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Arabidopsis AtERF71/HRE?2, a transcription activator, is located in the nucleus and is involved in the
signal transduction of low oxygen and osmotic stresses. In this study, microarray analysis using
AtERF71] HRE2overexpressing transgenic plants was performed to identify genes downstream of
AtERF71/HRE2. A total of 161 different genes as well as A{ERF/1/ HRE2 showed more than a twofold
higher expression in A¢ERF/1/ HREZ-overexpressing transgenic plants compared with wild-type
plants. Among the 161 genes, 24 genes were transcriptional regulators, such as transcription factors
and DNA-binding proteins, based on gene ontology annotations, suggesting that AtERF71/HRE2 is
an upstream transcription factor that regulates the activities of various downstream genes via these
transcription regulators. RT-PCR analysis of 15 genes selected out of the 161 genes showed higher ex-
pression in AtERF/1/ HREZ?-overexpressing transgenic plants, validating the microarray data. On the
basis of Genevestigator database analysis, 51 genes among the 161 genes were highly expressed under
low oxygen and/or osmotic stresses. RT-PCR analysis showed that the expression levels of three
genes among the selected 15 genes increased under low oxygen stress and another three genes in-
creased under high salt stress, suggesting that these genes might be downstream genes of
AtERF7I/ HREZ in low oxygen or high salt stress signal transduction. Microarray analysis results in-
dicated that AtERF7I/ HRE2 might also be involved in the responses to other abiotic stresses and also

in the regulation of plant developmental processes.
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AAE FAEH, AP2/ERF DNA-2% =<l d71499 4
4% 7]ESE  AP2 subfamily, RAV  subfamily,
DREB/CBF subfamily, ERF subfamily®] 4| 7} subfamily=
EFEY8927]. ¢l A= g4 AE 2B~ L 3
74 2EY 2 A= ol e} o @, jasmonic acid T ol Bk
S5t #EE frHzy $dSe 243H9,27]. DREB/CBF
subfamilyoll 3= fAAH= 87 2EY 2, 53] 429 A
2o §hg3ste] 3h9) AR WS == [34], DRE/
CRTZ ¥ 7 dsacting elementS A3k 849 f73 4]
1S 2 30H31,34]. RAV subfamily f8 A= B3-like &=
w913} AP2/ERF =M Q1S 2% 7HA 1 Qe Ao g 484
ATH16]. olgde] ¥hg-3= AP2/ERF fAA+ =5 ERF
subfamily®l] &3}, of 714t o] 79 60 7} £ A7} ERF
subfamilyoll Z s o Ith2327]. YutEHOZ ERF sub-
family AAFIZME GCC boxE €# 7 dsacting elementE
AABH= Aoz Hus o] JTH11]. sHAYE < A7 Ao
ut 29, ERF subfamilyol] &3dh= 94 HAIA= DRE/CRT
asacting elementd] = ZA¥sh= A2 #85 tH33,36,38].

old A3 Aol W= AtERF7I/ HREZ= ERF subfamily
of &3te HARIAE YEgshe f7Ao]H, £3] ERF sub-
family®] Tt subgroup 5 subgroup VIIel £3Hc}(23,27].
AtERFVI/ HREZ= A2t 9 119, A% 59 4HF 2E# X~
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o ofa) wao] Frla] F3) Axtaol <) wol vl

Z7Vsbe FRAOITH13,21,24]. 3 AtERF71/ HREZ

o HuE FARBAL AL 2 ANEE FLIE D5,
Z‘(_

A zrEt), AtERm/HREz 9401] H] ]
Subl, SKI, SK25 WI%3te] W71t AtERF73/ HREI,
RAP212, RAP22 5 °] 22 subgroup VII9| 439, o] &
AR = A A /\Eg]]g: HH-S-ol A d8ks 3l Ao Z 4HA
91TH12,14,21,2537]. GutA 02 Aibx 2Ed 2d gt 2
IHY BAl = 01]%1 o] 203 Aog ¥4 Yed,
AtERF7I/ HREZ= o2&l o] 28 5] gf+ ol gal-Hl ¢
4 BE2E 53l 715 FAT Jo2 A7 Y13
T A7Ave] WEwW AtERF71/HRE2E o] $)X]3}al C-
gt Bo] AAEAE FAHE 1A, OE fAAY HHLS
ZAs e AAIAE ZA2e Ao g oAETH4]. AT A

