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Analysis of differentially expressed metabolites in Drynaria
roosii rhizome in response to calcium stress

WU Yilin, LI Hui, MA Hongna, LI Weizhong, TAN Longyan "

( School of Pharmacy, Guizhou University of Traditional Chinese Medicine, Guiyang 550025, Guizhou, China )

Abstract ; Drynaria roosii is a typical epiphytic pteridophyte in karst area, which lives on the surface or crevice of rocks
mainly through its rhizome. The dried rhizome of D. roosii is used as medicine and has important medicinal value. In
order to study the changes of metabolites in D. roosii rhizome under Ca® stress, the D. roosii rhizome under different
concentrations (0, 600, 1 200 mmol - L") of Ca™ stress was analyzed by using the ultra-high performance liquid
chromatography-quadrupole time-of-flight mass spectrometry ( UPLC-QTOF/MS). The results were as follows: (1) A
total of 64 differentially expressed metabolites were identified. (2) Forty-eight differentially expressed metabolites were
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identified between the 0 mmol + L and 600 mmol + L" comparison group, 45 differentially expressed metabolites were

identified between the 0 mmol - L™ and 1 200 mmol - L™ comparison group, and 44 differentially expressed metabolites

were identified between the 600 and 1 200 mmol + L comparison group. (3) The identified differentially expressed

metabolites were classified into five categories according to their chemical classification information. In summary, Ca™

stress affects the amino acid metabolism, flavonoids biosynthesis, lignin biosynthesis, fatty acid metabolism and other

pathways of D. roosii rhizome. Through non-targeted metabolomics analysis, the key metabolites that response to Ca®*

stress in D. roosii thizome are revealed. These results lay a foundation for further study on the regulatory mechanism of

D. roosii adaptation to Ca® stress, and also provide a new idea for the quality improvement of medicinal materials of

D. roosii rthizome.

Key words: non-targeted metabolomics, high concentration of Ca®™
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1.1 #F#4

Wit 5% ( Drynaria roosii) £ FRIE 5 F iR =
M 2 a, TEANTAMREY,24 C [ 75%W % , 50
pmol » m? + s (JEME 12 h /K5 12 h) B35 5510 F,
P B A PR B Rk T AR A, DLaE A O R,
Hoagland & W 580 7 d, 2 J5 FH B0 B B9 Hoagland
VW CFs Ca® W BE IR EE 4 0,600 .1 200 mmol - L)
AEFE 14 d, ZE PRV BE SR AR IS Wu 55 (2023) Y7
e, BRI Hoagland ¥ VIR FF R E B Ca™ ¥R
FE ., ARFE 14 d S5, RO e AR 2R A 0 BC7E TR
AP %, I T -80 CIKEERF&Z A, B4
bR 6 AN ER
1.2 IEEMERFAF S

S A (2022) W5, 22 5 3R A A
YILIRE B = 1.5 80 <0.67 drifE#E 4T %k, P<
0.05,
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Table 1  Up-regulated differential expression metabolites in different groups

