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WE R m¥E (Lunariaanual.) B+ FRARBEE, RIS 206G _FAL KM, EMHTF
AWM, RARSNAYSESME. BATHR R FRE R F A PRI BRAR R R ARM G HIER LR,
AR EREKF AP IR XA = TIHRIL, ARAL K &G I5 BR 4% 5 R AY 282 09 & s 4% &,
AT RAL R AAD - RS BE AR KR ST AP RN R R L RIBE i Lk R R EWBITRAH R A
¥, ZRAY, BARERFEATLAAFTEA10MIEHEASL T misKilt, #TFFH 7, REPH 8,
SAREBRRRETOA NGB AT NOOIEITER T 4 IR, AAGER. hBR. TibBR. LRER. JRER
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Analysis of Fatty Acids in the Fruit of Lunaria annua L.
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PENG Li, GUO Zzhihui, LI Peifang, ZENG Hao,RUAN Ying

( College of Bioscience and Biotechnology, Hunan Agricultural University/Key Laboratory of Crop Epigenetic
Regulation and Development in Hunan Province, Changsha 410000)

Abstract: Honesty (Lunaria annua L.) belongs to the Brassicaceae family and is a biennial herb with high
nutritional and medicinal value, as it contains nervonic acid, and its seeds are rich in oil. Currently, there are no
reports on the characteristics of fatty acid accumulation and metabolism during the fruit development process of
Lunaria. In order to explore the changes in the types and contents of fatty acids during the development process of
the fruit of Lunaria, as well as the synthesis characteristics of very-long-chain fatty acids, especially nervonic acids,
this study used gas chromatography and mass spectrometry to compare and analyze the fatty acid components and
content of plants containing nervonic acids: Lunaria, Arabidopsis, Borage, and Malania fruit. The results showed
that a total of 10 types of fatty acids were involved in fatty acid metabolism during the development process of the
Lunaria fruit, seven in seeds and eight in pericarps, most of them are long chain and very-long-chain unsaturated
fatty acids. The fatty acids in the seeds were mainly composed of palmitic acid, stearic acid, oleic acid, linoleic
acid, linolenic acid, erucic acid and nervonic acid; the content of palmitic acid, stearic acid, linoleic acid and
linolenic acid gradually decreased with seed development; oleic acid, erucic acid and nervonic acid gradually
increased with seed development and accumulated in large quantities in the first 25-35 days after anthesis; the
pericarp was free of erucic acid and nervonic acid, but specializes in behenic acid, lignoceric acid and cerotic acid.
Lunaria, Borage and Malania seeds all contain erucic acid and nervonic acid. Woody plant Malania seed has the
highest content, followed by Lunaria, and Borage has the lowest content. The content of nervonic acid in the seeds
of the three plants is significantly positively correlated with the content of erucic acid. The results of this study

elucidate the characteristics of fatty acid metabolism and accumulation of nervonic acid during the fruit
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development process of Lunaria, providing new ideas for fully utilizing the germplasm resources of Lunaria and
expanding the pathways for obtaining nervonic acids.

Key words: Lunaria annua L.; fruit development; fatty acid accumulation; erucic acid; nervonic acid

R % (Lunaria annua L)+ 7 AERHR B 5 PR A A YY), WA N bl 200 A
P, SRR T SR E O KEEAEARR OhR: TR MAR~1: 2: 1, W&
MRZH200%, /DHEGWHARMEYZS, CHFIRH, B ER 7 ARG TR
TR T HI AR, B RIFIRRERTRE., sk, A AMF I B m FIT R T
RYVETC, AR FEARIHEAT I 20 43 W e DR Ry R 2 S A M T AR R L,
R T R SR F I A R AR R 5 AR SRS R R8O, A7 T by i B TR K
B AL MBI, BT A KEFF AR TS B IRME AT IR D R 7T B AR
KTy PRI G0 IE 181, i 0 R e SRS e M TR ) A 22 R SR B I A R

