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EXK ZmMYB59 BEE B FHIRZERIIEE T

tEE O BER ARE AAR
CHNT AR 7 A B il B 2 B/ 8T A ™ il o 50150 R B AR AF 5 TS S 90 2, BT I % 311300)

O E OAHR ZmMYB9 AR RH T RERX, A EZKARE B3 GAEMA DNA H K, LK%
ZmMYB59 A B 2 AN B3 F B &5 & % 4 MYB59-P-1 MYB59-P-2, #33 GUS M 4 £ ik # 4k pCXGUS-MYB-
1K ., pCXGUSMYB-2K ,3ifit RAFE A F 20K 4 8 KW 3513 GUS #idh & & Bk 45 L B M H.
PlantCARE #k # #: 47 £ 915 B 5 547 LI ZmMYB59 A B & 3 F ¥ LA ABRE 4 CCGTCC-box % & & #I X,
R, GUS £ & % R 2 7. 1) pCXGUSMYB-1K 4 # F % A £ &. AL KA 3h GUS £ & F & £k
pCXGUSMYB-2K t9# FIe3lih % % &, £ A L R 3 o5 GUS A A FIEA 0 % £ 52D # F 3 L 8 pCXGUS
MYB-1K RA ¥ R A&, ALK Z) GUS £ R A& . pCXGUSMYB2K ¥ KAtk & & .5 R & ERIK &
e RMESEHE KA EBHY GUS T REFRERE  MART LT RAR T RLEH;3DEH pCXGUS
MYB-1K .pCXGUSMYB-2K #i##94h % vt £ 6. 126 % 5 48R AW ZmMYB59 A H W B3 F TH2H
R BT R R MYBS9-P-1 2 B F A B EFAIZHEIT LM A28 Fhdt h R 3&, N MYB59-P-2 +
T i A 423 5% B 3 T Ak 69 R X AE A LA,
XEER E2A; BIHF; GUSHEE; 4L Th; Faeor
FESZES S513 XEHS 1007-4333(2019)04-0023-08 MEIRERS A

Cloning and functional analysis for the promoter of ZmMYB59
gene from maize (Zea mays L.)

YE Haotian, ZHENG Meixia, SUN Caixia, ZHAO Guangwu”
(College of Agriculture and Food Science/Key Laboratory for Quality Improvement of Agricultural Products of Zhejiang Province.

Zhejiang Agriculture and Forestry University, Lin”an 311300, China)

Abstract To explore the expression pattern of the promoter of ZmMYB59 gene, two promoter fragments of ZmMYB59
gene, MYB59-P-1 and MYB59-P-2, were cloned by using genomic DNA of ‘B73’ as template in this study,
respectively. pCXGUS-MYB-1K, pCXGUS-MYB-2K expression vectors were then constructed by using MYB59-P-1 and
MYB59-P-2 to drive GUS gene expression, respectively. Bioinformatics analysis was carried out by using PlantCARE
software, and the result showed that the ZmMYB59 gene promoter contains important cis-acting elements such as
ABRE and CCGTCC-box. GUS staining was performed on germinated seeds, and seedling roots, stems and leaves in
the T, generation plants transformed with pCXGUS-MYB-1K or pCXGUS-MYB-2K . In seeds, no GUS staining signal was
observed in pCXGUS-MYB-1K transformed lines, which indicated that it didn’t drive GUS expression in seeds. Some
signal was observed in the endosperm edge of pCXGUS-MYB-2K transformed lines indicating that the promoter drived

the expression of GUS in the endosperm of seeds edge. During germination period, the GUS activity could be detected
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only in shoot tips in pCXGUS-MYB-1K test, which indicated that pCXGUS-MYB-1K only drived GUS expression in shoot

tips, while the GUS expression was observed in pCXGUS-MYB-2K test with weak signal in roots and strong signal in

shoot tips indicating that it mainly drived the GUS expression in shoot tips. At seedling stage, the GUS activity could be
detected in roots, stems, leaves of pCXGUS-MYB-1K and pCXGUS-MYB-2k. And in the pCXGUS-MYB-2k test
stronger expression was observed. indicating that the promoter of ZmMYB59 gene is constitutive promoter, and it also

indicates that MYB59-P-1 is required for the normal regulatory function of the promoter, but the promoter ability is not

strong, it is speculated that there may be cis-acting elements in MYB59-P-2 that enhance the expression of promoter.

