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Abstract:

single gene. However, a systematic transcriptomic analysis of the early adventitious shoot formation is still lacking. Here,

Most current research in the field of adventitious shoot formation is focused on the regulatory function of a

we analyzed the transcriptome profiling of the early adventitious shoot formation in Arabidopsis by RNA-seq high
throughput sequencing technology, and identified 2 457 differentially expressed genes. Detailed categorization revealed
that these genes were mainly involved in hormone homeostasis or signal transduction, callus and lateral root formation,
shoot apical meristem development and photosynthesis. Further pathway enrichment analysis showed that genes involved in
phenylalanine metabolism and phenylpropanoid biosynthesis were significantly enriched. Moreover, exogenous phenylalanine
could repress adventitious shoot formation, indicating that phenylalanine metabolism and phenylpropanoid biosynthesis might

be important for adventitious shoot formation.
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1 RNA-Seq ASMEK CIM7 1 SIM2
Fig. 1 Explants of CIM7 and SIM2 for RNA-Seq. (A)
Callus formation in CIM7. (B) Callus formation in SIM2.

FAVEFHIE reads HEXTH 4 SOAPaligner/
soap2! PP AHFIRY clean reads 43 HXT EILIHE T
ZZILH P4 (ftp:/ftp.arabidopsis.org/Sequences/
blast datasets/TAIR10 blastsets/TAIR10 cdna 20
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Table 1 Alignment statistics of CIM7 to Arabidopsis
reference genes

Map to Gene Number of reads Percentage (%)
Total mapped reads 10184656 92.96
Perfect match 6327406 57.75
<2 bp mismatch 3857250 35.21
Unique match 6437726 58.76
Multi-position match 3746930 34.20
Total unmapped Reads 771650 7.04
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Table 2 Alignment statistics of SIM2 to Arabidopsis
reference genes

Map to gene Number of reads Percentage (%)
Total mapped reads 9399484 93.13
Perfect match 5815303 57.62
<2 bp mismatch 3584181 35.51
Unique match 5937721 58.83
Multi-position match 3461763 34.30
Total unmapped Reads 693874 6.87
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Fig. 2 Sequencing saturation and randomness assessment. (A,B) Sequencing saturation analysis of CIM7 (A) and
SIM2 (B). (C,D) Sequencing randomness analysis of CIM7 (C) and SIM2 (D).

cjb@im.ac.cn

I

2

)




194

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech February 25,2013 Vol.29 No.2

22 AEFAFERPAERRIEMER
TEAEZE AR R, FRATTHLARI 2] 2 457 4>
2E e AIRHE I, 29 AR TR B Y 109 42
fio Hrr, A1 761 NEEHIRIRE B, 696 4
SRR T, XERF S5 THYEE T
HAE S . AALIERL. MR AT .
A PRI 20 i JE 30 45
221 HEFENGESHRSESAEFRE
FEAE SRR, IRZ 5 A3 R
AR R G B ARBHE S5 S ARG B 1) 3Rk
R T WENE SIS T (Isopenteny]
transferase, IPT) J2AIME/Z4 R A B0 S HERE
HEAL A0 M 7 4285 B — A BR U IR . ZE 4 T
Hid RIS IPT B S 80 W IR N 40 3R
TR, IR TR SRR D Sk, Tk
TTRBAEAE KA W IPTS RSB =T
B T3 1500 1% (3¢ 3), mMiHAh IPT LAY A
WA R ELA, XN T IPTS HEH TR
PR B AR S R S Rk T RE o A5 4 M 24
RIESIBE T4, ARR EHATHIAL 3
FEAIIRE RN ol . TEANE R, A
6 I ARR SEH Ik i B ETHE (£ 3). X 641
ARR &A1 A B ARR, 1fii B %l ARR [ZRATH)
WA S AL, X5 A A ARR FEF )KL fEs
240 53334 bR R AR AT AU
HMERMEH SR EA KRN CIM i3]
EAMRE K ER SIM Bt )G, — 5
HERFZEE SRS 144, GH3. SAUR i
ARF SEHy kit B4 T2 (3 3). IR
294 Aux/IAA W, H 441 Aux/IAA FEH (1443,
TAAL7. TAALS F IAA28) Ryl & T L,
4 A Aux/TAA LN (14414, TAA19, 14420 F

