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Abstract

Early spring flowering plants are a special kind of plants that bloom in the cold early spring and
complete their life cycle quickly, but there are few studies on them. In order to better understand
and develop and utilize such special plants, we collected five early spring flowering plants and five
unflowered plants for this study. Using absorbance spectroscopy and gas chromatography and
mass spectrometry combined techniques, measure the physiology and metabolites of two types of
plants. The results showed that the chlorophyll content and soluble protein content of early spring
flowering plants were lower, and the soluble sugar content increased, revealing that early spring
flowering plants had increased carbon metabolism and decreased nitrogen metabolism. In addi-
tion, comparing the metabolomics analysis of early spring flowering plants and unflowered plants,
it is shown that the amino acid metabolism pathway of early spring flowering plants is the main
difference from unflowered plants. It is the characteristic of early spring flowering plants. Diffe-
rential compounds of fumaric acid, alanine, tryptophan, phenylalanine, and phenylacetic acid in
the key pathways accumulated significantly in early spring flowering plants, indicating that the
nitrogen metabolism of early spring flowering plants is weakened, and a large number of carbo-
hydrates are consumed to meet the energy loss during flowering. These research results are help-
ful to the understanding of early spring flowering plants, and provide a theoretical basis for the
identification, artificial production, cultivation and development and utilization of early spring
flowering plants in the future.
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e AR R N s T AR AR A A A B T T R T ) 3 AR R AR TR S LT R [4]; Ak, )L
X R BT PUIEE A SO H 2838 2 [5],  H AR A X AT CE P AR 4L 5207 T BT 5E

REFEAEDFE S MER SR B3R BERE. A FRTHSER R REFEHEYKEE
(Adonis amurensis Regel et Radde). 227K4R3%1¢(Anemone amurensis (Korsh.) Kom). ~F- Ul £} (Fritillaria us-
suriensis Maxim). J& 24 (Smilacina japonica A. Gray). Tkt (Gagea lutea (L.) Ker-Gawl) LL Jz A JF ¢ ¥ k%
2} (Aquilegia viridiflora Pall). FtJ#k(Cimicifuga foetida L). % 3k(Aconitum carmichaeli Debeaux). %27
(Veratrum nigrum L), ZR 4L % (Lilium distichum Nakai), #83AG7EH S RAEER, £ RIXAERER
FHY), HEEAGHME. B XSy it 2L ERA S, JHeftE. EHES5HEE. o
TR B TT . XXV TSR T, T RIS SE R TR A FRIE[6] [7] [8]: FFXTH:
PR AV FHAT YD IR, ) R BOE SR [9] [10]s SR T IX LA 2 sk ORI ORI e 2, it
FRIBH A & =B R MR HERMRELZ PSS, BAT 2B EH[1L]: 5kE %R
FH RP-HPLC %5 i 45 AT B /K B AR 2522 oy HEAT T 48 5, 454643 71 4-O-methylequisetumpyrone.
o-D-PRMGANE R . B-D-Hi &I WE . a-D-HEHE. FIMEREAIAL NE[12]; BN R I 25 53 5945
3| 3 NSRS EA @ MPUMRE (18] RN, 7E DURErR B0 38 6 e S5 0 B AE IR > - 100
PR, EES N SR AR R S AR R R 14]

AR ZH 70— Far I AR 53 28 ME AN T8 AR B AR AL AT RCBOR, B RIR I T AW R G AR
VI EIE, SRR AR ST B AR R £ [15] . S IS - BT (GC-MS) 2 A 4H 2% i A FH ) V2 I
Rz—, BEOVEMIhEes Ak H R, mHEA @R, A0 7 nr DL R S Ec DL & AT LS A
U508 IR RN AR AR Y [ 16]. H AT, 2T GC-MS MR =R ARG 2 HKE, EIRATLL
R HIBIE T, A GC-MS kil 1 VF 2484, /£ NS A A R 2R LR 0 149 R g AR =171,
fERAMF ST T 82 MR = 4[18].

