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Abstract: Transcriptional regulation is one of the major regulations in plant adventious shoot regeneration, but the exact
mechanism remains unclear. In our study, the RNA-seq technology based on the IlluminaHiSeq™ 2000 sequencing platform
was used to identify differentially expressed transcription factor (TF) encoding genes during callus formation stage and
adventious shoot regeneration stage between wild type and adventious shoot formation defective mutant bel-3 and during
the transition from dedifferentiation to redifferentiation stage in wildtype WS. Results show that 155 TFs were
differentially expressed between bel-3 mutant and wild type during callus formation, of which 97 genes were up-regulated,
and 58 genes were down-regulated; and that 68 genes were differentially expressed during redifferentiation stage, with 40
genes up-regulated and 28 genes down-regulated; whereas at the transition stage from dedifferentiation to redifferention in
WS wild type explants, a total of 231 differentially expressed TF genes were identified, including 160 up-regualted genes
and 71 down-regulated genes. Among these TF genes, the adventious shoot related transcription factor 1 (ART1) gene
encoding a MYB-related (v-myb avian myeloblastosis viral oncogene homolog) TF, was up-regulated 3 217 folds, and was
the highest up-regulated gene during bel-3 callus formation. Over expression of the ART1 gene caused defects in callus
formation and shoot regeneration and inhibited seedling growth, indicating that the ART1 gene is a negative regulator of
callus formation and shoot regeneration. This work not only enriches our knowledge about the transcriptional regulation
mechanism of adventious shoot regeneration, but also provides valuable information on candidate TF genes associated with

adventious shoot regeneration for future research.

Keywords: adventious shoot regeneration, callus formation, RNA-Seq, transcription factor, transcriptional regulation,
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CIM 7d WS  bel-3
RNA-Seq
1 860 TF
155 8.3% (
3) 155 TF bel-3
97 58
155 26
[24-26]
BE1 ESR2
(AT1G24590) 5.05

(11]

R1 HMRbel-CIMTNFZREMEFSEEZRR
Eexf 4 it 45 R

Table 1 Alignment statistics of bel-CIM7 sequencing
reads to reference genes in Arabidopsis thaliana

Map to gene Reads number Percentage (%)
Total mapped 10 898 770 100.00
Perfect match 10 125 443 92.90
<2 bp mismatch 6301 969 57.82
Unique match 3823474 35.08
Multi-position match 6507 183 59.71
Total unmapped 3618260 33.20

R2 Hmbel-SIM2MFZREMEFSEERER
EExf 4 it 45 R

Table 2 Alignment statistics of bel-SIM2 sequencing
reads to reference genes in Arabidopsis thaliana