Keywords maize; promoter; GUS staining; transformation; element; function analysis

MYB ¥ ¢ H 7S 5P MAERKEE BERG
S G AR A R S B e 3 N R
RIS & 3. MY B 52 )% 3k PR AE £ K Fh 7 00+ i
RS ZREE R GA KR5S &R 5 5L U
L SRR Hoh ZmMYB59 KK 3k T
g . R, B0 9% 3 DX AT BE 3 ) R oK AP T
00+ & (14 g

JE Bl s R A S R AR RO R AU A
CAAT-box.TATA-box % 3 AAE I A4 , i 17 15 5
S mje) 7 3 35 3 P9 UG A R e A i DA R ) 3R Gk 0
TEAE G R FE RS s TR T RE . BF 5
ZmMYB59 I Ji7 sl 590 =X A8 I oe 24 BE 7T 431
KPRV 5 R 7 T0 A 0 & PR A OGS R 3R 35 1 HL
il SCRT 3 a4 R B R GUS il 3 L 7E
KRGS %R B FAE AR ZE R R g R . H
R 5 T KTl 7 T00 4 B 7 AH 56 14 S B 5L 9 BF 9 18
DL AR TE A 5T X F ok ZmMYB59 3£ g 8 1 7 51
AT A H BB B e, B PCR AR 43 ) v B
ZmMYB59 & A s F I AR R B 40 5l i 4 GUS
2 45 SR 3 S AR R TR A 5k Ak B KR b A K
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R X B B E B ZmMYB59 3K g 8 1 (1 1)
il S A O 2 DA R T oK gt A% Bl R L G OR
M R BRI MR B

1 #RI57F*®

1.1 Rie#r
ZmMYB59 [N 7 ) ¥ v b T (8 A9 i 49 4 et
NEKBZLR B FhFhALREY B5F,—4C
PRAF 28 s A S ALl K R AR © HAHE
pMDI18-T g4k \ExTaq. T4 & 3 . ANTP
A% .DL10 000TM DNA marker ¥ i Takara
75w DNA B Il i 7] & Bk DNA £ B0t )
#1000 1 2T A AN 5 DR S H At iR g B 1
WA TAE Y TR B A R |l PCR 5196 Al
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DNA J3 1 I 22 1 I i % R} A2 U B A BR 2 | 58
B
1.2 ZmMYB59 EERBHFHRERFIISH

ik CTAB M EK HAE R B73 4 1 441
PREOE 40 DNAMY SR primer 5.0 #4F 153151
¥ (MYB59-P-1-F . ATACATGGTTTGTGATT-
CTGAAT; MYB59-P-1-R: GTTACTACCACAC-
TAACGTTG; MYB59-P-2-F . CACAATGTGGA-
CTGCAGCAC; MYB59-P-2-R: GTTACTACCA-
CACTAACGTTG),

PLECKEE B 41 DNA Bl PCR 434 5 3 +
J¥%1,20 pL PCR J W AR &y : PCR SR 10 pl,
10 pmol/L L FHF5I 445 1 pL L4 DNA 1 pLl.
ddH,O 7 uL; PCR J W # F¥: 95 C 5 min; Z J&
95 °C 30 s.55 C 30 s.72 C 1.5 min., 3t 35 MEH;
FeJ5 72 °C 10 min, PCR "8 74 2460 3F: Bl e B
B R B B Y R BOR pMIDI18-T 48 44 5 240 I 4% fb K
WA FF 1R DHb5a , 2546 DN A P 5 B 1 0 3% b il
BHA: Rk A R A Wy . 8] PlantCARE Chttp:
// www. plantcare. co. uk/) FAF X ZmMYB59 A &
I % B 7 HT 2 000 bp B R A 2 AT o A, 48
ZmMYB59 JER W 2 SR s F B B il fw 4k
MYB59-P-1 ,MYB59-P-2,

