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Abstract: Vanda coerulea, an epiphytic plant with bare roots growing in air, has important value for orchid breeding and
ornament. Exploring the development and defense mechanism of the aerial roots from the omics level can provide a
theoretical basis for comprehensive understanding of the unique adaptation mechanism of aerial roots. In this study, we
used three root sites with different developmental levels of V. coerulea aerial roots as materials, combined with tran-
scriptomics and metabolomics, to reveal the development of different parts of V. coerulea roots and the defense mecha-
nisms. Transcription-metabolism analysis showed that the differentially expressed genes (DEGs) and differentially ac-
cumulated metabolites (DAMs) were significantly enriched in the metabolic pathway, biosynthesis pathway of various
secondary metabolites and pathway of plant hormone signaling in two comparison groups. Transcriptome analysis
showed 11 995 DEGs between the meristematic (group A) and elongation (group B) zones of the root, with 6274
up-regulated and 5721 down-regulated. There were 3673 DEGs between the elongation (group B) and maturation zone
(group C) of the root, with 1691 up-regulated and 1982 down-regulated. Metabolomic results revealed 102 DAMs be-
tween the two comparison groups, with 52 up-regulated and 50 down-regulated. In the development of roots, the relative

KHSBEER  2024-09-14; fEEIHEE 2024-10-18

2B EZXHARFESTIHE (No. 31901092, No.32260259); |7 HARIEFEEIH ( No. 2021GXNSFBA075059 ),

EZBAN  WRAEE (2000—), 2o, Wi-EWFsE, DR 2RMEY A B A AGE ML . =l {5 1E#H ( Corresponding author ):
ZEERF (LI Jiawei ), E-mail: lijiaweil 662020@163.com,



55 2 1 AR F TR AR RAE TR A T . P R 279

expression levels of growth regulators such as auxin, gibberellins (GAs) and abscisic acid (ABA) had significant
changes in different developmental stages of plant roots. In terms of defense mechanism, the genes related to the syn-
thesis of alkaloids, flavonoids, and lignins were more expressed in the meristem and elongation zone of roots than in the
mature zone. The results indicate that aerial roots development under the regulation of the above-mentioned hormones

and accumulate a variety of secondary metabolites to improve defensive capabilities.
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M Avs B, Bvs C WA AL i 2] 54
K% (auxin) £ KM DEGs 4334 264, 834,
EIRBEERSRA 127 35 A4, TR 43508 137
48 4~ R ZE MmN ¥ (auxin response factor,
ARF) 7£ Avs B, Bvs C 1 RMAY N l&RE, &
K ZA4ME PIN K& H (auxin efflux carrier
family protein, PIN )7 A vs B H1 RR L B )8 3%
ik, M7E B vs CH FyFEIL, AERKEWN IAA
1 (auxin-responsive protein, IAA) 7£ A vs B
PR E B RS, TAE B vs C H 2T R
ik (E5),

M Avs B, Bvs C B e 3] 5
%% (GAs) H X1 DEGs 2334 72, 184, L
PAREF A 37, 114, FHREZEHERSHIAE 35, 7
A HH IR EE R 521K GIDI( gibberellin receptor,
GID1 ) F 3N GID1B-like (A) 7E Avs B 1 |
PRIk, MAE B vs C R, GIDIC (A),
GID1C-like isoform X1 (A)JEHTE A vs B Ff i
ik, BvsCHr iRk (Kl 6),

M A vs B, Bvs C A HLEA ik 2 5 M
7% (ABA) H1¢ DEGs 435145 289, 99 4, E
WA DR 172, 54 4, THRZERSHI 117,
45 4~ Hrh, 225/ 70 J R E H W SRK2

( serine/threonine-protein kinase, SRK2 ). & [1H
fR M 2C ( protein phosphatase 2C, PP2C ) A
KAE Avs B PRI FIHFE5A, MAEBvs C H
EMTMELR (K 6),
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The positive value represents the up-regulation of the gene, and the negative value represents the down-regulation.

B 5 Auxin % DEGs &#7
Fig. 5 Auxin-related DEGs analysis
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The positive value represents the up-regulation of the gene, and the negative value represents the down-regulation.

