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Cloning and functional identification of the root
specific promoter from corn
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Abstract: [Objective] This paper aimed to clone and identify the root-specific promoter of ZmGLU1P
gene from corn. [Method) The promoter region of root-specific gene was isolated from the genomic DNA of
corn P138 by PCR method,and obtained the promoter fragment ZmGILU1P. The cloned promoter was fused
to the GUS reporter gene to construct plant expression vector pPCAMBIA121-ZmGLU1P, which was trans-
ferred into tobacco(Nicotiana tabacum) NC89 by Agrobacteriumtum efaciens-mediated method and several
transformed plants were obtained. Then they were detected by PCR and Southern blotting. The root,stem,
and leaf of gram-positive recombinant corns were performed with GUS activity assay. [Result] The results
showed that the length of the clone was 1 846 bp,and the sequence was more than 99 % homology com-
pared with the reported promoters. PCR and Southern blot results showed that the transgenic plants were
obtained successfully. GUS activity assays of different organs indicated that the expression of GUS was ac-
tive mostly in roots, suggesting that the ZmGLUIP gene is root-specific promoter. [ Conclusion] The

cloned 1846bp fragment B-glucosidase gene from corn is root-specific promoter.
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FEM

ZmGLUT J& — B B2 5 57 1k K A 4 i 53 24 R 3
AT 5 A RO B0 VR4 o R A B RE
SR M A>T A A0 M A SRR R A AL S rp . R R R TR 4
JHL 53 4 B % A 00 B AR DRI B DR S B
T AT REFE BRI LA R E s v . AR5 A H
PCR i AR M E K FH4H DNA g 5] —Fh £ K p-
R 2B I IR (1 846 bp) MR 8 F (ZmGLU1P),
BHS5EH GUS s BR M RL B IAREA S, R
FHAR T B A S 02 e A0 AR 2, 5 0 5 A AR A o AR
FOKRFE S M S 30 F 093 M 47 PCR fil Southern
blot £ & GUS 20244k 2% % 5E , LASIE ZmGLU1P
) D fE S HAE K i BT B0 RS i I B8
fii
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.1 # #

1.1.1 ##FFs EHM E. coli DHSa MY ik
otk pBI121 AR i A #F 1§ EHAL05, 3 |y i Mol
KA A oL 928 = 42 41 pMDI18-T Vector,
W/ TaKaRa 2AH] .

1.1.2 MM #  E R P138, i 3 Mokl K

SR YRR s SR R AL

1.1.3 XAl 58 PCR ¥ #3050 L Rl A U i
(Hind M . Xba 1 ).T4 DNA % #1iff .DNA Marker
DL-2000 43 F &t #r i, B0 3 MBI 2 w5 5 K 4
DNA # B % £ . 1 TaKaRa 2 &) ; DIG High
Prime DNA Labeling and Detection Starter Kit [ ,
W H Roche 2y A, HoA 50 ¥ o0 B 7= 3 Hr 4k
114 E£ZMBEXEE HIRRGH A KEE O
BL RS WRAE JPCR AR HL VKA L BE I AR AN O IR B 77
A E S TAE S AR VKA 4228 h  pH R B
4,

1.2 ZmGLUIP Besh FREHNRESFEISH

BRI TE T AR AL R A2 A W R g SE g =
1o KA KA CTAB 352 I E KGR B E
KENAH B DNA, M GenBank B & FH £k
B4 7 W Tl Y (ZmG LU D) 1Y 13 3 F % %1 (Gen-
Bank % 55 :DQ333310) , A T#H¥ 8519, L
214 Pl. 5-TTTAAGCTTATGTATGCCTCTG
CAATGG-3', Fifi54% P2.5'-TTT TCTAGAAGA
CCAAGTGGAGCTGATGC-3', EFialwh
RN TE 43 23 50 I A Hind 1A Xba 1 4437
Ao Bl A AL R = A .