A e A 2EY A Q3G oM, AERF7I) HRE?
of oa Lol M= o9 FHAE ofF ¥ Hit
slct

B Ao M AERFZI) HRE2?) HE&AA S thd oz v}
o|z2ojg o] AdG FaYsko] AtERF/I/ HREZ) 23] L&
o] 2AHE 3 FAAS ZASOZMN AERF/1/ HREX
o3l wifEe AsHY FAS dotr izt sGch

BRI

AlS M= 9! MA x=A

N 717\ (Arabidopsis thaliana)= Col-0 ecotypes AH&-3}9
o o713 Ak 70% o'l 1%, 10% S22
1087 BRATE 5 SFSZ 48 ol A AsL, 4T 4=
Aol A 29 T ol F3HA 2% th, WIER BS, 1.5% su-
crose, 0.7% microagar’} E 3¢ MS (Murashige and Skoog)
[22] s A ol Zotalict. ol of 713t TAh= 2T @
Z(FE7 A/ EE 16A A 78Tk ALERFTT/
HRE? 38 3AABAE 7)E A7old A% AS AHE
S} TH24].

Oo[220{2f0] 3 H &4

9 2o A doldt 3 149 W o W3 AtERF7I) HRE?
Td FANA ] 2 EA ZHH Trizol reagent (Invitrogen,
CA, USA)E AH&3te] total RNAE #2l3til, Agilent
Bioanalyzer (Agilent technologies, CA, USA)Z #&] 3t total
RNAS el & AAtstAth AE7 1 ug9 total RNAE Low
Input Quick Amp labeling kit (Agilent Technologies, CA,
USA)E ol&3te] Cy3= A ¥, A€ RNAS 50 ul &4
3}-&-9H (Agilent technologies, CA, USA)¥} 4 o5=3tt. &%

H-S Agilent SurePrint Arabidopsis 4x44k array (Agilent
technologies, CA, USA) ‘ol o] il Gasket 4- plex slide
(Agilent technologies, CA, USA)Z Y& £ 65T SEdA
17A12F &2t £43 AIAt. £43 @ S2o]=E Gene
Expression Wash Buffer Kit (Agilent technologies, CA, USA)
9] buffer 1= Lo A 187+ A& 3taL, buffer 22 37T oA
187 A3 3, 3,000 rppmoll A 2027 QAR st] AxA
At vlo] A& ojH o] = Agilent scannerg ©]-&3te] 43}
Hon, A od #HE-E Feature Extraction v10.7.3.1
(Agilent technologies, CA, USA)S o] &3}a] A4t

Genevestigator H|O|E{H|0|A A

npo] A2 ojg o] H o] EjH o] 29l Genevestlgator o] B 1]
o|~E  o]&ste fHA TE wWsE B4
Genevestigator  HloJEJHlo] 2~ #4122 QIHY ¢ o]A]

https:/ /www.genevestigator.com/gv/indexjsp oA 433}
Hom, of 713t ATHL: 22k array platformol| A =8]8} At}

=20 24

Z2RE $9e 2 fAAe] FAIA MES +12 A
& 0 5 upstream 3 fA3= HES ARSI WA,
ojdhe FAAS} 2 WFoR BHHE Ay, T 4
A+l 5 upstream A €] 1,500 bp ¢ W+ -1,500 ~ -1
bpEs B4l A3 2H, 5 upstream A E o] 1,500 bp "
d W= 5 upstream M@ AAE EA ol ARSI o] %
© A v Weko 2 dE o] 5 upstream A8 S
& A%, TF3tE 5 upstream A E o] 100 bp ]

5 upstream A F 9] AwhE Ao AR89 aL, 100 bp W] T
W= A A A LSt Hth T2 RE O] EX3E dsact-
ing element #4]-2 Plant Cis-acting Regulatory DNA Element
(PLACE)] <IE/Yl 1#o]A] http://www.dna.affrc.go.jp/
PLACE/ ol 334t