http://journals.im.ac.cn/cjben

I4430) WREELAET T,

HEBrIE, BEIR CIM Fl SIM #A A L0
IR R ISR N RS HAB R |, (HA 2 i st
MR AES MR NMRIEREAET
WEAM (K 3. LN ITHEEENA
(ETHYLENE-RESPONSIVE ELEMENT BINDING
FACTOR, ERF) & 255 i T F v i) G E ]
BT, FERIYIEG R e 2 R AR
TEN R AN E ZF R R, A 3 A ERF K1)
FikwkERE B, Hh ERFI3 KA E
FET 2121 o XEEZERMIR T O MMM ER
AT BEAEAS A 2 K A i B A TRl iy IR A H
222 AT BAMR R FHEEERKRE

TEAREZF KBTI, A 4 4~ LATERAL
ORGAN BOUNDARIES DOMAIN (LBD) %%
MFEH (LBD16. LBDIS. LBDI9 Fl LBD29) I
Fikim i HEREAL, Hd LBD29 IR FRILEFF
RIREERCR, 35 144581 1%, TEARNE L AR
SERRM] (% 3). X 44 LBD EHF, F 34
(LBD16, LBDIS ! LBD29) 7] LI#f CIM RiE %
F, HENTh BT —A AL 3858 7] LA SME
RTE TG T L IR B 221, s e,
2 0 F 58 53 ) B AR S R AR B, — 25 5
SR SRR BRG] . 34, TR
MR A R, BT —s 2 S5O IE sk &
FE P FRIREWAIEE (K 3).
2.2.3  ZETRIR A 4 UM R R I 3Rk

SMEMTE SIM B3R IR 9% 2 d i, BARIA R
HEE A S 25 T 2 AR 4H 240 (SHOOT APICAL
MERISTEM, SAM) (& 1), {8 SAM AHIEIEH K
Kk gRkE T ML (F 3), Hi,
CLAVATA3/ESR-RELATED 2 (CLE2) K:H ik



RE FUBTTEFRERPNYFEEREESH 195

R3 TEFREFHMERRIENER

Table 3 Differential expressed genes at the early stage of adventitious shoot formation