Map to gene Reads number Percentage (%)
Total mapped 9 788 169 100.00
Perfect match 9104 737 93.02
<2 bp mismatch 5636215 57.58
Unique match 3 468 522 35.44
Multi-position match 5821 034 59.47
Total unmapped 3283703 33.55
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Fig. 1 RNA-Seq quality assessment. (A, B) Sequencing saturation analysis of bel-CIM7 (A) and bel-SIM2 (B). (C,
D) Sequencing randomness analysis of bel-CIM7 (C) and bel-SIM2 (D).
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Table 3 Differential expressed TF encoding genes between bel-3 and WS wild type at callus formation stage
Differential
Family  expressed/total Down-regulated genes Up-regulated genes
TF genes
AP2 2/22 AT5G17430 AT4G37750
ARF 1/22 AT2G33860
B3 9/66 AT3G61970 AT1G26680 AT4G01580 AT3G11580 AT4G31615
AT3G18960 AT1G49475 AT5G58280 AT2G24700
bHLH 13/145 AT4G01460 AT3G21330 AT1G71200 AT4G37850 AT3G20640 AT3G07340 AT4G30980 AT3G56770
AT4G36930 AT5G65320 AT5G43650 AT1G10585 AT4G33880
bZIP 1/74 AT3G58120
C2H2 13/100 AT1G03840 AT3G45260 AT1G75710 AT3G20880 AT3G19580 AT1G08290 AT2G28200 AT5G25160
AT5G03510 AT1G10480 AT1G26590 AT1G27730
AT1G68360
C3H 1/50 AT5G44260
DBB 1/11 AT2G31380
Dof 3/36 AT3G50410 AT2G46590 AT1G51700
EIL 1/6 AT5G21120
ERF 25/123 AT5G05410 AT1G24590 AT5G61590 AT1G22190  AT4G36900 AT2G46310 AT5G07580 AT5G53290
AT5G61890 AT5G47230 AT5GS52020 AT3G11020
AT5GS51190 AT3G61630 AT3G16770 AT3G50260
AT5G61600 AT1G12610 ATAG34410 AT5G47220
AT1G77640 AT1G44830 AT2G44840 AT2G38340
AT1G33760
G2-like 3/42 AT1G68670 AT1G25550 AT1G14600
GATA 4/30 AT2G45050 AT3G50870 AT2G18380 AT5G26930
GRAS 2/34 AT1G14920 AT3G03450
HD-ZIP 4/49 AT4G17460 AT2G18550 AT3G61890 AT4G17710
HSF 2/24 AT3G51910 AT2G41690
MIKC 3/42 AT4G11880 AT1G71692 AT4G22950
M-type 2/66 AT1G18750 AT1G17310
MYB 13/144 AT3G24310 AT5G57620 AT2G47190 AT1G14350 AT2G31180 AT5G67300 AT5G12870 AT4G13480
AT5G10280 AT1G06180 AT5G60890 AT4G37780 AT1G08810
MYB 5/66 AT1G71030 AT5G37260 AT2G46410 AT5G58900 AT3G10590
related
NAC 19/113 AT5G39820 AT1G69490 AT1G26870 AT5G39610 AT4G01540 AT1G52880 AT3G12977 AT5G18270
AT3G29035 AT1G12260 AT2G18060 AT3G44290 AT5G62380
AT1G28470 AT1G02220 AT1G52890 AT5G64060
AT3G01600 AT5G14490
TALE 4/22 AT1G75430 AT5G11060 AT1G62990 AT5G41410
TCP 1/24 AT3G27010
Trihelix 2/28 AT5G03680 AT5G28300
WOX 3/16 AT1G20700 AT1G46480 AT5G05770
WRKY 10/72 AT5G64810 AT5G22570 AT2G40750 AT3G56400 AT2G25000 AT1G80840 AT1G69810 AT2G30250
AT4G23810 AT4G22070
Others 8 AT3G24500 AT3G62100 AT1G15580 AT3G44550 AT2G43060 AT4G32280

AT2G27380 AT2G24340
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F4 BHERHBETIIMERAREIUEBESUETIREFRIEN TF HZE
Table 4 Differential expressed TF encoding genes in wild type between dedifferentiation and redifferentiation stages