PCR ¥ #8ik =K 25 pL, HHip 0§ 10 X PCR
Buffer(Mg""™ free) 2.5 pL.25 mmol/L Mg’" 2.0
pL dNTP Mixture (10 mmol/L) 2.0 pL.P1(50
pmol/L) 0.5 pL.P2(50 pmol/L) 0.5 pl L KFEH
2 DNA 1. 0 pL.,TaKaRa Taq(5 U/ul) 0.3 ul,
ddH,0 16.2 pul, PCR ¥ 1 & H .94 C Fii A8 4 8
min; 94 ‘C7Z5#E 1 min, 62 ‘C 2 min, 32 PMJFH; 72
CHEAR 10 min, &34 Fr B 3508 558 15 i Uk 43 15
28 V-gene B B¢ B0k ) & 4l b J5 5 pMDI18-T
Vector ¥ , i 42 77 W % A6 K A1 T8 DHS o T8 PR J8%
Z AN A0 BT %\ PCR Ml Hind T . Xba T
KU D) %5 52 AR A T 4L Tk . # PCR RN B % 7 46
TE A Y 20 S R B R Ay 44 O pMDI18-T-ZmGLU1P,
%2 K i%E TaKaRa A &l J7 5, R A DNASIS #
4 .DNAMAN # A4 5¢ Hdb 15 5 510 50 47 .

1.3 ZmGLUIP-GUS R RUREHEHEE

MY 235 HAK pBl121 & &4 CaMV358-GUS
AR RGN IOOCEMAE, K TP ZmGLULP
FL R 3 1 1 Dy Be A B % L BUARAE ) 3% Gk 20k
pBI121 iy CaMV35S H A4 )5 3 ¥, 5 GUS &
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SEIA Rl A b R R R S R SR 8 R ZmGLUIP-  GUS (] D,
LB Xba 1 Hind 11 RB
A [>| Nos-Ter | Gus | caMv3ss-Pro | Nos-Ter | mptll | Nos-pro [ >>
LB Xba 1 Hind [T RB
B [>| Nos-Ter | GUS ZmGLUIP Nos-Ter | npt1l | Nos-pro |>

Bl 1 H¥FRIEFR pBI121(A) . ZmG

LUIP-GUS(B) i§ T-DNA [X 2544y

Fig. 1 Structure map of T-DNA region of plant expression vector pBI121(A) and ZmGLU1P-GUS(B)

FIH Hind . Xba 1 4 %) W EE Y] pMD18-T-
ZmGLUIP H1 pBI121, 3 4> % [l i pMDI18-T-
ZmGLUIP /N F Bt #il pBI121 K A B, | T4 DNA
W B 7 AL K AT B DHb5a, 88 5 45 BTG R
DNA, % PCR, Xba | /Hind Il B Y] #0105 % &
IEH 5 RAFE Y R B AR ZmGLULIP-GUS,

1.4 ZmGLUIP-GUS X4 E f &t 4k

AR R AT B EHALOS (14 /8% 32 2 40 i, 38 3
TR R R Of AR ) %A R ZmGLUIP-
GUS # 4k 3 & #F ®H EHA105 1, = M Horsch
ALy i 4 B B Ak ZmGLUIP-GUS (1 4 #F
EHA105 ¥ 4L M & NC89, ] MS J A< 8% ¢ 302 4%
I J5 HEAT O 0k 07 18 B R B A BN 2 mg/L 6-BA
0.5 mg/L TAA 100 mg/L R % .100 mg/L #&
THBERM 100 mg/L AR EHH RN MS i
] Bf AR AT 5 S 2R AR 8% 9%, 55 SR B O B 100 mg/L
FIREER 80 mg/L RN HHRM 80 mg/L &N
BEM 1/2 MS HE gk,

