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Cloning and Functional Validation of Late Embryogenesis
Abundant Protein Gene Promoter from Maize

Z0OU Yutao, LIU Xin,MU Wei, GAO Xuehuan,FU Fengling,.L Wanchen”

(Maize Research Institute,Sichuan Agricultural University,Chengdu 611130, China)

Abstract: It has important significance for transgenic resistance research to clone and validate endogenous
inducible promoters in response to abiotic stresses,and use to construct inducible expression vectors. In this
study,the sequence of the late embryogenesis abundant late gene (MGL3) promoter (pMGL3) was cloned
from maize according to bioinformatics analysis. After analysis for abiotic stress-responsive elements and
abiotic response by quantitative real-time PCR,we used this sequence to construct expression vector of the
reporter gene GUS, and used to transform maize calli by biolistic method. The promotion activity of the
pPMGL3 promoter under abiotic stress was validated by GUS staining. In addition, the different cis-acting
elements was removed according to promoter sequence analysis,used to construct expression vectors of the
reporter gene GUS, and transform tobacco discs by Agrobacterium mediation, in order to determine the
shortest active sequence of the pMGL3 promoter. The results showed that the pMGL3 promoter is 1 554 bp
long, containing multiple regulatory elements in response to abiotic stress. The expression of the MGL3
gene is increased under the stress of drought,high salt and low temperature,and induction of abscisic acid
and ethylene. The calli transformed by the GUS gene under control of the pMGL3 promoter showed promo-

tion activity under high osmotic, high salt,low temperature stresses,and abscisic acid induction. However,
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it kept promotion activity when truncated to as short as 325 bp. These results indicated that the pMGL3

promoter has promotion activity in response to abiotic stresses,and can be applied to maize transgenic stud-

ies for abiotic tolerance after further validation for its mechanism.
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FR MGL3 ERAE N FHIAEEMEFE B R E T