Differential
Family expressed/total Down-regulated genes Up-regulated genes
TF genes
AP2 5/22 AT5G10510 AT1G51190 AT5G17430 AT5G10510  AT4G37750
ARF 1/22 AT3G61830
B3 4/66 AT5G58280 AT2G46870 AT4G31650 AT1G01030
bHLH 24/145 AT5G65320 AT4G37850 AT5G56960 AT2G43140  AT1G68810 AT4G29100 AT3G20640 AT2G46510
AT5G15160 AT1G74500 AT3G25710 AT2G24260 AT4G30980 AT1G27660 AT1G32640
AT3G07340 AT1G62975 AT2G22760 AT5G58010
AT1G66470 AT1G27740 AT5G43650 AT2G40200
AT4G21340
bZIP 6/74 AT2G36270 AT1G77920 AT1G49720 AT5G24800
AT1G06850 AT1G13600
C2H2 13/100 AT3G20880 AT3G57670 AT5G10970 AT2G29660 AT2G28200 ATSG03510
AT2G37430 AT5G59820 AT2G02070 AT1G27730
AT5G57520 AT5G67450 AT3G53600
C3H 2/50 AT2G40140 AT3G55980
CO-like 3/17 AT5G57660 AT5G48250 AT5G24930
DBB 2/11 AT2G21320 AT4G39070
Dof 5/36 AT3G47500 AT4G00940 AT2G28510 AT1G51700AT5G60850
ERF 35/123 AT5G18560 AT4G11140 AT1G24590 AT4G23750  AT3G16770 AT5SG13330 AT4G17500 AT2G23340
AT5G07310 AT3G23240 AT1G75490 AT1G36060  AT4G32800 AT4G17490 AT4G25490 AT3G50260
AT3G61630 AT5G47230 AT5G51190 AT1G77640 AT5G47220
AT4G25470 AT3G60490 AT1G12610 AT4G34410
AT5G61600 AT4G25480 AT1G12980 AT1G19210
AT5G25810 AT5G19790 AT5G21960 AT1G74930
AT4G28140 AT2G44840
G2-like 6/42 AT5G42630 AT2G40970 AT1G49560 AT1G14600 AT2G40260
AT5G59570
GATA 3/30 AT3G50870 AT2G18380 AT2G45050
GRAS 3/34 AT3G54220 AT5G59450 AT3G03450
HD-ZIP 13/49 AT4G21750 AT4G17460 AT5G66700 ATAG04890  AT4G37790 ATAG40060 AT3G61150 AT3G61890
AT1G17920 AT2G01430 AT1G69780 AT3G01220 AT1G26960
HSF 3/24 AT3G51910 AT5G03720 AT3G22830
MIKC 3/42 AT3G02310 AT2G45660 AT4G24540
M-type 1/66 AT1G17310
MYB 32/144 AT3G62610 AT1G14350 AT1G14350 AT1G48000  ATSG57620 AT2G31180 AT2G36890 AT5G10280

AT2G02820 AT3G47600 AT4G34990

AT5G16600 ATS5G60890 AT3G12720 AT2G38090
AT1G22640 AT1G57560 AT5G05790 AT3G49690
AT1G34670 AT5G23000 AT3G02940 AT4G05100
AT3G24310 AT1G17950 AT2G16720 AT1G73410
AT1G66230 AT3G61250 AT5G12870 AT3G30210
AT5G14340
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MYB 5/66 AT3G09600 AT1G71030

related

NAC 23/113 AT3G15510 AT1G52880 AT1G26870 AT5G39610
AT1G54330 AT5G14000

SBP 1/17

TALE 5/22

TCP 1/24

Trihelix 1/28

WOX 2/16 AT3G11260

WRKY 8/72

ZF-HD 2/17

others 19 AT4G27310 AT5G54470 AT4G15248 AT2G46990

AT3G15540 AT3G62100 AT3G24500 AT5G22500
AT1G20065 AT4G23800 AT2G07677 AT5G24120

AT5G37260 AT5G58900 AT3G10590

AT1G01010 AT4G29230 AT5G13180 AT3G12977
AT1G77450 AT4G28500 AT1G28470 AT5G53950
AT1G62700 AT2G43000 AT5G64530 AT4G10350
AT3G15170 AT1G12260 AT1G71930 AT5G62380
AT1G02250
AT2G42200

AT5G11060 AT2G16400 AT1G62990 AT5G02030
AT4G32980
AT5G23280

AT5G03680
AT1G46480

AT3G56400 AT2G25000 AT2G38470 AT4G23810
AT4G18170 AT1G80840 AT5G24110 AT5G41570
AT1G69600 AT1G75240

AT2G36740 AT1G51950 AT4G28490 AT1G04240
AT1G04250 AT5G25890 AT3G44550

3 0 10 pmol/L CIM
MYB-related AT3G10590 Col-0
bel-3
13 0 RPKM ( 2A 2B)
3.217  0.001 3217 CIM
ART10E
ART1 (Adventious shoot related ( 20
transcription factor 1) NASC ( 2D) ART10E
ART1
TPT 3.10590.1F ( 2E)
TPT 3.10590.11 TPT 3.10590.1F ( 2F) CIM
TPT 3.10590.11 0 10 pmol/L SIM
TPT 3.10590.11 TPT 3.10590.1F 14 d
TPT 3.10590.11 ( 2G 2H)
ART1OE (ART]1 overexpression) ART10E
ART1 (
ART10E Col-0 0 21 2)) ART1
10 pmol/L CIM 7d
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K5 AEFEERH bel-3 FESRIAH TF HIZEE

