http://hljnykx. haasep. cn
DOI:10. 11942/j. issnl1002-2767. 2025. 07. 0079

52 o R A FE 2025(7) :79-87

iHeilongjiang Agricultural Sciences

R SO A T L G 0 R R TR N A LA A [ R 22 S AR KEGG B4R 30 [0, SBIETT A 24, 2025(7) : 79-87.
JC R B+ e B L AE A [ i
2 3R KEGG & %5347

FAK L, EXWL,IRRE, TR
(1.EMBREFERFRE RS ERFHR, X8 B 23603]1; 2. X RLAXF BEFH, 2K
A 230036)

FEE R 7 2046 D 0 R AN R IR AR 38 o X T R a8 R R 446 S [R5 A A AT O e 25
R BERAC A G LT AL AR R S AP ] 1 22 R A fE BB . /A ARR RBACRAE N L+ 7 K88 % T
UPLC-MS/MS 5 GC-MS XK U F- £ il [ 8 5 A8 00 75 21 46 B A U 00, % iR A7 25 5 LU A 09 53 A 4 o
15 FE WA W (PCA) VIE A2 I Fie /Iy =3 36 H 51 43 HF COPLS-DA) , ¥ BUAS 7 8 B PR 4% 5 VIP>1 fl 22 5 5L
(FOfA Fold Change=2 5 Fold Change=<0. 5 ¥ i % 22 5 A3 47 . R 1 0 &8 K& KR 5L K 41 7 B4 45 (KEGG)
PR R AT I RE T R A B A A . LRI B 2 458 AR, B R 28 oy A AR LL Bl L ik 130 2204,
RIE TR 2E i 28 NG R 28 . O ok s R 2 A6 R [R] P2 52 ARt B ) 325 A4, Hdh MR S E 244 4,
i 81 A4, PCA B — FE R4 (PCD TTRRE N 63.49% . B ARMY T # KEGG HE BB MR Y 189 1~ 257

BEAEY 79 . Metabolic pathways fUiF BT 922 AU 61 A, o Bl B 22 S AU ) 5 80k L A1
H77.22% . BE—B X 2 RACE Y EAT KEGG 387, S I 7= 2 040 AT & ik o T 5 D Ml A
KGR 0 LM T R s T LLAL s R [R5 AR s KEGG 43 47

O 0]

FrRlE (BEMRS ) $RiRES (0SID)
[ e
B (Crocus sativus L. ) 23 EH 25 & [F] IR
ZAEARAREY 8 SRR LA E BRI AL, =
AR BX =20 ARF , pl 3 E Ly F 5 Oy & 5 K fie
IR Y MM 2 =", FAOREAEFAAL
R T LA 3R MR SE TR S5 A Ul o AR 2y | HAY
T8 DA T I 28 A A DAL TR I R AT IR YT 4
P . 76 [ A0 38 AR e 00k RL & 5 2 @700,
e LU AL TFAE fib 22 50 3% o 10 R ADUL B 8OR B4F L IR
A A Bl AR g Ak AT B b g Al ) A AR . A 4L
A6 I IS 5% ) 1A o PR TR 75 5K 5 KT 4 52 %
VE W M ok &, AR R LD AE B 5T
ZAE TR O A 25 R R AE D e Pk
T LLAEARR B O ) 0 AR B0 AR 25 45 T T 3
T T MG O FAEZEN T R TRk
4 A A 286 AR 5 A A PR A ) B DL
FLAL— T 11 HIFAE 22 B R W E
MR, SR A 8 3% 22 [ R KR 2 1 R AE R E , 52
WA 46 22 i J3T , 3 3R A 1AL T o I (B AIR . BB 7

Y75 B H#5:2025-04-10

LIRS L = R0 S R 24 R 6 7l A5 0 A 9% [
PN 2 1AL A T BB T R, T VWL BT
T 5 b A B T RO, [ N A T LA A T N
HEMTWRZELRA . R8T LAY R ik
FIARMAEE F M A HERR T ENL LEMR
AE R FEAT R AR A« BB oy R, R K
g /0 b DX ) FH 3 20 48 R BR 7+ T AP 1 Wk, 48
SRS R WCH b AR 22, 2 ~ 4 4F JE R 0 R ek 0
=B A Oy A R B N AR . AR
5 R o Be N £ e A 77 7 L T = AR 4
LT R R LA B Bl E R AR 44
ERETRETRFEMHTERER AR R
FUE 50, 8 3 75 21 A6 Fh BR B B 5 35 0l R 4%
Wi FRELERER.