PHERRAE TP I AP 22 555 . (Rt MR R B0, (EAh IR B IR AR D SR E R R . H
AT AT A AR B B B S POE30 2 ME ) h B PR IR . TR a3 T RR FH AR B B
LRI, AW TTA DR B E AW FONS B, SR AR - o B P B A A58 ) i i
BRIEATRIETC, 73 A AN R R B I SR S P K A R SR AR AR AIE s[RI DABL R I i, 3655
M2 RRIER I 5 BB B A RSk R BEAT BRI IR AL 20 A I BB AT, B AE TR 12 iR b
BRI R S A e BRI, it — 2D TR 2 T R P R S AR

1 MRI5EE%

1.1 X3t

HEAA B B (Lunaria annua L)« #LE§7T (Arabidopsis thaliana (L.) Heynh.) . I
F4E (Borago officinalis L.) 773k (Malania oleifera Chun & S. K. Lee) Fi1KH T1EY
R IBAE KB IR S0 = o RIS S T R KV, U A F S k. 2021
TR, MTREMTEIRET, GRRLS 30 Bk, EANRAME, € BBOKIEAE. 2022
4 F BB S TR, 6 ATk,

1.2 A%

HUAE )G 5+ 15. 25 F11 35 d fOAR B &S 200 mg, WE 3AMEMESE, HAT R
RS R B SRR IR ER A o S & &Ik ¥ 25 d A 35 d ISRSERITT, o BIBUR S
Bl 200 mg, WE 3 MEWFEE, FHT R HTHRERER 507 R B R e TR
Ak BRI 200 mg HAR TR . sk AT E R 7, DAE IF R 1 5t R,
FWEIMEYEEE, AT HEMESRAITRE X 4 FED . BT
HX 200 mg k50T 10 mL B ZE R, b\ 1 mL 1 mol/L ) KOH-HEE AR, BT 40 °C/KIB
BARERE 30 min, FEEHE 15 min, BRI E ERRE BT 70 CKIBFRRIAZE T, ITA 2 MI
5% H2S04-FiEJ5, 70 °C/K¥# 60 min, JIA 2 mL IECVGEEE 10 min, SRS )Z, B3R
SR SRR FHER AR S, SR Agilent 7890B U AR IEAL (234G, 1WA b Hsefg
iR F IS, Excel Giit S5t 5 ¥E .

AT S E: HB-88 B FE(100.0 m x 0.32 mm x 0.25 um); SN He(4l
% 99. 9999%); HEFEIIEE: 250 °C; AHl: WIIHIESE 120°CLRHF 1 min, 10 °C/min FHEE
175 °CR#F 10 min, 5 °C/min JHi& 2 210 °CLR£F 5 min, 5 °C/min JHii 2 230 °CLRF 15 min;
FEGE: 1,04 mL/min, Zpdikl: 20: 1; B-FUERAEL: 200 °C; #HIREL: 220 °C; ittt
FHEVEE: 50~ 700 miz; HEREE: 1 L.
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2.1 RIRERL AR 77

RIAGGERY T 73 9 R BT o K473 B R B AR 523 A BEAT i 7 B4R ORI R i 4k,
ISR G A BB ACEEAT b, R I B AL PR K T 80 X IR TR . MANFI R H
IS AR R B LA U 7 AR TIR A 5 MPKEERR TR CROIRER . BEARIR. IR .
WM MERRER) 1 2 MUl BERR TR (IR, M&R) (R D . EMTRENARE,
REWTRR I AH 7 Je S A R Z R . MRSERE % 5d, M1 i fE DR KB AR TR 2H A%
TR R, WHARITR CBIRRR. WEARRR) 295 BRI 33%: RELEKH
£ 15d, PR EKEERITRII R, 25 S IRITR S B 12%, H e
SRR & RN 21%, A PT R RE. BE R SSEET A 25d, A i R AR DT R R
m, SREEMRIIR S BAL, SEA S SRR S S 57%, EEMENRS & TRE2E,
2915 SRR S B4 4%; 2 35d IR SETE A e, Bl A M TR 2 e A B T T R 2L A
BRSBTS R 67%, MIMRIIR SRR S A 1%, &8 R,