1.5 #EEEREER PCR 1 Southern 235 #&

1.5.1 PCR & SRS R M CTAB M P &
MR R ECH 3 [ DNA L LR BCRY 4 55 DNA fE
R, DAAR BB R S M R 3k K ZmGLUIP-GUS Fi
B Ak R R AR B 3 S S BE P Sk R B X Rk
ZmGLUIP Jg 31 F Ml GUS 3 [ 7 51 #t 457 PCR $”
. ZmGLUIP Jg 8h 7 /3 41 19 7 3% 51 4 #5514 5]
12797 . GUS B AP 34519 il b 5t = Pl 2 W
A HOF 5k GUSS: 5'-GTGAATCCGCAC-
CTCT-3", GUS-AS; 5-ATCGCCGCTTTGGACA-
TA-3"GB A 54 C) 3 PCR ¥R &y 25 pl.
10 XPCR Buffer (Mg free) 2.5 pL,25 mmol/L
Mg*" 2.5 pL,dNTP Mixture(10 mmol/L) 2.0 uL,
GUS-S(50 pmol/L) 0.5 pL,GUS-AS(50 pmol/L)
0.5 pL, BRIP4 DNA 1.0 pL. TaKaRa Tag(5
U/pl) 0.3 pL,ddH,0 15.7 pL, §7 8 58 Hy. 94
CHAS M 10 min; 94 ‘CAE 1 min,55.3 ‘Cik 2k 30

.72 “CZEff 1 min, 35 DMEHR; )5 72 “C I 10
min, B PCR 3§73 7 9 . JE47 Bl M B8 I v Uk o3 B9
M
1.5.2 Southern Z& = &0 FEHLIEE 2 ¥4 PCR
9 A5 A Ay B e ) 2 S DRI AR A R S LA e A A B
g ok BEL SR L IR 20 DNA - $2 BUIR 1) & $12 B0H m A
K 2H DNA L, £ Hind [l 228G )5 9547 Southern 2%
A . HAR T o PCR A I 52 BH 1 (1% A7 Ak 3
P20 DNA H] Hind Nl B§00 38 AL H 8 ¢/ L i
e 5 JE B AT 43 B . T 20 X SSC #% 8% 8] Jg g
.80 CHE 2 h a5 ®e 5. Dlaifbny
ZmGLUILP J& gl 1 g 5 Al il 45 48 51 R FIBEBL G 9
PRICTE FE AT A 10 . 2% 58 R Aar I i) JHG Al 20 B8 34 42 1R
DIG High Prime DNA Labeling and Detection
Starter Kit [ i 7y kit 17,
L6 GUS EHRAALERN

K4 PCR Hl Southern 2% 22 K I Ay BH M- i) 7% it
DR BEAR R O AR L 25 L0, 04T GUS U2 o0 1,
GUS B4 (@ 42 B8 Jefferson™"™) ) J7 vk 64T, 7] B 152
S pBIL21 JBURL AR 5 R e Al S B X L R
BHIAR 25 i RO BRI 1.5 mL ) Eppen-
dorf . fin A GUS e, 37 “C LRI, AR AE
He WS, 25 R FH AR R 43 B 75 00 1 £ B £ % B
PEXT HR A 1€ I PR AT WL, OF BEAH I e 46

2 RS0

2.1 EXRRBHEREBIHF ZmGLUIP FEHE
BEREATERENETE

f£ PCR §Ha B, 1 F FORMRE R 7 M08 87
THRZEZ AT B3, 53 1) PCR 434 5% K 5 15 5
H R B, AWE5E a2 ki 4 PCR R 4514 i
LF W L AR 2 B i B 8 1Y PCR e
SR ZAEDL 1.2 %5, PCR 88/ ¥ 16 10 g/L Biflg
BHBERE vk f3 5] 1 5529 1 846 bp M He 55 &l
(FE 2) . 5 T 45 SR AHAF



130 WAL AR BHE K ¥ R BRI

5% 39 &

Y 7 ARk pMD18-T-ZmGLULP £ PCR Al
Hind I/ Xba 1 M EFYI %% 2550 (F 3) F 0, 3845 1)