Gene ID (Slff/}gzz/g}til\%) p-value FDR Descriptions
Cytokinin-related gene expression patterns
AT1G74890 4.08 8.95E-27 1.95E-25 RESPONSE REGULATOR 15 (ARRI15)
AT5G21482 1.85 1.69E-12 1.78E-11 CYTOKININ OXIDASE 7 (CKX7)
AT2G17820 1.60 2.88E-183 6.82E-181 ARABIDOPSIS HISTIDINE KINASE 1 (AHK1)
AT3G48100 1.56 3.94E-114 4.56E-112 RESPONSE REGULATOR 5 (ARR5)
AT5G62920 1.47 1.02E-30  2.58E-29 RESPONSE REGULATOR 6 (ARRO6)
ATI1G19050 1.29 3.58E-34 1.02E-32 RESPONSE REGULATOR 7 (ARR7)
AT2G41310 1.27 3.80E-66  2.23E-64 RESPONSE REGULATOR 8 (ARRS)
AT1G59940 1.03 1.52E-08 1.16E-07 RESPONSE REGULATOR 3 (ARR3)
AT5G39340 1.02 9.91E-11 9 14E-10 g;’;l;?INE-CONTAINING PHOSPHOTRANSMITTER 3
AT5G19040 —10.53 5.75E-05 2.88E-4 ISOPENTENYLTRANSFERASE 5 (IPT5)
AT4G11140 —2.18 5.39E-08 3.89E-07 CYTOKININ RESPONSE FACTOR 1 (CRF1)
AT4G23750 —1.84 6.13E-19 9.27E-18 CYTOKININ RESPONSE FACTOR 2 (CRF2)
AT5G10720 -1.15 6.68E-30 1.64E-28  ARABIDOPSIS HISTIDINE KINASE 5 (AHKS)
AT3G61630 —-1.09 3.35E-08 2.47E-07 CYTOKININ RESPONSE FACTOR 6 (CRF6)
Auxin-related gene expression patterns
AT1G48660 4.58 2.71E-12 2.80E-11 AUXIN-RESPONSIVE GH3 FAMILY PROTEIN
AT5G51470 4.14 1.27E-16 1.71E-15 AUXIN-RESPONSIVE GH3 FAMILY PROTEIN
AT5G25890 1.94 2.67E-77 1.89E-75 INDOLE-3-ACETIC ACID INDUCIBLE 28 (IAA28)
AT1G04250 1.82 7.14E-213  2.25E-210 ig;g?;}ii{?g?;;;gal) LINIAO(CI B E1 &g (Ve 7 SO
AT1G72430 1.69 4.15E-14  4.82E-13 SAUR-LIKE AUXIN-RESPONSIVE PROTEIN FAMILY
AT2G46690 1.38 2.31E-21 3.96E-20 SAUR-LIKE AUXIN-RESPONSIVE PROTEIN FAMILY
AT1G19840 1.34 2.62E-05 1.38 E-04 SAUR-LIKE AUXIN-RESPONSIVE PROTEIN FAMILY
AT1G04240 1.28 1.76E-09 1.46E-08 ?%%LCE(;}_?E ];g%Y';)C BT INIDIGICUEBIE S8 (s LAY
AT1G51950 1.19 1.02E-14 1.24E-13 INDOLE-3-ACETIC ACID INDUCIBLE 18 (IAA18)
AT1G23160 1.12 8.00E-07 5.11E-06 AUXIN-RESPONSIVE GH3 FAMILY PROTEIN
AT2G46990 —2.89 3.08E-11 2.96E-10 INDOLE-3-ACETIC ACID INDUCIBLE 20 (IAA20)
AT2G24400 —2.37 1.78E-10 1.61E-09 SAUR-LIKE AUXIN-RESPONSIVE PROTEIN FAMILY
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AT4G27260
AT3G15540
AT3G6210
AT4G31320
AT4G14550
AT2G14960
AT3G61830

Ethylene-related gene expression patterns

AT2G44840

AT5G47220

AT4G17500

~2.04
~1.94
~1.90
~1.84
~1.47
~1.44
~1.19

4.60

1.99

1.21

0
5.26E-59
6.53E-64
2.07E-12
1.91E-12
1.59E-65
1.12E-27

4.19E-52

2.81E-40

6.81E-62

0
2.77E-57
3.65E-62
2.16E-11
2.00E-11
9.23E-64
2.53E-26

1.89E-50

9.65E-39

3.72E-60

AUXIN-RESPONSIVE GH3 FAMILY PROTEIN
INDOLE-3-ACETIC ACID INDUCIBLE 19 (IAA19)
INDOLE-3-ACETIC ACID INDUCIBLE 30 (IAA30)
SAUR-LIKE AUXIN-RESPONSIVE PROTEIN FAMILY
INDOLE-3-ACETIC ACID INDUCIBLE 30 (IAA14)
AUXIN-RESPONSIVE GH3 FAMILY PROTEIN

AUXIN RESPONSE FACTOR 18 (ARF18)

ETHYLENE-RESPONSIVE ELEMENT BINDING FACTOR
13 (ERF13)

ETHYLENE-RESPONSIVE ELEMENT BINDING FACTOR 2
(ERF2)

ETHYLENE-RESPONSIVE ELEMENT BINDING FACTOR 1
(ERF1)