MAF AR B IS ] (25d F1.35d) 4 o B SR B rh e ar i i 8 Al TR, A0 5 KBk MR
iR CROIRIR . GEARTR . R WEUMRR. JERRIR) A1 3 M KEEMR IR (L&l ARPTERR
MR (2) o ERKWREELRES, BRITRKA D K EEHANENZER . £ 0ED
FRIMZE L b, 165 35d SR AREC T 16 /5 25d [ 5R B2 22 th 7 Al T T8 R K i D 7R L i PR
KRR EBRAEER, KN IR A B4 10.3%; (ERRMERM & & L, 65 35d 4
BERRANL MR & T A6 S 25d, MR AL RRIR K T-16/5 25d. B AN [ S 08 T iR 45
HHE, REPARITRIMEEFE.
xR 1 RBEMFOEIERER ST
Table 1 Analysis of total fatty acid in the seed of Lunaria

JIG TR
. o BRI & = AEfRRR & & R A& TSR ERESE  STRIE  MERSE
RENH (d) %
(%) (%) (%) (%) (%) (%) (%)
Developmental Number
Palmitic acid Stearic acid Oleic acid Linoleic acid Linolnic Erucic acid Nervonic
stage of fatty
. content content content content acid content content acid content
acid
5 5 28.65 4.49 4.09 31.29 31.48 0 0
15 6 20.73 0 10.92 26.29 29.92 7.03 5.11
25 6 3.60 0 24.80 10.66 3.81 33.84 23.29
35 6 1.48 0 24.94 5.81 1.05 37.92 28.80

*2 RBEERKB SRR
Table 2 Analysis of total fatty acid in the peel of Lunaria

Memig  BRERE BERTE WS Wihig E R AR ENJEN R

REWWY (@ MEE & (e 8 (% 8% FEO) SR RO FE (% & (%)
Developmental Number Palmitic Stearic Oleic Linoleic Linolnic Behenic Lignoceric Cerotic
stage of fatty acid acid acid acid acid acid acid acid
acid content content content content content content content content

25 4 22.98 0 8.62 21.70 46.70 0 0 0

35 8 28.34 3.96 5.96 23.60 27.88 3.09 4.12 3.05

2.2 BRIEBRMBRERBERLLBIETHRETS
W FR L S E IR, R L8R O T 18 MBI . AR HR
KRB (5d) , NEMIREZELL C16 (HURIK, THEmRIRFECH 16) M C18 (IR



TR WIMERAIRRER, THERRIEFECH 18) MG, MEM FRE, Rtk
(15-25d) , C16 5 [t CoA FEE&T K C18, 18:0-ACP 4 2= 1 A Ak A Jld v 2 Tk S - ik ik
#HARE A (18:1-ACP, Oleoyl- acyl carrier protein) , C18 M&& bt BEE R /fh1 iR
B (25d) , C18 DATA H-CoA NBRiF 481k 2 YA 4k 45 & I B & i) C20. C22 (5T,
FHERIRTECh 22) M C24 (MEARR, FHREFECH 24) FHKERBIR. EHRMEE%
B B Rp T A B R AT E] C20 fA7AE, Bl C22 F1 C24 (A&, Cl16 K& C18 & &R
BB, RS ANAG, R E T P IE R DU KB IR TR I AP, e,
TR (C22: 1) 5Lk 37.92%, #ZLMR (C24: 1) Ik 28.81%(K 1).

