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Abstract; Reactive aldehyde, especially a,B-unsaturated aldehyde compounds are toxic to plant cells. Therefore, elimina-
tion of ar,B-unsaturated aldehyde compounds is vital for plant cells to maintain normal life activities. In previous reports, the
Arabidopsis At3g04000 gene was identified as encoding a NADPH-dependent chloroplastic aldehyde reductases

(AtChlADRs) by enzyme activity assay in vitro and subcellular localization analyse in spiderwort cells. And it was proposed
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to play important role in scavenging «,B-unsaturated aldehydes with more than 5 carbons (C=5) in chloroplasts. To further
analysis the roles of At3g04000 gene, we generated transgenic Arabidopsis plants expressing a ProAt3g04000:GUS for analy-
sis of its expression pattern, a At3g04000-EGFP translational fusion for subcellular localization analysis, and 35S.
At3g04000 for overexpression of At3g04000 gene. We also used quantitative real time PCR to investigate the transcription of
At3g04000 gene during the developmental process of Arabidopsis. The results showed that the transcription of At3g04000
gene was detected in all examined tissues. The highest transcription level of At3g04000 gene was detected in Arabidopsis
seedlings, relative high level of At3g04000 gene transcripts were also detected in rosette leaf, cauline leaf, inflorescence
and silique, while in root and stem the transcription level of At3g04000 gene was very weak. The results of GUS staining in
ProAt3g04000: GUS transgenic Arabidopsis plants were in consistency with the results of the quantitative real time PCR
analysis. Strong GUS staining was found in vascular tissues and guard cells of cotyledon, rosette leaf and sepal, and weak
GUS staining was found in vascular tissues of root. To analyze the subcellular localization of the At3g04000 gene encoded
protein, the At3g04000-EGFP transgenic Arabidopsis seedling was observed by confocal microscopy. The results showed that
At3g04000 gene encoded protein was not localized in chloroplast, but localized in cytoplasm and nucleus. This study pro-
vides tools for further study of the roles of At3g04000 gene in Arabidopsis.

Key words: Arabidopsis, o,B-unsaturated aldehyde, aldehyde reductase, At3g04000, expression pattern, overexpression
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2000 ; 2 UK UKAE,2005) o, HAE Y 2 B SN Y) Bl
4= Wy W 38 i), ROS & £ 2 3 & (Jackson et al,
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HR R et e e R 4L RE IF Y 20 T 8 R 3L A ( 2-
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FEAV ISR AR 1 — N - T A SR ( At237770) K2 2
ANEE 6 JE B (At1g54870 Al At3g04000 ), H
At3g04000 LA LB KAE(=5) a, B-A 1 FIEE A1t



700 OO0 W

36 %

O B 1 A IR 15 77, I DL BR % ( Tradescantia
reflexa ) W R A4 6 ) FH I Bisf 27 A 2 R 26 7 0L RS OF
I JE W A 13204000 & r T itk SR, & T
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FlE 9 I 48 B 37 43 BT 844, DL At3g04000-EGFP
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JEHI1 (=927 ~+933) B4 S5 190, B hin Jor s 7y B o
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FH% At3g04000 J& X Y )5 3l 5 ) 51 i 452 21 pGreen
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F1 Spe T BRI P9 DT BRE 47 35 15 21 9 At3g04000 4=
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ERARPEATREYI SN o G T4 i Al ) i VR K
At3g04000 4K K (-927 ~ +933) % #2 3 pGreen
I1-0229-EGFP #fkrr 4845 T At3g04000 J K 4
L 5E A A3 BT 2R A At3g04000-EGFP . (3) FIH Xba
T 1 Spe T Bl 14 P B Al XoF 7 48 75 511 (1 At3¢04000
FE PR T 3 ] S AE 7= F it et 2R TR 244 pBA002 43
SIHEAT B RN, 3 e T4 i T Y 34 B AR R
At3g04000 A ) Tk el 524 J 91) i 42 31 ik 1 3R 5K
# ik pBA002 Hr, 3K 15 T4 AT CaMV35S Ji 3+ 1yt
R IR At3g04000-0F

