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Abstract: [Objective]Pitaya (Hylocereus spp.), also known as dragon fruit, is a member of the family
Cactaceae. The pitaya cultivation area is expanding rapidly in many tropical and subtropical areas
worldwide because it produces a nutritionally valuable fruit with an exotic appearance, striking colors,
and health-promoting properties. Moreover, pitaya is a highly drought-tolerant plant, making it an excel-
lent species for mining plant drought- tolerance genes. Previous studies on pitaya plant responses to
drought stress mostly involved physiological and biochemical analyses, with some applying microarray
technologies to detect drought-related expressed sequence tags. To date, however, transcriptomic data
on pitaya have been very limited. Moreover, the combination of physiological and transcriptomic analy-
sis to better understand the response mechanism of pitaya to drought stress has not been reported so far.
The objective of this study was to decipher the response mechanism of pitaya to drought and provide
the theoretical basis for breeding new drought-resistant germplasm. [Methods]The pitaya stems regard-
ing their physiological characteristics and transcript levels between the control and drought stress simu-

lated using polyethylene glycol (PEG)6000(-4.9 MPa) were compared. Seedlings not subjected to
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drought stress (0 MPa) were used as the control. At specific post-treatment time-points (0, 6, 12, and 18 h
as well as 1, 3, 5, and 7 days), six pitaya stems of each time-point from stressed and the control were
collected, immediately frozen in liquid nitrogen, and stored at —80 °C prior to analyzing their malondial-
dehyde (MDA) content, catalase (CAT) and peroxidase (POD) activities. Based on the physiological re-
sponses, 6 h and 3 days were selected as the optimal sampling time for the transcriptome assay. There-
fore, pitaya seedlings exposed to drought stress for 6 h and 3 days were designated as OS6H and OS3D,
respectively, with the corresponding controls designated as NS6H and NS3D, respectively. |Fold
Change| = 2 and FDR < 0.01 was used to screen differentially expressed genes (DEGs), which were
then annotated and enriched in Gene ontology (GO), Kyoto encyclopedia of genes and genomes
(KEGQG), Eukaryotic orthologous groups (KOG), Swiss-Prot protein database (Swiss-Prot), Protein fam-
ilies (Pfam) and NCBI non-redundant protein database (NR) databases, respectively. Besides, To verify
the accuracy and reliability of transcriptome data, 12 DEGs were randomly selected and analyzed by re-
al-time fluorescence quantitative PCR (qRT-PCR). [Results] A total of 432 differentially expressed
genes (DEGs) were identified from OS6H vs NS6H (ratio of 6-h drought stress to control) and OS3D vs
NS3D (ratio of 3-d drought stress to control). There were 18 co-expressed DEGs in the two comparison
groups (12 co-upregulated,4 co-downregulated, and 2 in reverse expression pattern), 288 DEGs ex-
pressed exclusively in OS6H vs NS6H comparison group (88 up-regulated, 200 down-regulated), 126
DEGs expressed exclusively in the OS3D vs NS3D comparison group (79 up-regulated and 47 down-
regulated), and the number of genes in the OS6H vs NS6H comparison group was more abundant. GO
enrichment divided DEGs into biological processes (mainly metabolic process and cellular process),
cell components (mainly membrane and membrane part) and molecular functions (mainly catalytic ac-
tivity and binding). KEGG pathway enrichment analysis showed that the four most enriched pathways
in the OS6H vs NS6H comparison group were starch and sucrose metabolism, photosynthesis - antenna
protein, phenylpropanoid biosynthesis, and cyanoamino acid metabolism. Of the DEGs in the OS3D vs
NS3D comparison, the four most enriched pathways were alanine, aspartate, and glutamate metabolism,
starch and sucrose metabolism, cyanoamino acid metabolism and phenylpropanoid biosynthesis. The en-
riched KEGG pathways were further classified into 6 functional categories for analysis: signal transduc-
tion (such as plant hormones, cGMP- PKG, Ras, phosphatidylinositol, Wnt, etc.), carbohydrate metabo-
lism (sucrose and starch, pyruvate metabolism and glycolysis, etc.), amino acid metabolism (e.g. ala-
nine, glutamate, tyrosine, cysteine, and glutathione, etc.), transcription and transport (RNA degradation,
ribosomes and endocytosis, etc.), secondary metabolism(e.g. flavonoids, phenylpropanoid, etc.) and lip-
id metabolism (a-linolenic acid metabolism, glycerophospholipid metabolism, cutin, suberine and wax
biosynthesis). These enhanced the osmotic regulation, detoxification and antioxidant capacity of pitaya.
Moreover, some DEGs identified in this study, including alanine-glyoxylate aminotransferase 2 homo-
log 3 (A13g08860), phenylcoumaran benzylic ether reductase (P77), probable choline kinase 1 (CK/),
salicylate carboxymethyltransferase (SAMT), scarecrow-like protein 28 (SCL28), putative disease resis-
tance protein (RGAI) and exodium-likel (EXLI), have rarely been reported as responsive to drought
stress. The possible functions of these proteins influencing drought resistance need to be experimentally
verified. [Conclusion] The molecular adaptation mechanism of pitaya seedlings to drought stress was
preliminarily clarified. Drought stress activated a series of signal transduction pathways that regulate
downstream gene expression. Through the degradation and conversion of carbohydrates, amino acid me-
tabolism and secondary metabolism, the osmotic regulation, detoxification and antioxidant capacity of
pitaya are enhanced, thus avoiding significant oxidative damage. The results of this study provide in-
sights into the drought-tolerance mechanisms of pitaya.
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Table 1 Primers for qRT-PCR validation of DEGs
£ SIS —37) TSI —37)
Gene Forward primer(5’—3") Reverse primer(5’—3")
CYP8243 TCAGACATTCCTCGCCTATT CTTTAATGTGGTATCCATCG
SAMT GCTCGTCCTTCTCTTTTCGT CTTGCTCATCACATATGCCC
PCS1 GTGTGTTGTTGTTTGGGCAG CAACTTTAATCCCTTGAAAC
RD22 CAGGAAGGTGGCAAGTAACG TAGCCGATGAGCCATTTTCG
EXL2 CTCTTTCTGTCTCTCCACCT CAGTGACTGGATGAAATCAA
BAM9 CTTCATCCACTTTCAGCGAC TCTTGGCAAACATCTCAACC
ADH AACTGTCGCTATTTTCGGTC TGTCATCTCAGCAATCACCT
ALDH3F1 ATCAACTCAAAGCCAAAGCC CCTACTCCTCCAAATGGCAG
MLS CAGTGTGTTTGAGAGGGCAG CTTGGAAGGTCTTCACATAG
PFK6 AGTCTTTGGCATTGAGGGTG TCTCCTCCGATTATGTACAC
GLUI GAGTGATTGCTGCTGGGGTT CGAAGGAGGCAGAGAAGAAG
HIPP39 CGAAGGAGGCAGAGAAGAAG ACACTTGCAACATAGTAGTG
Actin7 TTCCTCATGCCATCCTCCG CCCGCTGCTTCCATACCAA
—— X Control ~—®— T2 }pid Stressed
Ag 12 * x B %o 1200 *
: 10 . . 2 1000 *
~ 5o 8 # 2 800 *
=M 52
S %\ E 6 8 3 600
TTE 4 23 400 |
ks 2 T 200 |
= 2
2 0 L L L L L L L J d,_: 0 L L L L L L L J
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45
¢ 40
> 35 r
Wz o 0r
Hﬂ g T 25T
E 25 20
SE° 15t
S 10 t
5 L
O 1 1 1 1 1 1 J