C16~C18: KHEfRiER: C20~C24: MHKHEME IR
C16-C18: Long-chain fatty acids; C20-C24: Very-long-chain fatty acids
1 RILXEEEPBKEEHBR AR ETK
Fig.1 Changes in the content of very-long-chain fatty acids and precursor substances during fruit development of
Lunaria
23REE, NBE. mARMFPHREBREAIETYIRS SR
MR — P KFEIRIIRR, BAHEENATNE . ISR K R I T h AR

A TG, DINF T AR, EEBO AR B o TR B SGan Sk R T IR RR 4L 0y S &, K
WMAR T EMN SRS ITRESEAHERR (B2 o fERREIFRE 11 MR, Wik
2915 13.23%, {EAIRIRA) & 34.33%, JFIRZ L 2.09%, FHAER Y 0; fEAR B F b 3tia 10
FUOIRITER, HoAhyhBRe) SRR 0.83%, TLAE/EMER, JrERZ Y 38.49%, MR &
34.99%; FEFIE P B 10 MIRNTER, WIRZY L 20.08%, fEAEMIRA) N 0.12%, FFIRA
i 2.67%, FHLRA) Y 1.43%; fERadRP o 12 RETER, WIRZ) & 32.16%, 1B
TR 5 2.8%, FFIRL) & 12.17%, FHATRA) W 44.87% (3% 3) o PUMEMIF 1~ N & B IR
H?EHEE& TR WA, & RAPEIRZE R . A R R I, K BRI

LD EIRIR T RAFAE, TR Ph 22 R & B ARAR s 78 7] 23 b 22 TR FR) B AN A ) i 8
q:, Jig 1071 = UL B AR T R ) B A7 A, HKBE TR & B AU . R [F Y m i SRR E M )
ARARE DR, KEEIRITIR 2 LU T A, &880, BRI £ 2 LT
RAMZRNE AL, MARE ERE. 4 MEDM T HRMERESE1SIRE RS &
AR IEMHX KSR,



Log scale AAEATER & EMXHIE, HERNBEHERIRSEMIRME
Log scale is the logarithmic value of the content of fatty acids, and the values in the box are the actual values of
content of fatty acids
2 RBE., FAR. NBERMBETH T B KEEHRNE ESIAE
Fig.2 Heat map for analyzing the content of very-long-chain fatty acids in seeds of Lunaria, Arabidopsis,
Borago and Malania
*3 REE. BT FBERFLRMFABEHER S
Table 3 Analysis of fatty acid components in seeds of Lunaria, Arabidopsis, Borago and Malania

Fofts
0 S '+ 1. Wi Wem R
e s
2 (%) & (%)
YFh (%) (%) & (%) (%) (%) (%) ail
Oleic Erucic
Specie Stearic Linoleic  Arachidonic ~ Behenic Nervonic ~ Other  Total
acid acid
acid acid acid content acid acid fatty
content content
content content content content acid
content
ENR
] . 8.31 2.77 13.23 30.27 34.33 0 2.09 0 9.00 100
Arabidopsis
R L
. 1.43 0.21 0.83 3.99 0 0 38.49 34.99 20.06 100
Lunaria
T
10.34 5.19 20.08 37.37 0.12 0.21 2.67 143 22.59 100
Borago
. 1.25 0.39 32.16 0.86 2.80 1.01 12.17 44.87 4.49 100
Malania
3 Wig

A SR I FO AN ] 6 I A AR el B SR SR R DT R 4 43 I 2 i, RO B 10 R IR IR
SRERARZERME, S EARERME AR O IR R R S L aT R . A R R A
R, Horpl g R T A A H R L S R R AR e R Y, SR v AR TR, R
TG TR TR o A FELE 76 4 A AR I B P R4S 7 BHIRITRR, 5 A B AR E
i (WEREIR 0.24% AFAHER 1.17%. FRIAHER 0.28%. fHAREL 0.20%. JHEL 23%. JV.iH
1% 6.31%- WEJFREZ 0.95%. #E7MMER 0.50%. JFZ 43.25%, AR 23.01%) HLLE4, Fhyr
FHEA R E R AR AE M ER A B A, 5 A A AEIAEE T R OB B AR E,
HEBWHRRMES. EHK2E (45N LIL , WEERFRNITIRY & 46%, LR