1.3 pCXGUS-MYB-IK #1 pCXGUS-MYB-2K &%)
RiEREHHE

HHMERY pCXGUS-P gk % 4%, K14 E A
kL 4 B A 4 Sk pCXGUS-MYB-1K, pCXGUS-
MYB-2K (1), $k i 8 A ki, 7% 4k R AT E
EHA105 B2 &40, 2 B85 250 005 ik ik
KAE B AN (F 2),

1.4 # pCXGUS-MYB-1K # pCXGUS-MYB-2K %
EkFEPHEE R £ E

ARG PR 1 5 1T PCR 4> F %58 « ARG A
KAE M DNA 8, Kl R 8+ pCXGUS
MYB-1K .pCXGUS-MYB-2K #5814 &% GUS F
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(a LB 35SpolyA Hyg 35S Promoter Tnos gus 1K RB

! | 761

70 bp
pCXGUS-MYB-1K

(b) LB 35SpolyA Hyg 35S Promoler Tnos gus 2K RB

1 70 bp 761

—

pCXGUS-MYB-2K

1 RBzhFH K pCXGUS-MYB-IK (a) 1 pCXGUS-MYB-2K (b) Ry & &t 2 &
Fig.1 Vector construction maps of the promoter fragments pPCXGUS-MYB-1K (a) and pCXGUS-MYB-2K (b)

(i 7 K (D) AT TR 5 (O BAAT B EHALOS 5 H A FERI LR FR 2 ds (D AIFELHT 21 K5 () AMLEE 25 K

(D Fy 28~30 CHEMEEF,

(a) Induction at 7th day; (b) Subculture of callus; (¢) Co-culture with Agrobacterium EHA105 containing the target gene for

2 d under dark condition at 28 “C; (d) Screening at 21st day; (e) Differentiation at 25th day; (f) Rooting culture at 28—30 °C.
B 2 pCXGUS-MYB-1K #1 pCXGUS-MYB-2K KRy EE 11
Fig.2 Rice transformation with pCXGUS-MYB-1K and pCXGUS-MYB-2K

a4 5 GTTGCCCGCTTCGAAACCAATG 37
#47 PCR, W FE ¥ J2 95 C 5 min; Z J5 95 °C
30 .55 C 305572 °C (1 kb/90 5.2 kb/150 s)3L 30
AER B JE 72 °C 10 min™ L 1.0 Y0 B IR B B M R
KK PCR =40,
1.5 HERFEKE GUS BALFLE

3Ty ARG S R FH M K R i A, T ARG 2
PRI BFA A R 18 5 2 01 /K A 40 R e B A AR 2R R, 2
M Jefferson % iy ik b AT GUS Yefh, BEAH D 5% .

2 HRESH

2.1 ZmMYB59 EEEHFHRENEE
3 I, 3.4.5 SRE I 3RAS 1 000 bp B 44T
KR MYB59-P-1 Fr B, B 1.2 SHES R 18

R EF B MYB59-P-1 (8 3(a));6~10 5 1¥"
K 2 000 bp By 4. S B F MYB59-P-2
B (B 3(h)),

SRAEERE 5 SR 10 SR A B Y fE L R
DNAMAN 6. 0 # 4 (http: // xiazai. zol. com. cn/
detail/38/374365. shtml) 47 Hb X 40 # » 45 S L 01
55 f1 10 55 MYB59-P-1 Fl MYB59-P-2 [ J¥ 51|
S —,

2.2 B EF MYB59-P-1 1 MYB59-P-2 %4115
BEEoH

x 1A, 588 F MYB59-P-1 #1 MYB59-
P-2 JEARTE A B TATA Box 1 CAAT Box L
HhGRAEAEVF 2 5 R W AE OC B JTF e
ABA {55 ) ABRE JofF ;i K R 15 = ) TCA-
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@ M 1 2 3 4 5 ® M 6 7 8 9 10
bp