e 2L AE L b it A B b XL 7 20
70 ARGV B A TR Y 3R 448 i g
TRE /D 5 5™ M 25 21 A6 A L, A7 76 FloekaR 4k A
WAL RS ZANFFHMG ., Pl 2048 A R

EETE - LR WK A APHAE 00 H (KJ2021A1347) s B O 1 BLOT 2 K300 H (2025FZYHXKYPT102) 5 4 9 % T QiR 8 75 #4k)

W E T H (2022KYXM14) ,

E—EF BARMA979—) B B, FAR NSRRI ST BT IEIT K B 5 A A A RF S . E-mail: ldlcareer@126. com,

79



RRA - PEH HEY 2 A

b= s SR A & S 7 4

b AR AR AR B 5T L X R LD AE B 2F A T R TN
Fgg )8 45 55 oA EE R S, R 2R o T X
FEAS BT A AR 4 2E 47 4 T A S8 S R E R 4 T
AR AR & AR D gt B e xd F 4 4k
AR 0 45 A 1 2 B A ) X L R A R PR el
K ol ST R A G R
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Bt F10. 5% = R PR S W AE R LN B
30 min, BT 5B T 28 (4 SR 1 08 LA .
48.0 cm X 48.0 cm X 5.0 cm) H1, 5B B PP ER T 2
M) b I AR 30 AN FRBR , 43 % B 55
B B AR AN R AR R AR b IR ER AR, S
AT N B B A5 TH EE 24 ho i@ XL 48 h 5
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i S B AL . W25 B TR (ESD R
FE 500 °C 5 B FWi % HL K (1S)5 500 V(IE B F 5
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HE. FARKEIM 1 Fp S,

2.2 ERHHH(PCA)
PCA H R M4 N B S 1t preomp PREL, %

BB H scale= True, XF 3 LLAEAS[A) 5 Bl 16 22 4%
AR Y AT Z o0 G i A, LR A AR Z (]
B B AR B 22 S5 R 2H N RE A 2 JA] R AR S R R
JNEST ] 2 s PCA 4345 B BoR s — F
S (PCD BTk H N 63. 49 %, 55 — F 4> (PC2) 5t
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ARG OPLS-DA P4 A% AU 14 1 U = 50
Ry R QY. WE 4~5 iR, Q >0. 98 (P

0.05),R%=0.723,R: =1, %550 4 iy AU 2
e SEM AL . OPLS-DA 19 S-plot 4r#r 45 5
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2.4 RGMEEERITHH

Sy T R R b s Bk 2 SR Y AR R LA
ASTR] i b 18] B A8 AL RRAE L A BIF 52 1 20 61 X 4% L g
4 P AR P HE AT 25 5 A5 8 (Fold Change, FO) &
PEATITE . 7ESL A L AR 4 FC EM/\@U(E’J
NGEJ ot Je A A3 4 i A7 HE B L 25 AR
FANETAE ﬁl_—iaetﬂaé%{am,xfnz%
i E H Iran S A AH G China & F B 8 AT 08 A
1y 10 M AT AR T (B 7D
2.5 ERKBYHEES SN

AWFFRFETF OPLS-DA £ 15 5] 48 &t 8 224k
B (VIP) , Ui 5 7 20 A6 A [7) b 1] 22 S5 40 5
Yy, R4S A B A B P-value/FDR (A2 )
P =0) 822 AR BUFC) 8 9k — 4 i v 22
SAC Y . A BT 22 5 AR W 0 2 B v S 1 R
VIP>1,FC=2 8 FC<<0. 5 ARt . 458 EM
F 2L AL A R) b 22 7 o AR 80 A 325 4,
Iranf #P4¢ China S F T RS P 5 H 244 4,
LR 81 A4, FTIMBIRE YA B
MR o JE R (3-O-m ME BE 2 7 MR . B &% Ji IR
(5-O-WMMEBE 25 T /) . B JRL iR (4-O-1m ME fi 45
TR IR R 5O BT R RE-7-0
(6"-%F B SLIE) HI AT M AT AN S 2L AL R 4. 5
FOR s HEAT TR S HLAT A= W PR AT — W5 R & Tk A
MR R G - Th MR LB 24 - R 55, -
SR Bk B o i 2 R W L i
2.6 ERRiEY KEGG ThEEEBR S 3%

