . i R 1B S W Pheatmap F2 7 G0 B ST 46 15 1502 %3 (Hierarchical
clustering) 7347, Z5HLAINEIR K. KH lipidomeRBOXN 3R 75 1) 22 57 g 3 45 SR BEAT S5 W RFIE I 0, TH 5O RG
R SR 1 H H AR AT U2 H D . K LION i i A E#E FEB7, {EH R & T LION 8 kT
BB ST



2HERE S

2.1 B FVGZBY001 5 FvGZKY001 #1447 [E] 2R 49 b B W 22
7 FvGZBY001 5 FvGZKYO001 #h FAEAR S AHIE, SR ESL, 6ig, BEHEE, & 1.5~2.0m, L3y

B, Kkt WAESRALFIE, 16/, & £Fh B MER, ERABE YN, Niz
FARREE (B 1A, Bl la). WEENRRKE, FRE: PR E, AR, mime, b
AR (B 1B, B 1b). PhRESE, 2¥EE, JRKER, Bkik (E1c, B lo.

1391, XI1E A FvGZBY001 5 FvGZKY 001 #PEHEREAT XS ELSE, KL I A A AN B 4 KL FvGZBY001
THER MBLRH (8 2A) , e Ak (B 2B) , e AR (8 20) , fedihRA1EmRL (K 2D) ;
i i 7 7] B MOk FvGZKY001 1, HIFRIESR (B 2a) , feffik (F2b) , wHE (B 2c) , T
HREMIERRL, HEEBME PGt (B 2d) . RUEF FvGZBY001 R A SR Ml PEA F F-AE,
AT E AR i

A: FVGZBYO001 #itk; B: FVGZBYO001 4jjiti; C: FVGZBY001 fF; a: FVGZKY001 #i#k; b: FVGZKY001 #Iii; c: FvGZKY001 fif 7
A: Plant of FvGZBY001; B: Seeding of FvGZBY001; C: Seeds of FvGZBY001; a: Plant of FVvGZKY001; b: Seeding of FvGZKY001; ¢: Seeds of FvGZKY001
1 8% FvGZBY001 5 FVvGZKY001 &4 S5 F RN 52
Fig.1 Observation of plants and seeds in fennel FvGZBY001 and FvGZKY001



A: FvGZBY001 MAI{E: B: EFFWI FvGZBYO001 1€; c: HFFI FvGZBY00L #AN1E; D: FvGZBYO001 16256k KL: a: FVGZKY001 MIf]7E:
b FF ] FvGZKY001 f8: c: BEFFH] FvGZKYO001 #.4M%: d: FvGZKY001 £24 shiefhi
A: Field flower of FvGZBY001; B: Flower of FvGZBY001 in blooming period; C: Individual flower of FvGZBY001 in blooming period; D: Pollen grains
in anthers of FvGZBY001; a: Field flower of FvGZKY001; b: Flower of FvGZKY001 in blooming period; ¢: Individual flower of FvGZKYO001 in blooming
period; d: Pollen grains in anthers of FvGZKY001
2 =& FvGZBY001 5 FVvGZKY001 {2 X %2
Fig.2 Observation of flower in fennel FvGZBY001 and FvGZKY00
2.2 FvGZBY001 5 FvGZKY001 #FHRLAE BR Ak 73 L5 44 52 477

IEB TR, FvGZBYO001 SEAGHILE 1353 Fhii; 1 18 LT, FvGZKY001 Hh3tAa il i 1351
MG, JF AR 936 R B s SR E AT IS IAH R 0B (3R 1. fETE % FvGZBY001 5 FVvGZKY001 FfHiE
kil 7 28 49 MR TN R, EEOATPMERSE (& 8 MR T/NEIE 56 M) H RS

CFr 3 AMIRBRY T/NK3E 366 M) HMBEIESE (& 20 MR T/NE4E 371 B #fiE2E (5 8
A TN EIE 374 FHFOD L BERESE (8 6 MR T/NEIL 94 MWD ATAERRITZE (& 3 MIRRTN
FANKIL 40 P RHABARIEE (B 3 MER T/ s2 M. Hodr, HUMBEIRSE. #RSE.
HEERM TN E B =R, B0 27% K 4 .