Lateral root and callus formation related gene expression patterns

AT3G24300
AT5G57740
AT1G77690

AT3G58190

AT2G45410

AT2G42430

AT2G45420
AT3G59420

2.58

1.65

1.23

—13.82

—3.05

—2.53

—2.24

~1.44

5.01E-08

2.69E-18

2.52E-31

5.71E-26

2.77E-35

4.88E-39

7.06E-41
1.39E-36

3.62E-07

3.95E-17

6.47E-30

1.19E-24

8.17E-34

1.60E-37

2.46E-39
4.29E-35

Shoot meristem related gene expression patterns

AT4G18510
AT3G15170
AT5G53950
AT4G24540
AT3G24770
AT1G46480
AT3G15510
AT3G11260
AT2G45660

13.11
3.16
2.35
2.22

1.70

—3.08
—1.80
—1.54

5.41E-10
1.72E-07
1.07E-09
1.61E-08
8.59E-21
1.76E-23
2.15E-10
2.12E-38
3.81E-07

4.70E-09
1.18E-06
9.06E-09
1.22E-07
1.43E-19
3.32E-22
1.93E-09
6.87E-37
2.52E-06

AMMONIUM TRANSPORTER 1;3 (AMT1;3)
XB3 ORTHOLOG 2 in ARABIDOPSIS THALIANA (XBAT32)

LIKE AUX1 3 (LAX3)

LATERAL ORGAN BOUNDARIES DOMAIN 29 (LBD29)/
ASYMMETRIC LEAVES 2-like 16 (ASL16)

LATERAL ORGAN BOUNDARIES DOMAIN 19 (LBD19)

LATERAL ORGAN BOUNDARIES DOMAIN 16 (LBD16)/
ASYMMETRIC LEAVES 2-like 9 (ASL9)

LATERAL ORGAN BOUNDARIES DOMAIN 18 (LBD18)
CRINKLY4 (ACR4)

CLAVATA3/ESR-RELATED 2 (CLE2)
CUP-SHAPED COTYLEDON 1 (CUC1)
CUP-SHAPED COTYLEDON 2 (CUC2)
AGAMOUS-like 24 (AGL24)
CLAVATA3/ESR-RELATED 41 (CLE41)
WUSCHEL RELATED HOMEOBOX 4 (WOX4)
NAC DOMAIN CONTAINING PROTEIN 2 (NAC2)
WUSCHEL RELATED HOMEOBOX 5 (WOX35)
AGAMOUS-like 20 (AGL20)
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component) s3I R, 7E22 R KIBM 2 457 DI
HA 1365 AW LIBCG 2] 101 SRR
term, H AP EEAA 20 D term (£ 5). #H—4
Forbr BB, &4 term FAH KL E (11 1)
term i T4/ Bk b (R 5), XHER TIEA
ESFINBZAET, AMERT Z R & T EE
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3 FRERNHNTEFLE

Fig. 3 Adventitious shoot formation was suppressed by
phenylalanine. Hypocotyl explants were pre-cultured on
CIM for 7 days and then cultured on SIM containing
different concentration of phenylalanine for 12 days. (A)
0 mmmol/L. (B) 0.1 mmol/L. (C) 1 mmol/L. (D)
10 mmol/L. Bar=1 cm.
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x4 FTEFREPYPRESREWRE

Table 4 Pathways significantly enriched at the early stage of adventitious shoot formation