PRI IE AR Y At3g04000 HE R 26 AR 40 B 2k
ATV 0 2 A7 3 BT 28 A R e 3R Tk AR oy B A
RAF R H R C58C1 H, R AE BRI 3 3K
KBRS B AL B ST
1.3.4 At3g04000 A& K 1T 3 £ A Mk 4 FOK-F 247
PRI 4 JE U4 1) B A TR0 0 3k e 5 R R 3 DA I 1) R
RNA HJ 5% 4 ¢cDNA, FH°F5E i RT-PCR J5ik4E
FE R IR T At3g04000 HE K (HE K
1.3.5 At3g04000 & B & ik 45 X Ao ik & S I 20 B %A
#5 4 (1) ProAt3g04000; GUS FEFkHY GUS YL n,
38T B ProAt3g04000 ; GUS 5 5EPRAE AR 1 A [R] 21 21
I3 EABCE L0 GUS Y@, 37 CAARLE R,
BRE MR ALE TRER (LR W=
3 1) P EERL 2 h, S5 BRI T B AL 2
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Table 1  Primers used in this study

5 i 5
Jl%gﬁ Jl%r?_ﬂ FH#E Use
Primer name Primer sequence
At3g04000-F1-Kpn | CGGGGTACCGCGAGCTCTTCCTCGGTGAC FERE A BT

Cloning promoter
At3g04000-R1-BamH 1 CTCGGATCCACTGTTAGGTAGATTTTACTATA SLkE R BT

Cloning promoter
A13g04000-F2-Xba 1 TTGCTCTAGAATGGCTGCAGCGTCATCAGTTTC T RETT I B BEAE Sy 51

Cloning open reading frame
At3g04000-R2-Spe | GCGACTAGTTTACAAGAGACAGCCACCATTAGCC B R B EEAE 7 51

At3g04000-F3-Kpn [

At3g04000-R3-BamH 1
At3g04000-F4 ATGGCTGCAGCGTCATCAGTTTC
At3g04000-R4 TTACAAGAGACAGCCACCATTAGCC
At3g04000_gF TGCTAGAGAAGCTGCGAATAGG
At3g04000_gR AGCCGTGTATGAGCCATAGTTT
ACTIN2-qF TGGGATGAACCAGAAGGATG
ACTIN2-qR AAGAATACCTCTCTTGGATTGTGC
At3g04000-F5 GCGAGCTCTTCCTCGGTGAC
GUS-R ACCAACGCTGATCAATTCCAC
At3g04000-F4 ATGGCTGCAGCGTCATCAGTTTC
EGFP-R GTCGTCCTTGAAGAAGATGGT
35S8-F CCACGTCTTCAAAGCAAGTG

At3g04000-R4 TTACAAGAGACAGCCACCATTAGCC

CGGGGTACCGCGAGCTCTTCCTCGGTGAC

CAGGGATCCGGCTGCCGCCAAGAGACAGCCACCATTAGC

Cloning open reading frame

SLRE SR I (927~ +933)

Cloning genomic sequence( -927 ~+933)
TR A EE I (-927 ~ +933)

Cloning genomic sequence(-927 ~+933)
B Kb

Transcription analysis

B SR pr

Transcription analysis

et PCR

Real time RT-PCR

SefEH PCR

Real time RT-PCR

e 2

Housekeeping gene

WS EEH

Housekeeping gene

%5 ProAt3g04000 : GUS % FE I A
Verification of ProAt3g04000;GUS

Y 5E ProAt3g04000; GUS % 3k K Af ik
Verification of ProAt3g04000 : GUS

Y5E At3g04000-EGFP 5 3L R M bk
Verification of At3g04000-EGFP

YE At3g04000-EGFP %4 3L K bk
Verification of At3g04000-EGFP
YEAE At3g04000-OF 5% J FIAR A
Verification of At3g04000-OE

YEE At3g04000-OF % I FIAR Ak
Verification of At3g04000-OE

. FRILPRINGIAMBEYIAIS ., Note: Restriction site is underlined.
BB A i A ) b R E T R R IS A R
(2) At3g04000 F& K [ 52 ) 5 1 PCR 23 H7 . LA RS
IR 2L RNA JFe SR 31 cDNA /RN
M, IFFZR I ACTIN2 AN S HEA TS50 58
PCR & W, fH Primer Premier 5. 0 %% {4 i% it
At3g04000 E:H P FE S5 WE AP 51 W (£ 1),
PSRN . AR ME 94 °C 2 min; ZEME 94 C 10
s,1B K 60 °C 10 s, FE{H 72 °C 20 5,40 MEH, B4
BV T 3 IRFEARE S, (3) At3g04000 £ Y
YA R 5L 43 A . L R R UL RS I At3g04000-EGFP
1) T2 AT F A S g phRl, B TR AR i
B TSR AR