ACTCAACAGC TATGAGACCT

‘GAGTTGTCG ATACTCTGGA

TGAGCACAGA GATAGCAGAC
ACTCGTGTCT CTATCGTCTG

GCATTAGAAT TTGGTCCACG
CGTAATCTTA AACCAGGTGC

TATTATTTGA GTCGCTTCCC
ATAATAAACT CAGCGAAGGG

AAGATCAACT CTAGCAGAGC

TTCTAGTTGA GATCGTCTCG

ATCCATCTCT GTATACGAGC
TAGGTAGAGA CATATGCTCG

CCTTAGTCGT GTTTTTTCTC
GGAATCAGCA CAAAAAAGAG

TAGTGGTGTG CTCACATATA
ATCACCACAC GAGTGTATAT

GGAGTTTTGT TGGAGATACG
CCTCAAAACA ACCTCTATGC

GCTCAATAGT AGAACCGAGG
CGAGTTATCA TCTTGGCTCC

CTCGCTCGCG CGTATTGCTC
GAGCGAGCGC GCATAACGAG

F4
IGTCGACATT. JCCCTATCGT

ACAGCTGTAA AGGGATAGCA

GAGCAACGCA CTCGATTTGT
CTCGTTGCGT GAGCTAAACA

TGACCAGCTG ACCGACGCCT
ACTGGTCGAC TGGCTGCGGA
MBS

MBS
ACGCGCTAGC CAACTGCGCC
TGCGCGATCG GTTGACGCGG

TACTATAGGT GTGCAAAACC

ACCACCCCGT TGTGATAGCT
TGGTGGGGCA ACACTATCGA
CCAAT-box

AAAGCAGCAG CATCTTGAAG

ATGATATCCA CACGTITTGG TTTCGTCGTC GTAGAACTTC
ARE

CGATTACAGA GAAGAGTGGA
GCTAATGTCT CTTCTCACCT

ACAAGTCGGG AAAATTTGCT
TGTTCAGCCC TTTTAAACGA

F2
SOARTIOGIC: JIGTATANT

CCTTAAGCAC AGACATATTA

ACGCACAGTT GGGTTTCACA
TGCGIGTCAA CCCAAAGTGT
MBS

AGCTGTGCTC ACATACGAGC
TCGACACGAG TGTATGCTCG

ACCTCAGTCG TGTTTTTTTC
TGGAGTCAGC ACAAAAAAAG

AATAATTACA CAAATCGTAT
TTATTAATGT GTTTAGCATA

CAACCCCGGT GAAGAAAACA
GTTGGGGCCA CTTCTTTTGT
TC-rich repeat

CACTCCACCG CATCACCACC
GTGAGGTGGC GTAGTGGTGG

CCGTCTGAAC CGATCAACAG

GGCAGACTTG GCTAGTTGTC

ACTCCACTAC TAGTTCTTCC
TGAGGTGATG ATCAAGAAGG

ATGGGCGCGC GCGCGCGCGA
TACCCGCGCG CGCGCGCGCT

ABRE

GCGTGGCGTG TCCTTTCTAC

CGCACCGCAC AGGAAAGATG
AB

TCCCCGCTGG AAAAGCCCCC
AGGGGCGACC, TTTTCGGGGG

TCTTTCTCCG AGTGATTTGC
AGAAAGAGGC TCACTAAACG

GTGGCCGTCA TGTGGGAGGC
CACCGGCAGT ACACCCTCCG
RE

AGCCATCATC AGTAGCTAGC
TCCGTAGTAG TCATCGATCG
1

R

GCTGAGCGAT CAGTTCATCC
CGACTCGCTA GTCAAGTAGG

GCTCCTTACA CAAAGTCACG
CGAGGAATGT GTTTCAGTGC

AAAAAAATCA AATAAATTGT
TTTTTTTAGT TTATTTAACA

AGCCCCGTGA TTGCGGATGC
TCGGGGCACT AACGCCTACG

TCA-clement
CCATATTTTT TGGGGTTTTT
GGTATAAAAA ACCCCAAAAA

ACGCACAGTT AGGTTTCACA
TGCGTGTCAA TCCAAAGTGT
MBS

TCAGCTGTGC TCACATACGA
AGTCGACACG AGTGTATGCT

3
AAAATACGGA, TGOTAAGTTT.

TTTTATGCCT ACGATTCAAA

AGCGCTCGAT AAGCGCATGT
TCGCGAGCTA TTCGCGTACA

ACCAAGTGGC ATGCATATCG
TGGTICACCG TACGTATAGC
CAT-box

GTGATGAGAT CGATCGTGAT
CACTACTCTA GCTAGCACTA

GGCCGGCCTA CGGGTTCTCT
CCGGCCGGAT GCCCAAGAGA

ATCAGCTCCA TCGACATGGG
TAGTCGAGGT AGCTGTACCC

AACCAGATGA
TTGGTCTACT

CAGAACTGAT
GTCTTGACTA

ACAGTCTAGT
TGTCAGATCA

AAATTGGGAT
TTTAACCCTA

ACAGTGCCGC
TGTCACGGCG

TAAATTGTGC
ATTTAACACG

ACATATTTTT
TGTATAAAAA

GCACGTACAA
CGTGCATGTT
ABRE

AATAGGGTGA

TTATCCCACT

ATGGGCATGG
TACCCGTACC

AGCAGAGGGA
TCGTCTCCCT

CGTCATCTGG
GCAGTAGACC

CTCAAACGTG
GAGTTTGCAC

CAGGCTTCGC
GTCCGAAGCG

ABRE

TGGGAGCCCG GCCACGCTAC
ACCCTCGGGC CGGTGCGATG

TGTTCGAAGC TTTCAGCCGA
ACAAGCTTCG AAAGTCGGCT

AGAGCGAGCG GAGCTGAGCT
TCTCGCTCGC CTCGACTCGA

AAATGTATAA
TTTACATATT

CCGAGCCATA
GGCTCGGTAT

GACCTACCAC
CTGGATGGTG

GTAGGGAGTA
CATCCCTCAT

GTATCCGTTC
CATAGGCAAG

CCTTAGTTTT
GGAATCAAAA

TTAGGTTTTT
AATCCAAAAA

TGAGACTGAC
ACTCTGACTG

TTGTTAAAGT
AACAATTTCA

GTGCACCGTG
CACGTGGCAC

AACCACATCC
TTGGTGTAGG