0 6h 12h 18h

TR

1d 3d 5d 7d

B [A] Stress time

P A Bl T BB AR R s 2R 5 3R S IR 22 5 2 25 (* p < 0.05)
Data are presented as the mean + SE. Asterisks indicate significant difference (* p << 0.05) in comparison with the control.

1 REREEHHKFFEMB T MDA 2. POD Fl CAT FEMHTL
Fig. 1 Changes in the MDA content, POD and CAT activities in pitaya plants under control and stressed conditions

at different time points
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Fig. 3 Gene ontology(GO) analysis of DEGs
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Fig. 4 KEGG analysis of DEGs in pitaya stems under drought stress conditions
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BRN2A R AL BT IE « 7F GO FTKEGG 43 #1 ) %%
fih b, FZOHE T WK S AR R R Ik
AAR TR B IE K A5 5 i S A ORI 22
FRIEFHER .
24 BKLEMREHEXESRIAER

A 174 DEGs 5 /KA PARHHAH ¢, b, 11
N2 5 MERNRE, 3NN S 5.3 M55

PR FR AR (3R 2) o fET FMia T~ , KSR U # Al
TERE AT ) < BB DR 4 1, 4-a- 71 SR B 43 S il 3 9
Kl ( SBE3) WEIL RS LRI ( PHOD) \4-0- % SR Kl %
Tl L K C DPEP) AR 7% Y- B-UE # 1 2 X (BAMY)
IR B AET R 38 6 h B E 30, a-1, 4 75 B
1k B 7 H EE K (TPPD) F gV BE BE R A
(Os10g0521000){£+ F-Jihie 3 d B EIG . 242
RP LR RN & (1 5L (PGIPYTE 2 A Lk i R 3
E%FU% 1T SR J i il 52 (Rl (PECS-2. DAY AE T 5 iy

BehiRE T, AL, = 5ERHE R ATP KA 6
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Table 2 DEGs involved in carbohydrate metabolism in pitaya under drought stress
N OS6H/ OS6H/ OS3D/  OS3D/
RS K| 42 B
é};e?D lj;ﬂijsicri tion %e%njfne NSGH  NS6H NS3D NS3D
P Ratio  FDR Ratio  FDR

VEN FUFEREART Starch and sucrose metabolism

TRINITY_DN1131_c0_gl  1,4-a-% S 7 Sl 3 SBE3 2.67 1.03x10°  ns ns
1,4-alpha-glucan-branching enzyme 3