2 HREAM

2.1 #FEIT At3g04000 £ E B 5 3 F LA A
ERER(-927~+933) WREREEREKRNRS
HRHE 0L R I i 2 b iy 35 RLE L, At3g04000
FE DR T ) 52 4E g 816 bp, it T 272 &K
2, LABF AR B E F /Y9 DNA AR | il it PCR 37
By BIAR S At3g04000 H (K (1) 3 8 1 F 4 K Kk X
(=927~+933) Y W™y (Kl 1), LIBFA BRI
IFENTE B RNA S5 43 501 cDNA SRR, 38 i
PCR 4 343545 At3g04000 & PRI i eSS4 4 4 1 7=
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YI(E 1) , FRE Y% B2 07 1 2 B EE At3g04000
FEH kA BT AR ProAt3204000 ; GUS | I 4
FLSE LA BT 444 At3g04000-EGFP it f 363k 4k
At3g04000-OE (¥ 2: A B C) , i AEALIR 1% 0
FIFRAT 3 A FIRFAAR P LA, IF R PCR Xf
JITARAR (0 2 e DR AR 1A T 568 7, ARAS T 6 SE 1 P 4
TR (& 2:D E F),

B 1 400 Re I I o i it 4 5 55 X A3 204000 Ji3 31+ |
AREER (-927~+933) FIF AL EEHE PCR 97387 4)
FIBERS R IKZE SR M. DNA 22 F 2457 ; A, At3g04000 i 3h
TP BG4, B. At3g04000 4K FEK (-927 ~ +933) f P
P15 C. At3g04000 F X T B B EAE A4 374

Fig. 1
(=927 -+933) and open reading frame of Arabidopsis
aldehyde reductase encoding gene At3g04000 analyzed by
agarose gel electrophoresis M. DNA marker; A. PCR products of
At3g04000 promoter; B. PCR products of At3g04000 genomic sequence
(=927-+933) ; C. PCR products of At3g04000 open reading frame.

PCR products of promoter, genomic sequences

2.2 At3g04000 E FFRiZEX ST

SEEIN At3g04000 i A 1) F2 iR AR =, 4 1) LA Y
A AU R T RO (A G R ZE AR ZERE RN
FASRNARE, XL R I A [ 41 21 rh At3g04000 K]
(IR KA TS 2 B PCR RGN, FR &L 3 AT 0,
At3204000 5 R 7E T A3 R I AL 2 2304 3Rk (R 3R
KB, At3g04000 K&K 7E 4 i il 2 3K
Kt FERE SR ZE ARt Y A R b A
B B 228 7K 5 At3g04000 FE [H 7R ZEFT A 26 ik
IRV AR FEAR A IR KA (81 3)

H T FE— A At3g04000 K& K 7E A ] 4H 41
KRR SR, B ot GUS A 4Uk 2 YL vk 0 b7 T
ProAt3g04000: GUS %% J& A 4 Pk 19 A [A] 2 21
At3g04000 R Y RIBTEOL . 43 511KF ProAt3g04000
GUS FIEA AR R R LR R B T GUS YL a3

37 C PR R R, R W AR R I,
ProAt3g04000 : GUS % JL [ I AR (1 2l 1 3% JAE i 7
JP R Gt FE LB R EE S i TR AR A e Y Y
o, UHAE AT HLURRE DA | w2 AR R4 21
S T L {0 B8 L T R I R A AU LA R
SR Y 0 s R AR R AUAE 25 B 1) 445 L U T4
FL A R A (e (&1 4) .
2.3 At3g04000 = B L 20 A 7E i B9 53 17

R T K At3g04000 F A AY V40 At RE 7 A
L At3g04000-EGFP 5 1 K 48 ma It 41 v 1) 1S b1
BT At3g04000 1740 ML E A B, i R A
I LEZ AT T, At3g04000 JEAS5E i TGk |
17 2 S VA 0 RS R A A (81 S)
2.4 At3g04000 EF i 8 R X E kB IR T R AE X
KK

T HESE A3g04000 JERAERI T AER K H
HETER, R SN T IEEET
At3g04000 FEPH (191 1 Rk H Ak At3g04000-OF ( &1
2:C), IS ARFF R A TP T E A i i 3Rk
ARG A S IF T OF 3RS T At3g04000-OE % JE [
PRI T1 AR T, BT i i 3k 80K pBA002
HAA R AT S AL PR IR 83 o R O i 3R A T
T1ARHIPEM R, W5 PCR HEAT 5L PR 2 % 5 i — A
AT TR EEI PR R (8] 2. F) o AN IR I
R0 T2 AN TR FHE RN T b, FHBR B0 217 0
Ve, BEREBUHEE SAEPIER BN 3 1 1 A B R
RVE ARSI AR}, I BRI A O B RS T
4fi 511 At3g04000-OF XL BpPE DIRE R, N T K
I LA bR T At3g04000 %4 57 /K - 19 284k, %
*PE it RT-PCR Z0#T T 7% BE IR bR - At3¢04000 1)
FEX G Sk, R BHFE SL R 3R At3g04000-0E-1 #,
S5# 1 22 #7 At3g04000 FE A () 2 35 Ht 25 HH I (4 )
THAERI(E 6), XFRUFSNLEE A3g04000-
OE-1 #.5 #1122 ##E R /2 At3g04000 & [H i+ & Fe ik
RN R

