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Abstract : In this study,high-throughput sequencing technology was used to perform transcriptome sequen-
cing and data analysis on the four periods of rooting development of peach rootstock ‘GF677 to lay a theo-
retical foundation for elucidating the molecular mechanism of peach adventitious root development. RNA-
sep sequencing was carried out using 0 d (control),7 d (activation phase),14 d (callus formation phase),
21 d (adventitious root formation phase),28 d (adventitious root elongation) phloem at 5 cm at the base of
the cuttings as materials and studied their rooting mechanism. The results showed that a total of 25 656
differentially expressed genes were identified at different stages during the rooting process,of which 13 166
were upregulated and 12 490 were downregulated. The gene ontology (GO) function annotation showed
that differentially expressed genes were significantly enriched in metabolic pathways such as metabolic
processes, cellular processes,cells,cell components,organelle binders.and catalytic activity. Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) enrichment results showed that differentially expressed genes main-

ly responded to glycolysis,cysteine and methionine,arginine and proline,ribosomals and amino acid biosyn-
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thesis. Real-time fluorescence quantification qRT-PCR was used to verify the expression patterns of 15

DEGs of the main pathways,and the changes in the expression levels of 13 genes were basically consistent

with the changes in gene abundance in the transcriptome,indicating that the transcriptome data had high

reliability. In short,the key genes of the glycolysis pathway were significantly upregulated and participated

in the energy replenishment of the activation period; the expression of methionine metabolic pathways in-

duced gene,involved in the differentiation and formation of vascular tissue in the phloem; arginine metabo-

lism activated the expression of NOS genes, which was conducive to the transmission of NO,realized the

transport of root signals to the upper part of the ground.,and then regulated the development process of ad-

ventitious roots of peaches.

Key words: peach; cutting rooting; transcriptome; differentially expressed gene; qRT-PCR

W C(Prunus persica) J& 3% # Bl (Rosaceae) 2%
J& (Prunus )BEW & (Amygdalus )Y, Z 7 L
HETET R Z— e fi )z R A S
N B A 5 KT B %t SR OBk 1) 7 2R o K g i 4
B A S A O MR A b g 3 R
Kz —, B AR 8 | AR AR 2 4 5 BE R R EAR
TR BAR AR 7 BUAS S5 A a5 2 i DRk 7 oMl RAS Ak AR
PEREE B, A, BESE & B, M AT I S5 T
T v 2 AR R AIR Y [ R 3k A A [ P9 A0 2 o i
I UE S8 B L S R B TR AR AR L R, —
SE ST R I 1) A A B3R O R AR 0 Ak A T A 2B AR
ARUOT BRI G TR A U 2R A Bk R AT A R B AR
TE IS 43 F 15 AR B . SO, AR50 A FH R IBA
I NAA iSRRG A CGF6777 (1 1 B AR AR, BUR &
FRIE I 4 A S B 3 1) 4 R A0E 47 % S L P, DA 3k
PRI 7K S ) B LA LB S T 48 S Bk T B AR R A

RERE B IE— D2 WMEREAZLHTIER
R Suy et P AN E S A IS I EGiF- JSE= T S L@
Tl LR N R R BT ) CE SR T DL ORI A
FES) RBE A GREE R DERRS) LY R K
TR 700 OB 28 | 5 o e ) 250 AR T 9 41 280 4K B0
FORZE S T S — 28 90 B w2 FF 470 1 376 6 1) 45 e 7 i
WIRBF 5% b & B 200 mg » L 'IBA I 120 mg -«
L 'NAA X6 45 B AE 10 s 9 2 AR RIOR f g,
R EAE N 1A Bk B R B 2 B EOR 3
PR L ELAT S 0 A A MR RCR T
LT R A K 2 Ak B A AR . R B AR Y
PRP1 f1 PRP2 K& PN & ik & W] W b A, 75 1 % 71 4
ANFEARTE B R AR . 5 — i . IBA
RPN T Y EE ST E.
B, Li 20 #e  f p iF g & B IBA ATl o i
AUX/LAX Fl PIN P 1) 22 35 DL Wil 12 08 0k 1) A A
R RIS AT R A AP RAR. 4 d R 2B &
TR . SER T AR IR RS AR R AF 5T & BLL IBA 4b