291 20% B, FRERRAIAARRI L BT T 2. 1. fEAE (35- 46N , A NSRS
BRI RERNT N I IT IR (5 43%, MARRZ) Y 23% B, HBIE BT R, AR (28N
PRI B FR SER TR L 7 38%, FHARZ) Y 29%, JTIR SMARRKILLGINIE T, #%
BT 4: 3, XAZEFRAAE S ML LR VIR, fEHAMEYIFEAR (Pistacia
chinensis) . #(#i (Canarium album) . JEEJSEFIRIL (Argania spinosa) F1Z4p5 K (Citrullus
colocynthis) 75 ALl FREAE225],

W AT IR SR T IS E . SR AL, TR TEAEGIR . SRR A
LR MR DT IR (5 S AN LB B B R 2200 o BB 5 TR IR B 22, i S R B IR MM A IR e %
R TP SRR I E o (ETHIR-TEEIRIR-TT IR -1 e IR I R T PR SE A % L, AR RN
TFREE Y, REEETREEEVERNIEMIRKR. MR, HAERR. RN
4 A 5% B-Bi REE-CoA & (KCS, B-ketoacyl-CoA synthase) . B-HifiREE-CoA &5

(KCR, B-ketoacyl-CoA reductase) . B-#2JEH-CoA Jii /K& (HCD, B-hydroxacyl-CoA
dehydratase) FlJz z0M% IR EE-CoA B 5 (ECR, trans-2,3-enoyl-CoA reductase) 4 Ffifif (i
2, T KCS AF e IRIE R E 1B BE AR TR I & O R AR EEC S, J5 3 AR A
2 B 57 14126300, C18:1-CoA GIHITR-CoA) I 82 M4 A I .56 5 B i C20:1-CoA (FE
"EMRIR-CoA) . C22:1-CoA (FFIR-CoA) Fil C24:1-CoA (FHZAEE-CoA) , F=AMHHAIRTE
FEEA L= (TAGS) IR AER. 2R K& i — BNy SRR R A
W= TR B DI RBZ S, BEAUAR H, TETFSRALMSA T, IR S ITIR . MR B
FAHR (P<0.01) , AR 5T ERIE 3 IEAHSC (P<0.01) B2, ZE4MRE IF b S35 #5 Mokes
4 F1 Mokes11, 3R SANE FR S h Pt ik Mokes 11, PR I+ AL FRSF TO A
b HOAR 22 IR 3 B A BT v, T T R SR h O A MR TR AR R A SR B
BR B BT BR SEh BB R BIAEE AR IR 0 A, TSR SE P I IRAMN S B, S
PRAFAE RZ I IEA R R R, BA TR S =M= h 7IERIE Lakes 25, G HRML
BRI — €SB UME, U SRR 5 R B e B K

MR NN B RA EEAER, ERefeat AR BRI ACH, B ol it s R A2
TR AE R B S ki P fi A A T A F B3], AR TR (3R AR b, F 2
TP FEATHREL, PAJCFEM (Acer truncatum Bunge) . Sk SR NAGRIIARARIEY) #0421
(IR E T 2 A DR A R B8, E A A AR 11 A K ) S A 7 G 2 R 1) PR S o 22 R 7
R BB TRH, MARRITE 11 FL 16 J8 T 30 2 MFEER, TR RAE N
TARAE AR EAEY), DB KA (R AL 9-10 H) AR A BRI
PRI AL, WP SRAC 2R BT . AT U C i R B A A TR B L AR
SR I KPR I AT AR R 4y R AR B R R A S R I AR T AR A vh 2
R R R e R S R T R IR AL 7y, G TR A IR E AT T IR R 2y, 1
FIT AP AN ERIAIR. H, AR A DY), HAERKERE, MEREE
R, X TR AR AR R R E A BA R AT AT R
SE M
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