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Preliminary Analysis of the Expression Pattern of Soybean acyl-ACP Thioesterase

Gene and Promoter
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Abstract: The expression pattern of soybean acyl-ACP thioesterase gene in soybean tissues was detected by real-time quantita-
tive PCR(RTQ-PCR). The result showed that there were a little activity in roots, stems , leaves and flowers, but there was high-
er activity in seeds. The 5’-flanking upstream sequence of soybean acyl-ACP thioesterase gene,named AP, was isolated from
soybean genomic DNA by PCR method , and the length was 2 057 bp. Sequence analysis by PLACE revealed that this fragment
contained a series of motifs related to seed-specific promoters,such as RY repeat,SEF1 motif, SEF3 motif, SEF4 motif, E-box

and ACGT. It can be inferred that AP promoter possess the function driven downstream gene expression exclusively in soybean

seeds.

Key words : Soybean ;acyl-ACP thioesterase ; Promoter ; Cloning

Ji B - g ik DR S R 4 o B B R 4 T A
LA, EAA A R U R R 7 & — PRk R )
MRS PEIG sh 7 2 BRI I S . B R R
AT EEORE TR E/EW AhEMEY F &
TR E R e R RS ARG R AR
FCROEEL D Y 5 s B e o . KE R E &8
R EARLKZFEFRTTRENEELTAEY., KRG
P L SE B Y R T AR S U B O A B 3 LR 5
MR EEAEREREAD READ
REAYHEERY WES T, B EZRE
TS5 30 RE 8 A R R AIG [R] 5 4% 3% 3k R L
R R G I N T ARRESY .

P45 2k ZE R B B 9% J2: AR A5 T4k 5 1
JABIF I OCHE . B B4R S R B IR O AR
Z, W O R RS EST AR, ok -
PCP'™ %5 % FI Northern %z 45 | w4
HAbFEY 58 AT 2 LR JEM RIS S A

I #s HE7:2012-07-02

IR T A OGR4 e R BRI AR R K
SRR RN . HRAE acyl-ACP thioester-
ase FEK A 2l & Bl 1 HF 1 05 2, BE A% 5K Bl B
LA L v e AT 1 i I TR K fe i R DA T e B
R ek R, A AR A AR
B acyl-ACP thioesterase 3[R I & EL R 75, 15
K5 acyl-ACP thioesterase FLH B FF 5, 3 Fe e 57
v 372 2 000 bp (741 s RIS 926 % 1 PCR
FAYME B TJT 3 K acyl-ACP thicesterase J:R
KA S+ 79 AT 0 5

1 #R57=%

1.1 ksl

KGR 2 45 KIGAT R DH 50 ALK
FARAT ; BRI N I Hind 1, BamHI ,pMD18-T 3%
PR (ExTaq T, % 32 . RNAiso Reagent 325 & |
W SR & B Takara 28 ], DNA EEH [FICA

EETH : 53 R AR ZOBRHIT R 25 3 REHR150 H (2010K-M09 ) 5 JBIRVIA A E TRHFAH AR I H (12521611) ; WA 9% K
TS SE G Z TP ORI (2012KF13 ) 5 [E 5K H Sk B3 4 (40971053)

F—EHE RN R H(1981- ) , Lo, W R0, BN 0 T A9 # 5% . E-mail : zhaoyan3053877 @ yahoo. com. cn,,

BREE A (1963- ) , L, P, FEMNF Y ZH-S5FI WG . E-mail: yangxiaojiel980@ 163. com,



534 B HAE R A A A R Pl A O 8l 7Rk 07 Ul 8 715

&g [ 45N W, PCR 51 A TAEY T
PR F)E I, oAb R X Sy 3 11 ] 7 o A 4t

1.2 &

1.2.1 k2% RNA #9325 % cDNA a9 & %  FIH]
RNA $2 B0 &R BOR TR 25 (- A8 Bl 1Y 5
RNA, DU HU B RNA S ARAR , e BR300 4 s il &
BIPEI A R cDNA Y5 — 455k

