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Transcriptome Sequencing and Metabolite Analysis for Revealing the
Growth Promoting Mechanism of Epulorhiza sp. of Dendrobium officinale

WANG Weiying, LIN Jiangbo, ZOU Hui, DAI Yimin"

(Subtropical Agriculture Research Institute, Fujian Academy of Agricultural Sciences, Zhangzhou 363005, Fujian, China)

Abstract: To screen the differentially expressed genes (DEGs) and differential metabolites (DMs) that promote
the growth of Dendrobium officinale, transcriptomic, metabolomic and biomic analysis were performed on the
lateral roots formed after the symbiosis of tumorrhizal bacteria and sterile potted D. officinale seedlings. The
result showed that a total of 262 DEGs were found and enriched into 35 pathways by transcriptome analysis,
among which endoplasmic reticulum protein processing pathway had the most DEGs, followed by amino sugar
and nucleotide sugar metabolism pathways. A total of 194 DMs were detected enriched in 33 KEGG pathways by
metabolomic analysis, among which 133 DMs were in metabolic pathways, followed by 70 DMs in microbial
metabolic pathways of different environments. Combined analysis showed that the differential expression of 9
DEGs resulted in changes in the accumulation of metabolites, such as serine, glutamate, D-mannose and hormones,
which might be an important reason for Epulorhiza sp. to promote the growth of D. officinale. Therefore, it was
suggested that the growth of D. officinale promoted by Epulorhiza sp. was related to the accumulation of amino
acids, sugars, phytohormones and the expression changes of related genes.
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Bk 7 45 fisl(Dendrobium  officinale) N == F}HOrchi- AV Ak 2 Bt S A A I 5 I PR AT o

daceae) f1 it J& 2 F AL BLAKEY), A5« LKAl 1.2 ik

ey wH, BAWHAER. AEEE . ik, BB S Ve iR K e 2

PUMIE . Praa . 59 5E N AR G ) A BRA N S5 ARMEHE AR, HARERES 4 cm &I

M. HTEREARB R, ERKEE, 5
B DA S R AR, LB AR BRI ™ RO, 4
FINWSE R i 2 b . B H S TR AR I K
JRAINI, BB Bk A A R R C &
TR, BRI A LA . ARE i DL A B
AT RO I AR R AR, B P R I 20 % Bk
B AT SRR AL IR AR, A vk B A M B RO T R A
AR ]

ZREMRRF DS N AR EEN, T3
BT RI] PRABE TR F R, R
HR AR 17 IR EE R R TS 8
I8 bR AR B B (Epulorhiza sp.) VA A IR B AR 11 J& 1) B 1
ST B (Tulasnella) & = FHEY) 1) 3 B 4L A B
W e SR T AR T R A B AR KOR B R (R
AR D, SR i W B IR S AR AT T
R B A A R P AE RERR AR TR 60 d SR AR, K
PR o S S BN, A B Sis Fe. Cu. Mn
LMY TR SRR ERE.

WTAESR, A R B AT 70 T i o L JE AL
g, mARASREAHSE DA, Wu 25D
PR 7 A e BOR BT AR B AR 70
Prft e ARG %5 i mEERRE, 5
N TR B A IR YA R e B o {HE HiTR R
PR B 5 2k R A et b ) B E AR AR LR R R
G . ABFARAERTHC IR TR EREN 75
aifh . e, KIEREAR 5 A BHR RT3t
A2 SRR JE PR A R AE K B (R RCR, $R ek
B A FRHR P B RE TR Ay () A U0 AT R
1o 2 s 20 ARG 2 G A 0 AT 98 R AR TR AR B s A 2R
B, BETT R A B 77 B M . DhRe iR 42
PRIV B3 B A R AR Xk B A it Ao
T HA B B E

1 MR
1.1 8

PEAA R R S LB AR 2R B A Rl (Dendrobium
officinale), I8 B WK (Epulorhiza sp)fEREEE