Thomas

BRSSO A AR 3 (MJLBD29 . MdLBDI6 |
MdWOX11 .MdARROI) &3k s T i AR J5 308 B
PR A EM ., FRER, FEL MR IBA AL
R AL K CT337 1 & Bl MdCRFS . MACRF10 Hl
MAdCRF11 Z5HMEREREARER LT . Mt
AL A KRR A ERIE b A w2 S R
T 6T LA AT A AR b ) 07 FH 48 Sy i D

B S A I Y B AT BOHE R DL ROKS B R AR R
M TRIT I R A 5 T RE R SR L B T2
BT E BB A AL ERBIE L IR, A BF ST
DAIBKAL AR CGF677 7 1Y BB S il 4% b4 kL, X i A7
GO 43t Fl KEGG {33 B 43 A . 07 32 1 8 0% {2 iF
M 478 A A A OG5 56 TR L R 5E Bk R AN ] & B 2R
K& E MAAARE 2 FHUH L B L T 1k
FF4 A 7 R AL S AR A

1 MHE57%

1.1 #RRAEEFZE

F 2021 4F 6 A BEBUICH F A R AR Bk GG A
“GF6777 By G AF WO AR S i 50 A4 kL, HURE b R
A A B BE Ak b . B SR B AL 10~15 cm K
FOARRR, BN IR BB 3~ 4 H kL AR E SR 200
mg+ L7'IBA il 120 mg e+ L™ 'NAA & # ¥ Ab B¢
10 s JG . MABIRA R &P WEHR 5~8 cm, FF
366 58 I FH I8 177 O S i o7 G L 1 M 5 S K
T O R 7 (BIE W) L 14 CRT 5 1B D) L 21 (R &2
HEIE B 28 d A MR ) J5 SR 2 25 350 B3 11
R A 3 A E AL, Bl S R A RE I
WA, — 80 CIRAERH,
1.2 RNA-seq XEH&EENF

B SR 2H W PR AR R BE TR A BR A W TR
RNA $2BCR A CTAB 37, 4 B RNA FE & 14 4
BE AR R 5 A AT RN 5 PEAS . Bk mRNA B
WA Oligo(dT) #E 2k, 464 mRNA BEALAT W,
B J5 LA H SRy BEA, DA 7S B 3 BE AL 5190 & i cDNA



110 PO LA B 2 4 38 &

%, FIF AMPure XPbeads 4lifk X4 cDNA,cDNA
SCHEARTRAE B T PCR & 4R, SCHE A &80k 13 >k 1
Q-PCR 75 W #E 47 i 2 o 0 107 58 W PE A . o JO A6
BT AT HluminaHiSeq TM2000 52 i /25 3
T, K B2 PEL50,
1.3 RIGHELESH#E

R PR ARSI 245 SR T S M R A B A A
BT 23k T e DA BRI R N 0ok e A 4
BEF (raw reads) 473 6 , 75 2] & 7 i 19 T8 32 )%
clean reads M MM {4 3iF BT 45 B 48 o FHAE . L X 8K
1 Bowtie ¥ clean reads X} 3|5 2% 3 K ¥ 41 15 3]
FE X 25 5 DA K DU e o B SRR AR A B 2 B
FEP ) FPKM R 4K 85 J55 DA K B I L X 28] 32 56 1A
MR BOR AT AR
1.4 ERFREEENIREESN

LI 22 S R Ik 4 B R M gk B B

DESeq2™" , i d A5 ffE MK P T FPKM (fragments per
kilobases per millionreads) {& DL & f& B F | log2fold
changes| =1 5& IEJ5 P <C0. 05, i ¥ 15 5] 22 73 &
EEF, # GO (gene ontology) fl KEGG (kyoto
encyclopedia of genes and genomes) 43 #7 5 DEGs
HEAT HE 8, DT $R AT 55 5 PROXE 7 1) ) BBV R
1.5 ELHRHAXEE qRT-PCR 5317