AR W e A O N AR LA L T BGOA TR) A 38
. FIH KEGG B 2 x5 A5 ot 17 7 B . B il
A 22 S A B AT L IR X o
R MBI 1 2 HoAh R 8 K 4 U334 A AR
H. Adenosine (J ) J& H T & AL = B IR iR
(ATP) ,Adenine(JRIEEIS)  Inosine (L) AY H 2
Y R, # Ak LAY Hypoxanthine (VR 25 B2 1% )
A DL A ARG 4 P B 5 » Xanthine (i B R4 ] 45 Sy rf
X A 22 BTG 5

it gk o 22 S W3 A 7E KEGG
Bl B b A R (R DL B AR ot
KEGG &2 i 31t 489 4,9 KEGG i
BB 22 5 AR AL 79 1
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5
Uridine 5'-diphospho-D-glucose
Styrene
Uridine 5'-diphospho—N-acetylglucosamine
Dodecanoic acid, methyl ester
Butanoic acid, 2-pentenyl ester,(Z)—
(1S,4aR,7R)-1,4a-Dimethyl-7—(prop—1-en-2-yl)-1,2,3,4,4a,5,6,7—octahydronaphthalene
Cyclohexanepropanoic Acid, 2—propenyl ester
2-Butanone,4—(2,6,6—trimethyl—-1-cyclohexen—1-yl)—
0 —
! Chlorogenic acid (3—0-Caffeoylquinic acid)*
/Neochlnmgenin acid (5-0-Caffeoylquinic acid)*
S /Hespereiin—7—0—neohesperidoside(Neohesperidin)*
) / 2,5-Dihydroxy—4-isopropyl-2,4,6-cycloheptatrien—1-one
Y Hesperetin—7-0-rutinoside (Hesperidin)l* yeroxymaTsopropy A
-0 ./2,47]\1(madiena],(}‘],l‘})f
/ p—-Cymene
./Tiglic acid; 2—Methyl-2-Butenoic Acid
15 ./Houpulin F Class
® Others
Apigenin-7-0-(6"-p—Coumaryl)glucoside ® Top down
:? Apigenin-5-0-glucoside
® Top up
1 I I 1 1 L
0 500 1000 1500 2000 2500
Rank
E7 REVESEZERHNESH
* 1 KEGGCEHIB=zRKREHsit
. EZ5MK Ry, BEHRNR BRI/
KEGG il % N Y
B /A A wWa /A A
122 1 4% it (Purine metabolism) ko00230 13 25 79 489
Wi kA%, 4 (Caffeine metabolism) ko00232 3 5 79 489
A1} 38 % (Metabolic pathways) ko01100 61 351 79 489
WAEAR ) A4 WA L (Biosynthesis of secondary metabolites) ko01110 28 191 79 489
#1712 185 (Nucleotide metabolism) ko01232 17 29 79 489
ABC iz % 1 (ABC transporters) ko02010 7 46 79 489
i 74 ) A i (Biosynthesis of cofactors) ko01240 13 61 79 489
FARFKAEY A M (Zeatin biosynthesis) ko00908 7 10 79 489
AL W R 1L (Oxidative phosphorylation) ko00190 2 6 79 489
Y64 4F F (Photosynthesis) ko00195 2 3 79 489
{6, 5 W2 X35 ( Tryptophan metabolism) ko00380 2 11 79 489
1Z BREL AN B A A9 & Wi (Pantothenate and CoA biosynthesis) ko00770 2 11 79 489
W% /B S B (Glycolysis / Gluconeogenesis) ko00010 2 7 79 489
PR ER (TCA cycle) k000020 1 9 79 489
MR IR 5w & R A 5% & R Y B f# (Valine, leucine and isoleucine degradation) ko00280 1 8 79 489
R 11 (Propanoate metabolism) ko00640 1 5 79 489

84



78

FEAKRE R LT IWE T FLERE S ZFREY KEGG § £ 94

AW -FEH Y

x1(8)

. ZER R/ BESFR BREY/
KEGG 3 # : ;
w4 A w4 o
FILHR A W) A L (Biosynthesis of amino acids) ko01230 4 47 79 489
A% F BR W% A= 9 & W (Biosynthesis of nucleotide sugars) ko01250 4 15 79 489
& #E R AE Y 4 X (Flavonoid biosynthesis) ko00941 7 25 79 489
w5 0E AL 18f (Pyrimidine metabolism) k000240 9 20 79 489

Xf 25 5 B FHAC Y KEGG 1Y TE B &b 54k IR
KEGG ™ g R R e 17 43 25, s A &1 8 fr
. ARHE R 122 AR 61 4, b
B2 AR SR e 77, 22%  IRAE