A AR R EAE R, M 3 N, BEA 3tk
ik o

WS E SEEAE  FCHIA PDA B R,
BN, BN 180 v/min F8K, 28 CEGEE
7 d J5 FB N IERE KR 22 2235 5], F S mL Biiie
VRV FITE A AR IS ES, B 3 S5 42 S mL,
P 80 #. FEHE MR ERZ(T), REEH M AR
(CK)o BEAER 1R, MILEE 3 IR MR ATE
S TRENLEURE, B 3 MEYEES.
1.3 HmaeE

e N T BRI AR T Re TR
I EE AR ARAR B, WFFaN
Illumina HiSeq 4000, AT E 1 FH Z4E46 1290
=G, BT R R A e B Waters (1) UPLC
BEH Amide & 3%44(1.7 um, 2.1 mmx100 mm). %
DPS X B 3 504 AT Gevh A 38 K% 5 AR 56 43 T
ZEKFH 0.05,

2 SR

2.1 R BNk B A A K s

LW AR RS 2 D H EERIT A
KARSK AR ZE, B, BT RIS 1]
W, NEEWET, RO AR K BA AL A
I, BFEEER 3 AKH, 2] 12 AfEtkd
Tifs kA K, RUBEMAE K IR 28 10 M H . Bk
FARHE 9 2 12 AMAEKEER R, REEEK
B, B RINE YR, EHMK T 11.16 cm,
RGN T 11.39 Fr, AR ZEHK T 9.39 cm,
MR ESEIN T 101 B o REBEFEEKS FEEANEE
WK RGNS, EEEAD, AU, S5EEL
HEZERKAM A B EREE; 0 ARNERELRE.
T AR K P42 T A R PR 2 A K T B R B R
ERRE B, 2Tk, HABSZEKE
BETEMKRKR, HRXREH 0.993. FHiL, Hl
W —HHES TIRAES X, IRRRTA, H58
BRI 55— 7 TS SRR R R — R AR EAR
kA K.
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B 1 B AR K. A B, CORAREER 1. 6. 9MNH; D, E F 25 AEE 1. 6. 9MH . #7R=2cm.

Fig. 1 Growth of new bud of Dendrobium officinale. A, B, C show uninoculation for 1, 6, 9 months, respectively; D, E, F show inoculation for 1, 6, 9 months,

respectively. Bars=2 cm

R BRBA R IR ZE AR A

Table 1 Changes in roots, stems and leaves of new buds of Dendrobium officinale

ek 1 /~H One month 6 1~ H 6 months 9 4~ H 9 months

Index CK T CK T CK T
2K Root length (cm) 3.81+0.231a 4.21+0.218a 9.47+0.715a 10.88+0.954a 14.25+1.438b 18.31£1.349a
ZXK Stem length (cm) 2.96+0.450b 4.40+0.470a 6.29+0.700b 9.24+0.964a 15.68+1.219b 20.40+1.792a
T4 Leaf number 4.42+0.396b 5.67+0.398a 7.60+0.800b 9.90+0.849a 18.00+1.134b 21.29+0.865a

T80 B AN A BOR 2 7 3 (P<0.05); CK: REEW; T: 21,

Data followed different letters in the same line indicate significant difference at 0.05 level. CK: Uninoculation; T: Inoculation.

2.2 FHFHNT
221 EFFRIEEFER GO EH4Hr

WEB{E VIP>1.0, FC>1.2 8} FC<0.833 H. P<
0.05, A FEH 5H AL B IHE R ILTHE 262 4622
SR, ZERRILIERA 177 %, HwbE$ FR
FIEMA 59 %, TNIAKRIAIA 118 %. 5k
FEREAT L, SR E R 2 R LA 172 4, H
W GO BE PEERE T 38 DM ESFRIAEER, (5
22.1%; 1l KEGG U4 iRt 1 70 A2 7 RIEHE A,
i 40.7%. 1E GO Hils b, HYIEERRI 34 3 2K,
IR RE . AR Aoy T IhEE . GO & 4R
NI, 38 A~ DEGs 734 20 MM ifgdH, HrhA
VIEEIIRE 61 45 AR Y 57 28100 T IhfiE 40 2%
e T INRe b Ut iE MR s & R o8 E, b
92.11%, HrfEfbid 5 52.63%;: 2 540020511
DEGs 7E4H g F4HBH 73 o5 Ee e i, O 40 e
MaifEes; = 54521 DEGs 3 EE PR
W AR, g AR A U AR, AR AR S
(Bl 2).
222 ZEFRIEFEFN KEGG I BER