TRINITY_DN1281_¢c0_gl  4-o-%i JEHE4E 41 4-alpha-glucanotransferase DPEP 2067  2.84x10"  2.34 4.02x10°

TRINITY _DN6504 c0 gl  FiJt# 2 Glycosyl transferase PHOI 2.607  5.53x10° ns ns

TRINITY_DN6728 ¢c0_gl  JE5GPE-B-JE M AL A Inactive beta-amylase 9 BAM?9 2.12 4.77x10"  ns ns

TRINITY_DN2311_c0 gl o-1,4 %] SRR B TG T — ns ns 3.11 9.38x10°
Alpha-1,4 glucan phosphorylase L isozyme

TRINITY_DN320 c0 gl o-1,4 % SEHEREMR (b g 17 5 TPPD ns ns 3.00 1.61x10°
Alpha-1,4 glucan phosphorylase L isozyme

TRINITY_DN320 c0_g2  F#EHE-ff M2 W MR H VY X3 TPP4 ns ns 3.19 5.78 x10*
Probable trehalose-phosphate phosphatase H isoform X3

TRINITY _DN4287 ¢0 gl 7k} Probable trehalase Os10g0521000 ns ns 2.22 5.42x10°

TRINITY DN1329 c0 g3 £ R A MERRRINGIE A 1 PGIPI 0.26 428x10” 038 2.83x10*
Polygalacturonase inhibitor 1

TRINITY_DN23954_cl_gl % %4 FUAHEE IR B 401 & PGIP 0.31 4.45x10°  0.34 3.07x10°
Polygalacturonase inhibitor

TRINITY_DN6583 c0_gl LT Pectinesterase PECS-2.1 0.33 7.50x10™  ns ns
PEREME Glycolysis

TRINITY DN1378 c0 gl  ATP#K#iH 6 ik S kit PFKG6 3.68 3.06x10"° ns ns
ATP-dependent 6-phoofructsphokinase 6-like

TRINITY_DN8483_c0_gl L%/l (B4 3 Alcohol dehydrogenase 3 ADH 2.14 8.62x10°  3.59 1.36 x10™*

TRINITY_DN8402_c0_gl  Z i ZUES % 3 B Fl ALDH3F1 2.09 335x10°  ns ns
Aldehyde dehydrogenase family 3 member F1-like
ABATR R Pyruvate metabolism

TRINITY DN13643 c0 gl SRR A M Malate synthase MLS 2.67 1.24x10°  ns ns

TRINITY_DN16967_c0_g2 i 5 i 1 2\ 74 il 195 22 1 iy PPCI 2.63 1.95x10° ns ns
Phosphoenolpyruvate carboxylase

TRINITY_DN5387 c0 gl i f e =X P T 7 2 A g 1 — 3.09 9.88x10°  ns ns
Phosphoenolpyruvate carboxylase 1

s " FORAR BT s BRI,
Note: “—” Not found or not exist. “ns” There is no significant difference. The same below.

Tl R SR W i g L X (PFK6) < £ T8 i 80 I 35 1A (AL-
DH3F D VA 2 55 4 i B AR 0 3 SRR A R il 22k [
(MLS) W A i X R R R A B B Rl  PPC D AET
S8 6 h R R i B 0, 2 i U 3 Ak A
(ADEDTE 2 #H Lb i3y B 3% i .
25 SEBRSEEXEFREEERE

TR2PBaiES K EADEGs h, G812 5 TH
FEFRARW (R 3) . AR CEETR ¥ 2 2 [ 54 3
FE R (413208860 FA [ B - Ik 2 IR S FR JE I 7% iy 3
K (HMT)HE2 AR EE . S 58/ %
R R R A B K (GLUD 12 545 B H AR AR
Ut DR HJIE s- 5 A2 i T1 I X1 FE PR (GSTTI Y
7E OS6H vs NS6H [ b B h 3% Fif, 2 58 %

FRAR T FEAR B A B R (AT 1D X AE OS3D vs NS3D
A R 2 B, B R R - SR IR R I 2
FH (GGAT) AN AE OS3D vs NS3D H L i 4 b 5 3%
T, 255 2 R A28 2R IR B &
(GAD) 1t OS6H vs NS6H H b 4 v 235 N, 78
0S3D vs NS3D i b 2H v 2 3% .
2.6 RERBEXERRIEER