AR T BB AR C R 2R & 2. ia PR DL R aTa s A i & EgHTIE, I
FIH GC-MS 3 A AU ZH 22 A 78 70 PR AME D ) AR AR = kAT 1 256 LA, TN 10 LR TF AR
YA 7 TR A 2 o BTG T BT AEAE I AL B AR 45 2R, N BB TR IE A (1) 2558
N A= R B T R M A B =

2. MRER=E
2.1. SCIGHH)

ARSI 10 PR FFAEDD: UKL BAKEELE . P ULRE. BB TUKAE. THRR. 525, #5313
i, RIAEES, T 2019 45 4 AP RrERACMRO R 508 J LIl SEEe k37 [F] —REHCR AR . AR SEI6 AT i i Ay
B JLILARIX Z X, HhFARER N 2R 4 127°34'35.67", b4 45°16'23.94", 34k 287 m. ME )Ll X8 K
REPEZE RS, U0, &K EME, FP8RIRN 2°C~6°C, 4F HIRI ¥ 2471.3 h, F#4[%/K 400~650
mm, IR 70%, BRI REFFIER YA TR, TR FFAER YIRS FR A K B ASL
55 BT A R BN -, FHZR TR De AN AR S R AR AT Y, TR VA- 4 22 -80°C vk
F, FRARERYCE 3 MEME R

2.2. SKBTE

2.2.1. HEIEFRRONE
SUHG RS AR L R B A T VE[191 R FH R - /K 2R A (2: 1) AT IR 4, AN e e B T
450 nm. 645 nm 1 663 nm AL E 282 a. M4z by SRR E.
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SR FH U EE G ik [20 e A vl i VR B 2 b AT s A T Y I S R N S e A I 2 [21]

2.2.2. RF=HRNE

FEEFR 90 mg HEFEATN 1.5 mL (B0 1 I 540 pL (¥ HEEAN 60 uL I NFER, BHENL
Hiff B% (60 Hz, 2 min)J& 8 5 52X 30 min; A 300 uL 545, i fi€(20 Hz, 2 min) 5 M 600 uL HI7K, Fia
Ji£(20 Hz, 2 min), #AHEL 30 min; ZRJ5KIE B0 10 min (14,000xg, 4°C), HL 700 pL B L3, bR
BDIRGEDE T, 1A AREE 5 HEAT GCIMS 43 HT .

A SEEAE FH Agilent 7890A F %1 [ B HLUEE 2% (Agilent Technologies, USA)5 Agilent 5975C S 2i%- 5
WAL, FERZAENPE DB-5MS 414 (43 4% (30 m x 250 um 1.D., J&W Scientific, Folsom, CA)Z> B J& i3k A
JR BRI . FIRTAGIREE 9 60°C, MG IR] A 2 438 B FERR PP AT 43 B8, SRS LA 8°C/min FHIR 2 125°C,
4°C/min JHEZ 210°C, 5°C/min FHFE % 270°C, LA 10°C/min JHE % 305°C, 7 305°C{RFF 3 40#h. ik
BIURYERRLE 260°C, DUMATEREAE 150°C, HLEA—70 V. 7818 F i3 55 1 3hiE 3 22 004k T i 2 5080 it =
R HEZ S5, £E 50~600 m/z [X [A] 434 i [F] 0 5% PS5, 1818 5 min FFUGRAR, KA ALy 20 i&/AP[17].

2.3. BIEALTE

f8i ] SPSS 24.0 B AF#EATGE T 70 b, HEAT HiK K (One-way ANOVA)J; Z 704, FH#E4T Tukey £ %:,
4 P <0.05 A E A S5 L. A GraphPad Prism 8 #E#E4T I F 424 GC-MS IH— 1L %4 %
SIMCA-P 14.1 #f#(Umetrics, Umea, Sweden) 47 M ¢ /> — 3R 2151 73 1 (PLS-DA), £ LAJE AL 5 X6 43 2H vk
23 (VIP 850 KT 1 AR AL I 2 ARG 56 (24 t AR 560) 5 2 PE(P < 0.05) v 22 S AR U = W (1) i e A e
[22]. FF¥ 2 AR N B kegg HHE A1 MetaboAnalyst (http://www.metaboanalyst.ca) ¥ 7 i 474
AR S TR .