L=

o =

Kok, 0 AER|A X2

A9 g 2EH 2 AHEde gY A Holst
T 1094 ok¥F FA=AE o] &tk AL 2EY A
g st A MS A2 A4 JE Fo] Hof oY
FAEAE P A 99% AAa7M2E 0, 1, 3, 6413
S Atk g 2EH 2 HE]E 9ste] 300 mM Nadl
2 A2 gH Fo] 9o o E FAEAE a1 0, 2, 4, 847t
< At

Total RNA 22| 2! semi~quantitative RT-PCR

2 EA o A total RNAE Trizol reagent (Invitrogen, CA,
USA)E Ab&3te] #23tth 5 ug total RNA 2 unit
RNase-free DNase I (Promega, WI, USA)S 2|3t &, 2 uM



poly-T Z&te]=, 10 mM dNTP mixture, 200 unit M-MLV
Reverse Transcriptase (Promega, WI, USA)E o] &3}
cDNAE A8kt RNA Ed S ga7] fa), A
cDNAE ©] &3} semi-quantitative RT-PCRS =8 3} % .
RT-PCRO|| AHE-8 24415014 Q] Ze}o]r= Table 19 1
ERASITh PCR WH8-2 1 il ¢(DNA, 1 unit F-taq DNA 3 &
2>(Solgent, Korea), 25 pmole Z&}o]®(H 3, A3}, 05
mM dNTP mixture, 5 ul 10x &Z-88-& E33h= 50 ul ¥+
Bl F28)3F AT} PCR #E-g-2 HUCoAA 587 WA 5, 94T
o A 453, 56 CollA] 45, 72°Coll A 4539 PCR cycles< Rt
EakaL, 72Tl A 10278 371 A% @AE AX F33H3

Table 1. List of primers used for semi-quantitative RT-PCR
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t}. RT-PCRY cycle GAPe= 24 cycles, 71 9o FHA=
27-30 cyclesE FF 3t}
2o 3 F
AERF7/HREZ BHS x| Chat Ojo|320{2f0] 24
ol Aol A AERF7I) HRE2S) -3 A ¢k T-DNA 49
EAHOIAE UFoE 7|E0] ¢ A ABA-9|E Z ABA-Y]
& AR FEsle 3 2EF 2 ukg fAA dE S
ZANS A, ZAE f12 BF op gl A e iy W
£ 2102 Kol trh24]. 0|23 Ayt AtERFZI) HRE2

Genes Orientation Sequences
GAPc Forward 5 -CACTTGAAGGGTGGTGCCAAG-3
GAPc Reverse 5-CCTGTTGTCGCCAACGAAGTC-3
AtERF71/ HRE2 Forward 5-ATCTGTACAGAGGGATAAGG-3
AtERF71) HRE2 Reverse 5-CATCAGGTCCTCCGATAAGC-3
ADHI1 Forward 5-GAAACAGAGTCTGCCGTGAC-3
ADHI1 Reverse 5-TGCTGCCTTCTCGGTAGAGA-3
RD29A Forward 5-TGAATGTGGCTAAACCCAAG-¥
RD29A Reverse 5-GATGAGTCTTGAAGGCATCG-3
At5g62430 Forward 5-CCTCGCCATTTTTGTAAAGC-3’
At5g62430 Reverse 5-ACTGGCATGCTCCAATAAGG-%
Atl1g71030 Forward 5-GAGGTCGAAACTACGTAAGG-3
Atl1g71030 Reverse 5-TCAGGCAAATGACTTCGTCC-3
At5g51990 Forward 5-AGCTGGGAGGAAGAAGTTTC-3
At5g51990 Reverse 5-AAAACACACCACCATTCTGC-3
At4g27310 Forward 5-TGTCAGTCTCTTACGCCGTG-3’
At4g27310 Reverse 5-TCCGCTTCCTCCGTCAGAAG-¥
At2¢39010 Forward 5-TCCGACGGATACAATGTTGG-3
At2g39010 Reverse 5-AATGGCTGCACCCACAAATG-¥
Atl1g78650 Forward 5-GAAGAGCGTGACTGGAACTG-3
Atl1g78650 Reverse 5-TTGCCTGTCTTCTTTGCTGG-3’
Atdg15780 Forward 5-TACAGCTATCGCCAAAAGTC-%
At4g15780 Reverse 5-CATGACAAACCGATATCCAG-3
At4g16880 Forward 5”-CACAAACCTCGAGAGACTAG-¥
Atdg16880 Reverse 5-AACTCCTTGTAGCACATACC-3
Atlg66100 Forward 5-GGCACAAAATCAAGTTGACG-3
Atlg66100 Reverse 5-GTACAGACTGTAGAACATGC-¥
At3g62000 Forward 5-AGGGTGTTTAGTTGCCTGTG-3
At3g62000 Reverse 5-TCCTGATGACTATCTCTTGC-3
At1g74650 Forward 5-TCCTGACTCACCAAAACCTC-3
At1g74650 Reverse 5-CCTCTAAAGACACGTCGATG-3
At5g66030 Forward 5-ATGCTCTATCTGAGAGGGAC-3'
At5g66030 Reverse 5-GTGAGCACGGATCTTGTAAG-3
At4g24210 Forward 5-AGAATCTAGTGTACGAGGTG-3
At4g24210 Reverse 5-CTCATCTTCTCGTAGTATCG-3
At1g73490 Forward 5-GTTAGTAAGGTCACGGATCC-3
At1g73490 Reverse 5-CGTCCTCCCAAATGACTTCC-¥
At4g(08870 Forward 5-TGGAGGACCCGTGGATATTC-%

