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Cloning and Functional Analysis of a Promoter of GmPLP1 Gene in Soybean
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Abstract: To reveal the molecular mechanism underlying the expression of soybean PLP1( GmPLP1 ) gene that contains PAS/
LOV domain,its 5’ regulatory region was analyzed. Thel.5 kb fragment upstream of the GmPLP1 gene was isolated from soy-
bean cultivar ‘ Dongnong L13’ by genome walking. There were 107 cis-acting elements in the promoter predicted by online soft-
ware Plant CARE and PLACE. the promoter fragment deletions were inserted into the 5’ region of the gus. A reporter gene in
vector pBI121 (replacing the 35S promoter) . In order to determine the promoter characteristic of GmPLP1. The constructs were
transferred into Nicotiana tabacum and Glycine max. The GUS activity was up-regulated under dark,blue light, gibberellin A,
and abscisic acid driven by GmPLP1 promoter.

Key words : GmPLP1 promoter; GUS gene ; Histochemical staining ; Cis-regulatory elements

RS MAE Y A KR F R HE NIRRT
T2 R 5 OGAR 5 M0 T & RO 2 KR
F L, LGS N OE B s, 24 1k, TR T e
SR T LD/ L Z ARG 83 (phytochrome,
PHY) 1 e/ 5 5 e-A 32 1 5 B 5 2 ( crypo-
chrome , CRY ) Fl[] 5% 6, Z ( phototropin, PHOT) 484}
J6-A FIEEAMG-B %44 (UV-B photoreceptors, ULL) L)
Ji Zeitlupes ( ZTLs ) 25632 41 4 Fhot 32 1k e
PR R 0 A 4 B DA TR RS
GRS S BT B JLRRESZ R AT A 4 oAb
RHNAGCZ A B 229k A B, PLP S —Ffg i) i
SRR . TEAUR T TP A TE 4 Fh g PLP 2
H LA, 43518 PLPA \PLPB \PLPC £ PLPD,PLPA
I PLPB ¥ & 47 —A> N R PAS S5 50F1 1 4> C-
K LOV 25443, (HJ27E PLPC th IR EA LOV 45
HIBE 2008 4F Ogura 45X PLP 4 [ 5 15 Al A
MRS T T R G 20 B, 0 B AT AT AR 2
—FE LR E N, St EAHER R
/NI A E 5 PLPA Il PLPB 54 K45 A 1E A %,

YrfE A #9:2013-09-13

X UbLE P AR B PLPs 4R 1] BE & — 258 10 i 62
REE S HEX T i T PLP (5 R B A A A
FAFNA B AR 1L, BTN PLP 235 B4R
ARG, A A G 1 LA RS At ] B A ) HAAR R
F AR —JC T AT

AR5 R G A AP B 1k ik T K &2 GmPLP1
SER A 3h 7, il 1 7 3l 7 oo g3 AT RN G ik PR R
GUS Yeto L WG T2 L5 o 710 8 oh 8%
B R TR S GmPLPL LK g Dl g it T
SR

1 #MEETE

1.1 ##

REEFNZRAE L3, 5§ Ff oy Havana 425,
TR R BAA pBI21 FIARIE AT 1 LBA4404 Sy AR
SLH R Y AP & F Clontech 24 7] 5
BIR ] 4 P DD | 2O R 1R & 48 W B TaKaRa 22
GIREIE7/EE Qi a7/ RINE o f | = S NE S F/ARS T
s FA TR 2 0 [ 7 o Bl

EETE YLl H K TR SAEE (20142X08004-002) 5 H 5 A ARl £ 3 42 (31201228)
FE—1EF-N ZAOE(1984-) 5 i+, BT O, FEME KRG AYHARDIT, E-mail : yongguangli@ neau. edu. cn,
WIWAES 20 (1958-) , 5B Wi+, 347 , FEMNFE R TBEF IS . E-mail: wenbinli@ neau. edu. cn,