M.DL10 000 4 Fibrif s 1~5.MYB59-P-1 /B ;6~10.MYB59-P-2 B¢,
M, DL10 000 Marker; 1—5, fragments of MYB59-P-1; 6—10, fragments of MYB59-P-2.
B 3 MYB59-P-1(a)#1 MYB59-P-2 (b) ik & R
Fig. 3 The electrophoresis results of MYB59-P-1 (a) and MYB59-P-2 (b)

£ 1 RB3hF MYB59-P-1 1 MYB59-P-2 sz B IR E B T4
Table 1 The cis-acting elements existed in the promoter of MYB59-P-1 and MYB59-P-2

clement sequence Frequency Position Function
CAAT box CAAT 29 —1987,—1 489, —1 645, PRI TR U R DR Y B SR R R M L 3 R
—1138,—1721,—1 238, TSR
—1629,—1087,—1 914,
—1393,—1 644,—1 110,
—1672,—1 146,—1 617,
—1086,—961,—407,
—766,—107,—784,—240,
—598,—377,—925,—188,
—765,—777,—483
ABRE TACGTG 3 —1183,—1186,—1 182 B ABA {5 545 5
GARE-motif TCTGTTG 1 —1132 LT X A LITEEPS
MBS CAACTG 4 —1345,—79,—731,—723  FTRFEFH MYBZE M ARG
P-box CCTTTTG 2 —1201,—585 55 R0 A
TC-rich repeats ~ ATTCTCTAAC 2 —1 380,—307 2 590 a8
TCA-element CAGAAAAGGA 1 —805 LY LALITEBS
TGACG-motif TGACG 1 —284 ARES SRRA R T ERE 5 RER
CCGTCC-box CCGTCC 1 —1 999 5 53 A 20 SURR S P U0 AH O 09 DT A 4%
JoAf
GCN4-motif TGTGTCA 1 —1726 5 VR L2 35 A O A I 2K 9 s T
02-site GATGACATGA 1 —1 083 Z: 55 B ORI v A 1A R 4 1 T = 4
Joif
CAT-box GCCACT 2 —203,—163 5543 e 4 2R3 3K R O 1 I =X 4 ST

Fik
HSE AAAAAATTTC 1 —13811 2 5 R SN i =R FH e 4
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element JTAF ; Wi W 7% 55 2= 19 VE FH o4 GARE-motif
Ml P-box Jufh: SR FM P ERAE S EAMHEN
TGACG-motif J¢ £ 2 5 HiJi 1 38 98 35 (1 TC-
rich repeats JC {4 ; 5 43 25 20 VKR S M 0TE AH G 1)
GCN4-motif JEf; 2 5 £ K B w8 ARG =11
O2-site JuHF s 5 40 A H 1R KM 6 CAT-box JT
2 50 3 = R HSE 64k, sk, i &3 1
N2 T RES M MYB 454 07 5 (9 MBS 5T/,

2.3 % pCXGUS-MYB-1K .pCXGUS-MYB-2K % [#

KFEHPREEEER

Bl 4 a] L, &% B DK RE 4 B 3R Gk 4R K
pCXGUS-MYB-1K , pCXGUS-MYB-2K i %i 14 fig
Py F) JH R 47 MYB59-P-1 #il MYB59-P-2 , i B
AERDKAE 4 i A YRS B B AR SRl SRR,
ZmMYB59 3:HELGZES T EE 1 000 1 2 000 bp
5 B 5 BL K R B R 4

(a) M1 23456 7 8 910111213141516 17 18 19 20 21 22 23 24

bp

b Moy 234 56

bp

10 000 —»
4 000 —»

3000

1 000 —
500 —»