M 1 2 3 4 5

2000 bp
1000 bp
750 bp
500 bp
250 bp
100 bp

1846 bp

Bl 2 FARMAR R 3T ZmGLUIP J B
PCR 74y 14 v, Ik A6z 1)
M. DNA 4y Farbrif s 1~5. PCR =4
Fig. 2 Electrophoresis detection of PCR product of corn
root-specific promoter fragment ZmGLUI1P
M. DNA Marker;1—5. PCR product

2.2 EXRIBIFRERBIHF ZmGLUIP FEMFE
51 43 #fr

XF 8 4 vE R pMD18-T-ZmGLUILP 4 A
Bt ZmGLUILP W J5 #4777 5 43 Bt » 45 R R W%
F B 1846 bp, 50 & £ M H P 5 (GenBank 7
W52 - DQ333310) {9 [R] W44 o 99 00 FI I AE W1 4k
i E Chttp:// www. dna. affrc. go. jp/PLACE/) %
ZmGLUILP JF 51317 ) 8h F 8 # To 440 50 B . 45 R 3%
W] ZmGLUILP &4 £ Fp e HoAb 4l 4 )5 2 h #7
160 B 3h 7 ootk (i TATA & # CAAT £) L
KR FB R 5 2238 T T 1 I oo 4 (i ACGT .0
775 A1 CANNTG-motifs, GATA-motifs % i = {E
FHICF B S 9 1 2% ot F W-box ((T) TGAC(C)) |
AACA(AAACAA) I GCAAAA (GCN4)), itk
AT AR, 5 B Y BE R TR MR R S B .
2.3 ZmGLUIP-GUS R#MBIFHRUEREHENEE

FIAMR &N YR Hind 1. Xba T % pMD18-
T-ZmGLUIP A4 3% ik # 4k pBI121 43 5 #F 47 M
9] ¥ pMD18-T-ZmGLUIP /N J- Bt fl pBI121 K
FBOH T4 DNA %452 [ % 45 . e AL R AT I DHS o
et 5 AP PE SR . 22 PCR Al Xba 1 Hind [l
UGS EAF 2] 1 552 1 846 bp IHRr 5 7k 45 ([
O G R B B — B0, R IR S R A # A
ZmGLUIP-GUS # & i) .

FESHMRBKE—2G 0 HMA B ZmGLUIP
2N % A TERE gk pMDI8-T Vector H,

M 1 2 2] 4 5 6

2000 bp
1000 bp
750 bp
500 bp
250 bp
100 bp

1846 bp

K 3 pMDI18-T-ZmGLUIP ff) PCR FIf4) % &

M. DNA 4 F &b ;1,2. PCR 7247 ;3. pMDI18-T-ZmGLUIP [t ;

A FAPEXT 35,6, Xba | /Hind I XUEEYI" 9
Fig. 3 Restriction identification of the recombinant
clone pMDI18-T-ZmGLUI1P
M. DNA Marker;1,2. PCR product; 3. Plasmid of
pMDI18-T-ZmGLUI1P;4. Negative control;
5,6. pMDI18-T-ZmGLUIP digested by Xba [ and Hind [l

M 1 2 3

2000 bp 1846 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

Bl 4 F KRR ARRy 5 2 ik ik
ZmGLUIP-GUS ) PCR Fl i U] % &
M. DNA 7 7 it bR ifE s 1. PCR 7= ) ;
2. BAMEXT ;3. Xba T Hind [ BUEE Y] 7= 4
Fig. 4 Identification of root-specific expression
vector ZmGLU1P-GUS
M. DNA Marker; 1. PCR product;2. Negative control;
3. ZmGLUI1P-GUS digested by Xba | and Hind Il

