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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
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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 FvGZBY001didnot extend significantly and no pollen grains in
anthers. There were 7 types of 49 lipid molecule subclasses detected in the seeds fennel both FvGZBY001 and
FvGZKYO001, 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 41 lipid substances with significant differences
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
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A': Plant of FVGZBYO001; B:Seeding of FvGZBY001; C: Seeds of FvGZBYO001; D: Plant of FvGZKYO001; E: Seeding of FvGZKYO001; F:
Seeds of FvGZKYO001
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Fig. 1 Observation of different phenotypes in fennel FvGZBY001 and FvGZKY001

X} 17 7 FvGZBY001 5 FvGZKY001 #1 F} € #A
(A6 S AT X He W88, & B A YRR B MR
FvGZBYO001 FF LR IS5, AL 22 AN fE 2R
AR AL 25 R ALK KL (] 2A~D) 5 T 1 & 0] &
B FVvGZKYO001 HIFAEIEH AL 22 fE 25 B i,
W25 KR AR R, FLRERCRRUE b b g 2 (&
2E~H)., FWE 7 FvGZBY001 k4R H AT ML i) ik
PEATRHE, T TG 2T i,

2.2 FFRIABRA S G5 T

EBFRRF , FvGZBY001 2E46: 0 1 1353 F
W 1 0 AR, FvGZKY001 A 384G
1351 R 5, DL 1351 il o Ak by 3 [R] 49 Joa s 2

Bl R4 T 5 AR &40 B (6 1) o FE 1 & FvGZBY001
5 FvGZKYO001 #f 4 &G I 1 7 26 49 4> B ot 43+
NI, A3 I S BERE 2 (8 MR B4y /N
56 FpA ) HIMERZE (% 3 MR AT/ et
366 BT ) L H AR 25 (3% 20 4B 5T 43 /N
371 F P T ) AR 2R (& 8 MR B4 /N st
374 i) BEREZE (B 6 AR 4> F /N3t 94
Pl 50 ) A5 AR IR B2 (B 3 /M BB 4y T/ 4t 40
Pl 5 ) e HoMt g S (B 3AMIE o T/ N3k 52
Pl o Hob HymsERESE RS MBS
R H R SRR, S S R 27%
Kt



1046

N7/ B A

O o

26 4

=

\;

A:FvGZBYO001 HE]4E ; B: &I FvGZBY001 46 ; C : &I FvGZBY001 F~4E ; D FYvGZBYO001 fE 25 ALK i 5

E:FvGZKY001 HIAI{E ; F: B TFHI FvGZKY001 1€ ; G : BETTHI FvGZK Y001 FAN1E s H: FvGZKY001 4625 e bk
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; E: Field flower of FvGZKYO001; F: Flower of FvGZKY001 in blooming period; G: Individual flower of
FvGZKYO001 in blooming period; H: Pollen grains in anthers of FvGZKY001

B2 E&EFYGZBY001 5 FvGZKY001 LAy 22

Fig. 2 Observation of flower in fennel FvGZBY001 and FvGZKY00
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Table 1 Classification and function analysis of lipid composition in seeds of fennel

; v , POS A/ i Hi (%) NEG M/ i (%) ‘ -
G . . Hﬂﬁﬁ:ﬁ%d\% Number of POS/ Number of NEG / . JRHEFRE .
Classification Sub class of lipids . . Attributes and functions
Proportion Proportion
Bl ST AR S 0 55 e 7/0.52 7/0.52 DRRERRI TR 2 , O AN
Sterol lipids ZM{{%W%E?‘F%@@E 11/0.81 11/0.81 %,ﬂéﬁ‘ﬁ B-%ﬁ@?@g,gﬁj@)?@g,%
R — TS BEE 3 A0 o35 DA A R
L TBEAR A MRS 7 S e 6/0.44 6/0.44 L PN 2 MR e 1 e
AV AT B B 5 W2 3/0.22 3/0.22 MRS SRS T TR S T A ESF 4T
JIF [ g 5/0.37 5/0.37
2 5 PR 1/0.07 1/0.07
() 7§55 i 6/0.44 6/0.44
PR 5 P 17/1.26 17/1.26
ERL S Hrih—g 4/0.30 4/0.30 ANETFKET AR, YA £
Glyceride s 79/7.97 79/7.99 By BT R i R 2 AN K
. ANTR] i LA AS [ R AL
Hrih =g 283/20.92 282/20.95
LIRS TG IR RH B 79/7.97 79/7.99 B L S R 2 N — 2 bk
Glyceryl phosohatide BT 2, B 51/5.15 51/5.16 g s A8 JS A BB SR ML R B T T e
R YIAFE LAY 2 — 3 5 5 A 2 1
I 01503 S0/5.00 A IHRIGE B4 5 1 B O A
R MLBRAR R 1/0.07 1/0.07 R, Tl TR, AR5 Y FRS 5 R
VA LN TS AT 11/0.81 11/0.81 RO, T BT s BRI T 2
ALy, —FRRPEREAR , 2R
s KNk 7 iR [
VS I i o £ e 3/0.22 3/0.22 T B B A b A S 2
TS ML BT PP 4/0.30 4/0.30 J&HE M A B T ) 2
TR LB R e Hih 4/0.30 4/0.30