At4g(08870 Reverse

5-ACATCAGCCCCCACCAAATC-3
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FAATE AL tdo] obd BhE she] 28 fHAAE 53
3 2EY 2 A #odhe As Uit & A7
M wrolagolg o] A¥S st AERF/1/ HRE2S] 3}
9 FAAE 2ASIA ST o) 5 S8t AERFTI) HRE2
HLHAE o2 vto]aRolg o] APE st of
A AT[24]0 M AZE AtERFZI) HRE2 $33AA 5 =P
209 Ty 2Rl M Fefg T FAEAE 42 F |25 H
£ 2 RNAE mlo]azoj# o] Aol ALE-3lGlt vlo]az
olgo] 4¥S F33}7] Aol semi-quantitative RT-PCRE 4
Aoto] AERF7I/ HRE2?) 343388 #Rle 3l th(Fig. 1A). vF
ojaRolg o] AF AnE HAst oW RTL ALERFI/
HRE2 @A oA &do] 2ul o] F7F & 743 probe
£ sl vlo] a2 0lg o] probe & BT 45,2207}
oW, o|& % AtERF/I) HRER2 3L-@ Aol A & o] 2uf o]
2 Z748 AL 3702 A probe T 2F 1%, 24 o)A 7HAd
probe= 1216702 A probe & F 3% A Th(Fig. 1B).
AtERF71/ HRE2 SpE @A A A & o] 23 o] S7F e

A WT AtERF71/HRE2 OX

Total probes: 45,220

303 (1%)., 1,216 (3%)

O Not changed probes
m Up-regulated probes

ODown-regulated probes

43701 (96%)

Fig. 1. Microarray expression profile in AtERF7I/ HREZ-
overexpressing transgenic plants. (A) Semi-quantitative
RT-PCR analysis of AtERF71/ HREZ in wild-type plants
and A{ERF71/ HREZ-overexpressing transgenic plants
used for microarray analysis. Fourteen-day-old
seedlings of wild-type plants and AtERF7I/ HREZ-
overexpressing transgenic plants grown under SD
condition were used. GAFc was used as internal control.
Similar results were obtained from at least two technical
replicates, with one shown here. (B) A pie graph
showing the relative distribution (%) of more than 2-fold
up- or down-regulated probes in AtERF7I{ HRE2-
overexpressing transgenic plants compared to wild-type
plants.