[H#F FvGZBY001 5 FVGZKYO001 AFHL & & T 10 B 71/ K, 47 9 AMIEE/NE, H A &N

K N : TG (Triglyceride, H il =W, 20%) > Cer ( Ceramide, £ WEMz, 16%) > HexlCer

(Monohexosylceramide, . CUHE#HZEEZ, 9.6%) >PC (Phosphatidylcholine, #ASEEAEE., 7.9%) >DG
( Diglyceride , Hh —f&, 7.9%) >PE (Phosphatidylethanolamine , # fig Bt 2 B %, 5.1%) >PG
(Phosphatidylglycerol, BEfEEEH W, 5.0%) >WE (Wax Ester, W5, 2.4%) >CL (Cardiolipin, CMéfg,
2.3%) >PI (Phosphatidylinositol, HiHIRENE 1 BEARBEILEE, 2.2%) /MGDG (Monogalactosyldiacylglycerol,
LR R, 2.3%). GREW, HE FYGZBY001 5 FvGZKY00 FFRL i AR 5 & g i /N i o
Fw, HHMmEEE. HuBEE KBRS M & wim, FIE M AR AT SEE . I R .

HRPENEZRE StE (Stigasterol ester, & EEEE), HEEZEM DGDG (Digalactosyldiacylglycerol, — LA




HoUOmE A CH om o TR R OB R BE R H oW .
(Monogalactosyldiacylglyceride, H.FLBE M HllE) & MGMG (Digalactosylacylglycerol, H.2f= 7| Bk
B 4 FhE B 9 E Y
I BENEEL ) PIP2 (Diphosphatidyl inositol acid, —-BEEENLEERR) & phSM (phytosphingosine, fEHYHH%E
BE) AE 2 M & FPRL T A I B 1 R BN RSy . AN, IER T RGUR, FvGZBYO001 HA 1
Fi MGDG JIg B4 AR E]; 3 TR T, FvGZKY001 1A 3 FE A KRME], 5354 TG. Cer
WE (& 1 ks . BT, %F TG Cer K& WE MM IhEE G MW7, {2 MGDG fig B4 1 B4k

DGMG ( Digalactosylacylglycerol , MGDG

SiE (Sitosterol ester, 7 iEZME ). LPA (lyso-phosphatidic acid,

HREHANTHIE,

*® | BIEATRAE B X R ThRE SR

Table 1 Classification and function analysis of lipid composition in seeds of fennel

FETR R B R E T A A EAN T, i —

oy g 73N POS M/ 5 (%) NEG MU & JEHERIhRE
Classification Sub class of lipids Number of POS/ (%) Attributes and functions
Proportion Number of NEG
/Proportion
gk 7. T A 7 A 2L S 3 55 B2 Acetylated glucosaccharide canola 7/0.52 7/0.52 SRS R %, N
Neutral lipids  sterol ester, AcHexCmE TERR2E: TEAHB-B BN, S
7, Tk Ak %O BE JE 23 (S BE S Acetylated glucose-sitosterol ester, 11/0.81 11/0.81 MR, Seah SRR 3 R
AcHexSiE JRAER I A UL i 2 A1 25 B I
0T A T BE B 36 &K B R Acetylated glucosylstigasterol ester, 6/0.44 6/0.44 H B E RV, BIAS T
AcHexStE e AT &SI TAESTTIL.
T Ak 7 FE B JE % BE B B I Acetylated glucosylsaccharomyces 3/0.22 3/0.22
sterol ester, AcHexZyE
JH[# B RS Cholesteryl ester, ChE 5/0.37 5/0.37
1 S W2 Sitosterol ester, SiE 1/0.07 1/0.07
B Stigasterol ester, StE 6/0.44 6/0.44
PP BE B Yeast sterol ester, ZyE 17/1.26 17/1.26
ERELEES H i —i§ Monoglycerin, MG 4/0.30 4/0.30 RETKETENR, SYie
Glyceride “Hih — & Diglyceride, DG 79/7.97 79/7.99 EIERAY, O NG I I [ 2
Hith =g Triglyceride, TG 283/20.92 282/20.95 IR (R AN ] T B A A [ g 3
A
Hihfe2e  WEMEEEIHGR Phosphatidylcholine, PC 79/7.97 79/7.99 B L. S B 2R R,
Glyceryl T L £ %% Phosphatidyl ethanolamine, PE 51/5.15 51/5.16 WeERG ;s W RRAE D, ARy
phosohatide T AR % H 7 Phosphatidylglycerol, PG 50/5.05 50/5.06 EREE Y RERS T —; 5
W 1ML AR R Lyso-phosphatidic acid, LPA 1/0.07 1/0.07 540 P SR R T )RR
1ML B BENH B Lyso-phosphatidylcholine, LPC 11/0.81 11/0.81 =
T LA ARt 2.7 1% Lyso-phosphatidyl ethanolamine, LPE 3/0.22 3/0.22 5 R R RARIE TR, T
T BEARME T B Lyso-phosphatidyl ethanol, LPMe 4/0.30 4/0.30 T, 75 RFRE: BAF RS
WAL AR BEH H Lyso-phosphatidylglycerol, LPG 4/0.30 4/0.30 A, HTEST: PG RAE
LV Cardiolipin, CL 32/2.37 32/2.37 NSy, —RhERPEREAS, A
T AEEELEE Phosphatidylinositol, PI 31/2.29 31/2.29 KIGHT o S E W A7 1 s 2
Tk BE T UL S Phosphatidy] inositol acid, PIP 2/0.15 20.15 B NRIEAEDE R R .
T HEEALEZ B2 Diphosphatidyl inositol acid, PIP2 10.07 1/0.07
512 Phosphatidic acid, PA 28/2.07 28/2.07
XS 0% i Dilysophospholipin, MLCL 10/0.74 10/0.75
T HBE A W R Wk 2 B % Dimethylatedphosphatidylethanolamine, 9/0.67 9/0.67
dMePE
M fREZ Cyclophosphatidic acid, cPA 3/0.22 3/0.22
T l§ Bt 2.5 Phosphatidyl ethanol, PEt 8/0.59 8/0.59
Tl R Tk 22 % %2 Phosphatidylserine, PS 22/1.62 22/1.63
T BE Tk B i Phosphatidylcarbinol, PMe 151.11 15/1.11
IO MR R Lysophosphatidic acid, LBPA 7/0.52 7/0.52
LEYEEN A% Ceramide, Cer 222/16.41 221/16.36 ELIEREENG R AR
Sphingolipid ~ H L4 Z B % Monosaccharide ceramide, HerlCer 130/9.61 130/9.62 g A= Ky f 2 4 R,
AU S 22 % % Monosaccharide ceramide, Her2Cer 8/0.59 8/0.59 S ZEMpPEK. BEEGTL
B S 22 1k % Monosaccharide ceramide, Her3Cer 2/0.15 2/0.15 HEMNE S5 S 2R
#51% B Sphingomyelin, SM 3/0.22 3/0.22 JIE 17 BR B R T AN IR B R s B
#YZBF Sphingol, SPH 7/0.52 7/0.52 KN 16~26 MRIET
T % %5 i¥ Sphingosine phosphate, SPHP 2/0.15 2/0.15
TR T phytosphingosine, phSM 1/0.07 1/0.07