54 B R FPRLE A AN AR B B A3 25 4 i 1047
F1(48)
e " ” POS M/ i H (%) NEGAM/5 1 (%) ‘ .
?lfsésiﬁcation SE: Jf:siftf Jl\ijiéds Number Of.POS/ Number OfNEG / Attribfersijfji’szctions
Proportion Proportion
HlmBERZE OB 32/2.37 32/2.37
Glyceryl phosohatide TN 31/2.29 31/2.29
BRI LA R 2/0.15 2/0.15
ZBERRBENUERR 1/0.07 1/0.07
WEARER 28/2.07 28/2.07
XL IR 10/0.74 10/0.75
BRI AR I 2 R 9/0.67 9/0.67
AN 3/0.22 3/0.22
g I O e 8/0.59 8/0.59
Rt 22 2R 22/1.62 22/1.63
AR 15/1.11 15/1.11
ARG 7/0.52 7/0.52
Lis)ilEeS b 222/16.41 221/16.36 AL FEHEBERE TR AR 22 TR 5 A
Sphingolipid SR 2 130/9.61 130/9.62 ML RAURURSY s 2 5400
BRI 22Tk 8/0.59 8/0.59 i&gzziﬁéiiii{;igié
BB A ZE e 2/0.15 2/0.15 T < BB JE H 16~26 /M BRIET:
FiwENE 3/0.22 3/0.22
LisEaNi 7/0.52 7/0.52
R 2 2/0.15 2/0.15
HELA) A 1/0.07 1/0.07
HENEE OFED) U R 20/1.48 20/1.48 A HIIENR RIS RIE I ; L3RI
Glycolipid D) 2R ZUB L mE L 5/0.37 5/0.37 RS A) FE B AR O3 s H i BERE B BT
A S R o i 24/1.77 24/1.78 ;ﬁ;ﬁ:jﬁkgzgﬂﬁgiégg
B AL Al — TR 7/0.52 7/0.52 Skl S e i S
CFE) B ZUBE 5 H il 31/2.29 32/2.37
OFE) B U e R Hrh 6/0.44 6/0.44
TiHERR B M- H AL BEAR AR 8/0.59 8/0.59 AT BT A RE A ORI
Derived lipid VA L R A G I 2 e 5/0.37 5/0.37 RS ZSEE SOy
FHEAL B AR AR B 27/2.00 27/2.00
HoAt AR Ui TR 34/2.44 33/2.44 W7 117K 328 % s B WU AR P 5 #5005
Other phospholipids g 4/0.30 4/0.30 NS Iy s Ul B s R
O-2 Btk (y-F245) A iR 14/1.03 14/1.04 i
M3 Total 1353 1351

POS FEE IE 5 TR TSI i BTRcieE s NEG H5 7 £ 2 1M A DN S i R et s oA b A7 $cde 22 5 A IR i/ N g

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
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FvGZKYO001 /i 3 K & 56, [

A: Principal component analysis (PCA); B: Score plot of orthogonal projections to latent structures discriminant analysis (OPLS-DA); C:
Permutation test of OPLS-DA model; HX 1 1,HX 1 2,HX 1 3and HX 2 1,HX 2 2, HX 2 3 means 3 repeated tests of FvGZBY001 and

FvGZKYO001, respectively, the same as below

B3 2FEERMEERSSH.OPLS-DA 55 K OPLS-DA KHiE
Fig. 3 Principal component analysis, score plot of OPLS-DA and permutation test of OPLS-DA of two fennel varieties
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Table 2  Significantly differential lipid compositions in seeds of two fennel varieties