3. GRS 5Hh
3.1 EMRBRESFHE

ARSI T PR A E T SRR R #2 S A S, HAKIABTAEM T BGEMN,
FEIFACA AL 4~5 J, TR ARITEBYIEIAE 7~9 7, HIZAY) R 2 0 E
WA 1.

32. REBESELLBIH

MR RN R EERDCE R, REFAETSOEMMHAL P[23]. ST R FEA M
2%% a (Chla) 282 b (Chl b fl, FEITAERMAARITAEHED I 253K a. 43R b ALE 43R (Chla
+ b) S EMIMEL R 1o R, EHEITEEDAHEER av HH4xE b MM R BT AR et
W, SRRY, BEICHEDEI )R & BAAT I R B2 R, DR,

33 WHEMEMTANERSELES T

FBRIACHEY) S ARIACEY T E R S B a5 R ILIE 2, S5 RE7R: FBRIAEEY I a1k
B BEI ST ARIEMEY, RYIEEITHCED A TR AR R, TR LT T AL 18] ) B A U
I EERE SRR R R E Y.

MR AER RS S A RE R, S B R R A B I EZ bR, RRITEEY)
HARITHEEP A E B S R e 45 R a0 3, BRI YR T st iR B A B IR T RIT e Y.
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Table 1. Information sheet of ten early spring plants

® 1L THEFEMESR

T4 4 BHUE  MERERA Rk S SN FRAEEAE iz bR ZifE
Adonis BRIkl
oo . EEERL Z2HEE ¥ 7cm, MR ZE 50 A, 1T 2R =377 N i3
] =} ~ —~
e Wamien k0 ggem s St skt w wp
Y PR B B S
-2k 2
Wk ANMONE g g Key3em,  HRERE, wh O AR
o amurensis sy 20~25em o o K 4~5 H A T RS
BAE (Korsh) Kom, AL . £:973.0 €M - = JH-ZhRem Ve H
Fritillaria TRl
e AERL  ZHEE . K 7-14cm, 6w EE, WL B PR,
N2 IZ. *
TG usuriensis g wp SUEIM gasommo smmmsue ) suTa BRSO,
WZ PR 5 I
Smilacina o : oo FRARZEREE, B RIEIE T ,
mei japonica oM EEE Ggaoeoem SISO L, aesyy MEIEE g,
A. Gray AR PITIOM g Bk g s AEA
, Gagealutea (L) H&FL:  £HAE K 15~22cm, @EEGERE, MR N R HAR
TKIE " or.cawl.  mikies fA 00 woiomm wmEASEE O mew mroms
L RAEK, B4 Lyt 2 55
o o Aquilegia  EBEEL BEAE % 4~10 cm, s o FHE, kA,
e L o f 15~50cm " &, WiRE 6~7 H  i4EL ;
viridiflora Pall. #3368 A K 1.5~3cm, R — HH
N FF XK,
s Cimicifuga EEER: 24 m £ 5~10cm, ﬁfﬁﬁ%ﬂ 89 /1 m;ﬁi'»\‘ Wik, O,
foetida L. THFE R AR i %35-9cm ) AN [ R D i 5
FURZ il WMo i
Aconitum K,
. nium - pp ek, Ke-11om,  HuREE BUEE RRIR,
Sk carmichaeli T g wp BO02000M o eem w907 wa wumassm,
J = AEE
. TR R ZE,
e Veratrum HERS ZEA L K 22~25 cm, e WA T
B nigmimpm omg TR gaoem WS TR g, W T
. , FIRER A,
e B O N L S LT [ P o N
He , oag sk M 75 2~4.cm B, 1 g BT,
Nakai B SH ,f
RN S
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Figure 1. Results of chlorophyll content of early spring flowering plants
and unflowered plants, different lowercase letters indicate significant dif-
ference at P < 0.05 level
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Figure 2. Results of the soluble sugar content of early spring flowering
plants and unflowered plants, different lowercase letters indicate signifi-
cant difference at P < 0.05 level
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Figure 3. Results of soluble protein content in early spring flowering
plants and unflowered plants, different lowercase letters indicate signifi-
cant difference at P < 0.05 level
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3.4. REFEEMORBFES