1t KEGG PATHWAY %45 P, HE A AR

WHEE A 5 2K, RPN AR FREE B AL
P LAE BAC . R R A A YA R4t . KEGG
B HT4E K, 35 2% DEGs {: 8 3 35 25 KEGG
Eg (A 3), HH 12 % LR IEN DEGs {FRH] 17
kIR, 23 % FIHKRIAN DEGs {FREH| 22 %18
o, RS S AR B A 1 P TR I AR SN e
B2, A 199 %, Hd1 DEG A 7 % HIKEH
PRAR U 2 b ) S R A A IR B AR U E B, A 124
%%, DEG A 3 %
2.3 RA BT

WIE A VIP>1.0, FC>1.2 8% FC<0.833 H. P<
0.05, MASZ B 585 AR AR & rh LRSI 2 543
AR, THIEH 194 2 2R (DMs), H
104 MEZFER AT S E LA, 00 MSE TN, #%
PR AL B A R TR AR R AR B &

H 59 M ZE AP TE KEGG Hdi b %A v
BE, AR 135 AN ZE AT 025, FEARE
WS BN IATAEY . AR RATEY). BHR
KATAED) RDIRRZE. s, wids. RKINERE. &
Vi B, BERUL AR RS 4), A
B B HATA 5 20.0%, FUBES(14.1%), AR



560 T AR A A H31

O il Down m | Up

2% S IL K Number of DEs
[e)}

431~ 318E Molecular function 4 fu41 43 Cellular component
2 ZRRILIEFN GO EHNT. 1 ML 2: Fas s, 3: 4052; 40 AN IXIE; 50 400 6: M8 7: AMUESR:; 8: K4 TEEW; 9: 41,
10: ANARLSERSy; 11 FEERAY; 12: 4UMERsy; 13: JLafk; 14 RBHIRE; 150 ML 16: ZAMMEMLRE, 17: RESRE; 18 H— Ll 19: M
WU 200 E AL

Fig. 2 Gene ontology analysis of differentially expressed genes (DEGs). 1: Catalytic activity; 2: Transporter activity; 3: Binding; 4: Extracellular region; 5: Cell; 6:

HH)2F 3 #2 Biological process

Membrane; 7: Cell junction; 8: Macromolecular complex; 9: Organelle; 10: Organelle part; 11: Membrane part; 12: Cell part; 13: Symplast; 14: Metabolic process; 15:

Cellular process; 16: Multicellular organismal process; 17: Developmental process; 18: Single-organism process; 19: Response to stimulus; 20: Localization.

SAAEPIHA Peroxisome == 1(2.86%) ]
AT Endocytosis = 2(5.72%) Cellular process

Y 15 S5 S Plant h ignal transducti e
M) (5 %% T Plant hormone signal transduction  mmm 1(2.86%) -

ABC#%iz{A& ABC transporters

—— 2(5.72%)

FBERNAE YA AL Aminoacyl-tRNA biosynthesis =3 1(2.86%) Environmental information process
RNAFFf# RNA degradation == 1(2.86%) . )
. A :

