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TECH ICAL NOTE 

Ubiquitin promoter-based vectors for high-level 

expression of selectable and/ or screenable marker 

genes in monocotyledonous plants 

LA H. CHRISTE SE t and PETER H. QUAIL* 

Dept. of Plam Biology. Univer ity of a/i/omia, Berkeley. A 94720. and U, DA/ARS Plant Gene Expression 

Ce111e1; 800 Buchanan St .. Albany. CA 94710, U A (Fax: I 510-559-5678) 

Received 7 July 1995; revi cd 21 Augu·t 199-; a cptcd 24 Augu t 1995 

A ct of pla mids ha. been on tructed utilizing the prom ter, 5' untran lated exon, and fir l intron of the maize 

ubiquitin ( Ubi-1) gene lo drive e pre ion of protein coding ·equence of choice. Plasmids containing chimaeric 

genes for ubiquitin-luciferase ( Ubi-Luc), ubiquitrn-[3-glucuronida e ( Ubi-GUS), and ubiquitin-pho ph.inothricin 

acetyl transfcrase ( Ubi-bar) have been generate~ a well a a onstruct containing chimaeric gene for both Ubi­

GUS and Ubi-bar in a ingle pla. mid. Another con ·truct wa generated to allow cloning of protein coding 

sequences of choice on 8am III and Bum 111 compatible re triction fragment dm nstream of the Ubi-1 gene 

fragment. Because the Uhi-1 promolor has been hown to be highly active in monocot the e con truct may be 

u eful for generating high-level gene c pre sion of elc table markers lo facilitate efficient transformation of 

monocot , lo drive expression of reference reporter genes in Ludie of gene expre sion, and to provide expre ion 

of biole hnologically imp rtanl protein product in lran genie plant . 

Keywords: gene e pres ion; Lran genie monocot ; ubiquitin 

Introduction 

The general availability of trong promoters active in all 

or mo L cell type of m n cotyledonou plants would be 

u eful in a variety or application in gene transfer studie 

with thi plant group (Mc Ir y and Brettell, 1994). 

!though the v idely-u ed cauliflower mo aic virus 

( a 35 pr mater i active in monocot cells, its 

relati,e trength i ub tantially !es than in dicot cells, 

and it i inacti e in ome cell type , e.g. pollen (Bruce et 
al., 19 9; hri ten en et al., 1992; McElroy and Brettel 

1994 ). The maize Adi, I promoter ha al o been u ed in 

m n c t tran ~ rmation tudie (Fromm et al., 1990), but 

it activity app ar to be re tricted to root and hoot 

meri . tern , endo perm, and pollen (Kyozuka et al. , 1991 ). 

B cau e or their expected in ol ement in fundamental 

pro e • e in all cell type , the gene for rice actin (Act-I) 

(Mc lroy et al., I 990) and maize ubiquitin ( Ubi-1) 
( hri ·ten en et al., 1992) have been inve tigated a 

•To whom correspondence should be addres ed. 

•Present addrc : Dept. of Biology. George Mason University, Fairfax, VA 

22030, A 
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potentially useful alternative to the aM 35 and 

Adhl sequence . Both or the e monocot promoter have 

been shown to be ignificantly m re active than the 

CaMV 35S promoter in monocot cell (Bruce et al. , 1989; 

McElroy et al., 1990; hristen en et al., 1992; ornejo et 
al., 1993; Gallo-Meagher and Irvine, I 993; Mc · troy and 

Brettell, I 994) with the Ubi-1 promoter being omewhat 

stronger than the Act-1 promoter where compared directly 

(Cornejo et al., 1993; Gallo-Meagher and Irvine, 1993; 

Schledzewski and Mendel, 1994; Wilmink et al., 1995). 