DEGs with pathway All genes with pathway

eiey annotation (1 364) annotation (21 038) Pvelns  @vElEs
Phenylpropanoid biosynthesis 81 (5.94%) 371 (1.76%) 1.34E-22 1.49E-20
Phenylalanine metabolism 45 (3.3%) 180 (0.86%) 2.03E-15 1.12E-13
Biosynthesis of secondary metabolites 245 (17.96%) 2 454 (11.66%) 1.12E-12  4.13E-11
Stilbenoid, diarylheptanoid and gingerol biosynthesis 46 (3.37%) 261 (1.24%) 4.97E-10 1.38E-08
Pentose and glucuronate interconversions 42 (3.08%) 240 (1.14%) 3.49E-09 7.74E-08
Starch and sucrose metabolism 67 (4.91%) 490 (2.33%) 5.34E-09 9.89E-08
Flavonoid biosynthesis 36 (2.64%) 205 (0.97%) 4.11E-08 6.52E-07
Plant hormone signal transduction 123 (9.02%) 1178 (5.6%) 8.30E-08 1.15E-06
Ascorbate and aldarate metabolism 26 (1.91%) 125 (0.59%) 9.91E-08 1.22E-06
Glucosinolate biosynthesis 19 (1.39%) 90 (0.43%) 4.04E-06 4.49E-05
Cyanoamino acid metabolism 25 (1.83%) 144 (0.68%) 5.75E-06 5.80E-05
Photosynthesis 21 (1.54%) 116 (0.55%) 1.63E-05 1.50E-04
Plant-pathogen interaction 120 (8.8%) 1285 (6.11%) 2.93E-05 2.50E-04
Limonene and pinene degradation 30 (2.2%) 211 (1%) 4.20E-05 3.33E-04
Tryptophan metabolism 25 (1.83%) 164 (0.78%) 5.66E-05 4.19E-04
Metabolic pathways 359 (26.32%) 4 641 (22.06%) 6.70E-05 4.65E-04
ABC transporters 28 (2.05%) 202 (0.96%) 1.17E-04 7.62E-04
Flavone and flavonol biosynthesis 11 (0.81%) 56 (0.27%) 8.14E-04 5.02E-03
Sulfur metabolism 12 (0.88%) 69 (0.33%) 1.48E-03 8.27E-03
Brassinosteroid biosynthesis 8 (0.59%) 35 (0.17%) 1.49E-03 8.27E-03
Indole alkaloid biosynthesis 8 (0.59%) 42 (0.2%) 5.00E-03 2.64E-02
Photosynthesis-antenna proteins 7 (0.51%) 34 (0.16%) 5.43E-03 2.66E-02
Circadian rhythm-plant 27 (1.98%) 247 (1.17%) 5.51E-03 2.66E-02
Carotenoid biosynthesis 23 (1.69%) 205 (0.97%) 7.30E-03 3.28E-02
Glycosylphosphatidylinositol(GPI)-anchor

o, 0, - _
biosynthesis 21 (1.54%) 182 (0.87%) 7.38E-03  3.28E-02
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Table 5 GO analysis of the differential expressed genes at the early stage of adventitious shoot formation

Gene Ontology term

Cluster frequency

Extracellular region

External encapsulating structure

Cell periphery

Cell wall

Photosystem
Photosynthetic membrane
Photosystem I

Thylakoid part

Anchored to membrane
Chloroplast stroma
Chloroplast thylakoid
Plastid thylakoid

Intrinsic to membrane
Organelle sub-compartment
Thylakoid

Vesicle

Cytoplasmic vesicle
Chloroplast part
Chloroplast

Photosystem II

117 out of 1 615 genes, 7.2%
166 out of 1 615 genes, 10.3%
176 out of 1 615 genes, 10.9%
85 out of 1 615 genes, 5.3%
23 out of 1 615 genes, 1.4%
27 out of 1 615 genes, 1.7%

8 out of 1 615 genes, 0.5%

31 out of 1 615 genes, 1.9%
24 out of 1 615 genes, 1.5%
17 out of 1 615 genes, 1.1%
62 out of 1 615 genes, 3.8%
64 out of 1615 genes, 4.0%
206 out of 1 615 genes, 12.8%
64 out of 1 615 genes, 4.0%
66 out of 1 615 genes, 4.1%
92 out of 1 615 genes, 5.7%
90 out of 1 615 genes, 5.6%
65 out of 1 615 genes, 4.0%
65 out of 1 615 genes, 4.0%

