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Transcriptomic analysis of the root system of Platycodon grandi florum in

response to the fallen leaves of Acer truncatum
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Abstract [ Objective] The aim of this study was to explore the effect of Acer truncatum fallen leaves in
Beijing on the accumulation of medicinal active ingredients of Platycodon grandiflorum and to reveal the
molecular mechanism of active ingredient synthesis in P. grandiflorum roots through transcriptome se-
quencing. [ Methods] We performed transcriptome sequencing using Illumina high throughput sequencing
technology. Gene expression changes in the synthesis pathways of terpenes, flavonoids, and phenylpro-
panoid secondary metabolites were analyzed. [ Results] A total of 15 727 SSR loci were detected. 753 dif-
ferentially expressed genes (DEGs) were annotated into three major categories of the GO classification,
and 314 DEGs were classified into 105 metabolic pathways in the KEGG classification. Compared with the
control group, there were 17, 7, and 26 DEGs involved in the biosynthesis of terpenes, flavonoids, and
phenylpropanoids, respectively. [ Conclusion] We found that DEGs in the terpenes and phenylpropanoid

synthesis pathways were mainly up-regulated, while DEGs in the flavonoid synthesis pathway were gener-
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ally down-regulated. It is speculated that the synthesis of terpenes and phenylpropanoids is increased,

while the synthesis of flavonoids is decreased. We obtained the transcriptome information of P. grandi-

florum roots and preliminarily predicted the regulatory pathways for the synthesis of terpenes, flavonoids,

and phenylpropanoids in P. grandi florum.
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tEHE [ Platycodon grandiflorus (Jacq.) A. DC. ]
FAE B (Campanulaceae) #5 ¥ J& (Platycodon ) By
ZAE AR MY, 7E P E E B AR AL ARl AR
R HARAR Al A2y, (R AR R 22 ) rpid 2
R R IR . 2 M I G 0 R 5 i i ) il
P A HAAE I R AR HEM AR TRk e
I PR 152020 RRQCH [ 25 95 30 B R B T IR T
WZWCER 22 M) Fo) AN e, TR i <5 O o A ek ik . I JLAR
PR A v 19 245 A 6 [ P9 80 1T 3 %0 s A9 ) 5 5K
BAEEE T B AR AR GEUR H A e RN L e
B ) N Tk B A, B b T T R AR
BURFEHE#E , T FE M (Acer truncatum Bunge. ) E
HACETT £ 2 RER HAR DR R T RSB AR RN
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7 A A 1) A ST ) 1 P O RE S 3 A A R A
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HU AEEE SR T R (O HE S LV £ 2 A
RIREGEE S KE, WA H F (Phyllanthus em-
blica LM B[ Senna tora (L.) Roxb. |/ £
[ Perilla frutescens (L.) Britt, J'% 4> 225
(Gentiana lhassica)™ " %5 . A AR X LR Y
FrE IR A AW & R R It T OCBHR TS, M =
AL 7 24 2 MU (Semiliquidambar cathayensis
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PIE 7% 1 1) 22 7 3% 38 B A (differentially expressed
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1.1 # #

R4 A S 0 2 Wi A SOk, T 6. 25 g/ L YT
TR V% IR PR AL B B S L LA AR AR AR 5
XML A L 22 5 W . BT DAAE UG s b, R
6.25 g/L 1Y 05 AR I v i 3= 4 VA B0 RS A 4
R R 4 (FRiC S LR) , 28 18 7K 4b PR 1 K% 45 4
H AR A X B (hRid b CKO, B ¥ ® 3 4
YirrEE , 20t 60 d AL BRT L B 2E R A AR 45 B 3
# (4353 9 LR1,LR2,LR3 Il CK1,CK2,CK3), 3t
T 6 15 s FIZE IR K vh Bk 11 J5 26 A URAEE N 31 Z
R AR PR . JEEEMY TAE R At BB & A B
SR PR F 5
1.2 S RNARE.XEHERNF

JH TrizolReageng (Invitrogen) i 7| & 1 #2 Ht
A AR S RNA, F§ NanoDrop 2000 43¢ 5% B i
H Agient2100/LabChip GX ¥ #i & ] RNA ) 4l
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JE R AN SE A A I 5 A% IS A9 S RNA H] NEB-
Next Ultra™ RNA Library Prep Kit for Illumina
(NEB) #4 e s 21 SO ] 4% 5 4% J5 19 SR T Tl
mina Nova-Seq ll 57 & #4751 18 &0 75 53 97 .
1.3 HRARFIIHRHEZE

e SR T 5 A9 3 R G B0HE (raw reads) , 5 5
B 5 Trimomatic #AF AT 08, KR &
AR AR & 0 F 8 CRLEE S BR ON O L R T
102 WP 31 5 2 BR B i Q<<10 RYTR AL 5 8 55 7
FN 50 % LA 1R A1), 45 3 & BT i 09 3 (clean
reads) T J5 240 B . ¥ = ot 4 2040 i Trinity
BREY BEAT PR LUAS B 5 SRR (transcripts) . B
Z %N min contig length 200, group pairs distance
500, HARBRIN, 555 i o W) U5 BF 45 40 15 15 A i PR
F A% (unigene) ,

