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We used Populus tremula x P. tremuloides softwood cuttings as experimental material, and
observed morphological and anatomical changes of the cuttings during the rooting process of adventitious
roots. Solexa high-throughput sequencing was performed for the parts of cuttings where adventitious roots
generated 6 days and 12 days after cutting ( DAC) at transcriptional level. Anatomical observation
showed that the induction stage of the adventitious root primordia was 6 days after cutting and the
elongation stage of adventitious roots was 12 days after cutting. A total of 2 328 differentially expressed
genes were obtained by the Solexa high-throughput sequencing. The significantly differential expression
genes were classified after their functions annotation, and then the KEGG passway analysis was carried
out. On this basis, the biochemical metabolic and signal transduction pathways of these differentially
expressed genes were determined.
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Fig. 1  Morphological and anatomical characteristics of the rooting of Populus tremula x P. tremuloides
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Fig.2  Sequencing saturation analysis
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Tab.1 Functional classification of differentially expressed genes in 6 days after cutting (DAC) vs 12 DAC
ISEe ] R Hit
Fe ek Up-regulate gene Down-regulate gene Total
No. Functional categery ®HA HA%  BB/A B BEA ASI%
Numbers Percent Numbers Percent Numbers Percent
1 HHRACE Metabolism 23 7.14 56 17.39 79 24.53
5 iipzll&zfméﬂiﬂ@iééﬁ Ion uptake and cellular s 66 18 14,91 63 19,57
3 FLIEJE Axidoreduction 12 3.73 26 8.07 38 11.80
4 fﬁuﬂ’iﬁf&ﬂ;’é@ﬁéﬁfm Cyteskelcton and chromatin ; 517 .- 8 38 u 10,55
5 4% Transcription regulation 4 1.24 23 7.14 27 8.38
6 R FEMHRE Auxin related 6 1.86 18 5.57 24 7.43
7 HEALEAVEH Protein binding function 1 0.31 15 4.66 16 4.97
8 BjifHl Defense 4 1.24 10 3. 11 14 4.35
9 {F5 M Signal pathway 3 0.93 10 3.11 13 4.04
10 4iAEE{CIH Cell wall metabolism 4 1.24 2 0. 62 6 1.86
11 6445 Photosynthesis 0 0 4 1.24 4 1.24
12 ZHfEs4%E Cell proliferation 1 0.31 3 0.93 4 1.24
13 &3t Total 80 24. 83 244 75.15 322 100
%2 6DAC vs 12DAC £ R FRIAEFE Pathway 747
Tab.2 Pathway enrichment analysis of differential expressed genes between 6DAC and 12DAC
Fe P A Differential expressed genes Total gene P
No. Pathway ®HA HAW/%  BE/A HAH/% P value
Numbers Percent Numbers Percent
1 HBER Metabolic pathways 379 16.93 2997 14. 08 3.42 %1073
2 BYHEEA Spliceosome 98 4.38 715 3.36 0.003 711
3 BWHA Ribosome 72 3.22 438 2.06 8.41 x107°
4 JFERERIH Sucrose metabolism 66 2.95 534 2.53 0.043 031
5 BEBEE Glycolysis 49 2.19 266 1.25 6.88 x 10>
6  ZEIMEEAEAFHE Ubiquitin mediated proteolysis 43 1. 96 307 1.45 0.031 487
7 EERRAR Purine metabolism 41 1.83 367 1.72 0. 054 554
8  FPEE M a-JEMSIES® Limonene and pinene degradation 32 1.43 408 1.92 0. 042 428
9 S LBk Oxidative phosphorylation 30 1.36 215 1.04 0. 066 006
10 4HfJE T Cell cycle 30 1.35 491 2.40 0. 049 789
11 HAlh Others 1132 51.03 12477 58.63
12 A7t Total 2328 100 21 281 100

32 TR BRI 3. 22% s XS
FEPR ) S RV LS A A G SRS KU R TRE AR
AR DL BB A L 72 53000 Je 66 Fil 49 S FEPH
i B 25 S AR R B 2. 95% M1 2. 19% , iX
ANig AR S B BRI R AR, R A K ATP Al
NADPH , A 4 09 545 B A B 40 3 S e g 1L

PATH=N

HBE o

3 &gtk

AN E AR A TR AT R R A — D E 2B B
FIHH Solexa feiril il P B ARG A AR ARG 2 A
MO R S AN E R A ARSI EE N, 7
i PR 38 LA AR HE ARG A v T 2 5 1 AR W A i
T, 4 7N ARREAS 7 R A LA 7T HIL)