T2 a g gt T IR AR AR AR DGR R Rk (R
4) . YUt 2 P4S0 FE [Kl (CYPS8243) FIMNHEER 3-0-
F L FE RSB JE [ (COMDY 75 2 N EL i L 24 B3 1
W, 25 KW kWA I 2 A Protein ECER-
IFERUM 26 % [ (CER26) X7 OS6H vs NS6H ] Lt
B R B, WnERE R S A-O- P R RS il R A
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Table 3 DEGs involved in amino acid metabolism in pitaya under drought stress
e OS6H/ OS3H/ OS3D/  0OS3D/
FEH 5 FE[R 44 F5
ée?D Ii‘ijiri tion gegne?ne NS6H NS6H NS3D NS3D
P Ratio  FDR Ratio  FDR
PR RN Z R A
Alanine and glutamate metabolism
TRINITY DN11325 c0 gl AR - S R % 2 2 [R5 3 At3g08860  2.63 4.37%107 2.02 8. 08x10°
Alanine--glyoxylate aminotransferase 2
homolog 3
TRINITY _DN3386 c0 gl BRI AT 1 Glutamate synthase 1 GLUI 3.04 3.95x10™ ns ns
TRINITY_DN1404 ¢3 g2 R AR MR Glutamate decarboxylase-like ~ GAD 0.33 3.48x10° 2.14 5.40 x10*
TRINITY_DN437 c2_gl f{E 25 7 dnaJ 11 Chaperone protein dnal 11 ATJ1I ns ns 2.17 1.28x10°
TRINITY DN5924 c0 gl BRATR- (IR A SRS 2 GGAT?2 ns ns 0.35 7.88x10™
Glutamate--glyoxylate aminotransferase 2
Bt & 21 C 4 Tyrosine metabolism
TRINITY_DN75137 c0_gl BAG Z W5 FAHB T T 6 BAG6 ns ns 2.39 1.16x10°
BAG family molecular chaperone regulator 6
PR
Cysteine metabolism
TRINITY_DN10306_c0_gl [F) T e 2 BR S HH A% R I 3 HMT3 2.42 8.53 x10* 2.57 6.06x10"
Homocysteine S-methyltransferase 3
B H IR Glutathione metabolism
TRINITY_DN4975 c0 gl B IR s-$2 Mg T1 A X1 GSTTI 3.93 6.67x10° ns ns
Glutathione S-transferase T1 isoform X1
x4 FTEMETAERRERBHEXESFREER
Table 4 DEGs involved in secondary metabolism in pitaya under drought stress
. OS6H/ OS6H/ 0OS3D/  0S3D/
FEH 5 FE K 42 7
gejng l*)ﬁejsicri tion gegnj;ne NS6H NS6H NS3D - NS3D
P Ratio FDR Ratic  FDR
KN KEAY) G i Phenylpropanoid biosynthesis
TRINITY_DN6899 c0 g2 Protein ECERIFERUM 26 CER26 2.38 1.54x10° ns ns
TRINITY _DN7291 c0 gl  WIHEER 3-O-F S 5L R g comr 2.11 4.85x10° ns ns
Cafteic acid 3-O-methyltransferase
TRINITY _DN7365 c0 gl Protein ECERIFERUM 26 CER26L 2.88 1.54x10* ns ns
TRINITY_DN1672_c0_g2  WIHERR 3-O- F S 12 i — ns ns 2.70 1.66 x10™
Caffeic acid 3-O-methyltransferase
TRINITY_DN6823_c0_gl  WlHEER 3-O-F 5L 5 1 COMTI ns ns 6.54 1.56x10™"
Caffeic acid 3-O-methyltransferase
TR PG Z I I A K
Stilbenoid, diarylheptanoid and gingerol biosynthesis
TRINITY_DN4570_c0_gl  #ifid (%3 P450 82A3 Cytochrome P450 82A3 CYP8243 2.68 2.13x10° 2.85 3.60x10°
TRINITY_DN1672_c0_g2  WilHERE4H AT A-O-F I 46 52 iy — ns ns 2.70 1.67x10™
Caffeoyl-CoA O-methyltransferase
SRR FALEY) A BR Flavonoid biosynthesis
TRINITY_DN12 c0_gd4 K& G RN BL )5 H TP7 ns ns 321 1.50x10™

Phenylcoumaran benzylic ether reductase

(caffeoyl-CoA-O-methyltransferase) f1 5 55 S # il 4=
Y& B R A BN SR KO [ g B R (TP7) A AE
OS3D Vs NS3D b2 iR 2% Eifd

2.7 BERS . EFFSMEXERRIEER

T2 e A 51 D a- SRR B8 FHH e B2 AR AR AH DG
BRI (RS, K, 25 o- W RS 1 3 4
VR BRI R R R RS R IR (SAMT e 2k
T A SE LB 3 5 D (4CX3) ATRT BE 1 A Bl Jid il 3
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Table S DEGs involved in lipid metabolism in pitaya under drought stress

. OS6H/  OS6H/ 0S3D/ 0S3D/
A5 I i
%e?D Iﬁ]sécri tion (j};eﬁnjl/ne NS6H NS6H NS3D NS3D
P Ratio  FDR Ratio FDR

a-JV FRIR AR
Alpha-Linolenic acid metabolism

TRINITY_DN7604 c0_g2 IK TR P2 T R S Tl SAMT 223 1.32x10* 2.08 1.06x10°
Salicylate carboxymethyltransferase

TRINITY_DN768 ¢c2 g2 Bk 4 A A LEE 3 ACX3 2.02 2.39x10° ns ns
Acyl-coenzyme A oxidase 3