ProScan™ # 4, ¥ unigene J¥ % 5 NR. Swiss-Prot.
COG™ KOG, eggNOG4. 5. KEGG, Pfam %} & /&
He X 5341, 3453 unigene MTERMEE .
1.5 ERERSH

2R BAEE ] logsare | =1 H R kK &K
(false discovery rate, FDR)/NTF 0. 01 Jfy i 6 F5 #E
K DESeq2"" i 47 % [H 22 5 & 35 4 M . 0 2k
DEGs, # & % DEGs #1722 R HE K 4811 . GO T g
& AT X KEGG 1R 3 % 5 4 7047
1.6 EBZEHXEE PCR IIE

e 3 > B AR MY 6 4 DEGs #17
qRT-PCR 55 . 50 B4l 1y ol Sk, LA 18S AN
SN HIE 5951 (5" >3 i CAACCATA-
AACGATGCCGA, a1 58 ¥ 31 (5'—>3") 1 AGC-
CTTGCGACCATACTCC ., H:Al 45 FE M Y qRT-PCR

1.4 Unigene 3 & i B n b 3¢ BN 1R R 2 T B A S AR R
] Diamond"*’ . Kobas™*' . Hmmer"*" I Inter- rE,
# 1 qRT-PCR B3| #1575
Table 1 Primer sequences for qRT-PCR
Unigene %% IEH 4 R R EmEH B

Unigene 1D Gene name Annotation

Forward primer (5'—>3") Reverse primer (5'—>3")

T 494 MH 6 5 o e it

TRINITY_DN4380_c0_gl  CYP71D55

RART 0I5 15 T

Germacrene D synthase

TRINITY_DN17193_c0_gl  GERD

R O- 25 A HERE R 5 1

Oxalate O-hydroxycinnamyl

TRINITY_DN20272_c0_gl HCT

transferase

FERR O3k 1A Tk 4% 7% 1
Shikimate O-hydroxycinnamyl

TRINITY DN11918 c0_gl HCT

transferase
TRINITY_DN4628 ¢0_gl PRDX6 i & LY if i 6 Peroxiredoxin-6
e
TRINITY_DN3415_c0_gl CAD VA T il

Pre-pyrrolidene oxygenase

Cinnamyl alcohol dehydrogenase

GAGTGAAGAATAAGAGGTTGGA GGCAGGAAGGAGAATGTG

TGCGAACCTCAACAGAAG CACGACCACTTGCCTTAA

GACCACTTCCGACAACTT GCTACCCAACTACTCAAGAA

AAGGCTAATGTGGTGGAG ATGTTTGCTTCTCTGTCTCT

ATGAAATGGTAGCCCTCTC AGTTGAGCAAGATTGTTGTC

CGGTGGATATGGATTCTTGA  TTCTGGGACATCAACTAACC

2 ER550

2.1 HRANFHBEBRATEEDHT

mak 2 fros, # okl )y 45 3] 67. 29 Gb 1
o o O L AR A Qu (TR fH =30 AR LT 5 &
I HOME R /N T 90. 85% . GC & &k 44, 43% ~
44.54%,

F Trinity XF &5 50 &t 5048 i 17 PF 45, 3L 4045
143 212 DM A, B BE ik 197 917 892 bp, H
N50 B R 2 195 bp, 4% )5 345 5] 62 938 4~
unigene, B K R 69 137 180 bp, N50 By K J& N
2 070 bp. UL PRECHE W] 58, O 5 22 BT BE e T
fit, HA#E[200,300) bp B unigene $% H i £ (F£

3) A 14 852 %, 5 R 23. 60205 7E[1 000,2 000)
bp BIEH e/ 4 10 479 4. i R 16,65 %,
x2 HERIFBERETGSIT
Table 2 Evaluation statistics of data quality of

sample sequencing

v h (S0 % E R =% G %
F il " )l\\h?!mber of BT R 2

GC/Y% =Q,; /%

Sample clean reads Base number
CK1 24 322 994 7 284 905 552 44.54 90. 85
CK2 26 794 373 6 961 052 888  44.45 97. 04
CK3 29 752 106 8912 118 277  44.46 92.50
LR1 27 425 643 7123 873 574  44.45 97. 24
LR2 24 112 425 7 221 463 425  44.46 91. 39
LR3 23 631 973 7 072 037 181 44.43 91.59
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HAh R Pearson #HC R XS 6 A 1) 4
KMEEAT 73BT, AHC RBGEHZ IR 1, AR A Z W] A1
Kk, g R mE 1 PR AN 3 NEEM
) 18 R DG A R 5 2L () AR A A S D B I I, 7
HFEABRAE A R DCAr TF o & FEAS ] A DG M R 5K
¥ITE 0. 91 UL b HoA M m i AH G . i — 2D Ui WK
i B4 v A EE R T DIHE IS 200 A AR