312 K =

B 3

1.2 7%
1.2.1  GmPLP1 kR & 3 F 31 ¥ 50 B3 4
# SRHIBCR Y CTAB SRR HUCEE 41 DNA™ AR5
GmPLP1 KA P9 it e o i 28 5 149, AR 41 Clon-
tech 2> F] B9 Genome Walker™ Universal Kit #E47 7
V. RHIMEHE S PCR J7i , # FL I 24 DNA 28 4 Fif
BRI PN U) - Stu 1 (EcoR'V  Pou Il 1 Dra 1 JH Ak
SEASE  TE T4 HAEMER N Sk &4, Hisd:
FEINE AR, R H142 Sk 5 1) (APT, AP2) 55 5L R ¢
25|49 ( pGSP1 : GTCGAAGGAACGCTGGATTGTTG
pNGSP1 : ATCGGCATCGGCGTTGTTGGTG ) 4H & #E47
PCR #3

FIHTELE T. A PLACE F PlantCARE #4715 3
FouE 4yt Chttp . //www. dna. affre. go. jp/PLACE,
http ; //bioinformatics. psb. ugent. be/webtools/plant-
care/html/) (78]
1.2.2 GmPLPl AW &3 F 2 A BAKGHE TF
GmPLP1 J2shF R/ BcBius 4 5] A BamH 1 1 Hind
I AEIAL A, ZE 43 pBI21 244 b (e pBII21
) CaMV358 JH 3l ) , XUl VI 488 iE 7= 1), 1 46
JE J5 15 B (% 8 20 Bk i 44 24 pBI121-pGmPLPL
1.2.3 HARBMEG K[ ALEE WEFMFRA
FAIHTE2 h BB R T MS i g gk | 25C K 3R 4
Jo , B R AT R B AR Ak T S B Mull-
er” 77 ¥k . HEHE M SR ] PCR 3% % GUS 4t
R 2% o
1.2.4 GUS@aptez e RS S X-Cluc
Pefh )z W W 1 100 mmol « L' KH, PO,, pH7. 0;0. 5
mmol+L™" K, [ Fe (CN),];0.5 mmol - L™" K, [ Fe
(CN)¢1;0.1% Triton X-100;0. 5 mg - mL ™" X-Gluc
[ X-glucuronide , Molecular probe ] } F 37°C {£}i& 24 h
Jaige . it R AEaR L SUH 95% LI 65 fe WLEE
HEAH , DAARSE JE DR RE A B X6 BE L, G 00 2 2 1A
T GUS FEH 35 KF, NI € GmPLP1 Ji5 3]
TR
1.2.5 GUS &4 4 GUS % it PCR: 1% 8
SYBR(R) ExScript™ RT-PCR Kit [F2 /% #4798 60
it PCR OB, B MEA AT 3 IE A, fi ] Chromas
4(BioRad, USA) %) € & PCR {47 PCR 2 I/,
PCR Jz v £1£:95°C 2 min;40 PE#:.95C 10 s,
60°C 12 s,72°C 15 s, PCR Jx i )5 1)E M 60°C | T+
1 95 CARYE 2724 J5 vk 1T 56 8 36 1k = (0 A5 4K
Ak

GUS & & 2R R U R et 2 il = IR
Bradford 753", U 10 L MARE FHh 48 BRI 25 1
W, IMAE] 500 pl GUS A I o (4G 0 & Hh A

I mmol-L™"'4-MUG),37°C & & 30 min, & J5 /il A
Na,CO, % 1| ] % o A Kontron SFM 25 #1356 56 &
TN E 2 (A 365 nm, A5t 455 nm , SERR
JE2 10 nm) o FI 2 BARE et 35 Pk B
GUS 1 M:i+E A=k G =1510 x e/30 x d( G: GUS
HETEME  e:4-MU VR d . WA R FRIE) o

2 #ER5HH

2.1 GmPLP1 EEBEHTFHREMN=E

KEFEH L DNA 28 4 Ff R ] VI8 S 1
EcoRV Puu Il #1 Dra 1 {61b)5 , 75 T4 S 4L G /EH
TSR, U5 DNA S 8:YE
it , R RSk 51 W) (AP AP2) FAE B 251 9
(pGSP1 .,pNGSP1) 41447 PCR §44, 55 — % PCR ¥~
BaZERANE 1 s, 2803 EcoRV A PoudlB] i it BE 4
ZH DNA FEaR o3 51 38 1 — 2529 1.8 kb F1400 bpYE
AR 5 4 DralfiFU15L (R 3E 2 DNA %A 3414 HkE
Feofs s Sl YRR ZH Y 1 S 2 255500, il
BT [, T b, IR IR EcoR VYA
Y T IR AR S FIF 81, 2 Be i SR 4 5 v
FEGEMR 1 500 bp, PRI, HGZ 1 500 bp B2
A B T THIRE T