TRINITY_DN198 cl gl A e [ IH BRI 1 CKI ns ns 2.07 8.19x10*
Probable choline kinase 1

TRINITY_DN8316 c0 gl H b R — BR R — RS GDPD2 ns ns 0.35 1.28x10°
Glycerophosphodiester phosphodiesterase
FH T AR BRI 5T 1) A2 5 1
Cutin, suberine and wax biosynthesis

TRINITY_DN11392_c0_g2 2 125 p45086A22 CYP86A22 2.14 9.44x10° ns ns
Cytochrome P45086A22

TRINITY_DN2991 ¢0 gl I 428 p45086A8 CYP86AS 0.46 1.40x10° ns ns
Cytochrome P45086A8
Hul G
Glycerophospholipid metabolism

TRINITY _DN4147 c0_gl TR IR I e -N- F B R4 Tl PEAMT 0.45 6.15x10° ns ns

Phosphoethanolamine N-methyltransferase

IR CCK 1D, T W 25 DR Sy v T — T 0 e — T g 3%
(GDPD2) ; Z: 51 i o Jig A 1 B R & 1% Jig -N-
I 36 B g 5 Rl (PEAMT) A AE X AE OS6H vs NS6H
ML T RIE . S S5REAIZ T 2 7R IA 5
Al #E OS6H vs NS6H (1) LU B 4 v i 2% BRIk
(£ 6), F LA NAC I3 E H 6 £ (NACI100)
60s 1% B 1A 2 11 2 [A] (60S ribosomal protein, L13-
) RAF R E AMHE R (ASPG2 F1 PCS1) 1 Ninja-
KGR E AR (AFD %,
28 EERSHEXEFREER
FRPE T, — R ZE R0 BAE 5 3 S A K

BRI KRR S e k(R D . T2 hia
J& 6 hF13 dILFIBE TG S Fiee, 1L
1, Scarecrow-like protein 28 (SCL28) F [K Fl &5 [ 1
PR it 3k K] (PP2CA) N #E OS6H vs NS6H [1] bt i 41
©FE R, AT R K BB OB R B 2C8 B [
(0s01g0656200) % 5% R 1 F: Xl bBHLH25 F11 LOB 45
PR (12 2E R (LBD12) X AE OS3D vs NS3D [ Lt
AT EE . cGMP-PKG 5 5 i % AH 5 5 4]
[T RERISEES R R A SE R (CMLIO FERE A 455

3L K (MYOB 7)1 Ml Ras 15 5 1 4% 2 K] [BUE [ PL i
FEAFI (RGADIXAE OS3D vs NS3D K Eb i 4 i

#6 TEMEBTAEREZMZHHEXERFTEEE

Table 6 DEGs involved in translation and transport in pitaya under drought stress

P . - » OS6H/ OS6H/ OS3D/ OS3D/
(jJ.iijljD gﬂejsécription %ef:;r\le NS?H NS6H NS3.D NS3D
Ratio FDR Ratio FDR
RNA [%f# RNA degradation
TRINITY_DN7103_¢c0_g2  NAC #4385 1 6 NAC domain protein 6 NAC100 2.07 4.13x10* ns ns
A Ribosome
TRINITY_DN1659 ¢c0_gl  #%HE{4H 11 L13-2 60S ribosomal protein L13-2 — 3.64 9.06x107 ns ns
TRINITY DN4388 c0 gl  Protein ASPARTIC PROTEASE IN GUARD CELL 2 ASPG?2 2.15 1.99x10° ns ns
TRINITY DN7378 cl g2 RAZIRE A Aspartic proteinase PCS1 2.86 1.51x10° ns ns
Jfi %4 FH Endocytosis
TRINITY_DN12521_c0 gl BURP #4455 [1 RD22 BURP domain protein RD22 ~ RD22 242 2.35%107 ns ns
TRINITY _DN957 ¢l gl  Ninja-Z %4 [1 Ninja-family protein AFP2 2.15 1.10x10° ns ns
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Table 7 DEGs involved in signal transduction in pitaya under drought stress
Gen D Deseripion SEEE. Nt war Neb e
Ratio FDR Ratio FDR

MY Z A5 5% T Plant hormone signal transduction

TRINITY_DN3747_c0_gl Scarecrow-like protein 28 SCL28 245  2.48x10° ns ns

TRINITY_DN6325 ¢0_g2 [T 2C Protein phosphatase 2C PP2CA 232 597x10* ns ns

TRINITY DN10328 c0 gl A fi e 8K [ i R g 2C8 Os01g0656200 ns ns 3.98  1.23x10"
Probable protein phosphatase 2C 8

TRINITY_DN13775_cl_g2  #5%[X-F bHLH2S Transcription factor bHLH25 BHLH?25 ns ns 275  5.54x10°

TRINITY_DN16811_c0_gl  nfig/& & (iR 2C8 0s01g0656200 ns ns 13.90  6.10x10*
Probable protein phosphatase 2C 8

TRINITY_DN2010 c0 gl LOB #5435 1 12 LOB domain-containing protein 12 LBDI2 ns ns 232 6.46x10*
c¢GMP-PKG {55 ili#% ¢cGMP-PKG signaling pathway