728 probeE /O 2 gene ontology s FAFSFATE WA,
2v] o] o] F7hgk 30370 9] probeE Wt E A E T
g T2 gene ontology ¥4 A3}, AALEA ] Host=
probe7} 20702 7} BtoH, o FAste Aol 97,
B3l #AstE probert 870 Z UENSTE B4 75 WF
of gt LA A= HARIA &S 7HA = probe7}t 247) &2
7} Bweker, 1 HE o]o] DNA 2% 75< 7F Aol
197], @A Ag 715 7H2] probe7t 1572 1= 3tk
(data not shown). 3+, AtERF71/ HRE2 3@ o 4 &8
o] 2u) o] 743k 1,2167] 2] probeE tdo.2 AE8HH I
% WF2| gene ontology ¥4 A3}, HAEH #st=
probeZ} 56702 7} ©okow, Tl Qlabslel| Fofdt=
probe7} 4370 Atk &2} 715 T ti$ gene ontology
o oatd ATP 2% 7155 7HA< probe7t 97 E 718 w3k
I, O Yo wid Agt 7S 7HAE Aol 8374, HARKI
A 8438 71 Ae] 647, DNA A¥ 71%5& 7HA& probe7}
607§ 2  Fl=th(data not shown). ©]H3 A=
AtERF71/HRE2¢] ¢J3)] Wdo| F7tE < a9 Fx2 Fol
ArzAd #ofste FH27F 2 HSE AAG L &S

b,

o 1x T

AL OHY RAAL MY B 27

A2 AT Aol wh2W, AtERF71/HRE2E 3o &3}
o AAFEAAS 75 A Qo] Bk At HALE &
A3t A2 Ao g AN 24]. WekM AERF7I/ HRE2 34
A oA weo] 28 o] F7HS 3037 probes WO E
o] F7} B AR AL B} RS A SGlT 303
7N probeE A& 23, FH2 FE7F 9l probert 2387H,
FAA FRI} 9l probert 6571 AL, FRA AR} Qe
2387 probe= 230749 N2 th2 fAAe 8P E Arh(data
not shown). °|E& 2307} F37 F 687 FXA+= hypo-
thetical WAL 53 3197, oS 68702 A< 3 16270
FAA F W E AERFZI) HRE2QT:. 1627 +34 %
AtERF71) HRE2Z A 93+ 1617] 2 Aol ths] 71 £4&
it

AA, 16170 A 715l we} £ 73 th(Table 2). 1
A3}, JANE AARIA}, DNA-ZS 9 d 5 AAzd A7}
NE 7P o, AAL & il Wy g 2o g
FAATL 187, S A AE W o)y Bl Boste
SR 1170, 2 9o ARG A o] ol
SR} T4 ER8H% tHTable 2). 24 © il
TAA T AAxE 7)5s 7 fRATL
AtERF71/HRE2E 3}91¢] AAMRA fA4]
3 o BE fxx9 #ds 2Ase 49
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Table 2. Functional classification of 161 genes up-regulated more than 2-fold in AtERF7I/ HREZ-overexpressing transgenic plants

Functional category

Number of genes

Information storage and processing

Transcription (transcription factor, DNA-binding)

Chromatin structure and dynamics

Translation, ribosomal structure, and biogenesis

Replication, recombination, and repair
RNA processing and modification
Cellular processing and signaling

Posttranslational modification, protein turnover, chaperones 18

Intracellular trafficking, secretion, and vesicular transport 11

Defense mechanisms
Signal transduction mechanisms
Cytoskeleton
Cell wall/membrane/envelope biogenesis
Cell motility
Metabolism
Energy production and conversion
Inorganic ion transport and metabolism
Lipid transport and metabolism
Carbohydrate transport and metabolism
Amino acid transport and metabolism
Coenzyme transport and metabolism
Nucleotide transport and metabolism
Poorly characterized
General function prediction only

N W = U1 g o @

Total

161

ofo[320{zfo| B4 Aot AT
nfejAzojg o] B4 AoAe fHA Hd FHE
RT-PCRE S35t AF3tA ol & 913l Table 29 16171
T34 T ArzE Boste 141 RNA W Eo o3}
AR, ZEH 2 whgo #doste A, Fdol #ofs)
FHAE TFE 157 FHAE HE3 29 (Table 3),
g0 2 RT-PCRE G35t} RT-PCR A3, 1570
T AtERF71] HRE2 & @A o A of PR} o g
A IR Ath(Fig. 2). olH st A= vlo] AR 0
o] gloH, nfeja ol o] ARE o] &3
40 gu7t A HERdT