9 out of 1 615 genes, 0.6%

Genome frequency of use P value
778 out of 22 523 genes, 3.5% 1.18E-12
1 271 out of 22 523 genes, 5.6% 1.54E-12
1 444 out of 22 523 genes, 6.4% 1.20E-10
562 out of 22 523 genes, 2.5% 4.20E-09
102 out of 22 523 genes, 0.5% 6.89E-05
142 out of 22 523 genes, 0.6% 2.70E-04
20 out of 22 523 genes, 0.1% 3.99E-03
201 out of 22 523 genes, 0.9% 4.36E-03
159 out of 22 523 genes, 0.7% 4.22E-02
97 out of 22 523 genes, 0.4% 5.04-02
563 out of 22 523 genes, 2.5% 5.06E-02
591 out of 22523 genes, 2.6% 6.45E-02
2326 out of 22 523 genes, 10.3% 6.93E-02
595 out of 22 523 genes, 2.6% 7.67E-02
636 out of 22 523 genes, 2.8% 1.60E-01
945 out of 22 523 genes, 4.2% 1.68E-01
928 out of 22 523 genes, 4.1% 2.09E-01
657 out of 22 523 genes, 2.9% 5.28E-01
662 out of 22 523 genes, 2.9% 6.23E-01
51 out of 22 523 genes, 0.2% 9.72E-01

3 itk

WA EF RER—IRZIENS 5L
A, fERX IR SN R R R T
H2E . Che 450100 L BRI A AR TR
SE S K AR IR N A KR L o (AL TR S A4
ARAZ R RRE, Bl EERN S H AR, 355,
Che SEHIRYJEAE SIM FiFREHT IR 3 d WATRE, 1t

IPAMERC Sk ak o, ek &I Gk,
FATF AR AE SIM B3R I 1555 2 d AR,
A TR 22 RN IS . Che 25071
FIFH L RO B it AT B pEgE v, &3 ARRS I
RAP2.6L %5 FE () R ik & W 3 L . 3R A
RNA-Seq FARKGMZE REH], X W~HLH 53501 F
PET 2.96 F1 2.25 5. MeAb, ARWF5EERM ARRIS .
CUCI, CUC2 F LBD29 %3N )ik it i
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A (R 3), XN AP 5 AN E R AL
A K, X Eegh B HTIE B AR5 Y RNA-Seq
R S5 SZ TR o B T XS IR Ak, 64T
W R BT — KA LR FEAS 28 2F & A 3 F AR A
et L (U0 IPT5 . CLE2. ERFI3 Fl GH3 %
TG A ), TRAIFGE X S8 5 A 9 ) B A B
FIRATUARE 2F & A B A BV o i, ()
B, FRATTE & IR Y R FOR TN 2R 1B L 5 1R
WA REEAE 2R R At B A L B EH .

20 B3 L 3R S AN E 2R A Y R TR
2 SIM 53R F R By EZAMEIE S 5K oh
M NE B K ZER CIM B 5 5 &
MR SIM B 55, IPTS SRR RIA &
KRR, 7535 2 d B E AN AR RZ LR %
ik, MIAD 8 A~ IPT JE A i F ik H A B AR 1k
(F 3). AT HELE 4 h PFIRIA] G50
IPTI. IPT3. IPTS Fl IPT7 3L 335120, FHIt,
FATHENASE ZE AL R IPTS SRR RIA T
FERTRESE B T SIM 35 FRdk b sk BE A oy 24 R
TR SR . (AIRATAHERR IPTS FEHAE
Jit S Al i L 2 E AR AT ek, DR A oAk
ik, TE b Fah AR ik, A
PRAMNGE IPTS FERAESME I oAk B Be ) 2y
Ao BRT IPT FENAL, A0ME 5 243 10 A Ak ol 2
PHT A R B AT Y — R Ry K
X — J I 3% B 20 i 43 % 4 fL B (Cytokinin
oxidase/dehydrogenase, CKX) HOfiifL, TEAE
KR, CKX7 AN FRILEIEAH LT (% 3),
XA T SIM A v BE A At i 43 R R 1
BREIERISE R . A B ARRs JE 4100 2R 2
TP T, H ARRIS RPN K AT LI ZH
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f oy AT, FIZIE R AT AVE Al i ke
SfetE B A E EMERE I ARE R
B —3, ARSLIRRUIFE SIM 55 SE
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