TRINITY_DN19332 ¢0 g2 K% H Probable calmodulin-like protein CMLIS ns ns 2.88  3.56x10°

TRINITY_DN9320_c0_gl  WIERE 1454 5 11 Myosin-binding protein 7 MYOB7 ns ns 254 4.02x10°
Ras {55 JH# Ras signaling pathway

TRINITY_DN258 cl gl e g EE A RGAI ns ns 284 3.65x10°
Putative disease resistance protein
BEIRBEALEE S = R4
Phosphatidylinositol signaling system

TRINITY_DN1387 ¢0 gl  HE&JBAHRMFK ImibiEN HIPP39 276 2.04x10° ns ns
Heavy metal-associated isoprenylated plant protein 39

TRINITY_DN4206_c0_gl ~ Hith & Diacylglycerol kinase 1 DGKI1 281  7.28x10" ns ns
Wnt {55 il #% Wnt signaling pathway

TRINITY_DN6715 c0 g Tl 1 s e 2 PR T R 2 A R PPCKI 258 7.50x10" ns ns
Phosphoenolpyruvate carboxylase kinase 1
mTOR {55 il % mTOR signaling pathway

TRINITY _DN5065 ¢0 g2  Protein EXORDIUM-like 2 EXL2 271 3.68x10" ns ns

. BHIRBENIES 5 RGOSR [E LB AL
() S TR A B (A FE TR C HIPP39) AVH i — g 4 iy
F R (DGK 1)1, Wt {5 5 18 5 52 [R] CHf 2 4 1 = 74 T
% 2 1k B 1% B (PPCK1) F1 mTOR {5 5 i #% %t
(EXL2)MYAE OS6H vs NS6H [ Eb i 2H A 2 2 Eifd .

OqRT-PCR

¥

ZE A
Fold change of gene expression

S = N W A O
T

CYP8243 SAMT  PCSI RD22 EXL2 BAMY9

2.9 ERPRKES PCRIGE

NSRS AL 5 3R, AT T BEATLBR L 1 12
A~ DEGs #4752 qQRT-PCR A& , 45 5 5 7RIX 124>
BRI AR i S 45 IR — 5, R
AL PP 45 FER AT (B S) .

BRNA-Seq

ADH ALDH3F1 MLS

JE[X DEGs

& 5 @it qRT-PCR X} 12 4 DEGs #1TIIE

Fig.5 Validation of 12 selected DEGs via qRT-PCR
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T ot fie B8 A AN AR A7 B AN ml Bt ), RO AE AN
FIZEAE TN, Bt 2 A A WA Ve R Y
iR BRI S, P 2SS TIER Y G K
FREMES . FET R a5 U B A B AR
(1) SR 1,4-0- 75 ZE A 73 S 3(SBE3) L4 2
filf (PHO1) \4-a- i SR W& % #% i (DPEP) AR 1% Pk -1
H B (BAMO) Fll a- 1,4 %] 54 Bl 2 A0 i I % (TPPD)
(AR SRR S B, R 3k T Ve R R A RO B AR . 1
B2 55 R 4] 300 558 e 30 1) i 7 B 3 sk AR 7E 4 R
HEANBER RERRGNS 5ESHSET
TR A B AEFRER. S5 —
|, A B AL R B A OC B R (TPP4 AT
Os10g0521000{ET 5 a3 d 5 22 FiHRE.

R TR A A2 BT A AR DA N B /KA B DA ) 2
R IER, KW TEA 3NS5 PERE AR 1) B 5 R 7E T
a5 iR E, Hodr, B A U (PFK6)
J2 W T A 1) PR TG , 1T T2 S B C ADHD 78 1 1 3
A i A R S E R A T2 8 . Shi
GO TR I, AtADH T Wi N £ 5 FE VR Ji A4
RGeS A AR A Y38, AtADHT ()3 32 75 7] 2
T+ 22 A B AH O 32 DR PR e s 7K B AR i T s M 1)
TR ERPE IR BT (I PTAR , AtADH T %5 5 R Y5 26 T
STV T o B I B PR A BT . Khan
SR TE O AR R ST 5 R B ORI AR Ty i
B A A, AT 5T v Il Sl oK I 3 S 1 B IR (AL-
DH3FD R 2% Rk . P59 I8 o 5% 1 B i
ST T IE B ROS A b A 55 1 S Ak 7= A T RE 11
BRRAAHEEEH, WM 5L FIRFIFHETTZ
P55 5 5, WL I8 GRS T 21 5 B A B TN
i 12 R A Bl (PPCO A SRR A i (MLS) ) R ik
Z S HHYIRT IR EE I PUIs [ R, PPC Ak Tl I 475 1
AR B-F2 A A2 BRI 2 B8 ™Y, MLS AL 2B 1R
5 BB A 56 4R O SRR, R R A E R
PRI QRN ZRRIRIEH , eI Resg N 7 5
A KR BE RS, DU T8 2 H A& B 5
JoE AR R A o
3.2 |ERKH