B 6 GAs. ABA i3 DEGs &#f
Fig. 6 GAs, ABA-related DEGs analysis
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M Avs B, BvsCHAHEHPIHESR 54

Y, ( alkaloids ) A JHY DEGs 4354 95. 34 14>,

IR 66, 144>, TIREEE A 29,
20 4~ Hir, FLAEAIAJEEE (tropinone reductase
I, TR-I). 3-O-Z Bt N ke A ke 52 IR ik i ( 3-O-
acetylpapaveroxine carboxylesterase, CXE1 ) &
FLNTE Avs B BASE B FIFZEIA, M7E Bvs C &2
BRI (K 7).
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7 Alkaloids#83% DEGs 43 #
Fig. 7 Alkaloids-related DEGs analysis

M AvsB, BvsC Bﬁ/\ttﬁéﬂtpﬁi_ﬂ'@%
Tl ( flavonoids ) A J&AY DEGs 435%4F 151,
A, Llﬁ%.ﬁﬂﬂﬁ 71, 231, Tﬂﬁtl/\”ﬂﬁ
80. 354>, Hrr, Sl 3- ARG ( flavonoid
3'-monooxygenase ) FIEFEKTE A vs B FLEAET
PWERIK, M7 B vs C W FIHFRA, BEERNEES
( flavonol synthase, FLS ), X{IJRE — &0 5% il 5 4-
A JEEf ( bifunctional dihydroflavonol 4-reductase,
DFR ). £ & % & ¥ ( anthocyanidin synthase, ANS )
RN BKTAE 2 Ah BT HERLR, 7

(isoflavone )JEPEL G4 2 ¥y FiR k(& 8 ),
fiti 16 5 A i Z( Lignins 8 J<AY DEGs,A vs B,
Bvs C 4354 75, 574, RIREH R 64,
224, FRZERSBIA 11, 354, i E ik
Wil A-O-H L5645 ( Caffeoyl-CoA-3-O-methy-
ltransferase, CCOAOMT ). i3 &AL WM ( Peroxidase,
PRX ). Fi#if2-5-721LM ( Ferulate-5-hydroxylase,
FSH ). WAHE:BEHIRE A @& JRHF ( Cinnamoyl-CoA
reductase, CCR ) fHRIEFTE A vs B A2 I
PRIE, MAEBvs CHHEITIEL (F9),
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8 Flavonoids #HX DEGs 43 #f
Fig. 8 Flavonoids-related DEGs analysis
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B 9 Lignin 18X DEGs 9 #f
Fig. 9 Lignin-related DEGs analysis

3 it RAEACHUIREEA, T 5 R P JE
31 EHMAEKEESHLINEZTSEaRZR  MUUKGIE Y bk 1 BB R Y,
HEK 4 EEEMEYBRESE SRR 4 Y

M AR K R T AR IB I i  F 5 RWE FEMAFEAEK K (auxin ), 7 E(GAs ),
Tk . BB R RS EE RS, L SR E (cytokinin ), BifEER ( ABA) LK
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(ethylene ). HEPIAE KA HEAL S b o T HEHL IR
Beraf £ 22tk AR 2% A ML A SR AN iz 40
FE BN ARBESE S 4E RR AAE KAE JT IR 22 AR
A3 HE DRI DX A T R S (4 A 0 3 20 AR
(A K B DL AU B e

Auxin fEREYARKEBRHENEDELE,
S5 TRAERKSRE. ERZWYKEF (ARF)
ARV TAA AR EAE R auxin 520 5
Rk, AR Z MR A (PIN) 05 1 B L
PHERHAL T Aux/IAA FI ARF BEHIZ T, TAA
ARF \PIN #& FUH /A BY T4 R Auxin faZsP,
ARG, Auxin AHRFEE P REFRILLXY, H
HERTIERAERN R E REEHEEEMN,
ARF 7 Avs B, B vs C ¥ Nil%ik, PIN &
e Avs B RIS, MifE Bvs C LKL,
IAA FEF7E Avs B FIREIR, MZEBvs C T
PR . U auxin 76 A MR Y S A HL AR 2
X 5T AFE PR EBHE TP IR —3, nEes
IAA. ARF. PIN MM EAERA L, =& MHH
HiFREILFE4ERr auxin B2, EHAERPAEK
KB

GAs I i b a4, ettt K &
BT AERERENEN, EREYHRRLE, i
HERARRZE M, BB SRR GA BRI
REREK, DI5EEB, GA o] ME S EAR A MK,
XA . AR LT 74 g,k
#H R 2R (GID1) 2HY) GA P HEEMZKRZ —,
Wk e AT GA Z AP 3 H GID1 KA 3
AZARFEH GID1a, GID1b #l GID1c, Ht GID1b
POEER R i kIR 510 GA-GID1 &
AT g A KA H T DELLA & (A iy Pk
Iy RAT R AR K, DELLA 2405 5 4 A
T, WP GA 55T, M fENIRE PRk
FasE 1) DELLA 5878 2K (A MM AR fi 4 127280,
AWF5Y GID1B-like (A ) F RI7EHR S 19 3 Z1 3k
SHTASG R —2, HAE Avs B Fi#FEik,Bvs C
R IR, X5 RIEM TR AR R K
XS5 e, - H GIDIB-like (A) RATHE
TEAREBAE A EEH GA 4545 21K 2 53] GA-GID1
Rt 51 DELLA & R PRs 43 R A ik
./ JA SR