*£ 3 R unigene KitE R

Table 3 Statistic results of transcripts and unigenes

55K Transcript B ILIN#E Unigene

i s : :
Length $H o7 B 43 L BCH d R ECE A T
range/bp Number Percentage Number Percentage
of total/ % of total/ %
[200,300) 19 632 13.71 14 852 23.60
[300.500) 22 215 15.51 13 011 20. 67
[500,1 000) 31 307 21. 86 13 814 21.95
[1000,2 000) 36128 25.23 10 479 16. 65
=2 000 33 930 23.69 10 782 17.13
1.00
LR3 -
0.99
0981 | LR27 i
0.97-
LR1-] -
0.96-
0.95- CR3+ 0.973 0.943 -
23 CR2A 0.973 0.928 0.919 |g
0.93
0.92 Rl I

8 8 & 8 %

BT REAA G2 #r 18]

Fig. 1 Analysis plot of sample correlation

2.2 Unigenes Lt 3% 5 I g i 5%

3R ) 62 938 £ unigenes JF 5 7E COG,
GO.KEGG, KOG, Pfam, SwissProt, eggNOG4. 5,
NR fil TrEMBL H1i#E 47 Fo X (% 4), FE B E A uni-
genes ¥ H 43 %] 6 798,21 074,17 138,13 947,
17 799,16 214,21 125,26 506,25 468, (5 s VEBAL
(9 FE A8 43 5310 R 10. 80 % .33, 48%.27. 23%.22. 16% .
28.28%0.25. 76 %0.33. 56 % .42, 11%.40. 47% , 4t
27 399 %% unigenes JF A BT RBELE R, i 1L 43.60%0 .

5 AF unigenes 7F NR BUHE 2 Fbxf 45 51 (F 2) 8
TN W BB (Nyssa sinensis Oliver) B ¥4 5% A 5 4% #f

(9 [ Pk d s . o 4 473 A BB 16. 8800, H
JE R IR LW [ Camellia sinensis (L.) Kuntze]. H
B3 8] (Cynara cardunculus L. ) P HERRMERE (Ac-
tinidia chinensis Planch. ). % %] (Vitis wvinifera
L) 3 AN B (Ascocoryne sarcoides) | & &
(Lactuca sativa L. var. angustana Irish.) {1 % |
(Daucus carota var. sativa Hoffm.) .[n] H 3% (He-
lianthus annuus 1.) ¥ £ & (Artemisia annua
Linn. ), 43 34 2 268,2 043,1 189,1 080,665,624,
490,477, 417 A, 43 5 b He ol 8. 56940, 7. 710,
4.49%.4.07%.,2.51%.2. 35%0.1. 85%.1. 80,
1.57% ., HABFA 12 776 4>, 5k 48.20% .,

X} 21 074 4~ unigenes I HEFT T GO F B
OYRT S A AE = KA A1 AW erp, Hop Ayl 2
224 ANy 3 AT INRE 16 (R 5) . fEE
Yoz b AR B 2% B RN I R 2% H 4
P 31,5000 M1 33. 7100 . fEANAL S 5 f . LA g 25
PR H i te e £, 0 58. 87 % s £ 4> T T g i, i
s e H GG 2 B b a2, 0 bz 28 my
46. 042071 39.38% .

x4 BREAEIRERSG

Table 4 Statistics of transcriptome annotation

%ﬁf ii}%i 300K EE<C1 000 KJE=1 000
database umber 300<<Length<1 000 Length=1 000
COG 6798 1254 5159
GO 21 074 5377 13 749
KEGG 17 138 4026 11 656
KOG 13 947 3171 9 594
Pfam 17 799 3932 12 755
SwissProt 16 214 3524 11 639
eggNOG 21125 5222 14 234
NR 26 506 7 345 16 394
TrEMBL 25 468 6 817 16 296

W0 352 Nyssa sinensis (16.88%)

W %W Camellia sinensis (8.56%)

W0 RIESEE] Cynara cardunculus (71.71%)
B FAEBRIRB Actinidia chinensis (4.49%)
W B % Vitis vinifera (4.07%)

A5 AL Ascocoryne sarcoides (2.51%)
M B ¥ Lactuca sativa (2.35%)

W0 A D Daucus carota (1.85%)

W 15 H 2 Helianthus annuus (1.80%)

W B8 H Artemisia annua (1.57%)