Table 5 Differential expressed TF encoding genes in bel-3 at the early stage of adventious shoot formation

Differential
Family expressed/total Down-regulated genes Up-regulated genes
TF genes

AP2 1/22 AT3G20840

ARF 1/22 AT2G33860

B3 5/66 AT1G26680 AT1G01030 AT3G61970 AT4G31615

AT3G18960

bHLH 2/145 AT1G74500 AT1G66470

bZIP 1/74 AT3G58120

C2H2 3/100 AT1G75710 AT5G22890 AT3G46080

CO-like 1/17 AT1G25440

Dof 2/36 AT1G28310 AT4G00940

ERF 9/123 AT1G77640 AT4G27950 AT3G11020 AT2G46310 AT1G12980 AT5G18560
AT3G61630 AT2G38340 AT1G74930

G2-like 1/42 AT1G14600

GATA 1/30 AT2G45050

GRAS 1/34 AT3G03450

HD-ZIP 4/49 AT4G17460 AT5G52170 AT2G46680 AT4G17710

MIKC 2/42 AT4G11880 AT5G20240

MYB 6/144 AT1G49010 AT3G12820 AT5G10280 AT1G34670 AT1G48000 AT4G37780

MYB_ 1/66 AT3G16350

related

NAC 13/113 AT1G33280 AT4G10350 AT5G39820 AT3G04060 AT2G18060 AT5G64060 AT1G02250

AT1G26870 AT3G01600 AT3G15510 AT1G02230 AT1G02220

AT5G14490

TALE 1/22 AT4G32980

WRKY 8/72 AT2G40750 AT5G13080 ATS5G64810 AT2G30250
AT5G22570 AT1G66600 AT5G01900 AT2G21900

ZF-HD 1/17 AT2G18350

Others 4 AT3G15540 AT3G44550 AT2G21650 AT3G24500

25 SEFRiE ARTL EEHF TLHEEK

A8 3B-3F)
ART1
ART10E 17 B-
ART10E
( 3A)

( 3B-3F)

10 wmol/L 17 B-
ART10E

( 3E 3F) ART1
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Fig. 2 Overexpression of ART1 inhibits adventious shoot regeneration. (A—F) Hypocotyl segments of wildtype (A
and B) and ART1OE (C-F) cultured for 7 d on CIM containing 0 (A, C and E) or 10 (B, D and F) umol/L estradiol.
The top (A-D) or the middle (E and F) hypocotyl segments were photographed with a Olympus BX51 microscopy.
(G-J) Hypocotyl segments of wildtype (G and H) and ART10E (I-J) were cultured for 14 d on SIM containing 0 (G
and I) or 10 (H and J) pmol/L estradiol. Bar= 0.2 mm (A—F) or 1 cm (G-J).

RNA-Seq
TF
1 716 TF 58
[23]
341 TF ( 39
TF 19.87% 341
B3 PEFREARTIERME THEEKLE 29 ERF
Fig. 3 Overexpression of ART1 retards seedling
growth and development. (A-E) Twelve-day-old TF MYB
ART10E seedlings germinated and grown on MS NAC 3
medium containing 0 (A), 0.01 (B), 0.1 (C), 1 (D) and
10 (E) pumol/L estradiol. (F) An enlarged view of 5040 38
ART1OE seedlings in panel A-E. Bar=1 cm. 14.67% 11.73% 11.14% ( 3-5)
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