B B A5 A T 1) 22 5 A0 28 A,
35, 4406, FPARFRIGES G 107 IR A L 45 DE H Ik
AR 55 3 % 22 e AR R b 5 1,27 0

Zeatin biosynthesis

Vitamin B6 metabolism

Valine, leucine and isoleucine degradation
Tyrosine metabolism

Tryptophan metabolism

Tropane, piperidine and pyridine alkaloid biosynthesis
Thiamine metabolism

Stilbenoid, diarylheptanoid and gingerol biosynthesis
Starch am§ sucrose metabolism
Sphingolipid metabolism

Pyruvate metabolism

Pyrimidine metabolism

Purine metabolism

Propanoate metabolism

Porphyrin metabolism

Polyketide sugar unit biosynthesis
Photosynthesis

Phosphonate and phosphinate metabolism
Phenylpropanoid biosynthesis
Phenylalanine, tyrosine and tryptophan biosynthesis
enylalanine metabolism

Pentose phosphate pathway

Pentose and glucuronate interconversions
Pantothenate and CoA biosynthesis
Oxidative phosphorylation

Nucleotide meta{mlism

Nicotinate and nicotinamide metabolism
Neomycin, kanamycin and gentamicin biosynthesis
Monoterpenoid biosynthesis

etabolic pathways

Lysine degradation

Linoleic acid metabolism

Limonene and Einene degradation
Isoquinoline alkaloid biosynthesis
Isoflavonoid biosynthesis

Inositol phosphate metabolism

Glyoxylate and dicarboxylate metabolism
lycolysis/Gluconeogenesis

Glycine, serine and threonine metagbnlism
Glycerolipid metabolism

Glutathione metabolism

Glucosinolate biosynthesis

Galactose metabolism

Flavonoid biosynthesis

Fatty acid metabolism

Fatty acid biosynthesis

Diterpenoid biosynthesis

D-Amino acid metabolism

Cysteine and methionine metabolism
Cyanoamino acid metabolism

Cutin, suberine and wax biosynthesis
Citrate cycle (TCA cycle)

Carbon metabolism

Carbon fixation in photosynthetic organisms
Earha enem biosynthesis

d)affeine metabolism

Biosynthesis of various plant secondary metabolites
Biosynthesis of secondary metabolites
iosynthesis of nucleotide sugars
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KEGG Enrichment Analysis of Differential Metabolites in
Different Varieties of Saffron (Crocus sativus L. )
Under Drought Stress in Soilless Culture

LI Donglin' , WANG Wenli' ., DENG Lailong' , LI Renjie’
(1. School of Urban and Rural Construction, Fuyang Vocational and Technical College, Fuyang 236031,
China; 2. Horticultural College, Anhui Agricultural University, Hefei 230036, China)

Abstract: In order to promote the improvement of saffron varieties and optimize the utilization of resources, the
differences and variation patterns of metabolites among different varieties of saffron were explored by
experimental analysis of metabolites of different varieties of saffron under water deficit environment and
Screening for differential metabolism. Different varieties of saffron were cultivated indoors without soil or
water deficit, metabolites in saffron samples were detected using UPLC-MS/MS and GC-MS dual detection
platforms and self built databases, differential grouped samples were compared with Principal Component
Analysis (PCA) and Orthogonal Partial Least Squares Discriminant Analysis (OPLS-DA) .

metabolites were screened on the base of variable importance projection( VIP>>1) and difference fold change

Differential

values (FC=2 or FC<C0.5), and functional annotation and enrichment analysis of differential metabolites were
studied using Kyoto Encyclopedia of Genes and Genomes(KEGG) database. A total of 2 458 metabolites were
detected in the experimental platform, phenolic acids account for the highest proportion of all metabolites,
reached 13.22% , followed by flavonoids, terpenoids, and lipids. The 325 significantly different metabolites
were screened in different varieties of saffron, including 244 down-regulated metabolites and 81 up-regulated
metabolites. The contribution rate of the first principal component (PC1) of PCA reached 63.49%. The 489
metabolites and 79 significantly different metabolites were annotated by KEGG among the total metabolites.
There were 61 differentially metabolites in the metabolic pathways, accounting for 77. 22% of the total
annotated differentially metabolites. Further KEGG analysis of differential metabolites revealed that the overall
metabolite content of domestically produced saffron was higher than that of the native variety.

Keywords: soilless culture; drought stress; saffron (Crocus sativus 1..); different varieties; metabolites;

KEGG analysis
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