ABA E—Fh EB AN B N R, T
LIS auxin, GA SFILFEIEF YR RA A T IFH
T 2R R MR 40 A A U0 MR A i i A T B 2R

YEH . W50 ABA 1814 #4035 auxin 4= 4 & hi3E
A2 OoRAEE auxin ZEMR R IFLE, ABA 4b
BN T AR A IR IN Az 2 2 DX 20 L E50RN
R X AR B, MTTBR ) T AR R P, ABA
X AR B A Y 5 e AR R AR B R T
PYR/PP2C/SnRK2 {55 &%, it PID Zifith 24
HAR/ AR E I (SNF1 AHCHE i 2,
SnRK2 ), iz NHE 6 PIN (143741 i e
{0V S I R B8 N RS o (I S 1| By €0 1 S 5L
1 ABA AbH)S, JL-F i iX 28 auxin 495 Wi 3E
PIAERR S EIRPY, 2R MR PP2C 1 ABA %
R¥A S, PP2C RRASE i 2 filfiff ABA 155 191E
A5 T SnRK2 % A R ALV T e 15 B A
TR 22 2 R/ 70 2 TR A UM ( SRK2 ). R IR
fifi (PP2C ) AHCEENAE Avs B WP i, Mi7E B vs
C PRI, JE—E504F T SRK2 Al PP2C A9 HAE I
N 3B G A T AR X R 43, AT g S ik SRK2
e auxin 7EZ X ILATER R, 1fif PP2C {#i45% SRK2
I X — A EAE R AR A XA
32 5HEYBEINFEXHNEEEEERER
HER 54

0 VR AE AR 8 A% 2 P A A W ok A AR
Yy, FEAEYE N PREE AR Ak AR ke B Y
YEH . PR AR YRR £ 5, g
WA DI RE = 2 FEARRy, BATTRT DAAE A
YK RE . dsr YR EpLE DY, R
Gz iUE S . H MY o B AR AR vk AR AR
PR EESY O SR R E RIS M I R T
X S IERE S DL R R A, EAR S
Brh GO B E WA TAYS UL RIFE S
KEGG & 4R KA MRS A K ik
AR, XS EAR Y - IR AR EAE A | AR
Y-E WM EAE R D R AR AT B A
FEVEAER

R BE I AR R 5 7 T 2 B R AR TN 24 R R s 2
Wi, hIEREREAeA WD, B A E TN
YA &R, K70 F 2404 lignins |
flavonoids FI 2SI A 9055 , il i 7= A HRAE G I
=Y B BRFN A2 B B, R AE ) 07 22 300 45 ik v
P A RO, MEYXHNR A EAEL Y
Jp 3 = — M PTEE R . EARSCR T GO M
KEGG HHEEXMIE Avs B, Bvs CH, KNLE®E
B R B EEEZ —iRE, BRI
MR A 75 % 7 W B 2 2 AL A i B L A 55 1 5 00
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T, AL I A2 B A R X AR e

Alkaloids & RARFFAE M FRPEIC I, AR
A B P AE e R IE T R, HER I ) iz A
Wp e, nT AR R A R S X SRS
ARG RAR A Y SR, AAT LA B | A
MR R sk, 224MR UV-B ik
AL EBBAEAR T alkaloid 55 A3 I LA
WP 2 im0 E Y BRAR A R4, Rk
Z X T alkaloid L HA — & B JE 3548 P20,
Alkaloid 8 f B R v A R AN (] ) B S IS
W% 54 Mot B H & L — R A R, Bl
Al . BEARSE, XERE T AHE S HE S R
W ((TR-1). 3-O- 2 B 74 ¢ 480 b R TR TG il
( CXE1) fEARFR By 5 Rk DL & GO & AE45 R
114 DEGs 7 A vs B, B vs C 11150 35 & 154
TR RE IS5 . TS E L, TR-IM
CXEl £ Avs B /1 [, i #E B vs C R IHKIL,
TR MEXIEE LA KRS alkaloid A1
FE P HT I 577 A S, T R AR A A X3k 2 g 7 T
BRI BIUAS 1 2

Flavonoids H1 R BEfb &9 FIER B 24k &
gAY, R 10000 2 Ffsh 4 i vk
AR, AR T A G R PT ) MRAE H
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WEEE A E ZPY, 5 AR AT, flavonoid 25
TVl i, Ban e B EE A BeVE RS 5
TSR I FE A AR R 00k B A
Xt SRR A 1 Y e R TR
SEN] AVE P AETT 2 3R LU A Y 0 2 45 Fh3g
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AT AR A R, MLBREE BE RS, B AAE e b A
VIR R E R D,
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HAYE K28 BT huEM R LG &R A
TR A= By 300 A S 420 A 200 i e G A A S
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