5510 39

FIZAMSSE : BRSE A MmN E AR 2 A I T R 3k 1 3 A 13

X2 LT A RREA 7 MRS S A S et B4 o
e P SO AT LU 237, i 1 25 S R GK FE A
IR AT IRE P, T EALHRHT RS 25 5l
ALk )b R A 2 W ) R A I GRS 2 (I
SR AER A REI ], DFFER T, Z il
WA ER KB i e 22 e A RN F2 2R o
PR BTHEAR BEAC R 2 R R E A
(Y REA WA AN A S AR A

Rk el ) 5% N ERaa T €/ TN E TS TN
BAERIASELS, A B & 2 N AR E %
NGRR3R AR 1 ¥ O Y 2 T
WEFEN GIAET DRI A= WA 2~ B 5 T B9 g
Pl T R R ESR . AT YO BRI L7 A R
AR B I R A N R IR R R AT T 4z ik
DU XA RE AR 7 o R o 1445 S 40 R e 3 6 3]
MR HEAT T IHBEZ T, 4 e i B 2R I TR 7
FR At ER A

s % X o

(1] FIZRMS. BRIE % 2 b ok 2 AR A0 T LA 2L BEER A 69 35
AR D] /R  RAEMOl R, 2004,

YAN S P. Genetic variation among the hybrid clones of Populus

tremula x P. tremloides in several physiological characteristics

under low temperature stress [ D ]. Harbin; Northeast Forestry

University ,2004.

[ 2] ROSIER C L,FRAMPTON J, GOLDFARB B, et al. Growth stage,
auxin type, and concentration, influence rooting of Virginia pine
stem cuttings[ J]. Hortscience ,2004,39(6) :1397-1402.

[ 3] SYROS T, YUPSANIS T, ZAFIRIADIS H, et al. Activity and
isoforms of peroxidases, lignin and anatomy, during adventitious
rooting in cuttings of Ebenus cretiea 1.[ ]J]. Journal of Plant
Physiology,2004,16 (1) :69-77.

[ 4] WU, BROCI R B 2 M B S 0 A A K 0 o 3
ISTESP AT D]. MRS AR AEARAL R, 2012,

LENG S J. Analysis of the digital gene expression profiling of

Populus tremula x P. tremloides cuttings development during

adventitious roots induction and adventitious roots elongation[ D].

Harbin; Northeast Forestry University,2012.

[ 5] BRINKER M, ZYL L, LIU W B, et al. Microarray analyses of
gene expression during adventitious root development in Pinus
contorta[ J]. Plant Physiology, 2004, 135.:1526-1539.

[ 6] RIGAL A, YORDANOV Y S, PERRONE I, et al. The
AINTEGUMENTA LIKEl homeotic transcription factor PtAILI
controls the formation of adventitious root primordia in poplar[ J].
Plant Physiol, 2012, 160:1996-2006.

[7] LIRQ,YUC,LI'Y R,et al. SOAP2: an improved ultrafast tool for
short read alignment[ J]. Bioinformatics,2009, 25(15); 1966—
1967.

[ 8 ] MORTAZAVI A, WILLIAMS B A, MCCUE K, et al. Mapping
and quantifying mammalian transcriptomes by RNA-Seq [ J].
Nature Methods,2008 ,5(7) :621-628.

[ 9] THOMAS P, SCHIEFELBEIN J. Cloning and characterization of
an actin depolymerizing factor gene from grape ( Vitis inifera L. )
expressed during rooting in stem cuttings [ J ]. Plant Science,
2002, 162.283-288.

[10] SWARUP R, FRIML J, MARCHANT A, et al. Localization of the
auxin permease AUX1 suggests two functionally distinct hormone
transport pathways operate in the Arabidopsis rool apex|J]. Genes
Dev, 2001,15; 2648-2653.

[11] WU G S, DANIEL R L, EDGAR P. Spalding, mutations in
Arabidopsis multidrug resistance-like ABC transporters separate the
roles of acropetal and basipetal auxin transport in lateral root
development[ J]. The Plant Cell, 2007,19(6) : 1826-1837.

[12] DING X H, CAO Y L, HUANG L L, et al. Activation of the

indole-3-acetic acid-amido synthetase GH3-8 suppresses expansin

expression and promotes salicylate-and jasmonate-independent

basal immunity in rice[ J]. The Plant Cell January,2008,20(1) .

228-240.

=288, s te Vo 0T, A e D BOR MR A

WS T]. PR ,2012,28(30) :171-176.

YAN S P, YANG R H, LENG S J, et al. High-fluxed DNA

[13

[

sequencing technology and its application in agricultural science
research[ J . Chinese Agricultural Science Bulletin, 2012, 28
(30) . 171-176.

(FEHTE R B
TehE REE)





