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Abstract

In order to explore the effect of mother plant age on adventitious rooting, the five-day-old stem
cuttings of a 1-, 2- and 3-year-old hybrid triploid cultivar Populus “Beilinxiongzhu 2” were used as
materials for transcriptome sequencing analysis. Significant differentially expressed genes were
screened, and GO enrichment analysis and KEGG enrichment analysis were carried out for diffe-
rentially expressed genes. A total of 5153 differentially expressed genes were identified. Through
GO analysis of three comparative groups, the up-regulated genes were mainly concentrated in mi-
tochondrial respiration, oxidative phosphorylation and flavonoid biosynthesis. The down-regulated
genes were mainly concentrated in the synthesis of brassinolide, salicylic acid-mediated signaling
pathway and gibberellin biosynthesis. KEGG analysis showed that differentially expressed genes
were enriched in signal transduction, energy metabolism, translation, sugar metabolism, biosyn-
thesis of other secondary metabolites, amino acid metabolism and transportation. Finally, the re-
lationship between adventitious root formation with 5 down-regulated genes and 4 up-regulated
genes was discussed. The transcriptome analysis showed that the expression profiles of adventi-
tious root formation related genes changed with increased age of the mother plant, which led to
the inhibition of adventitious root formation in Populus cuttings.

Keywords

Populus Cuttings, Age Effect, Adventitious Roots, Transcriptome

TRIEFIR X E A R AR R
ViR

Motk HIVE, RQM, Epd, B &

TEEE .

SCESIH: A, BROOE, R, ERREE, B ARG B AN AT R R e SR A T ). A T
7%, 2019, 8(3): 293-306. DOI: 10.12677/br.2019.83038


http://www.hanspub.org/journal/br
https://doi.org/10.12677/br.2019.83038
https://doi.org/10.12677/br.2019.83038
http://www.hanspub.org

HEHK &

AEEMAE R, RO R AR SRR B, MR E M E X TR S, b

Email: ‘'wxf801@sina.com

Wk H . 201945 H8H; FHHM: 201945 H22H; KA HI: 20194F5H29H

m =

NTRAFEEFRIT AN ERERKEW, AHAUL. 2. 3FEBABRIZ/EHHF “JohrEk2
57 KIREHERAT MR, TR REHATRRANF S, RN 5153 M ERREER. 04
HrEx, LRERT:EERAELMEFR. SABRUENRERGRELE, TRERNTZETRAEMN
EHWEER. KERESHINABERERERE. KEGCERER, ZEREFNESSHS. RREMH.
BiE. A HMARERETYER. EERAENZRSFERES. 85, M=AHRAHs3E
TRERMAANIE EREF SR RRERKIRABT T e BRAS IS FRERIEK,
SEMRTE AR R RIAE R A2, PEEEREA SRR Z 2.

XK ia
ViR, RGBS, NEAR, BxR4A

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 518

EBEMREEITT I ERM ML —, EREAMMEN ., AEHERER. W25 IR EER
o JBIIMMY R ZEMR A AL B Tl B 2K TRE 9250 % RHE T AL & H BOHE A Z P = (54408 Pl Jb kit
25”7, KAENBREM(Populus alba x P. glandulosa), TFANEHM(P. tomentosa x P. bolleana), BAH
HERRAS 2R AR TV BT RURE T 9S5O I A T 3 A 2 P R 3 B 1] [2]
131,

W T BT BRBAT R G, IR e B SRR EMASE & 2 B i R 1) - EE B (4] R
MG B AL 5 52 B AR N (age effect) M, AT FECm PR . BN A IS4 BRI RN,
seda oI BIEA R R B B BO oM B RCR 1 G 52w, Bl anbEAE BERRAE RS 2 AL, SRR SR AR AR
RE B R . FEM I S5 BSOS LB S R M, BOR SR SR AR PR 55, IRBREEN R B I3 E
Mrge, ARKSZRIE], FAEKERIKS]. ABFF@EER 1. 20 394 “Jubkiitk 2 57 740 TR dE
AT H M3, A TR A EARAERDIRAS I REm, s =58 am bl “ IRtk 2 57 1
TR F PR AT i R FE A