0 HAth Others (48.20%)

2 NR 45 ) Fh i B2 A ge it
Fig. 2 Distribution statistics of species

annotations in NR database
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A 8 737 4 unigenes £ KEGG g /% b #4718
B w T, L E R 105 A0 5L 1 50 A4 B
MR 6 PR, 2w 42 B0 0 A8 B A Y 5 R
A 1R AH B AR A A RN s AT, 20l B 7. 39 %6
T 1405060, HRKKNEYBRGETHS
(4. 9420 W BT 2 1 BUIN T(4. 65 90) 25 A5 .
2.3 B EEF Y] (simple sequence repeat,SSR) & il

i@ 1 MISA Chttps: // webblast. ipk-gatersle-

ben. de/misa/) X A% f % s A #E 47 SSR A, A
M3 15 727 4~ SSR . A A i JE B 2K, B
PR T A B £ (pl: 5 985) 5 i /DAY 2 7 Bl A6
(p6: 35) AN HREILEZ 1 0.58% ., HiAth SSR 2
U354 1 848 MG A SSR(¢), 70 I~ SSR Z
) A EES R E AR SSR(c*),5 786 > it &
2 (p2),1 790 4> =L HE K (p3), 170 A DU fif i &
B (pDOFN 43 DT TE R (p5) (F 7).,

% 5 Unigene B GO &2

Table 5 GO classification of unigenes

GO 43+ GO classification

GO 4 H GO term

Unigene ${ H Unigene number

it 2 Cellular process 10 825

it ig B Metabolic process 10 101

H:- 845 Biological regulation 3191

AL Localization 2121

H3% )2 % Response to stimulus 2023

& 13 # Developmental process 705

Z M A VLR Multicellular organismal process 704

{55 Signaling 644

5 Reproduction 427

B8 i3 B Reproductive process 427

A g2 ot Z YR B Multi-organism process 331
Biological process A W 2 [a] (%) A E) A 5. /E H Interspecies interaction between organisms 205
f#FF Detoxification 165

9% 250 B Immune system process 84

K& Growth 68

i # Rhythmic process 23

iz 3) Locomotion 22

H: W) Fh A B AE ] Intraspecies interaction between organisms 11

¥ Behavior 7

fifk ) % Carbon utilization 5

=¥yt % 71 Biological adhesion 4

{6, Z JTIE Pigmentation 2

M 45 ¥4 Cellular anatomical entity 11 256

CellufTrﬂ%ignégonent ML Intracellular 6 159
EHHEHESY Protein-containing complex 1704

254 Binding 11 204

AL TG P Catalytic activity 9 592

5z AR T Transporter activity 1118

25943 F i P Structural molecule activity 722

T SEPH AT 5 P Transcription regulator activity 626

4TI HEVE 5 A7 Molecular function regulator 325

BN 99 75 Translation regulator activity 186

A FIEE P AL Antioxidant activity 150
Molecular function 7 F 5 335 Molecular transducer activity 94
B FRAEAEIE TS B Nutrient reservoir activity 30

INGS FAE G P Small molecule sensor activity 19

FH H JFE & AR Protein folding chaperone 11

Ay F ARG M Molecular carrier activity 7

I #RiC Protein tag 6

W Z ARG P Cargo receptor activity 1

B E M Toxin activity 1
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% 6 Unigenes B KEGG & 3
Table 6 KEGG classification of unigenes

KEGG 432k KEGG classification KEGG Ui % KEGG metabolic pathway Unigene % H Unigene number
o0 3 W& Endocytosis 306
Cellular A Y B A Peroxisome 152
process WA Phagosome 133
Y % {5 5% % Plant hormone signal transduction 432

B 5 BAL

Environmental MAPK {5 5 #%-# % MAPK signaling pathway-plant 362
information W NE W WLEE [ 5 R 48 Phosphatidylinositol signaling system 121
processing

ABC #3281k ABC transporters 118
¥R Ribosome 624
P H ) 6 BB T. Protein processing in endoplasmic reticulum 406
RNA jz#j RNA transport 356
BT R Spliceosome 346

iﬁﬁfﬁaﬂ*ﬂi ZEN S B EAKEIER Ubiquitin mediated proteolysis 249
ingirr:atgon RNA [&f# RNA degradation 239
processing mRNA Wil 45 mRNA surveillance pathway 186