1.2.2 F#ETEPCR LUARFKEHL R
i) cDNA JgAEAR , 4720 5E 7t PCR UV, R
FFRFE N B-tubulin (GMU12286) N2, 51 ) 4331
H:B,:5'-GGAAGGCTTTCTTGCATTGGTA-3";B,:5'-
AGTGGCATCCTGGTACTGC-3', #RIEHFE AL acyl-ACP
thioesterase 3R 1) 2 3L 8 )5 41 ( AFO76535. 1) , [A] Y8
Fe48 2 $ 48K 5 acyl-ACP  thioesterase K& X 1) I
G MRYEZIERA P, Bt R K 5 acyl-ACP thio-
esterase JE R ik #1519, 539 K : €, : 5'-CAGG-
GAAGAATGGTATGCG-3"; C,: 5'-TAGACAGCCTC-
CGTGTTAC-3',

1.2.3 BT /o0 L EATM A LIREM
FONRFRE, R CTAB (LS BUR B RYFE A 44 DNA,
YR SR F 4 7 4 (http ;. //www. phytozome. net/
soybean) , LA KL K 240 DNA Stk , 53514 (P, .
5'-GAGGAATGCTAAATTAATTAGG-3"; P,. 5'-AAT-
GAATTTCTAAGGTCGCTGC-3") , 9" # K & acyl-ACP
thioesterase F:[X ATG 7% 2 000 bp #yF#%51, PCR
L 46 4 9 BUAS 1 95°C 5 min; 94°C 30 s, 59°C
40 5,72°C 1 min, 3£ 30 PEFR;72°C J5 ZEf#H 7 min,
B PCR P73 J BEiZE 42 1) pMDI8-T s #ifk L, 4k
FE A BRI TR . A DNAMAN #1777 51
WLRE, 7228 12 3 F 42 B 4P PlantCARE ( hitp://
www. dna. affrc. go. jp/PLACE/signalscan. htmL.) /347
Ja S A R AEE A E I T

2 #ER5HH

2.1 KE acyl-ACP thioesterase £ E B0 48 K &
i

ARYEHFRAE acyl-ACP thioesterase 3N A& B8
H1), [R5 7 1) 18 R 345 K 5. acyl-ACP thioesterase H
51 (NP_001237802) o DAR G HFF K B-u-
bulin A NS, SR H] S22 B0 R AR
K M BT T B AHLH acyl-ACP thioesterase &
R REIIT 0T . L5 W8 K& acyl-ACP thioes-
terase JEPITE R GAR (25 (iF AE P R IA TR HEAHXHIT,
AP A IR TR PEAR T 5 (BT 1), R B R 5 acyl-
ACP thioesterase £:[K FEAE P IEFI T h L,

or
3BT
30T
257
20T

TAxTEE

Relative quantity

18 Roots ZEStems MfLeaves fEFlowers FfiFSeeds

B 1 K= acyl-ACP thioesterase EEERKE
HAABHRL
Fig. 1 The expression of soybean acyl-ACP
thioesterase gene in different soybean tissues
2.2  KE acyl-ACP thioesterase EF B3 FF 58
=g
LR EHER 4] DNA gt , PCR 9734 K& ac-
yl-ACP thioesterase [ 5" v R FE 5, SRS E R
2 057 bpfy i B, 44 AP (181 2) o Bz Brik &
| pMDI18-T #fA |-, 345 H 4 ok pMDI8-T-AP,, ¥
HEE AR s D, SR BUsokid A 7 %7€ , FHind Il
M 1

2000 bp 2057 bp

1000 bp
750 bp

500 bp
250 bp

100 bp

M. 2000 bp DNA marker; 1:PCR ;=4
M. 2000 bp DNA marker; 1:PCR amplification of AP
El2 AP~
Fig.2 PCR amplification of AP
M 1

2000bp 2057 bp

1000 bp
750 bp

500 bp
250 bp

100 bp

M. 2000 bp DNA Marker;1 : Hind lll #1 BamHI XLEFY) F Bt
M. 2000 bp DNA Marker; 1:Hind [l and BamHI digestion of
pMDI18-T-AP
E 3 pMDIS-T-AP ] EE
Fig.3 Restriction enzyme digestion identification
of pMD18-T-AP