do = O Ho O qIr rir
[ olX >
N S
m]I,
g S

>, o
e
o £ g

of

Ab

2 Q7
5o 3

kA
el
=
2}

Rfo| AEBA BEZ

ol w2 W, AtERF71/ HREZA= A2 2, 14
I

i 90

7 2E# 20 o 2ol Frlet, o5 $7

gl 2ol ek Aol dofdin21,24]. &7 2EFH S 7
ol SloAX AtERF7I/ HRE2®) 8}9) 245 goti7] 9jst
AR 1617) S o 87 2EF 2 s
L3o] S7H e FAAE 2ARIH. o8 Al vholazo
o] dlo]Eju| o] 22Q] Genevestigator B ] E{ W] o] ~5 o] &3}

o 7 fRAe Hd HElE B8t Genevestigator H 0]
Ef# o] 22 £44-& Genevestigator H| o] E}H] ©] 20| probe’} &
AR e 2870 FAAE AL 1337 FHAE UgeE
Y319 0™, AtERFZI) HREZY ARV, 1, A% 59 3
7 2EY 2 AR BAFEEZ2124] 0|5 A M 2E
H2E gz Bd WalE ARSI &, Genevestigator
dlo]gulolx 5 Aakh, 1Y, AZ AEH 2 2749 vlo]a
Zojgo] Aol A 1337 frHzte] Td HEE FAEG L
o, 2 T/ 2Ed 20 sFste 20 o] vlo]azof
glo] Aol A wyo] 2u o] T/ A5 3T 2EH2E
A7}l e S TH(Table 4). AXkae 2E# 20 33t hy-
poxia, anoxia, % 4*(submergence) 27104 L& o] F7}e
AzE 90, A5 2Ed 20 dgste 1Y, AF, A
F ZA0A @do] F7tet fRAE 17093, Aikae 4t
F 2Ef 2 BRAA Bdo] Frie fAAE 1T
(Table 4). A4tA D AT 2~Eg 2o LHo] F7leh= o5
5170 AN AtERF7ZI/ HREZ )8 w7l e A2kA, A%
2EH 2 AadD FAl| oix ALERF7I/ HRE2S) 819
AR A8 7hsAo] 8 02 AR 4 gyl
1337 Aol A 510 E A9 8270 A F 204470 £ A
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Table 3. List and promoter analysis of 15 genes selected for RT-PCR

P Gene Fold csacting  Element Element
robe ID Gene name

symbol change element locus sequence
A_84 P792153 At5g51990 344  C-REPEAT-BINDING FACTOR 4 (CBF4) -* -
A_84 P19525 At4g27310 279  zinc finger (B-box type) family protein - - -
A_84 P824053 At5g62430 248  CYCLING DOF FACTOR 1 (CDF1) DRE/CRT  -1,300 5-ACCGAC-¥
A_84 P12444 At1g71030 233  ARABIDOPSIS MYB-LIKE 2 (MYBL2) - - -
A_84 P19051 Atlg74650 225  MYB DOMAIN PROTEIN 31 (MYB31) GCC -1,501  5-GCCGCC-3¥

RNA recognition motif (RRM)-containing B B

A_84_P786741 At1g73490 9.06 .
protein

A_84 P154605 At1g78650 401 POLD3 - - -
A_84 P22268 At3g62000 209  O-methyltransferase family 3 protein -
A_84_P826728 At5g66030 258  ATGRIP -
A_84_P822606 At4g24210 253  SLEEPY1 (SLY1) -
A_84_P13509 At2g39010 2.35 llzlﬁé?g& 1\2415 %?E%TE INTRINSIC DRE/CRT -744  5-GTCGGC-3
A_84 P242243 At4g15780 203  ATVAMP724 - - -
A_84_P15283 Atl1g66100 3.05  thionin, putative -

A_84 P10009 At4g08870 229  arginase, putative DRE/CRT 480  5-ACCGAC-¥

. . . GCC, -188, 5-GCCGCC-3
A_84 P22425 At4g16880 222 disease resistance protein-related DRE/CRT 1189  5-ACCGAC-Y

* Dashes represent no GCC or DRE/CRT in promoters.