[7] 5 # 44 Homologous recombination 184
KA R B A 1A L Ribosome biogenesis in eukaryotes 138
A% R B A RNA polymerase 127
S IETE-tRNA B4 A i Aminoacyl-tRNA biosynthesis 113
AL Carbon metabolism 442
TER FREM IS Starch and sucrose metabolism 339
IR B9 A=W 4 W Biosynthesis of amino acids 324
I TR A AR AF IR BE AR Amino sugar and nucleotide sugar metabolism 283
AL R b Oxidative phosphorylation 267
RN BE I A4 . Phenylpropanoid biosynthesis 251
A B i /B JEL A 1 Glycolysis/Gluconeogenesis 240
TR T 75 0 T R 0 AH L% 4K Pentose and glucuronate interconversions 238
HFLBER I Galactose metabolism 195
PR I R A EE B2 AR Ascorbate and aldarate metabolism 187
IZ 1% AR} Purine metabolism 165
PN AR 183 Pyruvate metabolism 163
> i & R FN 4R & B2 G 18F Cysteine and methionine metabolism 151
g Wi BR 13 Fatty acid metabolism 146
. H #5188 Glycerophospholipid metabolism 142
Mcj;cbl(%{ism LR A1 R ICH Glyoxylate and dicarboxylate metabolism 142
HhEg S Glycerolipid metabolism 127
e VE B9 5% [ % Carbon fixation in photosynthetic organisms 127
2 H KA Glutathione metabolism 126
WUEE SRR 185 Inositol phosphate metabolism 109
MR G3R (TCA P83 Citrate cycle (TCA cycle) 107
HE Wi R [% % Fatty acid degradation 106
SR H @S Fructose and mannose metabolism 105
TR B 112 Pentose phosphate pathway 104
H &R 22 B R A0 I8 R B2 0 MR ACHE Glycine, serine and threonine metabolism 101
H IR Cyanoamino acid metabolism 98
(@& B2 0 Tryptophan metabolism 96
R TR e IR AN 53 58 BB KA Valine, leucine and isoleucine degradation 93
A & R Al 2 R 18 Arginine and proline metabolism 86
15 0 G 8 Pyrimidine metabolism 85
fi & R Tyrosine metabolism 31
LIRS AW 5 95 I AR B9 A HAE F Plant-pathogen interaction 646

Organismal system

R7T FEIER SSR AL HSH
Table 7 Analysis of SSR loci in P. grandiflorus

SSR s #Y o MBRRER A RM TR EA KA SRR RM UMK EL KA AR EE M N EE R
> SSR(c) SSR(c * )
SSR type pl p2 p3 pd p5 p6

4 H Number 1848 70 5985 5786 1790 170 43 35

543 b Percent/ % 11.75 0. 45 38.06 36.79 11.38 1.08 0.27 0.22
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2.4 ERRZERSH 300
%E%@iﬁ{%ﬁ | 1ngab‘(: ‘ =1 H%ﬁkjﬂ% FDR
<<0.01 NERE, ik 2 MEARZI K DEGs, 4b3
HEX A AL, DEGs U H A 1 445 4>, Hop g 200
702 A~ FIEKEE L 743 A F R (& 3, T L Up
. - . T k8
2.5 £RFAEEE GO WA EEM KEGG i B Notrat "
100
Akl * 4 Down
XT T PR P R B R A RS R R A R Y
DEGs #17 GO & £ 0. 45 R (£ 8) R, b f g
753 1~ DEGs #EA4E W) 5 i #4240 i 41 3 Ay 5 2 g
— S 2 N N N log, @,
SRIP R B A 32 D IIRETEZ L 4 B e
B8 18 AN 3 ANFN 11 ANTHBE T 28, E AR P e B PR o 48 22 5 RIS E YUl B 48 FDR {H.
. . N s 3L B 3 25 IR K ILE
SR, AR, DEGs 3 B4 A A2 A T 2 =
o . The a on the horizontal axis represents the fold
AN P 2 H . A4 50, DEGs 78 41 i 45 A . ,
of differential expression, while the 8 on the
N [ LB 33 1
*@Mﬁjﬁ%[ﬁﬁjﬂ 5] % o Eﬁ¥yj HE TR E(J DEGs j( vertical axis represents the FDR value.
W e AL IE RS A A& H P Fig. 3 Volcano map of DEGs
%* 8 DEGs K GO 4y 2
Table 8 GO classification of DEGs
GO 4% GO % H DEGs 3 H DEGs number
GO classification GO term 3 Up F ¥ Down
MM F2 Cellular process 183 165
R B Metabolic process 179 181
FE i Localization 56 21
A #1875 Biological regulation 55 72
il 8% R v Response to stimulus 42 51
Z MM A DL T A Multicellular organismal process 11 14
K E 1 Developmental process 10 14
4 Reproduction 9 11
éli%i’\]—%% A5 i3 B Reproductive process 9 11
Biological e o .
process {55 Signaling 8 14
Z YR 2 Multi-organism process 6 10
8 Detoxification 6 8
KB Growth 3 0
A= W) 2 8] /) Fh 8] A1 H.AFE FH Interspecies interaction between organisms 2 7
% RS04 B Immune system process 1 6
¥k Behavior 1 1
iz 3} Locomotion 0 1
A B Rhythmic process 0 1
AL 2H 4> M 45K Cellular anatomical entity 177 186
Cellular AN Intracellular 64 85
component SEARESY Protein-containing complex 11 16
454 Binding 191 216
ML M Catalytic activity 173 185
232 35 PE Transporter activity 41 13
F Y85 W6 PE Transcription regulator activity 11 30
T IEE S FIEEIH Y Molecular function regulator 7 5
Molcc_ular PLE L IE P Antioxidant activity 5 7
function FHPFE V236 PE Translation regulator activity 4 2
EIRABAEETE 3l Nutrient reservoir activity 3 2
ZEH 4> F 1% M Structural molecule activity 2 5
7 7 35 % Molecular transducer activity 2 3
FFE WM Toxin activity 1 0
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Xf A% A % BE 20 Fn AL PR 4 b ) DEGs dF 17 BT 50 AR @ B a2 9 Fras, B 40 i i R
KEGG & % 7¥r mﬁ 314 4~ DEGs F B3] 105 4 114 B Bt 7 39 A G {5 BT 18 69 . 95r
At 38 FRACI 249 A~ AEMI RS 38 1.