(A Spliceosome =1 1(2.86%) WL fE DAL

KBl Ribosome

PR ) R 4 2 SN T Protein processing in endoplasmic reticulum 17(20.02%)
W Carbon metabolism == 1(2.86%)
WEBE#/MES- Glycolysis/Gluconeogenesis  mmm 1(2.86%)
AV FRIF Purine metabolism  mmm 1(2.86%)
RBEAN T EZBEICS Fructose and mannose metabolism — mmm 1(2.86%)
HEWIRRFEAE Fatty acid degradation  mmm 1(2.86%)
ZIRLIRLAW AN Stilbenoid biosynthesis  mmm 1(2.86%)
I SLRRACHT Cyanoamino acid metabolism  mmm 1(2.86%)
S [FEA: )4 Steroid biosynthesis g 1(2.86%)
IR ERRR3E A% Pentose phosphate pathway  mmm 1(2.86%)
Wi M)A i Flavonoid biosynthesis — mmm 1(2.86%)
FILER A A= H)4 T) Biosynthesis of amino acids  mmm 1(2.86%) p—
ALk Oxidative phosphorylation m=m 1(2.86%) Metzboli
HFUBEC Galactose metabolism — mmm 1(2.86%) etabolism
IR F A Folate biosynthesis  mmm 1(2.86%)
SHERFIARIEAE (S Nicotinate and nicotinamide metabolism g 1(2.86%)
AL FE TR A AE 1A B Biosynthesis of unsaturated fatty acids  pmm 1(2.86%)
ARIULAEI LIS Inositol phosphate metabolism == 1(2.86%)
JERYRTEREACI Starch and sucrose metabolism  mmmmm 2(5.72%)
AR (il Fatty acid metabolism s 2(5.72%)
LTAR AR Fructose and mannose metabolism  posm 2(5.72%)
HRLE YA Phenylpropanoid biosynthesis  pmmmm 2(5.72%)
IZ AN A SR AE P04 L Ubiquinone and other terpenoid-quinone biosynthesis s 2(5.72%)
TR L8 Glycerophospholipid metabolism g 2(5.72%)
R NRWTRRE M4 Fatty acid biosynthesis  pmm 2(5.729)
SRR R ME(CH Amino sugar and nucleotide sugar metabolism  pm—"" 3(8.58%) PO
HiH-97 AN H AT ] Plant-pathogen interaction - 1(2.86%) | " Organiomal sy ll
0 10 20 30
%

B 3 8k A ffHR & DEGs 1 KEGG 43 Hr

Fig. 3 KEGG analysis of DEGs in Dendrobium officinale roots

=—12(512%)

Genetic information process
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Number of different metabolites

w

1 2 3 4 5 6 7

O T Down
B [ Up

9 10 11 12 13 14 15 16
1k4A%) Compound

B 4 =R e, 1 B 20 SUERR LIATAEMZ; 30 YR KATAEY; 4 RIS 50 R MATED; 6: Bil; 7: KNER; 8 AW, 9: 5
J& 100 B 110 MRS 12: MM, 130 1% 14: B 150 By 160 LAt

Fig. 4 Number of differential metabolites. 1: Carbohydrates; 2: Amino acids and derivatives; 3: Organic acids and derivatives; 4: Fatty acids; 5: Nucleotides and

derivatives; 6: Ketone; 7: Phenylpropanoids; 8: Alkaloids; 9: Terpenes; 10: Alcohols; 11: Ester; 12: Plant hormones; 13: Amine; 14: Quinone; 15: Pheno; 16:

Others.

FANRERFR N RIS 15 12.6%F1 8.9%.

KEGG 7R BH(A 5), 54 DZEARUIARTE
5 RAEYMRENER D) 33 Mgcd, SHaREREE
B AR PUAE R AR AR, =R
FRIEEDIA G TR A& B IR A AR =)