WT AtERF71IHRE2 OX WT AtERF71IHRE2 OX
At5g62430 _ At1g66100 _
At1g71030 _ At3g62000
At551990 _ At1g74650
At4g27310 _ At5g66030 m
At239010 = At4g24210 m
At1g78650 _ At1g73490 _
Atdg15780 m At4g08870 —
Atdg16880 AtERFT1IHRE2 _

Fig. 2. Semi-quantitative RT-PCR analysis of 15 genes up-regulated in AtERF/1/ HREZ2overexpressing transgenic plants. Semi-quantita-
tive RT-PCR was performed using 14-day-old seedlings of wild-type plants and AtERF7I/ HREZ-overexpressing transgenic
plants grown under SD condition. GAPr was used as internal control. Similar results were obtained from at least two biological
replicates, with one shown here.

e AL, L, Ao B 2 87 2Eg 20 o) B NS AAbeth

S7hstAen, umA fAde 873 2EH 20 o5 wd

7k A F2 do}, FE, FAYY, koo 22 A E MY FHAR| KM AERA HE

wg Bgol A wde] Frbeklnh ol B4 Ade NNEe] AT WEW AERFII) HREA= AXt e 2EH X
AtERF7I HREZV A%¥2 B AT 2EF S et ofyel, o ofsf Wao] Frksta FEHAE A 2E# 20 t3)
0& 874 2Ed 2 i 45 2d 2HdE #4F ARG S 7HATH13,21,24]. ol e\ & A= AtERF7I) HREZ7}
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Table 4. List of 51 genes up-regulated by low oxygen and/or osmotic stresses in Genevestigator database

Probe 1D S}CI;I% <l dfa(%}ge* Gene name Stress

A_84 P18854  At5gl6760 6.78  inositol 1,3,4-trisphosphate 5/6-kinase” drought(3*)

A_84 P750751  Atlgo6040 468  VIM4 (VARIANT IN METHYLATION 4) hypoxia(2)

A_84 P15740  At4g27030 348  small conjugating protein ligase drought(2)

A_84 P792153  At5g51990 344  CBF4 (C- REPEAT-BINDING FACTOR 4) drought(4), salt(3)

A_84 P14774  At4g22610 338  protease inhibitor/seed storage/lipid transfer protein (LTP) family protein hypoxia(2), drought(5), salt(2)

A_84.P89769  At2g35930 321  PUB23 (PLANT U-BOX 23) salt(3), drought(8), hypoxia(9)

A_84 P763587 At4gl2550 3.04 AIR1 hypoxia(2)

A_84 P858122 At5gl9780 288  TUAS hypoxia(2)

A_84 P12031  At5g01300 286  phosphatidylethanolamine-binding family protein drought(4), osmotic(3), salt(5)

A_84 P18856  At5g17490 271  RGL3 (RGA-LIKE PROTEIN 3) drought(5), hypoxia(3)

A_84 P604152  Atlg74870 259  protein binding / zinc ion binding salt(2), hypoxia(4)

A_84 P20129  At2g39110 257  protein kinase, putative" hypoxa(2)

A_84 P803569  At1gl8020 254  12-oxophytodienoate reductase, putative" drought(2), hypoxia(5), salt(2)

A_84.P20202  At3g08940 251  LHCB4.2 (light harvesting complex PSII) hypoxia(2)

A_84 P824053  At5g62430 248  CDF1 (CYCLING DOF FACTOR 1) drought(3), salt(2)

A_84 P844205 Atdg23160 247  protein kinase family protein drought(3), osmotic(2)

A_84 P293284  At2g36780 243  UDP-glucoronosyl/UDP-glucosyl transferase family protein drought(5), salt(4)

A 84 P24021  At3g27690 241  LHCB23 hypoxia(2)

A_84 P13509  At2g39010 235  PIP2E (PLASMA MEMBRANE INTRINSIC PROTEIN 2E) hypoxia(2)

A_84 P12444  Atlg71030 233  MYBL2 (ARABIDOPSIS MYB-LIKE 2) drought(2), salt(2), hypoxia(2)

A_84_P786619 At3gl5790 232  MBDI1 drought(4)

A_84 P11261  At5g61800 232  pentatricopeptide (PPR) repeat-containing protein drought(3)

A_84 P12472  Atlg71710 231  inositol polyphosphate 5-phosphatase, putative" drought(2), salt(3)

A_84 P18497  At4g00900 231  ECA2 (ER-TYPE CA2+-ATPASE 2) salt(2)

A_84 P177654  At2g18950 231  HPT1 (HOMOGENTISATE PHYTYLTRANSFERASE 1) drought(3), salt(2)