3 itk

T 1A N B A A R 2 P AR TR PR, I b
A 32 B S PN B8 I 2 A T P AR AR A D
Foim B ( Asada, 1999 ; Thannickal & Fanburg,2000;
FEFESE,2013) o WG PR Y o 5 AR R 2 1 UAE 1K
WIR T Ak, IS R KRR 2 ( Burcham
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A

At3g04000 promoter

B
c
35S promoter

2R 5 7 a2
F 2 5@ 7 8

9 10 =81 12 13 7 A8 19

- ) ) ) ) ) ) -

NI2 ST 6 S22 SR 3

20

6 7/ 8 9. 00 AL a2 s

-

- —— -

3 6 7 8 230 i 12 33 J4- 18

16 P N

21 22 23 2

- - ) - ) - -

B2 $0LRE T A R AR S L At3g04000 2R AR R B UG LA /R PCR SE 8 255 AL Feakbist ok i s
&l s B 4N R 7 B A don i C. i Rk R H#7R Bl D. ProAt3g04000: GUS ¥4 3 IR T PCR 455, 1-9. . 11-14
164 ML L BHYERI bR ; M2 DNA 23 TEARiE; P. FHPEXT IR, N, BIPEG IR ; E. At3g04000-EGFP 3L NI H 7T PCR & 4558 ,1-6 .8-11 Fll
13-16 NFEFEF PRI ; M. DNA 2 Fimbrii; P. FHEEXTHE; N. BYEXT R ; F. A3g04000-OF % HRT I PCR BB 451, 1-25 fil 27—
31N FE R BHPEAE MR ; M. DNA 43 FHEFRIE; P FHPEXS IR N. BAMEXT IR

Fig. 2 Schematic diagrams of constructed vector and PCR results of transgenic plants of Arabidopsis aldehyde reductase encoding

gene At3g04000 A. Schematic diagram of the vector constructed for analyzing expression pattern of the At3g04000 gene; B. Schematic diagram of the

vector constructed for analyzing subcellular of the At3g04000 gene; C. Schematic diagram of the vector for At3g04000 gene overexpression vector. D. PCR

results of ProAt3g04000:GUS transgenic Arabidopsis, 1-9, 11-14 and 16 # are positive transgenic plants; M. DNA marker; P. Positive control;
N. Negative control; E. PCR results of At3g04000-EGFP transgenic Arabidopsis, 1-6, 8—11 and 13-16 # are positive transgenic plants; M. DNA mark-
er; P. Positive control; N. Negative control; F. PCR results of At3g04000-OFE transgenic Arabidopsis, 1-25 and 27-31 # are positive transgenic plants;

M. DNA marker; P. Positive control; N. Negative control.

At3g04000 X FRIAER
Relative expression of At3g04000
3

it BROEREM EEM EFFF O AR
Root Seed— Rosette Cauline Stem Flower Silique
ling leaf leaf

B3 ORI At3g04000 SR EIARE T T AN FIZH IR K-
Fig. 3 Expression levels of At3g04000 gene

in various Arabidopsis tissues

1998)  FEGEE M0 T A P44 o B A9 3 i AR R R
A% B H 2 R Z — (Mano et al,2005; Yin
et al,2010) . THBRAPIARP i i R A EERY) LA
T it B AR ) BT 32 3] 1) 2 35 RN ot Pk (ki 3%
85,2010 %9555 ,2015) , HEPIR N o, B- AR FN
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Fig. 4 GUS staining analysis of ProAt3g04000;GUS transgenic plants A. Five-day-old seedling; B. Magnified figure of seedling cotyle-
don; C. Magnified figure of seedling cotyledon, highlight the guard cells; D. Magnified figure of seedling root; E. Three-day-old seedling under dark
treatment ; F. Sixteen-day-old Arabidopsis; G. Fully extended rosette leaf; H. Inflorescence; I. Flower.
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Fig. 5 Aanlysis on subcellular localization of At3g04000
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signal of chloroplast; C. Merged image.
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gene was used as housekeeping gene.
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