vedia P{E
CAS & e Fold change P valve
CAS No. Metabolite L_600 / L_1200/ L_1200/ L_600/ L_1200/ LI 200/
L0 L0 L_600 L0 L0 L_600
BRI (6)  Amino acid metabolism (6)
614-60-8 RR-2-FRHNFEMR  rans-2-hydroxycinnamic acid — 23.03 0.40 — 0.018 0.007
2566-30-5 N-FE-LZENERR  N-methyl-L-phenylalanine 8.27 e — 0 0 —
1783-96-6 D-RAZ R D-aspartic acid 3.31 10.30 — 0 0 —
7200-25-1 DL-45%& %  DL-arginine 1.62 3.30 2.04 0 0 0
73-22-3 L%  L-tryptophan — 1.56 — — 0.009 —
71-00-1 L-2H& M L-histidine — 10.17 8.57 — 0 0
W2 E YA (25)  Flavonoid biosynthesis (25)
29702-25-8 S4IHE  Tsovitexin — 3.52 — — 0 —
178468-00-3 4L ZE-4"-0- A MEH  Vitexin-4"-0-glucoside 13.34 13.26 — 0.025 0.042 —
17306-46-6 M Rhoifolin 43.35 — 0.47  0.001 — 0.011
552-57-8 SEFERTF  Isorhoifolin 31.76 — 0.39  0.001 — 0
4261-42-1 F2ZFHAF Luteolin-6-C-glucoside 14.99 12.96 — 0.003 0 —
52187-80-1 ARBEE3 7--0-HWH  Luteolin-3,7-di-O-glucoside  2.96 — 0.28 0 — 0
25694-72-8 ZA&AF  Luteolin 7-O-neohesperidoside 2.69 — 0.34  0.002 — 0
56764-99-9 it R 3-25FMHF  Quercetin 3-rutinoside 13.49 — 2.21 0 — 0.001
482-35-9 e & 3B Quercetin 3-glucoside — 97.19 0.44 — 0 0
482-36-0 Wi He & 3-2LFLMEEF Quercetin 3-galactoside 18.55 27.55 — 0 0 —
15648-86-9 Wl 3-0-2EFUMH  Myricetin 3-0-galactoside 221.70 — — 0.013 — —
99224-12-1 R E-3, 8- MR A Y 25.82 5.29 0.20  0.005 0.019 0.003
Herbacetin-3 , 8-diglucopyranoside
301-19-9 H#MAF  Robinin 181.81  158.53 — 0.001 0.004 —
28447-29-2 L2 M3 - 3-8 28 W 37 - L2 12.18 — — 0.009 — —
Kaempferol-3-glucoside-3"-thamnoside
2392-95-2 ZS M 3- AR 7- R 7.05 6.64 — 0 0.038 —
Kaempferol 3-glucoside 7-rhamnoside
61117-16-6 I Z5E 3-0-AWEH  Kaempferol 3-O-xyloside 1.58 — 0.44 0 — 0
16290-07-6 W2 7-0-4 %W Kaempferol 7-0-glucoside 2.01 — 0.35 0 — 0
17650-84-9 WIZ5E 3-0-2FW4F Kaempferol 3-O-rutinoside 1.70 0.62 0.36 0 0 0
482-38-2 IIZ5#  Kaempferitrin 2.02 0.51 0.25  0.001 0 0
480-16-0 F#EE  Morin 0.62 2.31 3.46 0 0 0
7084-24-4 REBE3-0-FEWE  Cyanidin-3-0-glucoside 17.13 — 1.77 0 — 0
29106-49-8 JRAETF % B2 Procyanidin B2 4.04 1.66 0.41 0 0 0
20315-25-7 JFAEHZE C1 Procyanidin C1 2.59 — 0.48 0 — 0
60-81-1 HEZ 1 Phlorizin — S — — 0.014 —
485-72-3 HiEE  Formononetin 2.91 19.32 6.63 0 0 0
KIEZEEYEM (4) Lignin biosynthesis (4)
327-97-9 ZEJEAR  Chlorogenic acid 87.53 40.83 0.47  0.009 0 0

906-33-2 BERJERR  Neochlorogenic acid 52.91 — 1.65 0.002 — 0.002
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s 1k Pa
CAS Ly Fold change P valve
CAS No. Metabolite 1600 / 1._1200/ 1._1200/ 1.600/ 1._1200/ L1200/
L0 L0 L_600 L0 L0 L_600

501-98-4 Xt FFEEE  p-coumaric acid 1.56 — — 0 — —

5746-55-4 A G ZE TR p-coumaroylquinic acid — 2.27 0.08 — 0 0

AeWiFRICIS (7)  Fatty acid metabolism (7)

17364-16-8 18] P s 700 - 3-8 7 L A 2.69 2.22 — 0.001 0 —
1-palmitoyl-sn-glycero-3-phosphocholine

89576-29-4 LT P9k 5 ~sn- H 91 -3-W 12 £ B 4.61 17.37 3.77 0.002 0.006 0
1-oleoyl-sn-glycero-3-phosphoethanolamine

51146-90-8 (10E,152)-9,12,13-= 3 H -+ /\k-10,15-J R — 14.14 — — 0.024 —
(10E,15Z)-9,12,13-trihydroxyoctadeca-10,15-
dienoic acid

54397-83-0 128-¥:35-57 87, 10E , 14 Z-— 1 B WU s 12 14.50 ® ® 0.035 0.002 0.005
12S-hydroxy-57,8Z7 ,10E , 14 Z-eicosatetraenoic acid