XF Y 15 A 22 5 P #E17 gRT-PCR 43 7.
S5 T 3 7E 28 4K 4 Primer3. 0 Chttp://prim-
er3. ut. ee/ DT (R D, Actin fE NS A, FIH
Light Cycler® 96 Real-Time PCR System (Roche)
PCR XHEATY 1Y ¥ WK R N ddH, O 6 pL, BTl
5194 1 pL.cDNA 2 pL.TBGreen-1I 10 pL., &
N FEF A 295 CARPE 10 s;60 CiB 2k 10 s;72 °C I
10 s 40 MEF, e Jm, M 272 wxd o & o
3Bl AT 0BT SR

K1 EHRKXEESY
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NOS LOC18787454 TCGCTTGTTGTTATGGGTGTGGAG GCTGGTGGTGTTTCTTCTTCAATGC
TAT2 LOC18780545 GGGCATCTGGCTATTGGAGGTAAAC CAACCAAGTCGCCATCCAGGAAC
HMT LOC18791688 ATGCTGAGTTGCTTGAGGAAGAAGG ATCGCCACTGACCACATTGATTCC
FBPase LOC18774825 AGGGATCGGATGGCAGTGCTAG TTCTCCACCTCCTCCACGCTTC

PGM LOC18784733 CCTCTCTCCTCCAAACCCATCTCTC GGCTTTAATGGTGAGGGAGTGTGAG
OAT LOC18778148 GAGTGATCTGGAGTGGAAGGAGGAG ACGACGGGAATTGGGTGGTAATTG
PpADC LOC18766643 ATTGGAGGCGGTCTGGGTATCG ACAACAGCGGCAGCATACTCTTC
MGL LOC18776049 CCCTCCTGACCCACTTCTTCCC CCTCACCATGTCCATGTCGTGTATG
MHM LOC18770067 ATGGCGTCTCACATTGTTGGATACC TGTAAATCTTCGGCACTGGTCTTCC
SMS LOC18785691 AGGAAGAGGTTTGGAATGCCAGAAG AAGCCCTAGCCTTCAAGCAACAAG
CGS LOC18782333 ACAACAACTCCAACTCAGGCATTCC TTTCAAACACCACCTCGTCACCAC
PGI LOC18793964 GCACAAAAGGGCAACCGATTGAAG GCAGAAGCGTAGGAAGATCAGCAG
PFP LOC18781818 GATGCGGTTTGCCTACGAACTTTG CCCAACTGTCCATTGCTCCACTG
GADPH LOC18769767 TGGCATTGGGTCACAAGGAATCAC GCTGTAAGAAGGTGTTGGCAAGTTG

GAPC LOC18788518

TCGGTCGTTTGGTTGCTAGAGTTG

TAGTCGGTGGTGATGAAGGGATCG
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Table 2 Analysis of transcriptome sequencing data

i i IE A HoXF 2 25 HE R 20 (/5 1) Q20( %) Q30( %) B RCR (70
0d 1 44 336 330 81.77 97. 62 93.78 97. 28
0d_2 44 405 308 81.62 97. 38 93.12 97. 44
0d_3 44 954 748 83. 66 98.11 94. 43 98. 64
7d_1 44 739 052 82. 34 98.16 94.55 98.17
7d_2 44 223 746 82.00 97.41 93.19 97.04
7d.3 44 702 664 82.52 98. 16 94.57 98.09
14 d_1 44 272 460 80. 90 97.50 93. 44 97. 14
14 d_2 44 297 046 82.33 97.49 93. 39 97.20
14 d_3 44 544 516 82.23 98. 25 94. 80 97.74
21d_1 44 570 636 81. 10 98.22 94.75 97.80
21d_2 44 633 760 80. 95 98. 31 95. 04 97. 94
21d_3 44 255 656 79. 66 97.49 93.41 97.11
28 d_1 44 739 058 82.03 98.18 94.62 98.17
28d_2 44 521 146 84.73 97. 39 93.15 97.69
28 d_3 44 769 944 83. 39 97.16 92.52 98. 24
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Fig. 2