2. MN5E7EE
2.1. SEEAARL
BAZZAEVHTR D AL IERR 2 57 JEPE SIS bR £ 1L 7R 4 W T el L R
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2.2. SRRAbEE

R, GRBUERK REF. TR ERER 1. 2. 3 FFERMRA A ME SR (BN 08~12 ecm, KEA
10 em)o FHEEEFUND L. EFRL: BEAZ 2:11 HENRG . REGTETRDS)FHEEESELL 5 om JEH]
WERRL(LS 24 3 A 3 BREER), SERBONREGER, T80 CEMIRIRAE, T Rse iy ot

2.3. SEWGE

2.3.1. RNA-Seq #ARF Nlumina MIFF

XF 1 24 3 SEAFTE AR IR AT AP, XERE S RNA JEATHEEL, (] DNase 4bFE
Z4 57 DNA, 4 & S0 mRNA T /858 1 B 285 K6 28 i BV A BERR, F S BRIEREHL S 44 i — 5% cDNA,
2R 4E cDNA, XUEE cDNA KA SRE AT 4tk 405 fWEE cDNA T ARMIBE . I A &
TR PSR iy BOR /N %, I fE HEAT PCR &0 M9 (S PEA] Agilent 2100 Bioanalyzer ik &
¥ J5, f#F Tllumina HiSeq X Ten M P AGEATIR, 724 150 bp 19X £ «

2.3.2. BUETRALIE. REEHISHE

N T AR TS S50 M 1) S reads, T BN Ry IE ST O AR S GG EE raw reads 3EATIE— 2D
()5 B e . {3 H Trimmomatic [6 )8 FRTER BT B 9F L brk, i BRI E I DL N B 3
B LR clean reads. #id Trinity (version:trinityrnaseq r20131110) [7]#f4 paired-end #8271 HF4%
clean reads 3 3| Transcript /741, MR FFIARIE DL, $hidk B K 1) — 26F 4 Unigene.

2.3.3. Unigene LNREEHE

KM diamond [8]EfF, Bl e < 1e—5, fifi e 5 S AL B =i O B 1 AT 73 2] NR .KOG . GO Swiss-Prot.
eggNOG. KEGG ¥ B INREIE RS S . FIH HMMER [9)3X 4% Unigene 5 Pfam #5317 L%,
SERON Plam 4R FEIRVERE .

2.3.4. Unigene EBRFZER Unigene ik

FPKM (fragments per kilobase of transcript per million mapped reads) & &—FH 34 Fr BE R i 26 1 F
AR IR B . FPKM S0 T 778 BE AT Unigene & BEXS B BOH S, & B i s B B4k
THRIE K51« Unigene ] FPKM [10]#1 count f§7 FH| bowtie 2 [ 11181 eXpress [ 125Kt #r 15 2. @it
eXpress P AFIRAUTE 2 % ML A Unigene ) reads 31 H , 1 1] DESeq [13] R package ] estimate Size Factors
BRI ON B 34T AR AL, I8 nbinomTest B4 72 57 LLAL ¥ P value 1 Fold change {8 . #ki% th P value
/NT4ET0.05, Fold change K157 2 M2 R FE K, X 2 7 KA B K3 1T GO M1 KEGG & 7 # .

2.3.5. %5 Unigene EEST

GO (Gene Ontology) & 5 73 1 Al il ik R 45 Fx) 22 57+ Unigene #HT 401220 AT A Dh ek . Seit- @A
GO term H AT ALFERT 22 5% mRNA N, AU AR 38 5 5T H A GO term 1 % 5% Unigene [ P
value F1 FDR {8, {7 % 5 Unigene # 7] BEAH KK GO term. P value /NR78 22 5% Unigene 7£1% GO term H
LT E .