79551-86-3 20-F2 K AEA= VUIGTR  20-hydroxyarachidonic acid 2.16 — 4.18 0 — 0

98524-19-7 9(R)-FH-(10E,127) -+ )\ W51k 1.99 6.11 3.07 0 0 0
9(R) -hydroxy-( 10E,12Z) -octadecadienoic acid

544-71-8 (9E,11E) - /\Bk — iR — 1.81 2.70 0 0 0
(9E,11E) -9, 11-octadecadienoic acid

HAh(8)  Other (8)

107912-97-0  PH{AFIIEEME A5  Sibiricose AS 4.03 — — 0.034 — —

693-23-2 + 4" Dodecanedioic acid 2.43 5.61 2.30 0 0 0

1069-03-0 2 $ 3-SR E B R 4 EE 2-keto-3-deoxyoctonate 2.45 3.21 — 0 0 —

13382-27-9 FEZUMERR  Galactonic acid 4.76 32.79 — 0 0 —

1454691-34-9  4-( CHR L) -3- A HER TR 2.56 — 0.60 0 — 0
4-( hexopyranosyloxy ) -3-methoxybenzoic acid

2446-60-8 M -BARKHREF  cis-melilotoside 141.67 30.10 0.21 0 0 0

490-54-0 35T Maritimein — 592.54 7.62 — 0.031 0.043

617-48-1 DL-3R A2 DL-malic acid 3.50 11.10 3.18 0 0 0

TMmBEZE TR A L) BRI HCT Rk % i,
AT 48 FRALL 73 i R AR 25 o0 AR LI e 4 T R
7E1 200 mmol - L Ca® 4b R & &1 i, I
e R BE 1% A7 0/ S8 Ak W38 R SRR ((Malus
pumila) W2 155 453 495 R B B 48U AL, O 0BT LAk
i F1 22 W S8 AL BTG ME ( Mei et al., 2020) , [RIASE, PY
P51 2 I PR BB A% I 35 14 58 44 A€ ( Chrysanthemum
morifolium) ¥ $T A AL BE 71 ( Hodaei et al., 2018)
AN, ER 38 T 42 82 4K ( Lonicera japonica) W
(Yan et al., 2016) F1T- 5 38 T &S & ( Cynara
cardunculus var. scolymus) ' ( Nouraei et al., 2018)
ALk SRR & 1 W E N, AT R R SRR
B EEAG 0 T R W R, 2 B R nl
REAVE AT A ), 38 5 1 5 e A0 58 ) SR AR 4P A
W) .32 LA AL 0 (Mei et al., 2020) . WLAM, ABF5E

550 B R W4 R TE 600 mmol - L Ca® A0 F &
WM, Cai 55(2021) & BLE W38 T &AL+
F14) 37 4o JEL T £ 184 0, 2 BH i 4 D 8 %o 3 1o 6 T
HEA—EEM, PR, RETR G &
TRAEAR Y38 N 3 35 W6 ok R b R ¥ S AR
[ i, Dong A1 Lin (2021) BF 58N A B R UL fE
A HE 240 Jf RE A T B AR X B T R A R
TECRIVR A, DR R AR 25 AT g AT DL s AR
SEE I STE NN
3.2 Ca” BN B XL EWE KK M

b T E A g L AR R AR W b 38 S R B0
PR H B 5L (ROS) BB, DA T XS A 42 40t s B
AL, T B IR 2 Ak A W 1 S B R A 7R AT DL
/DA A 5145 ( Nakabayashi et al., 2014 ; Jiang et al.
2016) , AWFFERM, BEISAL A P b 30T LI
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Table 2 Down-regulated differential expression metabolites in different comparison groups
A P{E
CAS B e Fold change P valve
CAS No. Metabolite L_600 / L_1200/ L_1200/ L_600/ L_1200/ LI 200/
L0 L0 L_600 L0 L0 L._600
FIEBRH (1) Amino acid metabolism (1)
4042-36-8 D-FE R BR D-pyroglutamic acid — 0.41 2.91 — 0 0
WEIZE A M)A L (6)  Flavonoid biosynthesis (6)
480-18-2 &M E Dihydroquercetin 0.60 0.32 0.54 0 0 0
99882-10-7 25 3-0-FIHi{AHEH  Kaempferol 3-O-arabinoside 0.12 — 8.46 0 — 0
480-20-6 &L ZE W Dihydrokaempferol 0.12 — 6.74 0 — 0
480-41-1 Hl iz 2 Naringenin 0.08 0.36 4.64 0 0 0
14259-46-2 fih 2 2545 Nariratin — 0.56 0.62 — 0 0
970-74-1 FWE T JLAEE Epigallocatechin 0.56 0.32 0.58 0 0 0
ARIFEZEAEY AW (2)  Lignin biosynthesis (2)
530-59-6 RAIFTFBR trans-sinapic acid — 0.60 — — 0 —
77-95-2 2572 Quinic acid — 0.61 0.59 — 0 0
HAb (5) Other (5)
112-84-5 IFRREENE  Erucamide — 0.47 0.54 — 0 0
17295-26-0 6-L A FE-2-ZEH R 6-acetyloxy-2-naphthoic acid 0.54 0.30 0.55 0 0 0
41756-77-8 4R Dihydrophaseic acid 0.06 0.19 3.39 0 0.018 0
15664-29-6 MEAENT 2R FREE A Pheophorbide A 0.50 — 2.98 0 — 0
487-70-7 [H# =HH R 2,4, 6-trihydroxybenzaldehyde — 0.51 — — 0 —

