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Lipidomics Analysis of the Lipid Composition of Three Tissues of Cyperus esculentus L. during Three Growth
Stages Based on Ultra-high Performance Liquid Chromatography-Mass Spectrometry
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(1. College of Life Science and Technology, Xinjiang University, Uriimqi 830017, China; 2. Xinjiang Key Laboratory of Biological
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Abstract: In order to investigate changes in the lipid composition of different tissues of Cyperus esculentus L. at different
growth stages, non-targeted lipidomics based on ultra-high performance liquid chromatography-mass spectrometry (UPLC-
MS) was employed for relative quantitative analysis of the lipid metabolites in the above-ground stems, tubers, and roots of
C. esculentus L. after 70, 93, and 120 days of growth. A total of 16 904 lipid metabolites were identified and 720 differential
lipid metabolites were found between the three tissues, the contents of differential lipid metabolites being significantly higher
in the tubers than in the above-ground stems and roots. The main lipids accumulated in the growth process of C. esculentus L.
were triacylglycerols (TAG). All three tissues had high proportions (higher than 57.3%) of unsaturated fatty acids relative to
the total fatty acids (FAs), and the relative contents of unsaturated fatty acid FA(18:1) and FA(18:2) in the tubers were also
high. This study provides basic data and a scientific basis for the application of C. esculentus L. in various fields such as food
processing and product development.
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Table1 Information of samples included in this study
FE AR A)/d SREEHB AL
L70R 70 i3
L93R 93 R
L120R 120 i
L70T 70 e
L93T 93 e
L120T 120 Pz
L70Y 70 Hb b 2K
L93Y 93 Hb b 2K
L120Y 120 o bZE

FHEE. LfE. FSERUT JEmE. . & k.
SR RS R B TR A
12 5 R&

Vanquish UPLC{%. Q Exactive Focus= 73-#F /i HEAY -
Heraeus Frescol 7850l SE[EZEER G R BHE A
BSA124S-CWRF XA T FRER S (bs) A
FRAF]; JXFSTPRP-24WF AL A5 S0 R A R
AT YM-080SHE AL RIIT 7 BT PR A .
1.3 Hik
1.3.1 RS HEEL

KB FREL 25 mg 20 V0 20T B8 I B 95 B RE B RN
2 mL EPEH, 200 pLZE /K480 L H 2L T 2%
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Fik- VR A 4R BUR (5:1, VIV) (& AHR10 mg/Lifig
It . % (phosphatidylethanolamine, PE) 110 mg/L1i
IEMEAES, (phosphatidylcholine, PC) 10 uL) JEAIA
WER, 35 HzBFBE4 min, SRJEEUKKHE S min, LA
FOPRREE3 R RIS FERTE—40 CHUT#ELh,
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J& E TR S oI 200 uL & e - R VR A VAR L
WL, Vivy) 5%, WRiE30 s/EvKKIB#E 10 min,
4 °C. 12 000 r/min#L£>15 min, HL100 L ki % 2
FEMR AR . B FE S A B0 pl 13 VR & R o 2 4% il
(quality control, QC) & LALLM,

132  UPLC-MS/r#r

UPLC% . Wz fHA NI H60% &5 %
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OS50 mL 10 mmol/L H R &% ¥ . B B e Mt A2
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Fig.1  QC analysis of lipidomics data of C. esculentus L.



XISy 3Bt Enitl=z 2025, Vol.46, No.03 149

22 WP EIEIEDEMSsSHT ARV AR A A O 22 5, 1t B ol 96 B IR R AR &
221  JMPSEA ) JESEDEMs EL i PIEHLHE 24,

PAP<<0.05. VIP>1RHl[log, FC|> 1 A#fik &, xiih
PEH16 904 MU ITDEMSs IR E . W E2AFTR,
FEL120T vs L70T. L120Y vs L70Y. L120R vs L70R.
L70T vs L70R. L70R vs L70YAIL120R vs L120Y
M, FLIAKDEMs#EZ T FiAMDEMs; 1ML
L70Y vs L93Y. L93Y vs L120Y. L93T vs L120T.
L70Y vs L70T. L93Y vs LO3TAIL120Y vs L120T41H,
T FIDEMs¥ITE 2 F LU FIDEMs. A [F i 8] A [/ 26
S [F DEM s ¥ £ 5 52 0k 22 T #H [7] 26 234 7] B 1) 4 1] A,

A

< i 466

6 _ b 1300
DEMs. t4h, 6355 H R R 1A e o, 93 dify il 189
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BiH 12 ARSI ) R4, DEMsHOZIA B2 2 o T VN
A 1 0 K T > T 300 45 5 [ 21 4 L e 4L 1 =z 3R R
DEMs 122 ik 14 515 2 > 1y b2 > 4. 04 ‘ ’ .
N T AR EIHE I EIDEMs, S 3E T LipidBlast —10 -3 0 3 10