®9 HEEREBAEAFIRA P DEGs B9 KEGG 53 £
Table 9 KEGG classification of DEGs in treated and control groups of P. grandi florus roots

KEGG 4% KEGG fR i} #% DEGs % H
KEGG classification KEGG metabolic pathway DEGs number
Celﬁll]ljiﬁr%ri%cess Vi {1 Endocytosis 1
%fﬁ{ﬁﬁﬂ‘i@ Y% E 5SS Plant hormone signal transduction 19
Eirln‘}gf;r;?g;al MAPK {5 518 #-1 4% MAPK signaling pathway-plant 17
processing ABC #4388 ABC transporters 3
RNA B4 RNA polymerase 14
PN 9 R A 2 1 SOIN D Protein processing in endoplasmic reticulum 10
BT 4%k Spliceosome 10
B B [F] %ﬁ%ﬂ)l‘lomologous recombination 7
Genetic RNA #32 RNA transport 7
informatlion ZEZN R0 E K #AE R Ubiquitin mediated proteolysis 5
processing HAHEBE (RNA YA M Aminoacyl-tRNA biosynthesis 4
DNA E #l DNA replication 4
RNA [F&fi## RNA degradation 4
ECR A W R R A2 W A ) Ribosome biogenesis in eukaryotes 4
RN BEE A4 i Phenylpropanoid biosynthesis 28
YUK I R AN BR i Ascorbate and aldarate metabolism 14
% 1L Carbon metabolism 13
LR AN AT BR M8 Amino sugar and nucleotide sugar metabolism 12
5 AR 1A % W I R A0 A H. %% 4k Pentose and glucuronate interconversions 12
FFL B Galactose metabolism 10
Wl A /B8 IR AR B Glyceolysis/Gluconeogenesis 10
VEM A REREC T Starch and sucrose metabolism 10
LB 9 AW & i Biosynthesis of amino acids 9
AL B R 1k Oxidative phosphorylation 8
i W B2 A8 Fatty acid metabolism 7
AW A ¥ W Flavonoid biosynthesis 7
AW H IR Glutathione metabolism 7
AR Nitrogen metabolism 7
A5 2 10 AN B AL & W 1Y 4 W& A Sesquiterpenoid and triterpenoid biosynthesis 7
H i #% I5 10 Glycerophospholipid metabolism 6
= N A A i Purine metabolism 6
Mej:;(gjism TIOR R L T IFREBRERZE MW A & 2 Stilbenoid, diarylheptanoid and gingerol biosynthesis 6
AR AAG G R A= 9 & W Biosynthesis of unsaturated fatty acids 5
64 VEFH 8k % Carbon fixation in photosynthetic organisms 5
ABEE WA T ZE AN B £ A B Cutin, suberine and wax biosynthesis 5
A R BRI Cyanoamino acid metabolism 5
HihmEs i Glycerolipid metabolism 5
BTG A= )4 B Monoterpenoid biosynthesis 5
T i BR A% 8 Pyruvate metabolism 5
& 7 % F% fi# Fatty acid degradation 1
SO H 2B C Fructose and mannose metabolism 4
CETR I — BRI Glyoxylate and dicarboxylate metabolism 4
2 AN G Al 1 285187 2 4= 4 & i Ubiquinone and other terpenoid-quinone biosynthesis 4
a- W FRERfX 8 Alpha-linolenic acid metabolism 4
WNER KT ARMAZFRICH Alanine, aspartate and glutamate metabolism 3
IR AL A W A A i Benzoxazinoid biosynthesis 3
414 i Diterpenoid biosynthesis 3
fif i G35t Ether lipid metabolism 3
WUEE R R X Inositol phosphate metabolism 3
ﬁ:ff?)ﬁi;\h HH 91 9% JE AR B AE Plant-pathogen interaction 38

Organismal system
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ik, HA MM DEGs BB A FiH %55, i A T
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BRIEHB ST Statistics of pathway enrichment
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MR I A M8 RNA polymerase - °
T4 59% R4 #IH E/EF Plant-pathogen interaction - o
FTEM =GR AW A& B Sesquiterpenoid and tntexpenou:l biosynthesis - . q
ZHEERAI B YA B Stilbenoid, diarylheptanoid and 1 biosynthesis - .