EEWARE BT L v o /NS WA R
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Enrichment score i+H AN :

. m /M
Enrichment score = — / —
nl N

KEGG (Kyoto Encyclopedia of Genes and Genomes) 2 — M4 [ HEH A (=M RS AefE BRI AL
AR . ST pathway S FTELHE 1) 2 5 mRNA /N IR LA Ak 56 77 20 H H A8 pathway 1
72 5% Unigene 1] P value 1 FDR {H, %€ {i % 5 Unigene 5 1 GEAH 5% [1) pathway . P value /N 78 % 5 Unigene
7E1% pathway FHIL T EH . HKTHANXSHE GO B4 /7. Midx 257 Unigene #47 GO fil KEGG
BT, R TR MR8 AS TE R AR AR I R ) A= 4 5 T e B S R
3. BRESH
3.0.10 2 354 “IbiEERR 2 57 BT EREMR

AW FEHT FH R AR AR T 1L 2R el B [ v ] A A S8 AR AR i i bR 2 57 o BT R
KEARFEE( 2. 3 FA)BRI AL T 5 R E AR ARG | FAEE NN
IR AER, T2 FAEER ESR BB A ER, 3 FAEE AR E AR, AN, 1
AR ISR, T 2. 3 FAERES | AR E R EE A, IR T TEAFMER 14
AR AE AR R )

Figure 1. Adventitious roots growth in cuttings from 1-, 2- and 3-year-old hybrid triploid cultivar Populus “Beilinxiongzhu 2”
mother plants after five days of cultivation

L1, 20 3 FETRFRGHRRAZZEFGH LR 2 S mETEEXERERERL

3.2. YR~ ST

FEA 5 07 204 K B Nlumina & . ST HIEERFEN S R0, FA1KAH Trimmomatic [6]%K
X G B R AT DL PIAL B, R XA B R P ) reads BUHAT AT B . R PGP ER . Jk
(Adaptor), ZEFRACHTE Reads, M 3% 5% LAANE D7 0 BRACT EHAE, St B IF &, A %007
. Q30. GC &=, JFHTLE VM. ABFILA 3 NS, 720008 1. 20 3 AR BRI,
A #X A D5 _1.D5 2.D5 3, BAEAMK R IAEE Q30 /i fE 96.06%~96.60%, 1 R &0 (E 7.03~7.07
G, “F¥ GC EFE N 44.16 % (3 1),

Table 1. The results of sequencing data quality preprocessing

=1 NWFBRERETABER—ER

Sample raw reads raw bases clean reads clean bases Valid bases (%) Q30 (%) GC (%)
D5 1 49,088,622 7,363,293,300 48,425,840 7,052,914,610 95.78 96.60 44.15
D52 49,290,980 7,393,647,000 48,430,534 7,031,920,975 95.11 96.14 43.90
D5 3 49,403,722 7,410,558,300 48,506,858 7,069,986,952 95.40 96.06 44.43
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3.3. ERNThEEBUREER

TEARMR LA, 3 M EPHEE H Unigene 38,321 4%, S KN 43,432,678 bp, “F¥JKJE N 1133 bp.
Unigene MIEUHEPEEREGE AT : 28,984 /N(75.63%)ZERVEREE] NR [, 27,039 1M(70.56%)% [RlE R 2|
eggNOG %, 21,268 4N(55.50%) I K VERE# Swissprot £, 19,163 4N(50.01%)FEKERF] GO JE, 15,673
M(40.90%)JE RVERE 2] KOG 2, 10,592 4N(27.64%)FE VR E] KEGG JFE. Ah, 6 55 4N(0.14%)3E R
RS Plam FE(FE 2). b, VEREE] NR F eggnog HUil FE R 5 %2, 1EREE] NR. eggNOG. Swissprot
GO H¥s e 2R K 2 0 T S R 50% .