A Lysosome
ABCH##%iz{k ABC transporters
R L RSB 2 48 (PTS) Phosphotransferase system (PTS)
ZABERNA )45 Aminoacyl-tRNA biosynthesis
KR WA I Arginine biosynthesis
LA RN AR SRR L Cysteine and methionine metabolism
TR . 225 RTINS R 18I Glycine, serine and threonine metabolism
fi% 542 1 Cilff Tyrosine metabolism
Wi 4= 414 i Flavonoid biosynthesis
SASBERIZ T ERBECIT Amino sugar and nucleotide sugar metabolism
BRI H 2 B C i Fructose and mannose metabolism
2L BEC Galactose metabolism
TN % WEIEE R (A1 F 5% 4k Pentose and glucuronate interconversions
JBEME 1812 Pentose phosphate pathway
T 19414 ) Biosynthesis of plant hormones
FEIRAE A= 4= 06 B Biosynthesis of plant secondary metabolites
AN R A= 96 7% Biosynthesis of terpenoids and steroids
A TS AEFH Carbon fixation in photosynthetic organisms
HBEFC I Methane metabolism
25U IERR 13T 2-Oxocarboxylic acid metabolism
SRR YA ) Biosynthesis of amino acids
Pk ZREY)4 i Biosynthesis of antibiotics
WRACHI = 4 i Biosynthesis of secondary metabolites
WAt Carbon metabolism
{172 Metabolic pathways — ex— 3
SR FREE H R iR 9838 Microbial metabolism in diverse environments  m - - -—— —
A DUk 21 G Arachidonic acid metabolism — m————— 4
HrilfRf L Glycerolipid metabolism
2 [ R A M)A, Steroid hormone biosynthesis
524 5648 I Terpenoid backbone biosynthesis
T KRZE YA N Zeatin biosynthesis
BRI ER L Arginine and proline metabolism
fiHyt433% Bile secretion

B 5 R Z R ) 28

Fig. 5 Pathway classification map of annotated differential metabolites
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2.4 BRE T

XA [ 4k B PR B B A R R 1) 22 S TR R 22
SAEHEAT R b, $RE 9 & IL ) AR HE
(R 2), AHINAEERIEY G IR
R ED A R AR ABC gk, BpEmt
FRbACHT AR RS BRI IR 1R
PLI BRI FE-RNA AV G . IXEIEE A 9 4
DEGs A1 6 > DMs, 9 4 DEGs 43 il %% s 5 fifg 52 [A]
(TALI)~ WYI-1,4-B-H B HET MG K(MAN) ZEHIR
O-FFE W LM L e M Wl BE I (HCT) 1T o g = A
(CHD~ I ERRMENVILT RBEER(CHID JLT
il Hevamine & [K|(CHH) ATP 454 &8 A WK ik
B ki 1 #ia & AR N (ABCBI) . ATP 45 & & 5 H
W B R 2 iz 8 [ 3 K (ABCB2) M 24H & R
tRNA & % 3 K (HARST), Hirb 3 ANl %K) DEG
RNTALL, BFEEHFEAEFE AR R E; 2 /M%) DEG
N MAN, BECEERERE T .

P ABC Feia i, FEE AN H 2 HE A
SR FENERZ A TR PR 4 M@ LA 7 4 DEGs,
Hodp 2P A BHE A 1 N(MAN), ABC ¥iaikfy
2 ™NABCBI, ABCB2), RWEFIT G M UHEER A 1
ANMAN) F IR F A @A 3 AN (CHI
CHIII. CHH). {HiXLii 3L [H i DM N Ll

2 AR RS B A4 K 1 DEGs 5 DMs BUIK & 70 A

A D-H B bE . fERERIIAEY G ARSI
i FE-tRNA HIZEY G 3 ME s+ HE 2 4 DEGs
(TALI 1 HARSI), 1 /M3LFEI DM, RNEZE ElR
A 3-EIRZ AR, logoFC N 1.350 7. BRILFEM
DM, ZHEBIAEY A BOREFIEA 1 4~ DM (V-4
Mh-L- B 2IR): BACHHEEA 2 > DMs, 7z T
A 2 1 R FE R R RN B 3 2Rk 1 2- i -3 i -
D-HI A FEIR A MR BEIE-RNA AN & Rl i
HA 14 DM, B 3-BERZ2 %I . TERIHE &%
&Y DEG A TALI, DM N EiAZRIAN) 2-Fi & -3-
It 48 -D- ] 21 BB R & o 1T 28 B I AR ) & FaE % 1) DEG
#& HCT, DM N L iARIERIHRE B4 o

IRV EYE K HBRE-RNA FAEYE K
MIBRAR TR 421 DEG 1 DM (122 5 541k 3 b 2 3%
K, IR R AR B S Bk B A R R LA S 5 SR
87 TALI R HARSI 31k, MIe28 12 b8k A
iRt A ) 2 BRI B TR AR & &