2.4 FEEWHEEKR PCR # Southern Z2 34

He AR 5 M R B AR ZmGLUIP-GUS, i it
AR VR Rl 2 T AL B AR R A FF T EHLATOS v, X 5% 4k
13- 3 (Y P T V& 04T PCR RGN, 45 R 4K 45 1 1 846 bp
9 B (1B 5) 3 9K IR SR TR AT B A 5 06 X 4 e NC89
AT AL AL RS Tt B RIS RPutEm %
et .
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M 1 2 3 4 2.4.1 PCR #&ml M RISE R otk A8 bk 4 it b 42
BOEE R 2H DNA 3 B R AR B0 S ) 7 ZmGLUILP
51 GUS B B R = 51 9 #17 PCR £
W, g5 9 (& 6) KW 76 F A Br vk ml pk b L 28 7 fk
P H 1 846 bp B ZmGLUIP J2 35T 1 720 bp Y

2000 bp 1 846 bp

L% e GUS W H 1Y A B, 5 FHE X | ZmGLUIP-GUS
;‘;giz BB e A B AR AE TR — L B T B X RE AR AR T YT
100 bp M. R R RS T R S D FH M

R PR
2.4.2 Southern £ 3 # M  Southern Z% 3 4 M| 4%
R, PCR R R BHYE R 2 ok 5 35 IR 50 359 B

5 ZmGLUI1P-GUS Jir & ) PCR ;i e g
M5 Zm HFEARRAKF R PCR Ko B 1 2 5 (252 o T 6 R R BR T 2 2 £ 2 7 2 (P

M. DNA 2> TR e 1,2, #% A ZmGLUIP-GUS f &+ 14

SH N H- > | = =] J]
ET1A105,3. K JHERH 4. ZmGLULP-GUS Jrt M55 8 7)o it — 2R W IR 2 B e AR RO R R B D PR
Fig.5 PCR analysis of ZmGLUIP-GUS in Agrobacterium AP BEHISMEEE N ZmGLULP 5 3 77 51 € 22 4
M. DNA Marker;1,2. ZmGLUIP-GUS introduced AR I E A, 3B Southern £ 38 45 4 ]
into Agrobacterium EHA105;3. Negative control of water; 95[] s Z: Iﬁ] E[/\J %% *E*}k IZFI E’(J Z—J%fé% E/\J j(/]\ Iﬂﬁﬁ Z: Iﬁ] .
4. Positive control of plasmid ZmGLU1P-GUS j:/%/jf\‘ 9[“&?\% E"J%%{j,ﬂ—i Z:E‘I*H Ia i
A B (&

M 12 3 456 7 M1234567CKP M1234567CKP

I 2000 bp
p
1000 b 2000 bp 1846 bp 1000bp
p
750 bp 1000 bp| 750 bp 720 b
750 b 500 bp p
500 b D
P 00 b 250 b
250 bp 330 o 100 bp
100 bp 100 bp

P 6 I IR B PCR 4G
AL LD R R UL K 0 s B. ZmGLULP J5 3 1 PCR Kl C. GUS B i1 PCR Kzl 5
M. DNA 43F & Fr#E P, ZmGLUIP-GUS kL BH M X6 B 5 CKL o Jk PRUAR Ak (BRI GF J8D 5 1~ 7. % ik DA A o A e
Fig. 6 PCR analysis of transgenic tobaccos
A. Genomic analysis of transgenic tobaccos;B. PCR analysis of ZmGLUIP A promoter;C. PCR analysis of GUS gene;
M. DNA Marker;P. Positive control of plasmid ZmGLU1P-GUS;CK. Negative control; 1—7. Putative transgenic plants

I 2 3 4 2.5 FHEREME GUS FEHEREN

GUS ¥ 4 20 834k = Y ok I 45 21 (18] 8) 3R,
B ZmGLUILP MR &8 47 5 1k 28 3K AR 1 I 356 D I
WA EL AR 0 GUS 36 M (e i i €8 5 i oA 35847
GUS 1 P £ (e B0IR W 2) , R 30 1 B I 19 4 4Ly
S e R pBIL21(GUS £ K i CaM V35S J3 81
UK Bl AH ) 2 38 AR Iy i 5 DR R 2 1 4% A 8 7 3 K
W E) GUS 5 M (YL il 0 €8 5 35 % 3 DR R 5 4 bR 1) 4%
TR ARAG I E] GUS 1P CRYe o, B8 6)
DL b 25 BRI L 3 36 R R ) GUS JE DR 2 78 AR A
SR B F ZmGLULP (845 F 5 5 T Rk 0, Ik
Fig.7 Southern blot analysis of transgenic tobaccos U 0K - g M A A L7 1846 bp i BEHATAR