Table 2. Summary for the BLASTx results of Populus “Beilinxiongzhu 2” transcriptome against six databases

F2. “deRNifERR 2 B BRREBIEERERGT

R H O HEREEE D F R LG BI(%)
NR 28,984 75.63
eggNOG 27,039 70.56
Swissprot 21,268 55.50
GO 19,163 50.01
KOG 15,673 40.90
KEGG 10,592 27.64
Pfam 55 0.14

B 2 St S P L R R M R R AT T Guit . S5 5REoR, Bl 3 AN S DL O P ) e v e 1 2 R ik )
22,760 1~(59.39%), FHH 14,860 1M(38.78%) A AR yEREE] 5 A M LA FEa e, RUIFEFFEBRRITEE
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Figure 2. Each database annotates the Venn diagram. The number on the bar chart above represents the result of the inter-
section of databases with corresponding black dots in the matrix below, and the column on the left represents the total num-
ber of genes annotated in the databases

E 2. BREEIRGITE. EAHERE LN FRRT AN RERFMBSBEENRZE, DONEFRERSEE
EEiE BRI EE 5
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34. ERA ST

HFIH Unigene B35 & 14T E 557 H7(Principal Component Analysis, PCA), H%EHE A lGE o, XT
FEA A RIEATIR FC B 5 SEIG B IEATIRAE . PCA W] LUMAS[FI4E 5 FEBLRE S (R 96 R o FEATRRIE B8
B PCA BEBGBRIT, Ui WAREASBRAHAL . AN [F AR A 73 A 42— 4ERAN IR X3, R4 PR R o £ 2 [ 23 A EL R
o K3 ArAL 3 AN S T AR R IR, TS PC1 (81%) 70 55, JF#t—24 PC2 (19%)4 &,
Vi SEIG VTS B, A, 1. 2 AEAEFORERERE SR 3 4R AR AR RRRE S 2 I ZEREROR, T 1 AEAEAD 2 4R
(R A REAE i (B B R AH AR

404
Group

Group1

< Group2

- Group3

204

PC2: 19% variance

=204

-20 0 20 40
PC1: 81% variance

Figure 3. PCA map. PCA figure shows the largest components of variance. PC1 accounts for 81% of the
variance, and PC2 accounts for 19% of the variance

3. TR DB ERSOHEERAFERTEMAMRIS PCILRTERT 1 81% WHEREER),
PC2 BREMS 2 (19%MI 75 ETTHRER)

3.5. % Unigene ik

B =B AT I L, IR 2 e B DR T B L 4R BEURT K AT e ik Ao (B 4). £
D5 2/D5 1. D5 3/D5 1. D5 3/D5 2 =, Z5 FIARIEIEEEH 258 972, 1670, 1418 4>, ERH
TARIEFERNBE 58 1292, 918, 877 AN 4(a)). 4EBEEIR, =/NECEHEM LR Z FRELR A
52 (& 4(b))e KILEIR LR R 2 R B W B AR o At L. B, 200 h 3 BRI ZE R, G608
BETRMZERER, KEONLERER. X A MERK, ZREHL: Y FEER KR ZER
BRI . W 4(c)~(e)Fan, D5_2/D5 1 H T IARIEIHEREERZ, 1 D5_3/D5_1 H EREREERNEZ. =
Hrh A D5_2/D5_1 H R RIAEEN 2 T Bk R . 5 D5_2/D5_1 Ak, D5_3/D5_1 #1 D5_3/D5_2
thZEREHIRR(X > 5) WEVEROR(Y > SRR H B2, 5] 3 A4S 1 FE4E, 2 B4
ZIRZEREKR, 5 PCA 45 R—3.
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Figure 4. (a) The number of genes was significantly up-regulated and down-regulated in the comparison groups; (b) Venn
Map of Differentially Expressed Genes; (c)~(e) Volcano maps of differentially expressed genes. The differences are reflect-
ed in volcano maps, where the gray is non-differential Unigene, the red is up-regulated significant difference Unigene, the
green is down-regulated significant difference Unigene, the X axis is log2 Fold change, and the Y axis is log10 P value

4. () BEEREAPEZ LA TAERRSIT; 0) EFFRIAERHERE; (o)~(e) D5 2/D5_1, D5 3/D5 1.
D5 3/D5 2 ZRERFENLE. REAXERER, I8ARELFNERER, FEREZTANERER; X
49 log, Fold change, Y 7557 log;, P value IR 7R

3.6. 5% Unigene GO BEESHT

/] Gene Ontology %4 ) — 20 7 S L R #H A7 Dhfe W35 1 & S b . /0T KB, 7£ D5_2/D5_1.
D5 3/D5 1. D5 3/D5 2 =/, 257 FIAREEREEA 105, 83 M3 MR EEELE, ER
TR I E A 106, 126 101 MEEFEHESXH.