716 K =

B 5

I BamH1 XU 7E 45 345 2] -5 BUNA AT A9 F B
(E3),
2.3 KE AP BHFHFISH
F I DNAMAN B 5 0 e 45 28 5 Ok = 56
L EIZBE A AT IR LEXT, [ 35 3 100%
BEHZBF SUAEA R R S e o 22 5. A= W15
Bop TR W, AP J5 81 vh & 22 i i 28 B0 b 1
FRIXTCIF(E 4) 1 RY repeat (X b4 57

K F ik +2r E 2 ) (SEFL motif ( fiE
AR IS B TR I ME ) (SEF3 motif (R4 AR
1 SEF3 1945 & i #4) L SEF4 motif (R 4 5 8 1
SEF4 (5 &A1) (G-box (] VZAFAE T4 P 1
Rtk sh 7t ) E-box (I BIE S 5 = BE 3k
i A SRR B Rl T S 2 R I B
H ) & AN Bl T 4R S 3Gk T AACATYT
ACGT™) CCAA™ 2

1 GAGGAATGCTAAATTAATTAGG TAAATAAATTACAAATATTTAGATAAAATACGAAATTCAGTATATTAAT TAOGOGAAA
§1 AGCTAAAAAAGTTAAATAAAAATATAATAAAAGGTTAAATTATATTTTTTTCTOCTATG AAAATATTOG AAATTCATTICY
1slmmmwmmocmemmmﬁ
241 Mmmmmmmﬁmmmmm
m mmcmmmmMmm
401 mmmmmmmmmm
481 wmmmwnwmmmm
41 ammmcw@mmmmmmmmmcm
641 mrmmmmmwmmmm
03} mmnmmmmmmmmmmommmmammm
$01 ATCTTTGAAAGGGOGGGGEAGGICAGCTEGA CAGTATAAAAAG AAG TGGCTGG AATGCTAATGOCTTATOOCTAACTC
81 m.\mmmmmmmrmbm ABACIACHAGCACGCAAAATGACACAATAGOOCTTCTIC
AACGA AACA AACA
961 mm&mrmmmmmmcmcammm
1041 mmmmmcmmmmmmcmm
1121 GCTTCTCAGATCCAACTOCTCAGATRACAICA AGA OCAA A COOGCT TTTTCTGCATTTCTAGA CTAGIRC GTITCTA OOGGAG
1201 Mmmmmu%mmmammmﬁ%mmm
1281 mAmmmcﬁmmcmmmmm
136] CTTGTCTGATTTITGIIIT AT TTCTIACT TTTA RIIIITGG GG ATGG ATG TTTTTTCTGCATTTTTTOGG TTTGOGAT
SEF4 SEF4
1441 GTTTTCAGG ATTOOGATTO0G AG TCAGATCTGOGO0GGCTTATACG ACGAATTTG TICTTATIOGCAACTTTTOGCTTGA
1521 TIGGCTISTTTACCTCTGG A CTCACACGTAATCAAATAAGOCTGCTATTTTAGT TGAAG TAGAATTTG TTCTTTATC
1601 mmwmnmmmﬁ‘émmmmammcm@m
1681 mmmsm@mmmmma
1761 Gmmmmmmmemmmmmmmm
1841 cmcmmcmcamAmmmmsosmcmm
1921 TCATATCTTTTACAGTGTTTGOCTATTTGCATT TCTCTTCTTTATOOOCTTTC TG TG G AAG G TOG G AGGG AAAATG TATT

2001 TITTITTICTCTICTAACTTGAG TATRTTTTICATGCAG OGA CCTIAG AAATTCATT
RYrepm:

B4 AP FIIHEMESEST
Fig.4 Bioinformatics analysis of DNA sequence of AP

e R G BB TT 2

l’Al‘G of acu-ACP oo ae 22ne,

3 i ﬁﬁi% r@i-zﬂzf(ﬁemﬁ&«ez RPN
B S B POR Fdyp s e JEPAURRIN A AR ILA R 5 2 R

I7ik , %K acyl-ACP thioesterase 3£ 1K K H )5 3 F
FEANHEATHI AL 23 B o SEIE SO 5E B PCR A 45 2R
T KT acyl-ACP thioesterase Fe[R1E K & i B A 4
é}l%‘%ﬂi%ﬁ,ﬁﬂi%ﬁﬁ?ﬁ”%@iﬁ T~ rh AR X 3R
IR A B L 31 4% A AR A5 B e
Tz BE R Y )E 31 4 i":zlﬂﬁﬁrﬁﬂ A Z R
A R S Rk oo, B2 Mook i $oE
LN HEM KT acyl-ACP thioesterase £:[H )3 3l F
BAF R RIR 0, 5 S5t & PCR A