that carrying the ZmGLU1P-GUS construct SRR 37 1 e

B 7 #IEEMHE Y Southern 2% 38 K il
1. BE P X R 5 2~ 3. 5 A B 5 4. B %o TR

1. Positive control;2—3. Transgenic tobaccos;4. Negative control
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3

B (€
3

B 8 HILPIMHE R GUS HE bR YLt
A5 ZmGLUTP-GUS JFko i 2R A 414119 GUS fh2 e o 25 5L 5 B. 5 pBI121 RN 2R 7 4141 19
GUS b2 e e 25 52 C. I AL A0 BR W 4120 GUS (L2 (45 1. 25,2, 0F 530 41

Fig. 8 GUS expression in transgenic tobaccos

A. Histochemical staining of GUS activity in diffent organs of transgenic tobaccos carrying the ZmGLUI1P-GUS;

B. Histochemical staining of GUS activity in diffent organs of transgenic tobaccos carrying the pBI121;

C. Histochemical staining of GUS activity in diffent organs of non-transformed tobacco as negative control;

1. Stem segment;2. Leaf;3. Root

3 1 e

TERER TR R R R FEEE -
3 AW Rt R L R B v 55 # A T BE R e B
FER B FRIR  IF X oA FE R A Rk = AR . Pk
— N HAUR v R AR S RS ) BT
PR 5L P T AR 0 ml I i G B

Je B F 1 R AR ROR DL i 2 Rk U R B
g A FH T A 5 A R Y 2 i R T R A FH ) 4
R BT IKEh A R IR T L 2 A T, % 2
TCAF R RN IS B SR e =z R) I 5 B R L T e
Ik A B S 5 S R SR AR Y L R A W B
Y& (http://www. dna. affrc. go. jp/ PLACE/) %f
Ja 8 ¥ ZmGLUIP J7 1 gk 47 7 #r. 45 R & 9]
ZmGLUIP BA HAZAY) JA 3+ 1Y 5 220 A oo
F R AR AR S R B P A . AR se B 1) ZmGLULP
g & A/T JF%), Stalberg 25N h .8 & AT Y
DB R 22 02 B s IR - 19 45 5 PR A T 3 45T il ik A
M s R k. N Bk gt &5 R T LLE
ZmGLUIP Ji3 gl 5 A7 78 £ 57 AR BB 4 5 M 3R 3k 1) 94
I BEAEAR hRE S M 3l GUS BRI Rik . il
Xt ZmGLULP 3 [N 25 ¥ 1 %) & 73 #r, & W
ZmGLUIP J& 3 o A7 78 7 57 AR 45 S P 33K 1 D) g

DX 3 HAT AR FH T 44 (7] B e 76 AR 4 = sl AR
Se b T R 3 GUS R B Rk .

AR 5 N FEOKFE K 2] DNA i3 5] 1 846 bp
1) F KA 5 5 3 T ZmGLULP 351, 38 i )5
3 GUS BRI AE MR b 1) 3R 35, 3E W] T ZmGLUIP
BRI TG 2 F R Thag. GUS 3B fl & %
Ik RGN )G B I R A R 3R A R
Gil AR GUS I gk r e g I R 1,
ZmGLUIP & PLJ7 3h fie &5 H I GUS 1y &3k, i B
ZmGLUIP Ky GUS J R AE /N B 1 2 AR v 36 56
T PR SR o X 5 SCHR 8 B /Y 1 907 bp )7 )+
e —3m. N —2 R ZmGLUIP
HE R B 8 45 T R E AT IR 43 A f FLRB O 1 BT R Y
H Y 5L PR TE 0K Y AR AR a4 38 L O K i T Y 2
R B8 Hfif
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