ARE

TACCGTTCGT
ATGGCAAGCA

ABRE
GCGAGTGECT
CGCTCACGGA

GAAGGTACGG

CTTCCATGCC

F1
GACTOICCA COTCAGCATA

CTTGAGAGCT GGAGTCCTAT

CAAATTGCGT TTACACAATG
GTTTAACGCA AATGTGTTAC

TGGCCCGGAC TGTGTGTTGA
ACCGGGCCTG ACACACAACT

GAACACTTTG CGCTCGCAGA
CTTGTGAAAC GCGAGCGTCT

GTTATTTTTT TTAACCATAT
CAATAAAAAA AATTGGTATA

TCCTCTTTAT CAAGGCCTGC
AGGAGAAATA GTTCCGGACG

AGTGGTGTGC TCACATATAA
TCACCACACG AGTGTATATT

TAAATTTGTG CCCTTAGTTT
ATTTAAACAC GGGAATCAAA

AAACGAGCGT GAATGGGTAG
TTTGCTCGCA CTTACCCATC

TGGTCTAAGT GGATAAAGCA
ACCAGATTCA CCTATTTCGT

CATGTCCAGG CCACCTGGAG
GTACAGGTCC GGTGGACCTC

CAT-box
AACTTGTACT CGATCGCCAC
TTGAACATGA GCTAGCGGTG

ABRE
GCACCATCGC GTCGAGACGA
CGTGGTAGCG CAGCTCTGCT

TGCACATGGT GGTGGTCCGG
ACGTGTACCA CCACCAGGCC

Fs
ACETCOTGNS ACANGACACE:

TGGAGCACTG TGTTGTGTCG

GTGGCCCGGG
CACCGGGECC

TCGAGCACCA
AGCTCGTGGT

GAGCTGAGCG
CTCGACTCGC

GACTGCCTCG
CTGACGGAGC

TCGTCACAGT
AGCAGTGTCA

AGCTTGCGTT
TCGAACGCAA

CTGCTGCTGC TTATAAATAT
GACGACGACG AATATTTATA

CAGTAGTAGC CAAGCATATT
GTCATCATCG GTTCGTATAA

GCTTGAGAGA CCCTGCTGCC
CGAACTCTCT GCGACGACCG
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Fig.5 Promoter sequence of maize MGL3 gene and abiotic stress-responsive elements
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Table 1  Abiotic stress-responsive elements in promoter of maize MGL3 gene
Jeff SEWF AN JE L it
Element Reference species Core sequence Location Function

ABRE B A dhaliana 2CGTC 939,285,281, 245 bp  ABA %% ABA response

GCCACGTACA
ABRE K% Barley CGTACGTGCA —515,—429 bp ABA Jij % ABA response

CCTACGTGGC
ARE Tk Maize TGGTTT —1565,—631 bp B8 R4 % S Enhanced anaerobic induction
CAT-box WS A. thaliana GCCACT —656,—606 bp I3 2135k Meristem expression
CCAAT-box K% Barley CAACGG —1654 bp MYBHv1 %54 fii i MYBHv! binding site
MBS WIHFF A. thaliana CAACTG/TAACTG —1670,—1 176, —1 053 bp MYB %54 fii 5 MYB binding site
MBS F ok Maize CGGTCA —392 bp MYB %4 fii 5 MYB binding site
TC-rich repeat JHE Tobacco ATTTTCTTCA —771 bp [ T2 38 5 B Defense and stress response
TCA-element & Tobacco CCATCTTTTT —1 160 bp KRR Salicylic acid reaction




658 (LTS [ A i N // = 35 &

M5 FH X IRCA B3 (& 8) L, ] pMGL3 J7 31 1Y
WA AR 5 5 S n sh e .
2.4 RERHFEENEBERE

W Fof 2 38 A Ak 0 B 15 L 4 GUS e (s
LER W] 5 R R K BE Y pMGL3 J5 8 F R
B YREER 3 GUS (435 @ 1 41 21 2 B e iE (0 5
SR 9, — B E 325 bp AR pMGL3 J5

M 1

2000 bp

1554 bp
1000 bp
750 bp |

500 bp

250 bp |
100 bp |

Kl 6 MGL3 5 Ja3h 7944 i B
M. DL2000;1. pMGL3 J3 8+

Fig. 6 Amplified fragment of maize MGL3 gene promoter
M. DL2000;1. pMGL3 promoter
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Fig. 8 GUS staining of maize calli transformed by pBI221-pMGL3-GUS
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Fig. 9 GUS staining of tobacco calli transformed by GUS gene under

control of promoter pMGL3 with different length deletion

a—f{.1720.1554,1129.690,429 and 325 bp fragments, respectively;g. Ubiquitin ; h. Blank control
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