Bl VERY 2R AE S U AR AR oA OG0 Ry
SRR AR K SR 4 S A R Y, R T A
JEBh TP AN I U5 R AT . AR DL B IS 4
BRI RHKE acyl—ACP thioesterase 3L K 3 3 T
BAR R R RR E, RS BATRE MR 14
SRR T — D AR B A ) TP AT SR

S Uk

(L] B, IBEAE, sk pobk, A5, KGR e M n 3 1 i ik o it



5 1

B HAE R A A A R Pl A O 8l 7Rk 07 Ul 8

717

(6]

[9]

[10]

[11]

[J]. KER£,2010,29(1) :151-156. ( Zhao Y, Liu X X, Zhang
Q L,et al. Advances of studies on seed-specific promoters of soy-
bean[ J]. Soybean Science,2010,29(1) ;151-156.)

Chiera ] M, Finer J J, Grabaul E A. Ectopic expression of a soy-
bean phytase in developing seeds of Glycine max to improve phos-
phorus availability [ J ]. Plant Molecular Biology, 2004 ,56 (6) :
895-904.

Ding S H,Huang L. Y, Wang Y D, et al. High-level expression of
basic fibroblast growth factor in transgenic soybean seeds and char-
acterization of its biological activity [ J]. Biotechnology Letters,
2006,28(12) :869-875.

Sarmiento C,Ross J] H,Herman E, et al. Expression and subcellu-
lar targeting of a soybean oleosin in transgenic rapeseed. Implica-
tions for the mechanism of oil-body formation in seeds[ J]. Plant
Journal , 1997 ,11(4) .783-796.

Philip R, Darnowski D W, Maughan P J, et al. Processing and lo-
calization of bovine B-casein expressed in transgenic soybean seeds
under control of a soybean lectin expression cassette[ J|. Plant Sci-
ence,2001,161(2) :323-355.

Gaur V S, Singh U S, Kumar A. Transcriptional profiling and in sil-
ico analysis of Dof transcription factor gene family for understand-
ing their regulation during seed development of rice ( Oryza sativa
L. ) [J]. Molecular Biology Reports,2011,38(4) ;2827-2848.
Jeong S C,Yang K, Park J Y, et al. Structure, expression ,and map-
ping of two nodule-specific genes identified by mining public soy-
bean EST databases[ J]. Gene,2006,15(383) :71-80.

Meng Q C,Zhang C H,Gai J Y, et al. Molecular cloning, sequence
characterization and tissue-specific expression of six NAC-like
genes in soybean[ Glycine max (L. ) Merr. ][ J]. Journal of Plant
Physiology ,2007,164(8) :1002-1012.

Chauhan H, Khurana N, Agarwal P, et al. Heat shock factors in
rice ( Oryza sativa L. ) :genome-wide expression analysis during re-
productive development and abiotic stress[ J]. Molecular Genetics
Genomics,2011,286(2) :171-187.

Terauchi K, Asakura T, Ueda H. Plant-specific insertions in the
soybean aspartic proteinases,soyAP1 and soyAP2 , perform different
functions of vacuolar targeting [ J ]. Plant Physiology, 2006, 163
(8) :856-862.