51 EAMERAR L, 2 AR 225 BIARIAFENIE AR . SRR AL MPIEE
Rtz ¢ FIEEEESTIREESE, E7 PHREERNEMERANBN SR MBS ESa%. K
B SRS SER SR EENE 5). 3 F45 1 FAHEMNLL, 25 FRRE S RE A RS,
WAL A YR RS T R = 4R, 25 N IHRIA R QG EUES 58 A& REWE K.
22 G R B N BRSP4 . B TR AR TS TR B AR (1 5(b)). 3 ARARHERE 2 AR AEIEREARLL, ER
FRFEERNEAREQULRE, OBEEESEN. dEENMIiE. MR pEEEThe s 5%,
ZE 5 P HRISIERTEA AP PP ARt . A UKMRIIAT . ARt R o SIBESETREE
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Figure 5. Gene ontology enrichment top 30 term map. (a) D5_2/D5_1; (b) D5_3/D5 1; (c) D5_3/D5_2. In the figure, the X
coordinate is GO entry name and the Y coordinate is-log;o P value
& 5. GO E4 top 30 &E. (a): D5 2/D5 1; (b): D5 3/D5 1; (c) D5 3/D5 2. Bl X #45H GO &£B &R,

4 ERA-log, P value
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3.7. £5% Unigene KEGG BEE 4T

KEGG #&f K Pathway [ EZEAILHHRZE, FIH KEGG 34 X 2 % Unigene #£17 Pathway 7747,
Wik Pathway 73 #ir v LAFR 31 10 2% ‘& 42 72 573 Unigene 1] Pathway 2% H , F4RAFFE & 19 22 5% Unigene 7] BEA
WA A 4 i 3 2% (1) R R

f£ D5_2/D5 1. D5 _3/D5 1. D5 3/D5 2 =AM F, Z7RIAFFTE KEGG Level 2 /KF 3 2iE
BERILLF JLVMRSHERE: ([F55 %, sem Q. BHEE. BEARW. AR =AD& R BEER
AU BRI AR X EeSE TR, BEE BERR AR RIS, IR N IRIR . B AR
EERENSERAE TN, MAERAER4 T (& 6(a)~(c).

K7, X B EEMME, SIEBKZEAETZESR Unigene BIHBZ, SIBHIE R K- -48-41
Ak, RIFHE R P value HIZWIAL /N, BEREIZHIE K. B KEGG pathway & 8 Wl &1, AR
55 7% 5 (ko04075) E R FEE AR (ko00500) A A KESR A6 Hi(ko00940) KB A1) & i(ko00941)
I RN AZ TF B2 B A (k000520) « K% 44 (ko03010) . HRAC i (ko01200) 2 3t [A] & 2 & 4 Q& 42 (1K
7(a)~(c)s % 3).

7 D5 2/D5 1 #H, ZREEEEN KEGG Mg N HEFHE 2 T FiAERE, M D5 3/D5 1.
D5_3/D5_2 HrfzE R kA & 4L 1K KEGG il g b e B R 2 T Rl RI (G 3). IXEEZE R, 2 A4
FEFEAN | EAREREAR LG, MR E ST TR MR DL R AW AR YA R
BARE T IGIER, 1 3 fFAERRRR | SEARRAR LG 3 AEARRRER 2 AR R b, XA
B TRBAER -

3.8. ZRHERIX Unigene 5747

f£ D5_2/D5_1. D5_3/D5_1. D5_3/D5_2 =AMt T, ZRLRIEMERILA 52 (& 4(b). H
LN RIE R 5 AR 4), 3L ERIERIERAG 4 DML 5), HAREER 2L B E T R e
TAE LR