A_84 P10009  At4g08870 229  arginase, putative" drought(2)

A_84 P815070  At1g22530 229  PATL2 (PATELLIN 2) salt(2), hypoxia(2)

A_84 P20278  At3g24660 229  TMKLI (transmembrane kinase-like 1) hypoxia(2)

A_84 P264370  At5gl4000 227  anac084 (Arabidopsis NAC domain containing protein 84); transcription factor hypoxia(2)

A_84 P19051  Atlg74650 225  MYB31 (MYB DOMAIN PROTEIN 31) submergence(2)

A_84 P786499  At3g25760 225 AOC1 (ALLENE OXIDE CYCLASE 1) drought(8), hypoxia(5), salt(5),
submergence(2)

A_84 P18782  Atlg64380 225  AP2 domain-containing transcription factor, putative" drought(9), hypoxia(4),
osmotic(4), salt(3)

A_84 P169963  At4gd0090 222  AGP3 (arabinogalactan-protein 3) hypoxia(2), submergence(2)

A_84 P807037 At2g34430 220 LHBIB1 hypoxia(3)

A_84 P808711  At2g05070 219  LHCB2.2 hypoxia(2)

A_84 P836433  At3gb5090 215  ATPase, coupled to transmembrane movement of substances" salt(2), osmotic(2), drought(2)

A 84 P11054  At4g36040 215 DNAJ heat shock N-terminal domain-containing protein (J11) drought(2), hypoxia(4)

A84 P19133  At2g22310 210  ATUBP4 (ARABIDOPSIS THALIANA UBIQUITIN-SPECIFIC PROTEASE 4)  hypoxia(5)

A_84 P16813  At5g19140 210  AILP1 hypoxia(13)

A_84 P13439  At2g39980 209  transferase family protein drought(7), osmotic(2),
submergence(2), salt(2)

A_84 P10887  At3gh3820 208  zinc finger (C2H2 type) family protein hypoxia(3)

A_84 P21406  At4g25100 2.08 FSD1 (FE SUPEROXIDE DISMUTASE 1) salt(3)

A_84.P800020  Atlg06780 2.06 GAUT6 (Galacturonosyl transferase 6) drought(2)

A_84 P19062  At1g52230 206 PSAH2 (PHOTOSYSTEM I SUBUNIT H2) hypoxia(3)

A_84 P851677 At5g54270 2.04 LHCB3 (LIGHT-HARVESTING CHLOROPHYLL B-BINDING PROTEIN 3) hypoxia(3)

A_84 P810829  At3g54890 2.04 LHCA1 hypoxia(4)

A_84 P14306  At1g69490 203  NAP (NAC-like, activated by AP3/PI) drought(13), osmotic(4), salt(5)

A_84_P788801 Atlg05620 2.02  URH2 (URIDINE-RIBOHYDROLASE 2) hypoxia(2)

A_84 P14443  At2g29310 201  tropinone reductase, putative / tropine dehydrogenase, putative" hypoxia(3)

A_84 P153128  At4gl6980 201  arabinogalactan-protein family hypoxia(2)

A_84 P785527 At4g04830 2.01  methionine sulfoxide reductase domain-containing protein / SelR hypoxia(2)

domain-containing protein

* Fold change in AtERF7I/ HREZoverexpressing transgenic plants
** Parenthesized numbers represent the number of up-regulated arrays in Genevestigator database.
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Fig. 3. Semi-quantitative RT-PCR analysis of 15 genes under low
oxygen stress treatment. Semi-quantitative RT-PCR was
performed using 10-day-old seedlings of wild-type
plants grown under SD condition. Low oxygen stress
was treated for indicated time under 99.9% nitrogen gas.
GAPc was used as internal control and ADHI was used
as control for low oxygen treatment. Similar results were
obtained from at least two biological repeats, with one
shown here.
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Fig. 4. Semi-quantitative RT-PCR analysis of 15 genes under salt
stress treatment. Semi-quantitative RT-PCR was per-
formed using 10-day-old seedlings of wild-type plants
grown under SD condition. Salt stress was treated for
indicated time under 300 mM NaCl. GAPc was used as
internal control and KD29A was used as control for salt
treatment. Similar results were obtained from at least two
biological repeats, with one shown here.
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