& A Nitrogen metabolism - ° I 0.75

R MERAL AP 4 H)-& BR Benzoxazinoid biosynthesis - 0.50

HUIR ML RTRERR AR Ascorbate and aldarate metabolism - ® I 025

BA7HE 4 )& FR Monoterpenoid biosynthesis - .
EEIRA A Y EI £ ¥4 R Flavonoid biosynthesis - ° HEHKE
ARE. TAFERFMERAYE R Cutin, suberine and wax biosynthesis - o (‘;enel gumber
44 FB LY Vitamin B, metabolism - a ® 20
DNAZ i DNA replication - v @ 30
VG| R A= R 1) 42 40 A B Indole alkaloid blosynthem -
AR R A BERR 2R AR PE and pt - v Fifl Down
2Bt H AR ¥ Glutathione metabolism - o A il Up
R JLHHRE Galactose metabolism- @ o LA
MAPK{% 5 8 #-14 MAPK signaling pathway-plant- @ Up & Down
LR FOE 25 B RS ER I M EL#5 4k Pentose and glucuronate interconversions- @
ARHHI HE 15 B9S24 -& RR Biosynthesis of unsaturated fatty acids - v
2 4 6
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Fig. 4 KEGG bubble map of the differentially expressed genes
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Table 10 Analysis of DEGs in terpene biosynthetic pathway

HH 4 PR Gene name EC %4i %5 EC number Unigene %i 5 Unigene 1D 25 RINEE logyape  fEiR &M *E FDR

/¥ Up/Down

GGPS 2.5.1.12.5.1.102.5.1. 29 TRINITY_DN929_c0_gl 1.38 1.30X10 128 Up
TRINITY _DN25989 c0_gl —2.56 5.10x10 ° T4 Down

10HGO 1.1.1.324 TRINITY_DN13909_cl_gl 1.12 7.03%x10 * 1 Up

TRINITY_DN39272_c0_gl 1.01 1.67X107% I Up

MNR 1.1.1.208 TRINITY_DN3678_c0_gl 1.66 1.97x10°° 128 Up
TRINITY_DN4104_c0_gl —1.35 3.74%10°° T4 Down

CYP76F14 1.14. 14, — TRINITY_DN7816_c0_gl 1.33 4.34%10 ° i Up
MAS 1.1.1.295 TRINITY_DN18826_c0_g3 —2.06 5.23%X10 % T8 Down
GAZo0x 1.14.11.13 TRINITY_DN16665_c0_g3 —2.52 2.72x10" " T4 Down

TRINITY_DN16665_c0_gl 2.06 2.51x10 7 i Up

GERD 4.2.3.75 TRINITY_DN17193_c0_gl 2.10 4.91x10 % 8 Up
TRINITY_DN9328_c0_g2 —4.75 6.13x10 ¢ T Down

CYP71D55 1.14.14.151 TRINITY_DN4380_c0_gl 1.26 0 8 Up
LUP4 5.4.99.39 TRINITY_DN8254_c0_gl —1.12 2.61x10 " T Down
TRINITY_DN10875_cl_gl —1.11 1.28x10 % T i# Down

TRINITY_DN1476_c0_gl 1.29 2.55x10 % 98 Up

LUS 5.4.99.41 TRINITY_DN3348_c0_gl 4. 40 1.97Xx10 % i Up
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The heatmap indicates the level of expression of DEGs, and from dark blue to dark red means the expression is

from low to high. Catalytic enzymes are shown in red font and products in black font.
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2.6.2 EEMEYERXEEREZRE

PN B A ) G A AR 0 BRZE A LG S
PEH] 2 N2 5 RIB N KRS, U557 4 DEGs. 4
Sy A B A A8 i (DFR) FZE #L iR O -F2 5k
AR # [ (HCT), DFR 19 DEGs ¥ 2 3 T 4
Fik, HCT 1y DEGs BEA7 LR A TR FEE (R
1), X SeRgAE 8 B iy HAKE 7, LI 4 DEGs 1)
Tk E A 6 Fis.
2.6.3 FAKRLEWAREREHEZE

TEFR T BE A W) & s 42 v i e 21 7 A G B il
TEAR 22 5 2635 045 26 > DEGs, k20N T

ZH ERFBAEKAQAT A ERELOANTRD ., Hp, L
=11

KEMEY ST

The same as below.

