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Studies on the Amino Acid Metabolism and Carbohydrate Metabolism
Variation During Flower Development in Eriobotrya japonica
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Abstract: In order to study the metabolic mechanism related to flower development in Eriobotrya
Jjaponica, GC - MS was used as the detection technique. The metabolites in five different developmental
processes were detected at physiological differentiation stage, morphological differentiation stage,
inflorescence emergence and expansion stage, single flower development stage and blossoming stage.
Multivariate statistical analysis was carried out for all the samples, and then the metabolites were
statistically classified and the most relevant metabolic pathways were screened out. In this research, the
metabolic phenotypes of different flower developmental stages were summarized and analyzed. The
soluble sugar, soluble proteins and starch content as well as C/N ratio variation during the five stages were
also detected. A total of 430 metabolites were obtained. Amino acid and carbohydrate metabolism were the
two most significant metabolic pathways related to flower development, and the metabolism was more

vigorous in single flower development stage than the other stages. The soluble sugar, soluble proteins,

KRB HA: 2019 -12-20; fEEIBHA: 2020-02 - 12
BEEWE: Wil AHESFFAIRITE (2018C02011); #ivLA AWK Ak & AR LI (2016C02052-3); [E 5K H AR H4E
BIE#IELTH (31601734)

* J#{E{E#H Author for correspondence (E-mail: chenjunwei@zaas.ac.cn)



Xu Hongxia, LiXiaoying, Chen Junwei.
Studies on the amino acid metabolism and carbohydrate metabolism variation during flower development in Eriobotrya japonica.
234 Acta Horticulturae Sinica, 2020, 47 (2): 233 - 241.

starch content and C/N ratio were consistent with the phenotypic results of the metabolome. C/N ratio is
one of the important factors determining the development process of flowers.
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R (Eriobotrya japonica Lindl.) {62 EB G T REE, TEIHAREAE 10 H B2 H. 10—11
A% 1 HEAEFT A RS AR, S, (HAEIREHGH L X 5 2 ARIR R 4 lie, it SR s 3 ik
H 12 A4 RIEE 2 IIERT 1—2 AP 3 e AR E - W {ERAE AR KA ZEIR, iR
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1M 2% T REAEAETE SR R 7 8 A aok e 11 A6 R A RIS ATL A1) 9F 90 A DL ik 0 o

AR RAE AR AR T T2 B TR SR A Kk B i AR A K98 4E (Cho et al.,
2009; Martinelli et al., 2012; Lin et al., 2015) N30 58 B i md S ALAI (Lee et al., 2012; Cappellin
etal., 2013) PLRAENFROUE e L e R RV A YR (Longobardi et al., 2012, 2013). AHFF
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1.1 R

PR R AP T W28 572 6710 T BT A8 Aol B B 1 20 BT I R B FE 1Y) 10 4R 4
WA ML (E. japonica ‘Ninghaibai’ ).

2015 B A A —SOREAEAS 6 Bk, 2 AITEACZF AR (7 A 10 HD. R0
(8 H 10 HO. HREM (9 H 10 HD. /MMEREM (9 H 20 HD FFFEM (10 A 10 H), W&
PRWE b REE 4R BT FEZFEAERE 5 ~ 10 A4S, ZIREA a1z 0] S206 = AT A QI 4L 2 A I,
6 NMEVIFEEL,

b, CL2 MR —H, REEMEAFN BINEE. AEF R, B TIE & K & W BT e
R ATEMEAURSRSE, 3NMEMEER.

1.2 KiZERREITER

FEB PRI 0.05 g #EAT 2mLEP & eh, I 0.4 mL FEE: K (301, FRBILL), FEBIA 20 uL #%
WERE (2 mg - LD, RIS, IINERER, TN (AR EE (65 Hz, 5 min); #8)5 4 °C, 12000t - min’!
B0 15 ming /NOHBEUH 035 mL _BERT 2 mL R CFRerEREAL) s R RN REA
2911 pL GRAEFEARZ ) TH 0 2 mL BEASRHIRAT, REAMEARE (QC) FEA.

TER S IRYE 4 1T B2, SR T 5 AR NN 40 uL FAURE 370 (AR SRR &,
VT IESE 20 mg - mL™), BRSSO BA T 80 CHEE 20 min; [ &ML S R I 50 pL
BSTFA (&4 1% TCMS, KFRLL), BIEAY 70 CHE 1 h; AEERE, FEMTIIN 5 uL FAMEs
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CH IS 7 2 R B AR VR &V, W T 4445 C8 - C16: 1 mg - mL"'; C18-C24: 0.5mg - mL™"); &%)
J&i ARSI o

1.3 R8I GC - MS &N SRS
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I 515 3 (o3l A AR 46 (Kind etal., 2009), TJEJ5 £ 430 ik,
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ST (PCA) LIMLER S FEA 2 (8] [ S R o A FUEEAS - Mr i R e e e (BT, 20100, #8J5H (OE
) d /N i HT (OPLS-DA) SKIX 7 & AL AR 1 i Ak 22 5, 3R B4 1] (1 22 AR 0
OPLS-DA S #T A& E (VIP) KT 1 AEH NN ERTE,

RUE M KEGG #dE 7% (http: //www.genome.ad.jp/kegg/pathway.html) fRj4L 1K, K B
Microsoft Excel 2016 FEJ% -

14 EFVIRSENE

AL ATE R (1) € 275 Rosa 55 (2009) H17772%, w1 & A & &l E 2% Bradford (1976)
(177234 T

EFNESRE WA (1999 W77, BEST 105 CAF 0.5h, FH7E 80 C&M4 FHET, #
LR, FH HaSO4 - HaOo TH B ETRBURE M TR AL A BUENE A & &

C/N= (nEHEREEE +~ EhEE) /28 EE.
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EH1 #itEREIENESEL
EjS1 ~ EjS5 7 A AAES R B U RS TERE . AMERE AT IE. T .