M 1 2 3 4

bp
2000

1000
750

500

250

M: DL2000 DNA 2T AR #E; 1 St T FEUIEE P 41 PCR 7
Y132 : EcoR VR BEH 41 PCR 774733 : Pou [ VI BEBH 41 PCR 7
Y34 :Dra | BEIEEIN 4 PCR 79

M:DI2000 DNA marker;1:PCR products of genome DNA di-
gested by Stu | ;2:PCR products of genome DNA digested by EcoR
V;3: PCR products of genome DNA digested by Pvu Il ;4. PCR
products of genome DNA digested by Dra [ .

B FEESBET I GnPLPI BHTFEK

Fig.1 The amplification of GmPLP1 promoter

by genome walking method
2.2 GmPLP1 ERRZHFIRAERTHSHT
K5 B AR K T GmPLP1 SR (5 3 T 1
FE5CH A 2+ B 2 plantCARE 7E 25 )i 2+
A I TT . 1203 37547 107 DIRAE
FHTEHE o 3 R 3 T B0 JEHE TATA-BOX ! |
CAAT-Box % , Y6 L TG4 BOX4 % ; 4% 5 Bk o



31 25K M5 K E GmPLP J3 3011 sake T RE Bt 313
5'UTR Py-rich stretch ; i1z H iR W & o) TGACG- Z ) TC-rich repeats ; # T8 5 Fe K F 5 04 RY-

motif ; i ¥ W I %4 G 4 ABRE!™'; 2, 45 1¥ 2% It #F
ERE ; 4= K 2 [ 25 50 4F TGA-element ; 7K 4% ik [ 2 76
4 TCA-element ; {15 i 1 225 T /4 LTR 5 38 11 57 480 1

element; 15 FE 80 5 o014 Ciradian, 5 3 F o443
Mreb LM, GmPLP1 R F 3k v G832 06 KR 3%
R

x1 #45 GmPLPl BEEBZF 4RI ERIEE
Table 1 Location and function of cis-elements inGmPLP1 promoter
e 95d IEC+)R(-) B frE 751 T oy e
Motif Sense( + ) antisense( -) strand Location/bp Sequence Putative function
5"UTR Py-rich stretch - -340 TTTCTTCTCT T SRR oAt
Box4 + o+ -377, -813, -850 ATTAAT JER & Tt
TGACG-motif - —1448 TGACG JEFTHR H 1 b & oo
CGTCA-motif + —1448 CGTCA SRATAR F R N 225 oo
ERE + -819 ATTTCAAA N RIS
ABRE + —-1005 TACGTG JE 5 iR 1 255 oo
TGA-element - —1337 AACGAC AR R A T
TCA-element - -1312 GAGAAGAATA TR BRI B Te A
LTR - =737 CCGAAA RN & oo
TC-rich repeats - -4 ATTTTCTTCA g R SEN AT EE
RY-element + -781 CATGCATG oS FR IR ek
Ciradian + -924 CAANNNNATC A A ST
2.3 GmPLP1 B3 FHEEMER PCR &7 ekt s s e s e

L[ pBI21-pGmPLP1 FORLE 14 VR Rl %

TPAARAT I LBA4404 558 IR0 1 FHAE se ) i it Tx
AT T B M B 5 AR AU BT SR A A R 4N 50

PUvE R SEPAE R . SR IUR AL 5 AR R DNA R
GUS BN 51 Wy #kAT PCR %556 , 45 R ILA5 5] 20 thi
pGmPLP1 2K 8l -1 TO AL &, (8] 2 Ry 44
PRIY PCR %E 458
2.4 % GmPLP1 FEIFHAER GUS Rik5

¥ T2 {0455 GmPLP1 2K 8 s TR R0 4]
B, A WA 1 mg - L™ GA,  6-BA  MeJA
TAA J% 100 wmol - L™"fy ABA v, LI/KAE R %) B] , iE
WO T ALEE 48 h, WG FEAEALBE 48 h, Zead AR FR