AR Y L
Fre . }?Eﬁiﬁz\% PE . Variable . 2SR log,FC E%‘&
No. Lipid molecules P value importance in Fold change Regulation
the projection

1 ZTAY AR I B (1 e (20:2) 3.20x102 1.97 1.80 0.85 -3
2 TR (d18:2 25:4) 3.38x107 2.02 0.04 -4.82 U
3 PN (d19:2_18:1) 4.63%107 1.90 1.81 0.85 (/5|
4 Pl (d41:2+0) 3.53x107 2.04 2.06 1.05 !
5 P2 mERE (11821 21:0+0) 4.50x10 2.03 1.51 0.59 (e |
6 BRI (138:1+0) 4.42x107 2.00 1.36 0.44 i
7 PIZETERE (1401 1+0) 4.77x107 1.99 1.40 0.48 |
8 BRI (t45:1+0) 2.75%107 2.05 1.33 0.41 iR
9 HIhm g (15:0_18:2) 1.02x10 2.20 2.23 1.16 e
10 ik —g (16:0_18:2) 4.87x107 2.01 1.34 0.42 iR
11 g (16:1_18:2) 1.57x107 2.17 1.37 0.45 iR
12 Hih—lg (17:0_18:2) 9.26x10° 221 1.81 0.86 iR
13 Hh g (22:0 18:2) 4.07x10? 2.03 1.58 0.66 iR
14 Tk =g (24:0_18:2) 4.99%107 1.91 1.54 0.62 A
15 Hh R (31:0¢) 1.89x10 2.12 0.89 -0.17 T
16 Tl = (33:0e) 2.65x107 2.04 1.37 0.45 i
17 TR (34:5¢) 3.16x107 2.10 1.20 0.26 e
18 RS2 WEE (d35:2) 4.46x10? 2.00 1.81 0.85 iR
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F2 (%)
e ‘ EJE&HL Pd ' Variable. SAEEL log,FC i’%fi
No. Lipid molecules P value importance in Fold change Regulation
the projection

19 UL 2R (116:0_18:1) 3.42x10? 2.13 1.97 0.98 i
20 PARESLI 2 BERE (118:1_26:0+0) 4.26x107 2.04 1.29 0.36 A
22 FORESA 2R (140:0) 7.15%10* 2.39 1.51 0.59 L]
23 FBLAL BRI R (34:7) 2.72x107 2.18 0.91 -0.14 T
24 O-2 Ak (y-2 ) iR (20:0_22:0) 1.76x10? 2.15 1.94 0.95 A
25 AR (18:3 18:2) 3.88x107 2.09 0.39 -1.35 TR
26 BENRWEARSS (15:0_18:3) 2.97x10? 2.07 0.82 -0.29 TR
27 WEIEEEARG (18:2_21:0) 1.15x10? 2.24 1.44 0.52 i
28 WENREENRAL (19:1_18:1) 1.75%107 222 1.35 0.44 e
29 BEAREEFFEE (17:1_18:1) 1.44x107 224 222 1.15 ]
30 H%FF (d16:0) 1.65x107 2.09 0.63 -0.66 E
31 Hh =Tk (14:0 22:3 22:3) 2.28x107 2.13 0.69 -0.54 T
32 Hh =M (15:0_16:1_18:2) 6.30x107 2.22 0.87 -0.20 T
33 Hih =g (16:0 13:0_18:1) 2.22x107 2.13 0.30 -1.76 T
34 Hil =g (16:0_16:0_20:2) 9.80x107 2.19 0.24 -2.04 T
35 Hh=HE (16:0 18:1 21:0) 3.76x107 2.07 1.43 0.51 A
36 Hah =M (17:0_17:0_19:0) 4.74x107 2.03 2.97 1.57 A
37 Hih =g (18:1_18:1 22:5) 3.57x10% 2.11 0.40 -1.33 T
38 Hil=rg (18:4 16:1_18:4) 3.26x107 2.06 1.77 0.83 FiH
39 Hh =M (19:1_17:1_18:3) 4.16x107 2.11 0.62 -0.70 T
40 Hih =g (4:0 14:1_18:1) 2.65%x107 2.14 1.28 0.36 el
41 PR e (20:3) 2.20x107 2.18 1.76 0.82 i