Bl e, dE— D% E 16 904 MBI T
JRAEUCEL, A E 7720 M. HLLP<0.05.
VIP>1#1|log, FC| > A& &M, X720 N 4R
WU EC AR W AT DEM s ik . W E2B o, HHHE
IR 18] A [ 40 2R bE 45 4 O DEM s %5 B 844 %2 1 41 7] 41 41
ANFEE At 4. Hodr, 7EL70T vs L120T. L93T vs
L70THILY3T vs L120TILEHH 43 A FH89. 59, 186 4~
DEMs, 3 HEH9 NMLRIAMDEMs, 4l 2 i 5 Bt

HiZ (phosphatidylmethanol, PMeOH) (17:1/17:1)+ A, L. 2285
PMeOH(16:0/18:1) PMeOH(16:0/18:2) XL (P H i) *] TiH: 5756

BN (hemi-bis(monoacylglycero)phosphate, HBMP) N Eh
(12:0/18:0/22:1)« HBMP(12:0/18:1/22:1)~ PE(18:1/18:2). Tw“'
IR TE 2 BE(12:0/21:1) PE(16:0/18: 1)1 Pk 356 i 4 3 1k 2

FEH I Cacyl glucosyl acylglycerols, AcylGlcADG)

(18:2/18:2/18:2); FEL70Y vs L120Y. L93Y vs L70Y
ALI3Y vs L1I20YAH 20547191, 79, 99 /SDEMs,

3 ABAET NMEKIEMWDEMs, 4572 B i Bt H il
(phosphatidylglycerol, PG) (8:0/26:1) 5.3 FL5H H i
M5 (monogalactosyl diacylcerol, MGDG) (16:1/18:3)

Hil =g (triacylglycerols, TAG) (12:3/17:3/18:3). Fi
AR RZEPEHE M —E: (sulfoquinovosyldiacylglycerol,

SQDG) (16:0/18:1) A I 22 Ik i Il 0 22 i s
IR-45% % (hexosylceramide non-hydroxy fatty acid-
sphingosine, HexCer-NS) (d20:2/20:2). X{FLHEH
Zfig (digalactosyldiacylglycerol, DGDG) (16:0/16:1)
FlHexCer-NS(d14:2/26:2); #EL70R vs L120R. LI93R vs
L70RFILI3R vs LI20RXF L 43 B A 89, 13,

265 DEMs, 3 A2 NMERIAEKDEMs, 705 &
AcylGlcADG(18:1/18:1/16:0)FITAG(12:1/12:1/19:4); 7E
70, 93, 120 dAFIAL LA T, 3 4l[8ILKIEHDEMs
SrAET6. 178 110 Ao BEMRORE, 95 S AL AN [F] N (7] log, FC
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25
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B;s
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35
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71

L120R vs L120Y

AW BT ILECDEMs KL El; FhR1~18. L70T vs L93T.
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2 IR RDEMSs 5 Bt

Fig.2 DEMs analysis of lipids in C. esculentus L.

XoF 1 5 B A (5] 2 2R [ I () LG 2 4H I DEMs i 47 %2
i LAERFIE (receiver operating characteristic, ROC)
2 tr, Lk HROC T 28 T i AR . RF S 4R A0 B 4k
A1 100%A1100% ¥ A2 AR bR 54, 45 R k2
Pios. (RS E3 ML, 93 d5120 dxf HEA IR
WREWBIEEZ T70 d593 dEBAL, X UGB 7E 95 HE
AREREF, 70~93 dIIERY BN R AR AR T
93~120d. 7EMIBEAR S, 70 d1593 dELEAMIbR EEL
Ei, A, 1193 d5120 dELEALH, IR FbS
W10, BELZ T EEMEREEY, BT IREE
J bR ARy N R H N N, N- = R 22 SR

(diacylglycerol-N,N,N-trimethylhomoserine, DGTS) ;
FEMTSF M b2, 70 d593 dELALA B IR BT bx &
WA3 A, DRI E, MTE93 d5120 dELEA M L
WHE AR EY (9 ) FH- A NTAG, TAGEIEYH
JEH EEAFAETE A, X BB s i 2R
AR P e EZEAE93~120 dIXBAE KA R £
B, 70 d593 dECEH TN IRII3 AR B bR E N
TAG, 90 d5120 dELHAL T I 10 AN TR B9 LA H il
WENE SR % .