UEYiEEN T UL WEIE Hl Digalactosyldiacylglycerol, DGDG 20/1.48 20/1.48 G H g e A S W 2K, S B
Glycolipid T FLBE L BRI H 3 Digalactosylacylglycerol, DGMG 5/0.37 5/0.37 T4 20 B 1) B B 45 H S
T AR5 B 2= H il 8§ Sulfoquinovosyldiacylglycerol, SQDG 24/1.77 24/1.78 e BAEHEAL. POk, PiE.
A5 25 0EH i — & Sulfoquinovosylmonoacylglycerol, SQMG 7/0.52 7/0.52 BuoR . Bk PuEhblaEREmEAL
g2 2 B H S Monogalactosyldiacylglyceride, MGDG 31/2.29 32/2.37 s FAEYIENE, Bel ok, 3R
# e P BEEH U Monogalactosyldiacylglycerol, MGMG 6/0.44 6/0.44 EIE S
FIAERRRZE  W-H AL ISR Dimethylatedphosphatidic acid, BisMePA 8/0.59 8/0.59 HEEEAT: ARG
Derived lipid ¥ M — H £ fb @ J§ Bt £ & f& Hemolytic 5/0.37 5/0.37 (AP VER s A SR
dimethylatedphosphatidylethanolamine, LdMePE
R EEAL B HETEAE ), Methylated phosphatidylcholine, MePC 27/2.00 27/2.00
ARG # i Wax ester, WE 34/2.44 33/2.44 By 1E KAy 76 % s ProsULER I 1E
Other 4l Coenzyme, Co 4/0.30 4/0.30 . e AR RIE A, AL
phospholipids 03 fiffy, (v -$23%) HEMHj# 0-2 acylated (gamma-hydroxyl) fatty 14/1.03 14/1.04 WY (I,
acids, OAHFA
Jit Total 1353 1351