Yoder D W, Nampalsansuk M, Pirtle I L, et al. Molecular cloning

and nucleotide sequence of a gene encoding a cotton palmitoyl-acyl

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

carrier protein thioesterase [ J]. Biochimica et Biophysica Acta-
Gene Structure and Expression,1999,1446(3) :403413.
Holmberg N, Harker M, Gibbard C L, et al. Sterol C-24 methyl-
transferase type 1 controls the flux of carbon into sterol biosynthesis
in tobacco seed[ J]. Plant Physiology,2002,130(3) ;303-311.
Chatthai M, Forward B S, Yevtushenko D, et al. 28 storage protein
gene of Douglas-fir; characterization and activity of promoter in
transgenic tobacco seeds[ J]. Plant Physiology and Biochemistry,
2004 ,42(5) :417-423.

Moreno-Risueno MA , Gonzdlez N, Diaz I, et al. FUSCA3 from bar-
ley unveils a commo transcriptional regulation of seed-specific
genes between cereals and Arabidopsis[ J]. Plant Journal ,2008 ,53
(6) :882-894.

Yoshino M, Nagamatdu A, Tsutsumi K, et al. The regulatory func-
tion of the upstream sequence of the B-conglycinin « subunit gene
in seed-specific transcription is associated with the presence of the
RY sequence [ J ]. Genes and Genetic Systems, 2006, 81 (2) :
135-141.

Chung K J, Hwang S K, Hahn B S, et al. Authentic seed-specific
activity of the Perilla oleosin 19 gene promoter in transgenic Arabi-
dopsis[ J]. Plant Cell Reports,2008,27(1) ;29-37.
Chandrasekharan M B, Bishop K J,Hall T C. Module specific regu-
lation of the beta-phaseolin promoter during embryogenesis [ J ].
Plant Journal ,2003,33(5) :853-866.

Kim M J,Kim J K,Shin J S, et al. The SebHLH transcription factor
mediates trans-activation of the SeFAD2 gene promoter through
binding to E-and G-box elements [ J]. Plant Molecular Biology,
2007 ,64(4) :453-466.

Washida H,Wu C Y, Suzuki A, et al. Identification of cis-regulato-
ry elements required for endosperm expression of the rice storage
protein glutelin gene GluB-1[]]. Plant Molecular Biology, 1999,
40(1):1-12.

Niu X, Adams C C,Workman J L, et al. Binding of the wheat basic
leucine zipper protein EmBP-1 to nucleosomal binding sites is
modulated by nucleosome positioning [ J]. Plant Cell, 1996, 8.
1569-1587.

Chamberland S, Daigle N, Bernier F. The legumin boxes and the 3’
part of a soybean beta-conglycinin promoter are involved in seed
gene expression in transgenic tobacco plants[ J]. Plant Molecular

Biology,1992,19(6) :937-949.

(E#% 713 1)

[9]

[10]

[11]

[12]

Letunic I, Copley R R, Pils B, et al. SMART 5: domains in the
context of genomes and networks[ J]. Nucleic Acids Research,
2006 ,34 ( Database issue) : D257-260.

TR, R BB, GSDS: RN 25 M WoR RG], %,
2007,29(8) :1023-1026. (Guo A Y,Zhu Q H, Chen X. GSDS.
Genetic structure the display system[ J]. Genetic,2007,29 (8) :
1023-1026. )

Coen E S. Floral symmetry [ J]. EMBO Journal, 1996, 15.
6777-6788.

Luo D, Carpenter R, Vincen C,et al. Origin of floral asymmetry in
Antirrhinum/[ J . Nature ,1996 ,383 .794-799.

[13]

[14]

[15]

Kosugi S, Ohashi Y. PCF1 and PCF2 specifically bind to cis ele-
ments in the rice proliferating cell nuclear antigen gene[ J]. Plant
Cell,1997,9:1607-1619.

SRR, B2 5F  ARIRI, 4. AR RER S 3 (9 v b X R g
WFFEHEIELT]. AW 38t 1 BT~ 41,2008 ,9 (3 ) :385-391. ( Nie
L N,Xia L Q,Xu Z S, et al. Plant gene promoter of the cloning re-
search progress and its functions[ J]. Journal of Plant Genetic Re-
sources 2008 ,9(3) :385-391. )

He C Y, Tian Y, Saedler R, et al. The MADS-domain protein
MPF1 of Physalis xoridana controls plant architecture ,seed devel-

opment and Flowering time[ J ]. Planta,2010,231.767-777.