ERTEMZ, REWEHATET /3R EY
WFR T HAMARS, BFEBENM (acylcarnitine,
Acar) « AcylGlcADG. Hi ¥ ®R H i — i

(glucuronosyldiacylglycerol, GlcADG) . PMeOHA!
¥4 3L R i S BERE iR B (branched fatty acid esters of
hydroxy fatty acid, FAHFA) , JH'Acar/gfIE RS- A it
AT B P E AR, T LKA B IR M7 1 M\ 40 o i % 2
RIIRNIE, FACRNIRR AR, A BT RN R A
TERIRE R 7= AT
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A2 WAL bR
Table2  Potential lipid markers between different growth stages for

each tissue of C. esculentus L.

v g S it

LRy LB DGTS(16:0274)
IR T
Ao TAG(20120/142)

L93Rvs DGTS(13:1244), DGTS(14:126:2), DGTS(16:126:4), DGTS(19:2122:6).

LR 7 10 DGTS(2:0/23:0), DGTS(22:3/22:3), DGTS(25:0/24:4), HexCer-NS(dI8:2/18:1).
PE(18:06/26:1), PE(18:1¢/27:0)
Loyys LBE3 ACar(17:1), Cer-ADS(d17:0/19:0), PE(18:1/182)
LY Tl 4 CerNSW@0:212:0), HexCerNS(IS3/23:0), HexCer-NS(d24:3/14:1), MGDG(16:0/16:0)
DGTS(24:124:1), TAG(20120163), TAGU2112:1/17:2), TAG(ZI/19:1/19:1),
g TAG(I3:022:122:1), TAG(I3:118:118:1), TAG(IS:1/16:0/18:2),
L9BY v TAG(L6:/16:1/18:1), TAG(I6:0/170118:3)
LI20Y Cer-ADS(IT:019:0), DGTS(14:1/26:2), DGTS(15:126:2), DGTS(2T:0/182),
TR 9 GlcADG(16:1/22:6). HexCer-NS(d20:2202). LPC(16:0), MGDG(18:1/18:2)
PMeOH(16:0/16:0)
Loty LB 3 PE(16:0/18:3), PMOH(16:0/18:1), PMeOH(18:1/18:2)
ST 7 3 TAG(3:1/13:121:5), TAG(IS:320:020:0), TAG(21:1/22:622:6)
pg 7 ACa(1L0), AgiGieADGISI1S), DGDGSYIS3). GleADG16312),
: HBMP(12:0/18:122:1), MGDG(18:/183), TAG(12:1/16:4/16:4)
L93T vs
10T DODG(16:/16:1), FAHFA(22:1/20:3), GleADGQL:02L:0). PC(16:1ef26:2)s
TE OO0 PE(I6:0/18:1), PE(I6:0/18:3), PE(IT0/17:0), PE(18:1/18:2), PMeOH(16:0/18:1),
PMeOH(18:1/18:2)

W: Cer-ADS. Mk o- 32 3 i i - — M BE (ceramide a-hydroxy

fatty acid-dihydrosphingosine) : Cer-NS.#£8 k [i% I ¥4 K& 5 I R - 1 2
(ceramide non-hydroxy fatty acid-sphingosine) ; LPC.J% Ifil i i T JIH 5k
(lysophophatidylcholine)

222 PR SEEEDEMs L

N IR AR I P R AR 2 AN 43 A AR
b, FRAEHMDBEE 2 H (1 73 SN 4 DEM s 73 B H
MR HWBEAR. BAR. MR ARSI KRR
TSl Hopd FRHENT & BRI R b s, B
HEMERRED & ERShA B —8 Wil imeEE e
SRR S R, HL7E M b ZERR A BE A K ()
(A L B S [, ETE B 2K B A A A R R
KA ez BT (E3AD .

WEBBHTR, 1E9 AFE MRS RIMERRIYIH E
ik, Hrh SR R B T 2
AREE Sy, HH AR LA LLF AN m, Ab
REB AW A& B 81.5%~85.9%; JhibEHZE b lg
AU & B A KR (] K 2 I T = S PR
&, b b ZE R 0 e R AR B B AR AR I [A] Y
FERFFEEFEAG; HIMAR. H B AR 08 s 1 & R AR L&
A5 BRI E S AR P B a3 MR
Pt b B ZEFR T i R DU e v, H
DO H B R R E, AR TR & = A YRR R
B e A A T R 2 = L TS, HU AR A R
7 AR B 2R i

I HMDBEE i — e 3, iE— B 1
B—RIP B TRERREM SR 45REW,
H b W AE 2 UAPEFIPCI B NAFAE, i 75 B e 2RI AR
HHHIPEMIPCAE X & & fm Tl yb Rt B 25 (EI3C) , [

FE 75 FE e ZE A B TAGAE XS 25 8t v Tl 95 B b2
(FE3D) . Wang Liyans™F F fig 5 41 22 0F 70 i 75 5
A KT AR A B 25 R R A R B A A AR A, HE I AE
PERZERFLERE S, PCAIREHILNTAG, PEW RELE
FURA R AN TAG . 95 o b 2538 7 PGAH XS 5
B REZ FHREMMR (E3C) , #EllHTPGRKRE
s JEE PR B L AH RS 43, T B AR R I IR AT AR
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