POS F51E IE 8 TR R Al 20 i i NEG 48 7E 5028 TR0 R AN B B IR T80 s I A Hot 22 5 IR BT/ 6 i

POS refers to the amount of lipids detected in positive ion mode; NEG refers to the amount of lipids detected in negative ion mode; Bolded were lipid substances

with quality variance

2.3 FvGZBY001 5 FvGZKY001 $FhifE B F E=H SR
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Fig. 4 Hierarchical clustering of differential lipid metabolites in seed of two fennel varieties
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Table 2 Significantly differential lipid compositions in seeds of two fennel varieties
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1 AcHexZyE(20:2) 3.20%102 1.97 1.8 0.85 s 22 Hex1Cer(t40:0) 715%10% 2.39 1.51 0.59 iR
2 Cer(d18:2/25:4) 3.38X102 2.02 0.04 -4.82 T 23 MePC(34:7) 2.72X102 2.18 0.91 -0.14 R
3 Cer(d19:2/18:1) 4.63%X102 1.90 1.81 0.85 A 24 OAHFA(20:0/22:0) | 76X 102 2.15 1.94 0.95 iR
4 Cer(d41:2+0) 3.53X102 2.04 2.06 1.05 A 25 PA(18:3/18:2) 3.88%X102 2.09 0.39 -1.35 i
5 Cer(t18:1/21:0+0) 4 50x 102 2.03 1.51 0.59 i 26 PC(15:0/18:3) 2.97X102 2.07 0.82 -029 RiA
6 Cer(t38:1+0) 4.42%X102 2.00 1.36 0.44 i 27 PC(18:2/21:0) 1.15X102 2.24 1.44 0.52 ki
7 Cer(t40:1+0) 4.77%102 1.99 1.4 0.48 s 28 PC(19:1/18:1) 175X 102 2.22 1.35 0.44 iR
8 Cer(t451+0) 2.75X102 2.05 1.33 0.41 J_"L)ﬁ 29 PMe(171/181) 1.44X102 2.24 2.22 1.15 J_iﬁ]
9 DG(15:0/18:2) 1.02X102 2.20 2.23 1.16 k14 30 SPH(d16:0) 1.65%X102 2.09 0.63 -0.66 i
1 DG(16:0/18:2) 4.87X102 2.01 1.34 0.42 i 31 TG(14:0/22:3/22:3) 55X 102 2.13 0.69 -0.54 R
0
11 DG(16:1/18:2) 1.57X102 2.17 1.37 0.45 (| 32 TG(15:0/16:1/18:2) ¢ 30%x103 2.22 0.87 -0.2 T
1 DG(17:0/18:2) 9.26X107 2.21 1.81 0.86 i 33 TG(16:0/13:0/18:1) 5 7ox 102 2.13 0.3 -1.76 - A
2
1 DG(22:0/18:2) 4.07%X102 2.03 1.58 0.66 s 34 TG(16:0/16:0/20:2) ¢ gpx 103 2.19 0.24 204 R
3
1 DG(24:0/18:2) 4.99%X102 1.91 1.54 0.62 i 35 TG(16:0/18:1/21:0) 376X 102 2.07 1.43 0.51 iR
4
1 DG(31:0e) 1.89%X102 2.12 0.89 -0.17 TiA 36 TG(17:0/17:0/19:0) 474X 102 2.03 2.97 1.57 iR
5
1 DG(33:0e) 2.65%X102 2.04 1.37 0.45 (W] 37 TG(18:1/18:1/22:5) 3 57%x 102 2.11 0.4 -1.33 T
6
1 DG(34:5¢) 3.16X102 2.10 1.2 0.26 k14 38 TG(18:4/16:1/18:4) 3 56x 102 2.06 1.77 0.83 ki
7
1 Hex1Cer(d35:2) 4.46X102 2.00 1.81 0.85 k14 39 TGA9:17:1/18:3) 4 16X102 2.11 0.62 -0.7 T
8
1 Hex1Cer(t16:0/18 3 4ox 102 2.13 1.97 0.98 i | 40 TG(4:0/14:1/18:1) 2.65%X102 2.14 1.28 0.36 iR
9 :1)
2 Hex1Cer(t18:1/26 4 56x 102 2.04 1.29 0.36 i | 41 ZyE(20:3) 220%102 2.18 1.76 0.82 LA
0 :0+0)
2 Hex1Cer(t39:0) 715X10% 2.39 1.51 0.59 i
1

Kb T I35 2 2 5 BB BRI iR, LA TG(14:0/22:3/22:3) 8%1: TG Fon =BEEEH i, J&8 TR/, F65 W IET RN SR ZE
Fior ¥ LRI, G0 14:0/22:3/22:3 TR Z=BIE TN T BT 3 AMIRIIRR, 4 | AT IUBRIRIR (14:00 12 A RIS (22:3)

Listed in this table were the chemical formulas of lipid molecules with significant differences, taking TG (14:0/22:3/22:3) as an example: TG was the symbol of
triacylglycerol, which belongs to a lipid subclass, and the fatty acids in parentheses represent the fatty acids attached to the lipid molecule, for example,
14:0/22:3/22:3 means that one fatty acids were attached to the triacylglycerols molecule, were two tetradecenoic acids (14:0) and twodocoenoic acid (22:3),

respectively
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Fig. 5 LION enrichment of differential expressed lipids in fennel seeds
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