Table 3. KEGG differential gene enrichment pathway
%< 3. KEGG EFEFE Z £ pathway

D5 2/D5_1 D5 3/D5_1 D5 3/D5 2
id Term
up down P-value up down P-value up down  P-value
k000940 Phenylpropanoid 6 24 474E-13 22 7 9.03E-15 21 2 7.48E-09
biosynthesis
k000941 Flavonoid 1 7 1.0SE-04 9 1 240E-07 8 0  4.78E-05
biosynthesis

k004075 _Plant hormone 9 13 2.86E-02 22 11 3.62E-08 18 7 1.12E-03
signal transduction

k0003500 Starch and 8 10 356E-03 24 8 1.67E-09 27 9 1.54E-10
sucrose metabolism

Amino sugar and

k000520 ! . 6 6 L17E-03 14 2 8.90E-04 15 4 1.67E-04
nucleotide sugar metabolism
k001200 Carbon 2 8 243E-05 7 5 753E-04 9 6  6.32E-03
metabolism
k003010 Ribosome 36 19 2.83E-06 3 2 232E-04 3 14 733E-05
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KEGG Pathway Classification(Group2-vs-Group1)
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Figure 6. Up-regulated and down-regulated differential expressed Unigene in KEGG Level 2 distribution maps. (a):
D5_2/D5_1; (b) D5_3/D5_1;(c) D5_3/D5_2
6. L TAZESRIE Unigene 7 KEGG Level 2 KFE2FE. () D5_2/D5_1; (b) D5_3/D5_1; (c) D5_3/D5_2
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Figure 7. KEGG enrichment top 20 bubble diagrams. (a) DS_2/D5_1; (b) D5 _3/D5 1; (c) D5 3/D5 2
[ 7. KEGG E £ top 20 5i2&. (a) D5 2/D5 1; (b)D5 3/D5 1; (c) D5 3/D5 2
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Table 4. Differentially co-down-regulated genes

4. ERHTRAREER

Gene id NR id NR annotation KEGG description Pathway
PREDICTED:
TRINITY_DN20971 c0 gl il  gi|743820744| probable carboxylesterase 17 - -

[Populus euphratica]

PREDICTED: ethylene-responsive ethylene-responsive

TRINITY_DN21087 c0 gl il  gi|743850687| transcription factor 1B-like transcrintion factor 1 ko04075
[Populus euphratica] P
TRINITY DN24672 ¢0 gl il  gil566156925| hypothetical protein PQPTR70002508430g ) )
[Populus trichocarpa]
TRINITY DN27792 ¢0 gl i3 gil566163504) hypothetical protein PQPTR_0003519 170g ) )
[Populus trichocarpa]
TRINITY DN29358 c0 g2 i2  gi[224132940] no apical meristem-like family protein . .
[Populus trichocarpa]
Table 5. Differentially co-up-regulated genes
5. ERH BIAREER
Gene id NRid NR annotation dels(cEi([;)fi;on pathway

TRINITY _DN17301 c0_gl i2 gi[743846459) Pl}ﬁ?;ﬁfgpﬁg&:}ike -

TRINITY DN17739 0 gl i2  gi[566199338| hyp"thenc?;g;’:leu‘;‘tfr’glf;l:;;)f]13504040% )

PREDICTED: peroxidase 64-like

TRINITY_DN20139 0 g2 il gi[743899685| [Populus cuphratios]

peroxidase ko00940

TRINITY DN21486 c0 gl 2 gi[224091096| P@Eﬁaﬁ?ﬁf@iﬂﬁg ;

R R R B, TRINITY DN21087 c0 gl il & Wi B Z 4% i) # % A . APETALA
2/ETHYLENE RESPONSE FACTORS (AP2/ERFs)Z Jf & fH Y i K 6 IR FIRB R k2 —[14], KK,
RATLA% 4 AP2. ERF. DREB. RAV # Soloist 5 ™. HH ERF i@l &5 4N FHE S S
BEZ 5ERFERET, S S5EMKERZANER. %KY, PaERF003 JEFFRIAM FiEfEdE 1
AEMAK[15]. 3L EIFEERFEEE G, TRINITY DN20139 c0 g2 il LR ThRE NI S e, N&EAL
RG2S E KRR S S T8I R ARG AN e AR B AE R 16], i S A 1S 0T
SO A AT E TR, A HIAS E R K.