Results of GO function enrichment of differentially expressed

genes at different developmental stages of peach
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Differential gene bar plots (A) and Venn plots (B) of different developmental stages of peach
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Fig.3 Divergence of KEGG enrichment dispersion point of differentially expressed genes at different developmental stages of peach
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Fig. 5 Fluorescence quantitative verification of 15 functional genes of peach. Histograms were used to describe qRT-PCR,

and line charts were used to describe RNA-Seq

3 #iwh5itiw

XEHERE A CGF6777 4 ASANE] & & B 1 04 4 4% 1)
FeIRIEAT TR SR M. 2 R A I N T A 3 B G
AL 2 LS 50 AR AN A AR
HHE A R R R A, 2 5 ) T 4R A A 4L gy
5 T8 1K 2 R AR IHHEOE NOS S B 1 23k, 7 F
F NO 138, 52 IR IR AE 5 10 138 1 32 B, 1 i
TR ERE TSR,

FF 4 B L AR A A AR T e L B A S R F B
Z = AT A R B e A S AN e MR . H
AR RZIEZ W E R0, RS A 50 E e
PR VIR OCA i BE W BE T 475 5% 5T AR 4 A KR

T 790 45t X B A AR R AR [ R A R e T
MEARERAERK LT RREEIEN. 2K
TEWERE DAF ST & B0 IBA A TAA 38 52 52 i /1 45 41 21
FAR B3 (T2 T P R iR A K A F . RS .
AR & B IBA 8 a3 ¥ MTA SC 8 # b iy
SAMs FI MTN BB ER ALK, Al
b S AL 5 K B W T A L I 2R RN AR A R 1R
I A 2 R R 2 R A3 AW A RN T A 11 5 B B

fifp 452 100 % 0 R AR L X S8 % T BE SR AN S RUE
P 3EE e

B AU RS S 2R kTR, il
T T 20 R DI I ik D T I PR O PR B ATP JE
B BRFEUE S R L A AR A SRR 22 IR Y % L



114 PO LA B 2 4 38 &

T AR T I A A 58 B [ I T R E R
I RS AE KEGG & 420 7 b & 30w
TP i 7 WS S0 R - — 0 R 1 4 1, A BT (fruc-
tose-bisphosphate aldolase 1,cytoplasmic, FBAS3) .
H o -3 iR I A B . M BT (glyceraldehyde-3-
phosphate dehydrogenase, cytosolic, GAPC) | Hl /&
P fL i Cenolase, ENO) 85 3L H 3% 1, X 55k B
TS MRS L 0 B 7 2 S — B0 SO 2 i R P
HMIRAT 5 53 10 S BRI, 0kt A BB A4 A2 380 ) R
A 8 ARG BT e AR R i SRR, X
A BB S W T A E N B ARE i b i 3 AR B
JRIA

BRI A K KT RGH R A G K
O SCEEH AR . v [ 2 2 i g 1R O 2 R A
R R F B ] e IR O R R RR AR 2
(PA) R (NA) FI 206 A= 16 U R 00 &1 7 1 il
AR 2R A o A A K kR R R BT
Waduwara-Jayabahu 255 fE IR F h oy K 90, &
AR S 5P AEE N LN L SR, L5
Vi by 2 R A 26 7 ) ] 35 3 A8 E AR BB 1, ik
A0 ) 20 0 A & UK 52 IR S AR B R
SAMS FIMTN R o 28 W AC 9 G # L 14
oA SAMS FE AR T AT £ K SAML il MTN
AL AR B MTR i 90 AN 5 MBI,
AWFE B R IBA i NAA b B A 4 BU7E A 8
HLJF LT I SAM B 3 PR OK i 2 3k, B A1 T 19 oF
FEARRXBAERA & R LT o B4, R W] &
R ERR AR I R b i E AR, BHEHE
MRS IBA i AR —EN LR,

PAFINO MY EZF M0 7. 2 51
R LT B AR B A AR AR KL R Bl
PEAEN ) Corpas % e R WL MY IR NO £
BEAFTE T AR BT FNE) B 33X A F T NO L3 . A
T RE 8 S AR5 5 [l L s . LK AR 7E
FE AR P AS AN 2 — ol o 2 1) 1) R IV 5= )
BT, g R PA R — AL A (NO) & ST . oF
FERW AR 253 ADC oK 2 R 8- 1 & /R i
B (ODC) 3% 2K Bl PAL 7] 4 NOS & 28 i
NO" . A#fg8 v, — & fk & 4 W (putative nitric
oxide synthase, NOS) 3 R 7E A E R TE miad 72 op &2
BRI UL 2 M BES A AR AR D T
3 5 i AR I S L A Sk T A ARG B T 45 SR AW
G HeHh EA DR A YR P 2R 1 A
FALHE S E R (Orn) 1A Z R (Glw 2 MM A,
o, nik 0% mk-5-¥8 R A A i ( Al-pyrroline-5-car-
boxylate synthetase, P5CS) . Mk 1% Wk-5-3% R if Ji it