AR A8 A0 S B 8 XK A | SV R ) S A
(Chen et al., 2019; Zhan et al., 2019; Yildiztugay et
al., 2020) , Hbifi 2 95 ( Asparagus aethiopicus) H1 ¥
BRI T ORISR R Y A AR R b aE R
( Al-Ghamdi & Elansary, 2018) . [alfi}, 3546 4L
R RBEER 7R MM RS e T R iha
T W ZE N (Hodaei et al., 2018) . AN, #k ( Prunus
persica) LS R Mit Bz F-3-72 T Mt e R-3-45 45
MR A L 2 y-3- T A i R VR a1
(Wang et al., 2019) . ARWF5T 25 R B, 5 X R AH
b, 7E 600 mmol - L™ Ca™ ZLBEF Mt BR R ZE TP A 21
FPEEI AL G4 & w3 0 78 1 200 mmol « L Ca™
AEFER ARBRAR ZE TR 12 R R R AL S Y A R
T, X EEZE SR Ca® 0 AL HE 1M R AR 25 B
AL 5P 0 A G 1, OF ELMRBR AT L 3d o 6 R 26
LAY R ROS SRz A, MBS 58 XS Ca®
7 BIERiDETIN

3.3 Ca™ BBt S EER K B H R 0T

AR, @Ry ERK  EF M
XFEE AR W i 38 B e g rh R PR RS AR (Yu &
Wang, 2016; Peng et al., 2019) , AR 57 45 % W
N, SR IR A e, e X -2- B EERR TE 1200
mmol + L' Ca® Zb PR E s, fea-2-5 i
R AR TN 2 R A A b [l 7=, B — 2 iR
fRiE M, AT BEAE VS B ROS W & % 4E H] ( Sharma &
Singh, 2012) , SXJHEAH b, N-H BE-L-2R 9 & FR 7
600.1 200 mmol - L' Ca® AbH T & R4, X L
45 T 2R IR DY R A 7 A B AR 25 N X Ca™ i
Tl BE RS EEAE ], AWPREERE o, L4
IR L-( %R AE 1 200 mmol - L™ Ca® 0B F &
G0, [A) B DL-AF 2 R Al D-K 4 2 IR 7E 600
1 200 mmol « L' Ca™ Kb BT & L34 0, 7K 32 55
(2022) & B L-fo & R & 4 £1 it ( Dendrobium
sinense ) 22 3 R A w07 T 5- 6 ) DG B A
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) TA S 22 P SRR AE T T 38 % fE 4 i vT B
TEVATT B B h R R EEAEH], IAh, m e
KA (2022) TEWLGEER B T #5 %% ( Vaccinium spp.)
R AR A 2 AR TR 2 B, A S AR R IR 2 1Y
WA B, P, fEAS B 7 T M AR 25
Hr DL B JURN R ERIR 1Y O i B N AT RETE B S A
T & 4 F BEAE P ARG 56T Ca™ Jilhai R T 44
3.4 Ca™ BBt AR AR ER A i B9S2 1