7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24

M, ,DL2 000 43 F#AR#E s My, DL10 000 43w s 1, BHA XS B85 2, [ M X R 5 3~ 240, % B (R K el B PEABL A
M;, DL2 000 Marker; M,, DL10 000 Marker; 1, positive control; 2, negative control; 3—24, transgenic rice positive plants.
B 4 pCXGUS-MYB-1K(a)#1 pCXGUS-MYB-2K (b) % & E K & PCR # il
Fig. 4 PCR testing of pPCXGUS-MYB-1K (a) and pCXGUS-MYB-2K (b) transgenic rice

2.4 pCXGUS-MYB-IK .pCXGUS-MYB-2K % &
KTBEHZHFEH GUS a4

5 iR . pCXGUS-MYB-1K it 5 [H 7K 78 1) Fh
TARE O, pCXCUSMYB-2K $ ARk 9 7 IR FL
W EE, T pCXGUSMYB-1K £ IK 3 GUS 7
Ff ¥ rh Rk i pCXGUS-MYB-2K 3831y GUS 7
Pl F IR AL 2 #3k s pCXGUS-MYB-1K ) Ak A
il 8 K 5 AUA 2R R4 6 R W] HALIK 3 GUS 7
HRFB A Fe 1k M pCXGUSMYB-2K (1) 5 1k 1 k
AR 55 2E R I A A 0 AR b 4 R A0 i % iR b
HAFH OB, 2 pCXGUSMYB-2K 3K ) 1ty
GUS EZAEZFRF IR, W AE MR T 4 R gL rh &

6 1] %1, pCXGUS-MYB-1K , pCXGUS MYB-
2K FHPRAYAR 25 YRR G o, L T AR A 4 A AR 2
Wi €, J5 H PR ZE R A LT IR D

ZmMYB59 SR WA 8+ A A 2V 7% [F] B
UL R 71 1 000 bp 81 2 Ji 8h 1 &K 5 1E
W BT LAY . H 2 000 bp A BEAE AE 1 0
Ja 3h 23k B = A F ook

3 Wit54it

Ja B AR DR e SR KR EEE I O A a2 Ok
TE 3m X 3 09 85T AT RL S 2 R 3
HE TC A i RE R X DR Y 3R A R X AT A
FE o AT 2 rh A O A T 4 89 A o
JA B3 o O A S TR R i Ok R B O f
KA BLE WA GUS it & i i A 1 3% ik 480 1 il
A il I H B TR R Ok R B Bl AR i R T AR A Y
56 55 S H A AR 8 S 67 O 48 E S BT Ok B
4 I 23 38 P 5 8 3l P AR S XA T S 1
PRI



28 hoE kR R R R

2020 4F 55 25 %

() F1Ce) 43 B R pCXGUS-MYB-2K 1y T, L Fp 7, 8 & 8 GUS 481 fh 2 P a 45 J: (b) ~ () R pCXGUSMYB-1K

Ty AR T W R GUS S 8k 2 e (25 R

. (@, (W) (OLBIR J 1 mm; (O F(D R BEIR F 2 mm,

(a) and (e) were T, generation seeds of pCXGUS-MYB-2K, GUS histochemical staining results at germination stage;

(b) —(d), Ty seeds of pCXGUS-MYB-1K , and GUS histochemical staining results at germination stage. The short white scale

in (a), (b) and (e) represents 1 mm, and that in (¢) and (d) represents 2 mm.
5 T REEFEKBNMFNHELZBHSHAN GUS HALELE

Fig. 5 GUS staining for the different tissues and seeds of T, transgenic rice at germination stage

() ~ (KR Ny © B A " B A= TR B 1)
A pPCXGUS-MYB-2K &AM (K F 25 0 AR .

ZE AR 5 (D)~ (D43 518 pCXGUS-MYB-1K A BRI 25 i AR5 () ~ (D 43

(a) . (b) () (&) (@) (WAL FIR A 1 em; (o) (D DAYHLFHIR A 1 mm.
(a) — (¢) are the stems, leaves and roots of wild type plants; (d) — (f) and (g) — (i) are the stems, leaves and roots of
pCXGUS-MYB-1K and pCXGUS-MYB-2K transformation planlts, respectively.