(pyrroline-5-carboxylate reductase, P5CR) Fil & &
12 o-% 3 %% # B (ornithine s-aminotransferase, o-
OAT) 2 & 18I 202 1 OC B 1l , i I 2 I JId &0 ity
(prolinede-hygragenase, PDH ) M| J2 it & 2 [% fift i
T R BB . ARBF S OAT LN &% FiA,
P5CR.P5CS #il Jiff & Bt 4-%% 4k i & th (probable
prolyl 4-hydroxylase, P4 H ) XK W& T #, diknl
L AE AR R 1Y I Y 5 A R A OC Bk A 3R Gk
Z AL AR M S L 3 55 0 R e BURG B
WFFE 45 A — 2.

S 3

C1] o[, 2= phot, 0Ok L 56 B T3 S A 40 B AN TR 3 (b 2R e 7k

HHRBH R G R R TJ]. YA B2, 2019, 55(3)
310-318.
HE P,LI L G,WANG H B,et al. Comparative analysis of an-
thocyanin expression patterns and transcription factors in dif-
ferent colored peach skins based on transcriptome datal ] J.
Plant Physiology Journal,2019,55(3):310-318. (in Chinese)

[2] OLIVEIRA J,SILVA D,BRUCKNER C H,et al. Initial devel-
opment of peach rootstock genotypes propagated by herba-
ceous cuttings[ J]. Revista Brasileira de Fruticultura, 2020, 42
(3):100-294.

[3] TE®R, TR, M, %, 4 Bknl A &b 5 AL 4 A= R BF

FELI]. BRI B2, 2016 ,44(17) :39-40, 60.
WANG F R, WANG H L,GONG L Z,et al. Hardwood cut-
tage rooting of four varieties of peach rootstocks[]]. Journal of
Anhui Agricultural Sciences,2016,44(17) :39-40,60. (in Chi-
nese)

[4] ALEKSANDAR M,MELPOMENA P,VIKTOR G. Investiga-
tion of the possibilityfor production of some stone fruit root-
stocks by rooting cuttings [ J ]. Acta Agriculturae Serbica,
2015,20(39):75-83.

(5] sk, . Bk F7 4 o o gk R L. h 2R B, 2019(2) 2 20-
25.

ZHANG F,WANG H. Research progress of peach greenwood
cutting[ JJ. China Fruits.2019(2) :20-25. (in Chinese)

(6] JAZE. NAA AN IBA Az ARG A i S $E 5 4 4% A AR AR s [T,
FEALARE BE 244, 2015,30(5) . 161-164,171.

ZHOU L. Effects of NAA and IBA on the rooting of Verbena
bonariensis [ ] ]. Journal of Northwest Forestry University,
2015,30(5):161-164,171. (in Chinese)

[7] TSIPOURIDIS C, THOMIDIS T,MICHAILIDES Z. Influence
of some external factors on the rooting of GF677, peach and
nectarine shoot hardwood cuttings[ J]. Australian Journal of
Experimental Agriculture,2005,45:107-113.

[8] DESSY S.RADICE S, ANDORNO A, et al. GF655-2 root-
stocks: propagation by cuttings with growth regulators and
bottom heat[ J]. Acta Horticulturae,2004,658:629-635.

[9] LORETI F,MORINI F,GRILLI A. Rooting response of P. S.
B2 and GF677 rootstock cuttings [ J]. Acta Horticulturae,

1985,173:261-269.