FIERACUHB ALK 775 BRI B B0 , 1S
S GRNBE R AT RIEREEAEAY, p-NAR

T4 Hh B BB E R Y5 At3g08860 S 5 B-TH A
B AU, 510 AW 78— 20, AW 70 41308860 1E1%
P TR B R RAIESE, TR T
7 % (Ipomoea batatas) WA AL 2K (GS)
A glutamine oxoglutarateammo transeferase i
(GOGAD) [ 3K P, WA IER T S T
K2 R %1 i (Cunninghamia lanceolata) ] GS . GO-
GAT iE PRI 5R™ . AL, ARG 1 (GLUD 2 5
oL R TF Ak s I A B B I T, AR 9T ) GLUIT
(1 b 8 2R U B PT REAE KO R R T 5 a A
Flggm R 15 E EEEH . REARI AR (GAD)
&AL L-75 SRR I 2 A B y- U T (GABAD
iff , A E I Ca™ M5 5 i FIOE (R EE A T R g
™ GABA AR &, A5 SALIC L, B ik /K A0 i k7
KB GADTET R Wil 6 hivf 5 3% T, /£ T 7
e 3 d S R T AR A e R A A
Mo BBEH IK-s- R BE(GST) | I A24E T,
FE S 5 AMNIFAL W5 A R B A A AL B,
B GSTHE KRR H BRBEE 5 109538 had i Pt 1
JE5R™, GST 1M 25 AN BT B0 5 1 mT e KOl SR
TSI M R R
33 RERIE

T B e 5 s T KO R AE R &
B A 5T 2 5 2R N e A W6 ) 3 /N IHERR -O-
H L 5 % Bl 55 [ (COMT) F1 2 /> Protein ECER-
IFERUM 26 & [K (CER26) % K Jo S 1 5 i it 4% 14
THzERFL, COMT R RYAK R & Mpha
N R S A B A A 4 A PR B R Y S
T HE A R A T 2 SRR R R, 2 5 K R AR
BERMAEDE . A FOUESE COMTI NI R &
FEF B JBpaE 35 ke ek /b, o A W AR B TaCOMT %
DR 75 400 e T Fp ekt 308 M {18 a0t 4 B 2R 1) A e, T
148 58 68 58 DRAELAR (1 90 572 66 70, AW 90 P 22 3 1)
COMTI FRFRIEF LI T Ge 20 1 W B R A
Y& R, VvCCoAOMT & % Th g ) FH 3L #5755
it , 0 5 Hf PoCCoAOMT 1) 25 ¥ 1 3sk 3Rk W 32 38 o
TR R A2 . CCoAOMTI i 3L 1 5 AR
JiRE A HO. A 2RI ABA 13 538 B LE % - 5L
B R % BN AE S, Protein ECERIFERUM 26
(CER26) 1K 2 5 25 1 ot )2 5 o i AR R, AR 7
2N CER26 5L FRRIE . RE G HARKBRL R
WiE CTP7) 85 W\ R J2 B AT 3R AE WA B G B i
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A ARARXFT LR AL EE TS S TARER
SRS B R R A e ) SRR A R, A T AR
T8 2K A 3 ORIk SR B AT DA AR P Hh 2K ) — SR Ak
(AR B, DRAF AL OS2 300 358 i 7 A 1R 8 A A 477
34 BERAS

TET R Wia T KOOSR BRI A IR R 22 e 3%
ko KRR AEY P EEREEREZ —, KGR
VIHCHTLAR AW ol B AR B A0 B R H (A FH T
TZAE S, KR F R (MeSAD A=W & ik 55 5 [
IR IR F IE B RS L IR (SAMT) ) LR IE K,
IKWHER AT BEAE KRBT R k4% T EHEAER] . Han
S T 4 A 5 3 P450(CYP86A22) 2 HEH ) - Jli
Ik L H G a AL , 2 5B R4 13k o- R IR IR
0 A= 7= R0 = Tk 3 H v -/ — T 2 H v 2 R 9 R 2B
G BERG O e -N-H R Rl (PEAMT) J2 #lf 5%
B ) B AR I S SR I , 08 1 3 S0 LE K
BRI R G R, FE R A SR, TR
JEIREL TR K SR I ) PR BT 25 T 1 5 A K sz B
%, A B S AN T B PEAMTER R 1 JE R
3.5 EEMTM