Terpene biosynthesis pathway in roots of P. grandiflorus

PUEERE I 0B (CAD) At 4k 938 S il 6 (PRDX6)
) DEGs 5 i 2. %A 5 A L, T %058 2
DR AR 1D,

T A2 R RIKOCHEEE 3 B 4 G RE A &
FEMG (ACL) | PR R it It ST PR R T S i A 38 5 il
(CCR) MAMIBE I AU (REFD) (ZE B R O -2 L A Kk
W% %% B CHCT) . i HE iR 3-O- Jt #% 7% i
(COMD) i YL il 6. COMT [y DEGs &2
M EHFEIL,ACL #1 REF1 B9 DEGs £ T £k,
HAR KA DEGs BEA FiARB WA TRRE,
T S T A I P i AR E L, DA M 45 DEGs B 3Rk
K 7 R,

12 DEGs 2 #f

Table 11 Analysis of DEGs in the flavonoid biosynthetic pathway
R EC 4% Unigene %i = 25 RIMEE B L PR 1/ T
Gene name EC number Unigene ID log, a e FDR Up/Down
DFR 1.1.1.219 TRINITY_DN12967_c0_gl —1.20 3.33x10 ' T Down
TRINITY_DN33831_c0_gl —1.99 1.18x10 ! T Down
HCT 2.3.1.133 TRINITY DN4259 c4 gl —1.01 1.53x10 M T4 Down
TRINITY_DNG8655_c0_g3 —1.09 9.90X 10 ' T Down
TRINITY_DN9207_c0_gl 1.07 3.03x10° 8 Up
TRINITY_DN20272_c0_gl 2,04 2.21X10 % L Up
TRINITY_DN11918_¢0_gl 5. 46 2.08x10 ¢ M Up
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Fig. 6 Flavonoid biosynthesis pathway in roots of P. grandiflorus
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Table 12 Analysis of DEGs in the phenylpropane biosynthetic pathway

B S E EC 4% Unigene %i % 2 5 R IR EL iR R R /T
Gene name EC number Unigene 1D log,ape FDR Up/Down
4CL 6.2.1.12 TRINITY_DN12040_c0_g1 —3.82 2.15Xx10 % T4 Down
CCR 1.2.1.44 TRINITY_DN7311_c0_gl —1.81 1.18X10 % T4 Down

TRINITY_DN10367_c0_gl 1.45 5.72x10" L Up

TRINITY_DN26661_c0_gl 1.07 2.78X10° 13 Up
TRINITY_DN7311_c0_g2 —2.70 2.67X10 ° T Down

TRINITY_DN33490_c0_g2 8.35 1.05x107% 8 Up
REFI 1.2.1.68 TRINITY_DN40812_c0_g2 —1.04 7.07X10 ' T4 Down
HCT 2.3.1.133 TRINITY_DN4259_c4_gl —1.01 1.53x10 " T4 Down
TRINITY_DN8655 c0 g3 —1.09 9.90x10 " T4 Down

TRINITY_DN9207_c0_gl 1.07 3.03X10° 13 Up

TRINITY_DN20272_c0_gl 2. 04 2.21x10 "7 [-3# Up

TRINITY_DN11918_c0_gl 5. 46 2.08x10"¢ L Up
CAD 1.1.1.195 TRINITY_DN12771_c0_gl —1.01 6.39x10 " T3 Down
TRINITY_DN42880_c0_gl —2.37 7.62X10 ° T4 Down

TRINITY_DN5977_c0_gl 1.48 1.91x10 ® i Up

TRINITY _DN3415 c0_gl 1.67 6.00Xx10 *7 9 Up

TRINITY_DN9119_c0_gl 1.28 5.33X10°° 94 Up

TRINITY_DN41918_c0_gl 1.19 8.52X10 * 13 Up

TRINITY_DN28515_c0_gl 1. 60 1.04%x10° 1 198 Up

PRDX6 1.11.1.7 TRINITY_DN4628_c0_gl 2.76 3.34x10 M7 8 Up

TRINITY_DN1066_c0_gl 1.78 3.08x10 "7 8 Up

TRINITY_DN10091_cl_gl 1.04 2.86X10 ° 13 Up
TRINITY _DN10387 cl g3 —5.04 3.46X10 T4 Down

TRINITY_DN416_c0_gl 2.06 2.33X10° "7 L Up

TRINITY_DN43590_c0_gl 3.99 1.29X10 7 18 Up

COMT 2.1.1.68 TRINITY _DN44246_c0_gl 4.24 7.65x10 1 9 Up
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Fig. 7 Phenylpropane biosynthesis pathway in roots of P. grandiflorus
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