# 22 A BEIORHT A R B AR R 2 T AL

115

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

L SRR R [T AE AR B 0 X ] RO 47 AR AR o R
P R AR AL RS2 )], V4 b bk 2 BE 2 41 . 2017, 32(5) : 109-
114.
WANG Y J,PENG Z D. Effects of different rooting accelera-
tors on the changes of endogenous hormones in Sophora ja-
ponica during softwood-cutting rooting process[ ] ]. Journal of
Northwest Forestry University, 2017, 32 (5): 109-114. (in
Chinese)
YANG H, YVONNE K, HAJIREZAEI M R, et al. Role of
auxin homeostasis and response in nitrogen limitation and
dark stimulation of adventitious root formation in petunia cut-
tings[J]. Annals of Botany,2019(6):1053-1066.
A E L B T AN IR X B RG R GF677 BE A AT 4 A AR 19 5
Wa [ . oll Bk 58 . 2018(12) :53-56.
ZHANG F, WANG H. Effect of Substrate and hormone on
hard branch cuttage rooting of peach rootstock GF677[ ] ].
Forest Science and Technology, 2018 (12): 53-56. (in Chi-
nese)
SRR E . B RE A AT 4 AR AR LB A 5T kR . A A AR B
##,2019.55(11) :1595-1606.
ZHANG F,WANG H. Research status of rooting mechanism
of peach hardwood cutting [ J]. Plant Physiology Journal,
2019,55(11) :1595-1606. (in Chinese)
PACURAR, D I, PERRONE 1. Auxin is a central player in
the hormone cross-talks that control adventitious rooting[ ] ].
Physiol Plantarum,2014,151(1) :83-96.
THOMAS P,LEE M M, SCHIEFEIBELN ] W. Molecular i-
dentification of proline-rich protein genes induced during root
formation in grape (Vitis wvinifera 1..) stem cuttings[]].
Plant Cell & Environment,2010,26(9):1497-1504.
LIY H,ZOU M H,FENG B H,et al. Molecular cloning and
characterization of the genes encoding an auxin efflux carrier
and the auxin influx carriers associated with the adventitious
root formation in mango (Mangifera indica 1..) cotyledon
segments[ J |. Plant Physiology and Biochemistry, 2012, 55
33-42.

EFE IBA T GO T #5235 R Rili A A € ARTE 1) A2 35 59 1
BLIIBFFE LD A < T R Ak K 2 L 2021,
AT, IR AR AR R H e St B R e S ] MdRRs Al
MACRFs §ifi & 5 335 43§71 [ D], BG4 B 04 L A AR K
%,2018.
HAMILTON J P,BUELL C R. Advances in plant genome se-
quencing[ J]. The Plant Journal,2012,70(1) :177-190.
ERER T AR AR e S ) 1 R RN LD . A
FH4£,2018,35(4) :20-26.
WANG C B, LU W H,LIN Y,et al. Development and appli-
cation of transcriptome sequencing [ J] Eucalypt Science &.
Technology,2018,35(4) :20-26. (in Chinese)
TR T A WA 4. IBA 5 5 MR OB AT 37 A8 2 AR R
B A HTLT]. Mol B ,2018,54(5) :48-61.
ZHANG E L,MA L L,YANG R T.et al. Transcriptome pro-
filing of IBA-Induced adventitious root formation in softwood
cuttings of catalpa bungei "yu-1"[J]. Scientia Silvae Sinicae.,
2018,54(5) :48-61. (in Chinese)
LARAL I BRI 55 PR A SR AT S R AT

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[J7. PG Lk B 4 42 . 2015, 30(5) : 143-150.
JIANG F X,YANG L J,CHEN Q B,et al. Transcriptome se-
quencing and characteristic analysis of lilium sargentiae wil-
son[ ] ]. Journal of Northwest Forestry University, 2015, 30
(5):143-150. (in Chinese)
XNFRIBE /N X H ) 5 FAERH P A F AR 4r F RNA
PRI ik A LT 3 N 2 2 5 R0 AR ) 2. 2019, 38 (3)
1236-1241.
LIU C X,HUANG X Q,LIU Z G,et al. Comparison of low
molecular RNA extraction methods in cruciferae seeds[J] Ge-
nomics and Applied Biology»2019,38(3) :1236-1241. (in Chi-
nese)
ELIE M. In papyro comparison of TMM (edgeR) , RLE (DESeq
2) yand MRN normalization methods for a simple two-conditions-
without-replicates RNA-seq experimental design[ ] ]. Frontiers in
Genetics,2016,7:164.
tAEAE M AE ML, S ROR A5 . S SR A A AL BRI 5T O
[J]. R3] ,2019,9(12) . 17-22.
DU X M, YANG T Z.GAO ] D,et al. Progress of rooting
mechanism study in apple cutting propagation[ ] ]. Journal of
Agriculture,2019,9(12) :17-22. (in Chinese)
SINGH A,KHAN M A. Comparative effect of TAA,IBA and
NAA on rooting of hardwood stem cuttings of Celtis australis
Linn[]J]. Range Management &. Agroforestry,2009,30(1);
78-80.