NAC(NAM-ATAF-CUC) # 3% i 1% K+ 5 51
PAEA W E HTE . Greve ZE 1 e fikiE T NAC 1Y
GER IR, I AE R B2 NAM BE R 0L IF ATAF1/2 A
CUC2 FE [N gmft If1 2 1 1 N iy R L0 & — B
TR5F I NAC S5 #448, ] 455 DNA FIH A iR . A
W7, NAC 45 38 B 11 6 3[R (NAC 10O TE K e S
TR e BRRIA, IR A — P EE. K
XA E AN 4 RBEAKEIEL —, ) 2 1E
T2 M, X R E A ME AR KR
B AR, IR M R N R R SR T LK
IR0 R R AR O PR DR, AW SR U
B 24 B MR &R IR B E B K (ASPG2 A
PCSD) . #EfRER DA RAZRE AR 1R
(ASPGDE L EFMW I+ 5 T Fha a8, K
RIER DA Rk . PR IF/E TS %04,
ABA %55 ASPG1 B: A 215 , #1 B ) ASPG1 22 K 4]
AL K A3 O 5 R B SRS P ik B AP I R S R
P G 52 EATR  BAT AR 23R 56 UE B4 e T
R AR IRE AR (PCSD 25 T A R 5
SETI, PCSI (M) D Re R R A S A V) A BB T, A e T
B YE TR, IR B AN BE IE W K B . BURP
8 e ek 35 TR D K 11 A 4 s 5 M SRR L BT Gh-

BURPs # 5l J& RD22-like V. 5% % (6 5 2, #B A g R
I () PR A 5 5, AR AR GmRD22 76 55 55 K 0, Fg I Al
o B DRI K R w3 5 4 B it R Ak P i AH LA, 388
e T AR RS ' . KR RD22 5 [H]
FARE VAL S S T 4 i R A A
it , AT E T 5 8 S5 A 38 i At R e 1 S 1
36 ESES

B AR 2C (PP2Cs) fe A% AR Wi it
JO7 () LR R . ERLE T, PP2CA MR N i &
1% CABAD {5 5 I A AK 18 428 R 7, A7 T8 4% A8 420 11 A2
K VR B RIS 2 g 858 (1) e R ASHIE AR K ORI
H L3 E H 3 /N PP2CA 355k A1, B AT T2 K R B
X 5 e R B R R o A B RS A A R 1
e B B S S8, Yang 25K , LR TS
51 8 1 CmCML 3 48 J7 38 1o 82> A 1k 1) Na' 34
JEE AR Bt 5 189 0, ASHIF 5 b R RE 1 SRS T AR
(CML18) ¥ 3% [K -7 I i ik R B H v g 78 Ko
IS SR AR ) e U T R A5 A B A . R
JE - P£ - B2 i &5 1 (basic helix- loop- helix protein,
bHLH) & FAZ AL W) b 8 i A7 AE R 3 s R 7, il it 5
B R DR ) R R AR B R R R s R R R A
bHLH #5772 Z 5 Y 1) £ KA, 7EHE
/RSN IS ER L YA RN R Sl (L L B 1 S E
N, UE T AMYC2 (bHLH) 7E it ¥ B {5 5 4 G il
B S WS R H 5 Scarecrow-like protein (SCL) 42 HH 4
JRIER 5 T 1) GRAS KM A I e S R, e B2 T
BB ER B, FREPE T, KRR T
bHLH25 M1 SCL28 33 FiRKE WM ENIZE T Kk
X R G 5

K% FE T B R UL A5 5 0 B 1 2 N R R [ 4
J A 5% 1 S I I3 AL B 1 (CHIPP39) AV H I — B
i (DGKDET St 6 hJ5 AR IE , R ikE, &
& J@ ARG I S I A B HIPPs fE4E K &
R EEEH, S 5B L BRSAMEFELE], v
FEV AT T il UL R S HE 0 AR A BAEF . 4R
18 OsHIPP41 3K 127K FG (Oryza sativa) X F€4 F+
S e R B R IA , R A T 4 s AN
SHAAZ s RS H O (DGRO S 5 H- i
B TR A A S Tl T T, T 5 e R Tl T 1 40 44
HIIAR R R . WEFLR W, DGK 1 BRI TE K FEIR &
AKKEHREEZEEM™, I exodium-likel
CEXLI) 3 R /2 38 7 ik A1 g 22 PR o) A & 26 1 i b 75
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MR A2 A 5 A ) Bl A A4 B P ) 20 o R TR A T
= A i R 2 AL I (PEPC) 75 )it A E FH AN A TR AR 3 47
A& R B B AR R S 4 2 b 1 R 0 e
2 P 5 F2 1 Bl il (PP CIRO i A R i R A 2 1) 1)
Liu 2738 , T2 Bl R , PPCK 5 A s /KP A
c4-PEPC % B: R /K 8 i 43 242 71, K e R PPCK1 Al
Protein EXORDIUM-like 2 (EXL2) 3& A f) b i # ik
YA S5 1 KO R 52 Bl i g SR 5

4 Z B

TERiaEsh 7K IER— RIE T FIER
(28451 85 CML18. Bk H i il DGK 1. &
1 % B2 i PP2CA 2 BHLH25.NAC100.SCL28 ¥ 5%
A5 , 1 4% TR Ui B R 3Rk, i i B oK A6 & ) (U
A1 BN B S IR S I B A AN A B B R (U A
AR AR R S D H RSO AU A ik A AR
W T R b S 0 e B S B AR
FOZEEGE T KO REBIE R R EERE S, KB R
HOR=TE Ry G B v e W =ih 5 v N = I E R e
VAR NI T E A =R XLV
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