34.1. #RENERRBYTE

RFN B B FFACRE YR AR TR P SAE D AR RN 5, A A B 1 i B /s — 3= 531 4 A
A PIEAT 73 4T, PLS-DA 8L 43 T LLA 280 il B 5 43 28 T0 R 15 8 DARE i b A AR P 7E
B )22 S5 L [24] B 4 AT LLE HY, 85T PLS-DA J7VERERT HKs P 28 FAE MY X 20 JF(R? = 0.987,
Q°=0.514), FEMYIFE S 3B ALEEAS X220, 1 A FFAERERE S o0 A 70 B A5 X TR A

FRAE PLS-DA 73 B 15 2 145 58 B AL E H (VIP) K S AR 0T o LI DTk K/, R4 & t IR M4
FAY PRI 2 FACHY . 2 VIP> 1 H P <0.05 I E W 255 8%, HURAH 4R aE 5, fHkd 132
FhZE SRR BRI, ALHE 18 PR ERR. 18 FRBHAN 50 P HLER .
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Figure 4. PLS-DA score map of two types of plant metabolites
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5 BREFKPYHE

3.4.2. ERKEYER I

N T RE R T E 2 AR, TATTH 2 RAL A5 N2 MetaboAnalyst 4 347 70 1 15
FSE(E 6), HARHKAMRER IR TR, SRR MR PR PRk RER P EKRD, i
RRER PEMOR, 2 AR R RO [25] . AR4E-log P EAEAR MG 5y, WhE 152 ARl
RIRUTER 5 5% ZH-tRNA EYE . WA, RAZMRMARMAG . faEmR. Ham,
2 G RN E R AR T BRI AR D AE ] 6 v, FRATVRBUFH RN 2 A & W R I A #
5B

e 2 FME 7 pERMESEREBRANETEREVN S EZR. Hb, ERER, RLAmRNE
IR Z A E SR NEMRMHERK, 2ZRMNFARAESReTRaER, BACK
NRBRRUNE R IR NEARR . R ORIEFHFEIE PR Z ;. ZBE-tRNA EYE B F & SRR
AR 2 AR ALY PR D B LR, RN R, 2RI RS
75 AR AE R A PR R 2 .
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Table 2. Number of different metabolites
%2 HEAERKEYHE
Rt —log(P) AR ZE AU
BB |
AR
RAEE-tRNA A94 l 6.3933 0.51855 TR
AR
IR
KA
WA, REAZBMB DR 2.2427 0.47826 EES1a)
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F AR 1.76211 0.15 HER
2R
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Figure 7. Differential metabolite heat map

7. ERREMRE
4. Wig

REEYVENTE T AR R PR Z A Rtk . BRI IE NG IIAEE, [N, REFEED
MR VAR R 15 AL, SERCE AR B KIERE, FHit, X REFIED T AA
BT B b b AR P X SRR R R 2R Y . i LR AR, FEA AR — AN 2R it
Fe, VP2 RRIAI[26]. M IEMIRETINE R & R BEAFE . A EN. k. T8, 5%
JCEMERTE[27]. X REF KB, AR MR EE RS EASmR T el S, EEFH
K T A5 A U AARIRIRES . AT FCUEY, IRIR R (R /- R F AL, e IT i) — /M
JeIEJRFh Boechera stricta H, 7E 25°C F [IFFAERT 6] B &5 LUAE 18°C N AR K I HEA) T AL Iy [B) EEH [28] s #RLE
XF A B2 e 75 87 A2 B¢ (Fragaria vesca L) P A RIE, AKAEMRER MEKRSIRETHAE[29]. Tixd KA
WY, CARRIERBRALE, (HREHHEAE 7~9 A4, CAEE SRR ENRE T 4 e T e 4552,