Ju"
O(uf @

bp

500
250

100

M:DI2000 DNA 73-fbnifi s CK R EG AL X HA bR 51 ~ 7 . 5%
GmPLP1 J3 855
M:DI2000 DNA marker; CK : Untransformed control plant;1-7 :
Transformed GmPLP1 promoter tobacco.
B2 GmPLP| B FHEREkE PCR EE
Fig.2 Part of PCR identification results of GmPLP1

promoter transgenic plants

wT Mock Darl Blue Cold

Me-JA

WT gl B DA A 5 5 Mock Sy 7K Ak B 56 ZE DR R

WT was non transgenic tobacco; Mock was transgenic tobacco without treatments.
B3 % GmPLP| B FHEMEEREREZLETH GUS &
Fig.3 GUS histochemical staining of transgenic tobacco leaf disc with GmPLP1

promoter plus GUS reporter gene under different abiotics tress treatments



314 NI S 3
5 A 5 1000 B
. Z 900
g 40 'E'TF_ 800
235 £ ¥ 700
IH Z 304 12 600
L B =E)
-H-;el %—25 Tz 500
m™ £ 20 = 400
> T =
BmE IS EE 300
10 =200
5 T < 100
0 pr P 7 - f— 0 == = e =
EFFSTFFFSEF FEFFSTFFTFTE S
= - =
AbHE Treatment AbF Treatment

4 % GmPLPl FzhFHER GUS RiLHH
Fig.4 The GUS activity of transgenic tobacco under different treatments
WYL RS , 43 53617 GUS Yt 5 w47 Journal ;2000 ,23 :807-815.
*ﬁ GUS %ﬂéﬁiﬁ'{%/l\ﬂ\ﬁﬁéﬁ I‘ETJ E"J%% i g%:% ;,u] [3] Ogura Y,Komatsu A,Zikihara K, et al. Blue light diminishes inter-

action of PAS/LOV proteins, putative blue light receptors in Arabi-

[zl 3 fia, }J\ GUS %é%”%%%*ﬁ I:F‘ﬂ %ﬁﬁ Hj H% dopsis thaliana ,with their interacting partners[ J ]. Journal of Plant
AbFE IGUR L GA, L ABA 43S GUS ik i #FH T+ Research,2008 121 ;,97-105.

% ﬁ%ﬁiﬁ)ﬁ%ﬁiﬁiﬁ%ﬁﬂ‘% iMi 6-BA F1 IAA [4] Ogura Y, Tokutomi S, Wada M, et al. PAS/LOV proteins: A pro-

T o “ posed new class of plant blue light receptor[ J ]. Plantsign Behav-
UL SAI S WA K AR, B GmPLP JEIA et e e 1

%Hﬁ N /fE& ?ﬂ%‘l N GA} JABA & E’i ﬁlﬁ gﬁ /ﬁ\\u\ E’bﬁ EF , Tﬁf ?ﬂ]'] Gm- [5] Sansom S. Role of Arabidopsis thaliana PAS/LOV Protein in salt

PLP1 nlfg kg e E{JE%%M& , FHZ R RN E and dehydration stress conditions[ J]. Department of Plant Cellular
E/‘Jiﬁﬁ i and Molecular Biology Honors Theses,2008.

[6] XM, IR MPFEE TR M. bt Bl i fidt, 2002
744. (Wang G L,Fang H J. Plant genetic engineering [ M ]. Bei-

3 4 i jing: Science Press,2002:744. )
[7] Higo K, Ugawa Y, Iwamoto M, et al. Plant cis-acting regulatory
leﬁﬁ%%%%éﬁiﬂ}@ﬁiﬁﬁ?T GmPLP1 % DNA elements ( PLACE ) database [ J ]. Nucleic Acids Research,
SRR R sERE . PR 4 FhER G ) DR T 1999,27(1) :297-300.