TP AN R 22 5 B R T4y F Ak 3, DA H I = EE (14:0_22:3_22:3) M) J& T — RIS /NS, 355 P9 19 B30 5 R o8 S A 1R
Oy L BNRITRR , A1 14:0_22:3_22: 3FORZ =M1 R34 1 3N NRIIIR , 20 B2 1A THBRIGTR (14: 0) R 24—+ IR (22:3) 5
IRFEE AN E MR S AR TR E AR, S 2 A

Listed in this table were the chemical formulas of lipid molecules with significant differences, taking triglyceride (14:0 22:3 22:3) as an example:

itbelongs 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 two docoenoic acid (22:3),

respectively ; Up-regulation indicates that the content of a substance in sterility material higher than that of fertility , otherwise is down-regulation

FvGZBYO001 ', BEARMEAAK (18:2_21:0) . H
ThR(16:1_18:2) FABHILAIZE R (139:0) S HUiSE
PRI (140 0) FF1E 3 AR P AN 5 A
%2, M2 (118:1_21:0+0) M LBk A b 5L 5%
B FEElR (20: 2) 78 2 N E AR S AR B R 2
MM =R (17:0_17:0_19:0) HYH —f§(16:0_18:2)
JH i g (34:5¢) X 3R AT L AN EE AR
BFRR D, FvGZKY001 H, Hh =g (16:0

13:0_18:1) JHiH —=HE(16:0_16:0 20:2)7E3 4 HE
FES AT R0 2 P2 e (d18:2_25:4)H 14>
TSR i s A, H =g (18:1_18:1_
22:5) Hl =HE (19:1 17:1 18:3) . FF 34k # N ok
JEAE (34:7) KBEIRER (18:3_18:2)3X 344 i AH X}
it T FVvGZBY001, 5R 245 8 M (K14) . KW
25 B BT 0t AN R R E] B L 3 ARy 22
SR, 52 PR A —E
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TG(14:0_22:3 22:3)
TG(18:1_18:1_22:5)
TG(19:1_17:1_18:3)
MePC(34:7)
PA(18:3_18:2)
TG(15:0_16:1_18:2)
SPH(d16:0)
TG(16:0_16:0_20:2)
PC(15:0_18:3)
Cer(d18:2_25:4)
DG(31:0e)
TG(16:0_13:0_18:1)
Cer(t18:1_21:0+0)
DG(22:0_18:2)
Cer(t38:1+0)
Cer(t40:1+0)
PC(18:2_21:0)
TG(16:0_18:1_21:0)
DG(24:0_18:2)
Cer(d41:2+0)
TG(18:4_16:1_18:4)
TG(17:0_17:0_19:0)
DG(33:0e)
DG(16:1_18:2)
OAHFA(20:0_22:0)
Hex1Cer(t39:0)
Hex1Cer(t40:0)

TG(4:0_14:1_18:1)
ZyE(20:3)
PC(19:1_18:1)
PMe(17:1_18:1)
Cer(t45:1+0)
Hex1Cer(d35:2)
DG(16:0_18:2)
DG(34:5€)
DG(15:0_18:2)
DG(17:0_18:2)
AcHexZyE(20:2)
Cer(d19:2_18:1)

Class

o
o
x

HX_2_1

Hex1Cer(t16:0_18:1)
Hex1Cer(t18:1_26:0+0)

Group
HX_1
HX_2
Class
AcHexZyE:Acetylated glucosylsaccharomyces sterol ester Z B4k B i SERE B 5 K2R
Cer: Ceramide £ MEME
DG : Diglyceride Hith —#
Hex1Cer : Hexa-1-ceramide iS4 2: Wl
MePC : Methylated phosphatidylcholine 34t 8% ik St
OAHFA : O-2 acylated ( gamma-hydroxy) fatty acids O-2/kfk (y -3 i i 8
PA : Phosphatidic acid # /&
PC : Phosphatidylcholine /i ki i
PMe : Phosphatidylcarbinol /it K
SPH : Sphingol #§% &
TG : Triglyceride il =
ZyE : Yeast sterol ester B} Him:
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Fig. 4 Hierarchical clustering of differential lipid metabolites in seed of two fennel varieties
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Fig. 5 LION enrichment of differential expressed lipids in fennel seeds
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