HeETER DA KK G EEA, HHAKKERME 7Y SRR [30]. FHE4ka & 8RN E 2 — e
e BRI A= IR T, BRI OC SRR 1. ERZEEYIT, TR FERDEEERA
41, ARSI 10 B B s R S EETIE, R KM DB I 48 a. M4k
F b AL SRR T R Y(K] 1), MEETAEIARD G E B R. et Z Y& R =A
RZ, lan, Rt Ruhe s hm G2 B R H E R SR S AL ERg i, X—PRE.
[FII, WERFRRAEY G R E— RPVBEE R, I e 0 SR AR IR A 2 i B B, HEIR R R
PIMHEREE[31]. F ok, WERRA I pH 18 BA KB SR 75 22152 NADPH FI ATP [ B AN FE 23 52 1)
MR MG . REFAER Y GRS B K E D i RS TR B8 2 1 Re & F T AR 4,
VR N A A I T B LT Bk
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B SR —FE AT AN E 5 0 TAEAE, JRERAER . I E S5 VE 2 i R % R 1 A A
[32]. FHEITACHI AT TR S R 8 2% & T AR I rE e & (8] 2), XRYIFEIHEmYE
T RE A KR RTR Y, Bl SIS T-YIR . VP2 RN, ok SIS J= Y
RIS R S A R, XA R IFAE[33] [34]. FAEFFARREYIII ATV U0 & BRI e
P& 2 FEAR(A 3), RUIRHEIIEHI BACH AR, XA B B AT AR IR A 58 R S ITAER 3R
o IS A [35] A Nk Z U IR & S BUE Y I 2R X AMTRA PR R A I & Boplb o #8228 W oe 1 T
e AN EACH, A/ NZLSE[36] IR TR, JRATAEIT A A AN G 55, 5 BRI AR AR,
BT BT AR TS AR TTAEAE ) B R VE R WE A P VA 1 B B 5 (035 AR A (P 2 ] 3) 4 7 i A
YIOTAEJE A R, R FRAR. 34k, AWETTEs Rk Bon AR EA s R S B R & m TR
JFAEHED, TR A S EEOR TR YR DL B8 B AR HED AT i VERE S ARV e SR B S &
ZIAMFAE—RE AR R, SOREHAE N[BT AT I MR A 505 B (AR AR W BB I Tk ok

HEMNEFRE RN EAE KK, ENTRAENERR, JFRE— RIVEBEMARARL[15]. REH
BT IE S A AR I ST B TFAENL ], 2 P IF R R s B2 . AU e — R
M7, REHRT BN AIAR R OREE . 82 AR 2 AR IR AR T REITEEY
IS ARFAE[38] . AEATETLA, FATHAA GC-MS BR L ARSL AR L 22 BT FE A IS W 7T 1 AT ER
ANARIFAERAIAE S R AR 22 57, &) 6 AT LA, FE PRI IR il b R0 Y 132 A 22 5 s i AR
), B 18 R LR L 18 Fih AN 50 MAHLER . & RV HIE T REITTERHIN 6 AR
Z-IRNA AV E k. RER, REDABRMAZRNAW . SEERAH. HER, LZRMIFERI
AR (A 6), XEACUHIRR AR SRR . 8, ARMRAU SRR SR,
BBV DL LCR A BA R IR AR B DI [39]. i1 7 4R R, 2 5RUNETRH 16 Mt
b, ESER. AER. OERR. KNER. RORERFTEEDHRERR, HAib 10 ML miA R
b REITHCHEYEM-RNA BV & SOs @+ R A8 R, 7o @ Rs 2 AR RIR D,
ZI-RNA W) ST R PR B 2R, ERARNAED ST, ZB-tRNA ZZ AR 2K
WA RER PR, AEVFE EENABIEM[40], FEITEED TR E WIS Z R a MBS =S5
BIEERASENAR B BT, EHRAMAER, REQARMB QRS AR RE T 7
YRR Z, RYIPEITEHED T ZHAE T I aeR[41], PR REITTERMITTAE, Xt —Fh
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