Fig.1 Morphological observation of flower developmental stage in loquat

EjS1 - EjS5 showed physiological differentiation stage, morphological differentiation stage, inflorescence emergence and expansion stage,

single flower developmental stage and blossoming stage, respectively. The same below.

22 GC-MSHEYHEEMEEST

FHAS AR €38 — 5 5 5 F SR 30 AN it LR AR A &5 B0 ARG S e RS 58 T 453 ANt
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Fig.2 GC - TOF/MS TIC chromatograms of different developmental stages of flower in loquat

2.3 ERKFISHR

HR YR AR IR 57 32 1 A0 22 AR TR 45 51, EjS2 5 EjS1 Ebiskes 17 Fh 2 SR UM%, EjS3 5 EjS2
ELERAT 56 FhizE AR, EjS4 5 EjS3 ELEGRTT 104 M mARU5, 1 EjS5 5 EjS4 HuiEsk
11 FhES R . BEHERGEE R BltRE T, BBEIREEY, S5RERERE K. Xz
FAREYIT N KEGG 455K (B 3) BoR, Z R e RUAH S8 26 32 215 SR ZU R R
WK G 44 RSB AR bR ERAS . =R, ZERAS. B2RiEm
UAERB =& X JUak @, o, GRS AREHE AR L & M B R i i %
AR .
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Fig.3 Enrichment analysis of main metabolic pathways of differential metabolites in different developmental stages of loquat flower
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Fig. 4 Heat map analysis of metabolites contents related to amino acid metabolism pathway
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Fig.5 Heat map analysis of metabolites contents related to carbohydrate metabolism pathway
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24 #BELZELREPHRAKCEVNEARS=ENTK

AR S EERA S — N E—FE RGBS, HEEE BjS1 B &K, EjS2. EjS3. EjS4
AT EjS5 BB EE EjST BB Al ETH T 23.2%. 13.2%. 38.3%41 95.9% (6, A). JEM&EEIEL
Frm— NE—HE— TR SR, 1E BjS2 MrBcA AN/ N, 7 BjS4 B EITiE, J2 EjS3 B
B 615 (He6, B)o AIAMEASGREEINL FF—TFH— LIRS, LA EjS2 BrBuk £
HEfl, 7E EjS4 MrBUmAk, el miRmn 3.7 % (6, C). C/N LA L S 5 r] i b &
AN ARLL, HAEES2 B RERT EiS1 M B, R EME T, H/51E EjS4 B
HIEjS5 MrBOURIZUT =, 2208 EjS1 B BX A 1.8 f5F1 2.4 1% (& 6, D).
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Fig. 6 The change of soluble sugar (A), starch (B) and soluble proteins (C) content and C/N ratio (D)
during different developmental stages
*P<0.05.
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ST LB BONINE R B B E T AN VAR, A L AT R B 2 AR A 2P TS S B 1 AN ief
HANMERE B BeaT i Vb & 8 SRS IO AEE 2 T . ok e SR e r i BoR,
FUBEACHS . TR AR AURERTH SRR A QAL 2F IR S o (L LU R BR . W] BE 53X LAk Ahig
RREIR PR R AR T IV VERE, NI e B % ENMER BB, — i/ METh e ®
IR 7 AR PRIE A . U A R A AR LA, 7 EAR U R R TV b A T
TR SCAL Sy, EFEER . BRI FLFERAART RS 7Hoh, WA ATRERKERES Y,
MR G AR5 RE AR R B OG, IBEEER IR 12 . TCA fB¥higte UL R BEBRIR &R, REREIL
KRR A eSS S5 MAEmE. Kk, KUY/ NMER B BURiEER, AR
HERE. IR, EHRR. JOHR. HER. LBRNAKEE & RIL 2 T,

WA TG RAKE, MR K B ERERENEREFRMKERE TR, M CON LRRELK
AHRENEZERNRL —, X5 EENREFANR . RRERMRRE R THERRE - ERE
A RERRBAEF A, AR B E IR A ON R E T mir, (oA 232, MR
RREFREMHR ON LA, MablErdERKoOE, R RME. 7% (1983) K
BUERLAEAE A 7 EHT C/N A — A il AT U R I AR P AL AR /i 5 MR AR Bk T
I [A] iR AHIE (Kotoda et al., 2000). Kk, ZEXTHUCEAEIIBEAT 1%, HERRCAEAEZE 70 ALi Ta],
A PAEAE PR AU 2 B A R th RUIE & &, SERK SRR R AR R (] AN, ARt
ARUACTERE A B RIT AL AR 7 25 0 /N EE o FERXIIIA], AR/ b AT LR EL — L6 i fie E A% 1 UL
W, B B PR BRI ALRE 77, AT I BUHER s S TFAERT (8] (¥ H (K7

RACTER R BRI R AR REA 22 R 2%, TSRO BoKA S 2 UIEIER &
BERE PP AR iR R 3 R R R WP AR . FUTR AT R BN E R B R T S A
B ORI A IVE AR AL AR, W] UGE A O TR S FR K A X AN AR A, i i BT 11 2%
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