PR IR B2 FLATT A= Wy R T Ak A RE 1 Z 50, TEAE
/RS EIREE7/ N SERSE R E - L o (Y I (S
Sy B ) A0 R 3, 22 AN AR S T R R 4 A N
T I A0 A A= ) o T RE R A AR T (Wang
etal., 2022), w-6 Fl -3 KM A2 5 20 i 17
FR AR AN ZE MR (18 = 2 A1 18 = 3) B & Ak
T LA BRI 5 2 A ) Y S 2 R
NG 5 TR 2= AT 2 ( FAD2) G W R 25 181 F1 i 6
(FADG6) J& T w-6 KM A, vf LLAE N5 M (ER)
AR A B @ BB R (Sui et al., 2018), h
W38 T, FAD2 Fl FAD6 7E #l B ¥ ( Arabidopsis
thaliana ) 2l #3235 I8 ( Feng et al., 2017) , [A]
B, &R W38 R S 9 R % i AE BRI 3R ( Brassica
napus ) F2 W B E W N ( Wang et al. | 2022) , 5¥7/4:
TR A LL , e i R A B0 v 3 63K FAD3 5 FADS
PRI X 5 R 3% I 38 1 T 32 P 39 58 ( Zhang
etal., 2005) , ABHFFELR LR, 1E 600 mmol - L'
Ca’ b FET M BRAR ZE i 3 Fl AR i 107 1R 5 1t
HAH 76 1 200 mmol « L7 Ca® A3 | M AR 2% v
A 4 FOANELUFN NG U7 IR o 5 3G 05 (R, 1 b B R I
oA 1 FhBERR £ B2 LE 6001 200 mmol + L' Ca™
AL PR SR ARG N, AE AR AR Y S R i Tt L e
A E ZACHY) (Lin et al., 2015) , BEMR L BENE AT
FEAL W RRE £ W g, o ] PR Al A= 1l 2 JIE
W2 LB, S AT 5% Ak R IBA ( Niu et al., 2018), It
G 13 - 2 S 2 =N A = T I S A i e S
( Rathinasabapathi et al., 1997) , 1 &t ¢ i 2 A &
i B HTB PERE ( Rhodes & Hanson, 1993) , X b4k
BB AE Ca® Wil AN ARG 7 R 25 4 (4 38
A BT R RS [R] i TR £ T i AR W PR UL 1Y
B hnoa] RE AL 3 P O T R A EEAE
3.5 Ca" BN WRRZEFRR S EEN T

P % 24 ML 2% 5145 (2020) LAAG S50 43 il B2 A 75
U R Z b i B VLA (2020) FE AT
R AR AT A R 245 b JB i I, A 80 43 T T AL SR

FHAh B 5 8 A I A S AR A (2022) T8
TR AR A WA AR 5 80 UM BR 25 1 JF L AR IR |
FILEER HAL L L HA ORBER M H WS
HIFFEAT 2568 B i PEAN, A O DL B LR B R 2 Ak
B YINE R 25 M A 2% B3 B DRSS MR 25 04 (i i
) LG IRORAT . T UL A3 245 4 v i) 1 T 2%
oG 22 A RO Ay, R LA R AL 5 9 7 &3
W ph ey BT e B — i 1Y AT 48 4E P, Zafari 55
(2016) WF 5T KB | 54 S ( Prosopis farcta) A
B R AR R R R 0 AR AT (Ph) e T B 1Y
. [RIEF, % 45 ( Vitis vinifera) "0 2 LA R & & 1
T2 T B 3E B ( Griesser et al., 2015) . It
Hb, ST (Lens culinaris) WAl K 2R & B 7E A8 T
BN Swieca, 2015) . AWFFEH, E5 038 45K AR
22y 25 Fh R AL G W0 & B A AN TR R R I 1
I, R R A — BV NS R A R
Serbon] BE R A 5 S B AR AT BT8R T, 4R,
XF TR B B A R DR A

4 ik

MR BRAR 25 1] BE T 5k 5 A 5 3R e 2 40 it B
JREIE 18 B I 2 A 3 B ROS R el 2 4R AL 43t
3 G 1 B S R R Y B 1 1 R AN 1
I TR A4 A 0 5 1) R 2 T R T L e 30 e
HER ARG, YR Ca® REAS I HEMRBRAR 22 h £
ol e I S A 0 09 B, T B A A A
I VEUT MBS 24 64 (1 iR Ah ) B B 38 A oY, TR I
T8N AR g e P 24 39 m 8 Ca™ 35 4 AT
REA B TRl 254 ot

SE .
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