4. i1ig

AW 04 88 5| D ) e A A R TR M TG T M R R R P — A M R o AR Sl I o) 2 A8 = A Ak Fe
WHERR 2 57 AEER TLRIGRGFE S 08T, BEFE T BERREERE S iR A AR 1) 27 TR ML) .

H GO Dhfe/rfrml 41, £ D5_2/D5_1 4, W R BRL A npi /e FI A B R R B B35 R, T 22 5 N A
BRI R B R AEYE . D5_3/D5_1 HZES IR R R B KA AN AR SN, T IARE R R
FERLYD RN AR R TR & 5. D5 3/D5 2 725 b3k K 22 5 S A0 R 40 i B R 25 A
SO, ZE RN VR I R S SRR LR R AE R B A . RRIRAE FH 2 AR T P S (reactive
oxygen species, ROS)I)FEiAs, FFIRAEH RG] 8 ROS 138 £, ROS fEEMIMAK. KEMTE

DOI: 10.12677/br.2019.83038 304 JERZIEERTI


https://doi.org/10.12677/br.2019.83038

HEK &

oI T R SR DA R A A PP P AE T (PCD) i % i R v — AN B M5 5 73 1 16]. TS 3 N I (brassinolide,
BR)/2JE T S B AWM R, RACIKIEZ R BR g il LU S 4 iR K 14024, BR @k
IR R G R AR TR S, REE R B, AR R s AT R A . BR GG AT LA A
KREEEIEE, EEEYNEEKRNEE[17]. LHiEthylene)E AR R Y H i I/E AR, G
il A ERE R, AT EEARRIER[18], HEMS 5 AEKEZMAMIHENEK[19]. K
& (salicylicacid, SA)F] LAMiEitsg & T MAhA BRI & A2 [20], H-5 1T A A (HL0) AR FT IR H R A7 £ AH B
YER[21]0 AR SRR RAFAE T T w0 S A A0 M ) oG AR VS T 4P 4R 20, mefg sl A K
AR H . 2B TH I (flavonoids) /] LAJEBR ROS, WFARUIEHEIK S ESAERBHE A K. FER
(gibberellin) 7E V1 22 B 78 H R UE S AE AN 78 M AR AR )AL 46 [ BOM AN @ AR AR B, TEE AR KB BN A s A
TER[21]0 225 R N K 32 B/ AR AR B o e, TR PR s\ e e i AR & &
FRE B R K [22]. @R D5 2/D5 1. D5 3/D5 1. D5 3/D5 2 =ANELEA R ol &, 5 4hEs R
FHEE, Z 0 EAE R PR E MR Y B IR SE R RO, sk B

t KEGG pathway &SR A, 76 1. 2. 3 ARG KE. BOR. EYEE A KAER
PR R B SR AR, 0 E R BAE R i B R Rk R A TN B

DL g R, A AR AT B — A S 2= (1 TR 52 21 P9 AN 2 TR 2 R A R (23] BlE BERRAE I8 1)
B, A E R AR B o ASHIE TR I A [5) 47 158 4 A o AN 8 MR A SG i DR ik 1 AR 4k, W DA
BT M AR R I AR AR I R AR, A, s T R I3 ZE R RA B R, T “AuAREERR 2 57 4T
AN E M AE AR BE T R[] R (A 1) A ke ELE

5. &t

MEVER I Z P A5 0T Wb “ AEMERERR 2 57 ISR D) S BEARE I RIS o Bl A I BERR ST 68 11
K, AERIE R IE MR T, FoREREE LR, SEUEEAERARZ 2.

B O

SRRSOV [ S A SR BRI B, IR HER T VER M. B2 I A SCRR B = SRS B .
EemB

“h =R ESKE SR T RO BT B A m SOR F BOR BT AR T(2016 YFD0600403) o
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