3 ZHeAT iR
PUAEEURDR R IO R GG IL, KR A R

WERAT I EEIER, L A FEi—
MNAGAET, AMEIRE . B, AR EE

Table 2 Combined analysis of DEGs and DMs related to promoting of Dendrobium officinale growth

bl DEG %5 R

DM %ii 5 R

Pathway DEG ID Gene logFC DM ID Metabolite log2FC
SIERR I AEY A R Gene 2056 TALI 9.4670 meta_301 3-MR 22 %2 3-Phosphoserine 1.350 7
Biosynthesis of amino acids meta_256 N-CBE-L- B2 R 13225
N-Acetyl-L-glutamate
22U AR Gene6921 MAN 3.3577 meta 303 D-H### D-Mannose 1.077 0
Galactose metabolism
WA A R Gene9389 HCT 34493 meta_1980 ke 2 Neohesperidin 09147
Flavonoid biosynthesis
ABC #izik Genel6297 ABCBI11 -2.5360 meta 303 p-H #& ¥ D-Mannose 1.0770
ABC transporters Gene6095 ABCB2I  -1.7718
meta_37 Z¥RFEEA Dihydroxyacetone -0.3659
A Gene 2056 TALI 9.4670 meta 301 3R 2 = R 3-Phosphoserine 1.3507
Carbon metabolism meta_429 DB S 3 AR -D A R R £ 1.278 4
2-Dehydro-3-deoxy-D-gluconate
SUPEFIH 22 FEAC Fructose Gene6921 MAN 33577 meta 303 D-H &% D-Mannose 1.0770
and mannose metabolism
SRR T R B Gene_260 CHI 2.1802 meta_303 p-HEH D-Mannose 1.0770
Amino sugar and nucleotide Genel6243 CHIII 22468
sugar metabolism
Gene20664 CHH 24613
TR R bE AT Gene 2056 TALI 9.4670 meta_429 2- It -3 ot 4 -D - 6 B T 1.278 4
Pentose phosphate pathway 2-Dehydro-3-deoxy-D-gluconate
S FERNA [IEY A R Gene 6210 HARSI 1.544 7 meta_301 3-F R 42 %2 3-Phosphoserine 1.350 7

Aminoacyl-tRNA biosynthesis
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R, WAERERPEHLE, N TITHERENAEY
SUIRE, HAERUTERA. AR RAEE
IRZIRARAY, AT AR E A U LA A

WA H 5 % E BAER 2 5] iR AR 0
AN . —T7 1 EAER N AR E 2SR A
A4k, Chacon ¢ 3R IO HL R AL H R WS T GFP
P ie BT 7% AR 25 T AR AR Y 75 il (Lycopersicon  escu-
lentum)fR R VB 2 T840, A RFRIILIEFR 2d
J B 22 Tl S AR BRAR R LI B At B, HE DI IX
TSR BT B E TR 5 —J7 1
AR ZF B R AL ZIEIRIAR, AR R AR
(AM) E 1 7] LA 3 LR AR (Amorpha fruticosa) 45 I8
ok b m I A ae oM AR RZH R BRI 7T R B,
Je BRI A PR 5 2k R A AR R R B AR R SR S AR R
RJE, JBARA 1 FEWPIR ARG KA T2, E
R BBV ZMARARE, MR EiE2 B gm
MR, BEIN T ARIRECRIAR AR AR . ACHIT F12% BH IR BRI AR
F AR A, KR I A AR . 7
M2 B 3 TR BEAN A ARO[ e, 422 B Ab 2 D
PR AEKHEE, B BT K,
mdem T res, X5t 7T 4 R — 5.

WARRES T HAERIE 2 527 315 H
FIEFREPII LA . AR St 25 RE ) 99 AR5
MM HvBI-1 FER¥3RIE, HvBI-1 (13d 35 2R i
R 22 [P AR G B LYo ok MRS i AR RH A/ A2 B AR () 7
KW, RS HREFEE B 5 7Y
TES AT, Rt U, 27 A s
HW T A FE(Oryza granulata) N4 E 1 5 U EG 5T
(Arabidopsis thaliana) 13 HE R R, S5 RKEFA
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