AN H, MENG ], XU F,et al. Rooting ability of hardwood
cuttings in highbush blueberry (Vaccinium corymbosum 1..)
using different indole-butyric acid concentrations [ ]J]. Hort
Science,2018,54(2) :194-199.
ZENEAE . B e AR SR BT A AR AR R 5 AR PR D]
B DU AR R 2, 2014,
K4tk IBA 755 DU A% A o0 A 476 Bl A= AR 14 43 F 981 55 L o 1F
FEDJ. BEVE A% B « AL A MAF B KA, 2015,

PLAXTON W C. The organization and regulation of plant
glycolysis[ J]. Annual Review of Plant Physiology &. Plant
Molecular Biology,1996,47(47) :185-214.

WANG Y, WEATHERS P J. Sugars proportionately affect
artemisinin production[ J ]. Plant Cell Report, 2007, 26 (7):
1073-1081.
AHKAMI A H,MELZER M,GHAFFARI M R, ez al. Distri-
bution of indole-3-acetic acid in Petunia hybrida shoot tip
cuttings and relationship between auxin transport, carbohy-
drate metabolism and adventitious root formation[ ] |. Planta,
2013,238(3):499-517.
PI E,ZHU C,FAN W,et al. Quantitative phosphoproteomic
and metabonomicanalyses reveal GmMYB173 optimizes fla-
vonoid metabolism in soybean under salt stress[ J]. Molecular
&. Cellular Proteomics Mcp,2018,17(2) :1209-1224.
SHIVANI S,ISHA S,NAVDEEP K. Auxin:a master regula-
tor in plant root development[ J]. Plant Cell Reports,2013,32
(6):741-757.

WADUWARA-JAYABAHU 1, OPPERMANN Y, WIRTZ
M. Recycling of methylthioadenosine is essential for normal
vascular development and reproduction in arabidopsis [ J].

Plant Physiology,2012,158(4) :1728-1744.



116 PR 2 B 2 38 &
[36] ALBERS E. Metabolic characteristicsand importance of the u- during peach fruit development and ripening[ J]. Journal of

[37]

[38]

[39]

[40]

[41]

niversal methionine salvage pathway recycling methionine
from 5'-methylthioadenosine[ ] ]. Iubmb Life,2010,61(12):
1132-1142.

LI S,XUE L,XU S,et al. Mediators, genes and signaling in
adventitious rooting[ ] ]. Botanical Review, 2009,75(2) ;230
247,

VAN DE B,BULENS I, OPPERMANN Y,et al. S-adenosyl-
I-methionine usage during climacteric ripening of tomato in
relation to ethylene and polyamine biosynthesis and trans-
methylation capacity [ J ]. Physiologia Plantarum, 2012, 148
(2):176-188.

BURSTENBINDER K, WADUWARA 1,SCHOOR S. Inhibi-
tion of 5-methylthioadenosine metabolism in the Yang cycle
alters polyamine levels, and impairs seedling growth and re-
production in Arabidopsis [J]. The Plant Journal, 2010, 62
(6):977-988.

Tk aE AR A RS R B A e W i A B RELT . AR
Yy 5 03 T AR 2A 2 4. 2007, 33(1) < 1-8.

YANG H Q,GAO H J. Physiological function of arginine and
its metabolites in plants[ ]J]. Journal of Plant Physiologyand
Molecular Biology,2007,33(1) :1-8. (in Chinese)

FAH L XIHEZE IR AU, 4. Bk PpCuAO FKKE ik 8] % o M AE R
SEORH R A T Ak A AT LT 1. SR AR R, 2021, 38 (9)
1413-1422.