‘Ijjj( EE- A @Eﬁfﬂf‘ﬁ%bﬂ/\ﬁ%ﬁiﬂﬁ PCR ?}L [8] Prestridge D S. SIGNAL SCAN: A computer program that scans
5.7 ZH.,
. DNA sequences for eukaryotic transcriptional elements[ J]. Com-
ZH byt s >~ T Y Y
HE L4 ROV BT GRA —F, RAR O IR PRIk puter Applications in the Biosciences,1997,7:203-206.
LJP BE%U "‘i Wﬁ]@@ E"Jiﬁj:% tkiﬁ‘f?éﬁ% , *ﬂﬁiﬁfﬁ*%% [9] Muller A J,Mendel R R,Schiemann J,et al. High meiotic stability

*[F*ﬁ%ﬁ BE ﬁ;—[J Al‘i Ij;] ‘{j] @‘ , )g % ng ﬁa}{% ﬂi 95[] J“%“ ylj {g] %ﬁ , of a foreign gene introduced into tobacco by Agrobacterium-media-
oy . . s e ted transformation [ J ]. Molecular and General Genetics, 1987,
I HIZ I ARAT 8 5 sl ax i i B S 1k 207171175,
E fj]?fl:ﬁ:& ]jJ ﬁéﬁ}ﬁ# E:IEIL:% I ﬁE Eﬁ?‘l\j [10] Bradford M M. A rapid and sensitive method for the quantitation of
IZFI E/\J EE Wg , J[])F\fﬁ/ﬁf}fﬁﬁrfﬁ’: E’J%%X\T% 53] E/\J%%it microgram quantities of protein utilizing the principle of protein-
ﬁﬁﬁ% E{/‘J i}%%’ﬂzﬂa , ZV_:TE gﬁéﬂ z/[:l fr%‘:ﬁ‘ﬂﬁ%% dye binding[ J]. Analytical Biochemisty,1976,72:248-254.
P = — e oy [1315] [11] Copik A J,Webb M S, Miller A L,et al. Activation function 1 of
LF:E ij%xd-ﬂ:ig% 'ﬂ'ﬁ% H *EF/‘ ﬁig‘%‘ X © glucocorticoid receptor binds TATA-binding protein in vitro and in
AHF5E o XF GmPLP1 37 )8 3h T oo 44 (4 B 43 vivo[ J]. Molecular Endocrinology,2006,20:1218-1230.

*ﬁ , Zif)[‘[[ Ti@g%b@i? LA &ﬁlﬁ% gﬁ *Hjt E{J J”ﬁf‘iﬁj ;J:}*’Ji [12] Stlberg K, Ellerstm M, Ezcurra I, et al. Disruption of an overlapping
— wy S N E-box/ABRE motif abolished high transcription of the nap A stor-
Joft. AU A YL @7 Hr Al GUS BTG 1 5E 45 2R

age-protein promoter in transgenic Brassica napusseeds| J]. Planta

WRGHA 78 GmPLP1 &K 5 3 752 R I 8O6 IR 1996 ,4:515-519.
I GAHI ABA i S %3k, 58 s F oo 4 i 45 [13] 228, BRARIR, T30, 45, B S i 2 T o B stk e (0] 2
—iio GmPLP1 %E @%H@ﬁ}ﬂf%%jﬂiﬁ%% %fiﬂ?iﬁz{,ZOOﬁ,]i(“-) 11658—6}161}.l ( Lil.],Zhang F C,Wang W
et al. Advance in the study of higher plant promote . Letters
7 RIS LB B T3, 3 5201 A SO S
GmPLPY SN Z SAEY R DL SGE S0 S RE, (5 [14] i BIRO. AE 0 PRI LD GUS A3 R K 3
S R R A PR B0 RLAILLL.AEIOIE,2004,24( 1) TLT3. (1 XF. 2o S Q.
Reporter gene GUS activity detection and its application in trans-
‘%%iﬁk genic plant[ J]. Chemistry of Life,2004,24(1) .71-73. )

[15] Pattanaik S, Dey N, Bhattacharyya S, et al. Isolation of full-length
[1] Lariguet P, Dunand C. Plant photoreceptors: phylogeneticoverview transcript promoter from the strawberry vein banjding virus
[J]. Journal of Molecular Evolution 2005 ,61 ;559-569. (SVBV) and expression analysis by protoplasts transient assays

[2] Tomohiro K, Masamitsu W. LKP1. LOV Kelch protein 1 : afactor in- and in transgenic plants[J]. Plant Science,2004,167 :427-438.

volved in the regulation of flowering time in Arabidopsis[ J]. Plant