The short white scale in (a), (b), (d), (e), (g) and (h) represents 1 cm, and that in (¢), (f) and (i) represents 1 mm.

6 T, REERKEH

H&RMALAE GUS HLA kL

Fig. 6 GUS staining for the different tissues of T, transgenic rice at seedling stage

1\ AR D N = i B 3 N O e L T
MR R ABA (W1 & ST TE S 3 F )7 51 660 ~
2 000 bp, K& rbeS" R T 3 36 M B m B K
JEk 712 bp MR B 7, K 1 089 bp Y rbeS it
A 37 & A D6l oo IF Bid A H 28 7 R A5
. PGHNBS'™ @z 7y A4 b, —1 071~

—959 bp X IAETE W) K AR R Rk oo R T T
AL F—1 559~—1 420 bp,

AWF5E % B pCXGUS-MYB-1K %4k T, 1%
il R &, pCXGUS-MYB-2K Ak i) Fh 1~ 9 iR 5L
NG %6, kXt MYB59-P-1 il MYB59-P-2 i
AT B2 0 B R BLA] e & A 5 IR FLER K M O 1 I



5 439

FEE AR EOK ZmMYB59 B K 3l 1 ow b K Dy g 43 B 29

LR TC M GCNA-motif 47 3¢, 1 P 4% 455 2 75 22 ifF
— AR, o A 2 58 AR IR IF 5T B =K 1
H G (GCN4-like motif) DL 17 [ 34 5 JC 14 & 0 Sk
X EnP3-292 WRZLRR 5 3 AR AT 0 4%

pCXGUS-MYB-1K At b1 FL 1 B 7 % 1 2
AZFRE A . pCXCGUSMYB-2K $ AL b B 25 I
R E 6, ZFRECKRR R EE A, I H GUS
E MYB59-P-2 W 5 F Rkix B M. Wi
pCXGUSMYB-1K ,pCXGUS-MYB-2K Hi # it 48
25 I RE YL (5L I ZmMYB59 3 1 ) 3 F %
A A LURR S T B A 15 B R 4R 5 S TG 1 000 bp
S I BT R AR DE R VR D RE ST R 5 T S AR
25 e 5 LR TR UL R B B S T RT 1 000 bp
Ji3 B A5 HEMHT 2 000 bp H AT BEAE7E 1Y 58 S
Bl F 238 WX AR FH oA

2 LTk, MYB59-P-1 £ # T W& A Ja sh 1)
RE » 75 W & 0 RV 0 ) 2h D BB 7R W R AR
Ab K AE T BE L AR T AR 25 R rp kg O B TR
F W] MYB59-P-1 £ ¥ F -+ 81 & B 7 78 i) 25 22 5%
Fib . AT AR A T E 2 AN E T
PR & A B OME A, G i X MYB59-P-1 Al
MYB59-P-2 i) 4= W5 %5 8.2 5 Bt & 3 MYB59-P-2
HRFETE K B Y B VR R 1Y 25 A (ABRE) L 5 R & R
M) 137 A5 5% B I =X A 624 (GARE-motif) 54342 41
ZURE 5 M 0TS A o6 i I =X 2 ot 4 (CCGTCC-
box) . 5 I 7L % ik A 5 A9 0 =X I8 4% o0 1F (GCN4-
motif) . S5 # B R I AE ek (HSE) . 2
558K P v 2R AR O A 0 = 4% o 4 (O2-
site) , ARBFFEHEM ZmMYB59 K& B () J ) - J2& 41 B
R 8. ARG sh 7 B IR R 2 0 B Ak i
i) JIT S o 35k R 1) 638 LA 5 2k L T I 3 b 4 v A
VR R 7 AF ) A 40 ) 36 3k o AR ON R A i e =R
AR &R S RS, B ZmMYB59 B
JA B F 2 A R T 5 g b B 5 a2 B TR 1 B
ki,
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