WANG W,LIU S H,ZHEN X B, e al. Genomic identifica-

tion and expression pattern of copper-amine oxidase genes

[42]

[43]

[44]

[45]

[46]

Fruit Science,2021,38(9):1413-1422. (in Chinese)

CORPAS F J,BARROSO ] B,RARROSO L. Peroxisomes as
a source of reactive oxygen species and nitric oxide signal
molecules in plant cells[]J]. Trends in Plant Science, 2001, 6
(4):145-150.

JE AR S DUDUBK L 85 53, A5 A 2 7 A R A B R A R 2 A
M KsRINGT 1 81K 35 90 Mr [J 1. 48 4 42 B 2% 4, 2018, 54
(9):1441-1450.

QU D H.QIU H L,HUANG Y.et al. Organ characteristics
and expression analysis of polycomb subunit KsRINGI1 in
Kalanchoe serratal J]. Plant Physiology Journal,2018,54(9) ;
1441-1450. (in Chinese)

KU H M,HU C C,CHANG H J. Analysis by virus induced
gene silencing of the expression of two proline biosynthetic
pathway genes in Nicotiana benthamiana under stress condi-
tions[ ] ]. Plant Physiology & Biochemistry, 2011,49 (10):
1147-1154.

FE X A L I B A0 44 15 4 e I A R AR R B AR i
EARI IR, FOb AR . 2011,19(1) :102-106.

WANG K,LIU Y X,DONG J. Effects of NaCl stress on pro-
line accumulation and metabolic pathways of chicory(Cichori-
wm intybus L.) seedlings[]]. Acta Agrestia Sinica, 2011,19
(1):102-106. (in Chinese)

B R A TR 2 X B9 o 20 TR ARG A A B I A R A I 1 5
[DJ. R ARl K%, 2021.

(L35 77 )

[20]

[21]

[22]

[23]

GALE M R, GRIGAL D E. Vertical root distributions of
northern tree species in relation to successional status[]J].
Canadian Journal of Forest Research,1987,17(8) :829-834.
LA [ B 5, B8 AR BN TR DX A A0 AR 1 2 5 A R
FAT AT, RO K 22241, 2015, 37(7) : 37-44.

XIA Y G,DONG F Y,LU S, et al. Vertical distribution and
seasonal dynamics of fine roots of Populus euphratica in ex-
treme arid areas [ J]. Journal of Beijing Forestry University,
2015,37(7) :37-44. (in Chinese)

MRS, £ 8, IMT 7, 5. R h B X 3 Fobk S AR 5 43 1
FEAELT . L 5 3058 A W2 4l . 2021, 27(6) : 1530-1537.
TIAN L Y, WANG X, SUN Y T, et al. Root distribution
characteristics of three stands in hilly area of central Hainan
[J]. Journal of Applied and Environmental Biology,2021,27
(6):1530-1537. (in Chinese)

AR B IH L B BUR L S B TaLEA SN B A HE R L 5
LA KR P 3 A LT 0. JE 50l R 24 2 4. 2013, 35 (2) :

[24]

[25]

57-62.

LI Z X,ZHAO X Y,YANG C J,et al. Analysis of strain vari-
ation and growth stability of transgenic Populus nigra with
TalLEA gene [ J]. Journal of Beijing Forestry University,
2013,35(2):57-62. (in Chinese)

HUANG Y,ZHEN Z,CUI Z,et al. Growth and arthropod
community characteristics of transgenic poplar 741 in an ex-
perimental forest[ J]. Industrial Crops and Products, 2021,
162(1):113284.

ExmE B, XV L0, . Ri BUkl T-DNA X 6 4R 5% 2 7 =
f5 1R E E b R AR SR A S e [) . A% AR 24, 2017, 31
(6):1046-1052.

WANG R X,QIU T,LIU H M,et al. Effects of Ri plasmid
T-DNA on the growth and physiological characteristics of 6-
year-old transgenic triploid Populus tomentosa[]]. Journal of

Nuclear Agriculture,2017,31(6):1046-1052. (in Chinese)