ince our initial reports on the u e of maize Ubi-1 
promoter con truct in transient ( hri tensen et al., 1992) 

and stable (Toki et al., 1992; Uchimiya et al., 1993) 

cereal tran formation ·tudi , we have di tributed to a 

large number or re earcher a variety or con tructs with 

the Ubi-1 promoter fu ed t a pectrum or selectable and 

corable marker . ertain of the e con tructs or their 

deri ative have been u ed uccc sf ully in tran forming a 

number or differ nt m nocot pecie (Wilmink et al., 
1995), including everal cereal (McElroy and Brettell, 

1994) and Lemna (Roi re and Tobin, 1991 ), with reports 

of tran genie plant ha ing been generated for rice 

( ornejo et al. 1993), wheat (Week et al., 1993), and 
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barley (Wan and Lemaux, 1994). This report presents the 
structural de tails of the complete set of these constructs. 

Materials and methods 

The c loning and sequencing of the maize ubiquitin gene 
and its promoter have been reported previously 
(Christensen et al., 1992). A ll DNA c loning and 
manipulatio ns reported here were performed according to 
standard protocols (Ausubel et al., 1989). Restriction 
endonuclease digestions were carried out according to 
manufacture rs' recommendations. GeneClean (BIO IO I, 
La Jolla, CA, USA) was used to isolate specific restriction 
fragments from agarose gels. Recovery of DNA fragments 
was quantified by comparison o f ethidium bromide 
fluorescence of an aliquot of the fragment with known 
masses of DNA on agarose gels. The Hin dlll linker (5' 
CAAGCTTG 3') used in the construction of pAllC27 was 
obtained from New England Biolabs. DNA ligations and 
subsequent transformations into competent Escherichia 
coli strain X LI -Blue or HB IO I cells and plasmid DNA 
preparations were carried out using standard protocols 
(Ausubel et al., 1989). Analysis of DNA sequences was 
performed us ing the UWGCG package of programs 
(Fromm et al., 1990) and D A Inspector 11 (Textco, W. 
Lebanon, N J I, USA). 

Results 

All o f the constructs described here were generated by 
fusing the same 1992 bp Pst l fragment from the maize 
Ubi- 1 gene upstream of the relevant polylinker or marker 
sequence (Fig. I). This Ubi- 1 PstT fragment contains 
899 bp o f promoter sequence , 83 bp of 5 ' untranslated 
exon, and IO IO bp o f first intron sequence, terminating 
through reconstitution of the Pst l site precisely at the G in 
the AG dinucleotide of the 3' splice junction of the intron 
(Christensen et al., 1992). The nucleotide sequences at the 
fusion j unc tions at the 3' end of the Ubi- 1 DNA are 
shown for each construct in Fig. 2. 

pAHC/7 

This plasm id is a Ubi-1 promoter expression vector for 
Bam HI (or Bam III-compatible) cloning of protein coding 
regions. It contains the Ubi-1 promoter, 5' untranslated 
region and intron upstream of an unique 8am HI site (Fig. 
1). About 250 bp o f nopalinc synthase (NOS) 3' 
untranslated sequence and polyadcnylation s ignals arc 
located downstream of the 8am HI s ite. The 1992 bp Pst I 
fragment of the Ubi- 1 gene had been previously cloned 
into the Pst I site of MI 3mp 19 for sequenc ing 
(Christensen et al., 1992). A ! Jin dlll-Bam HI fragment 
from the replicati ve form of that clone was isolated and 
ligated to a 3 175 bp I/in dlII- Bam HI fragment of pMF6 
(Goff et al., 199 1) containing pUC8 sequence and 250 bp 

Christensen and Quail 

of NOS 3' polyadeny lation sequence adjacent to the 
Eco RI s ite. 

The polylinker sequence is located between the end of 
the Ubi-1 intron and the Bam HI cloning s ite and 
between the 8am lll s ite and the NOS sequence (Fig. 
2). Thus, a reporter gene cloned into the Bam HI site is 
fla nked by polylinkcr sequence on both the 5' and 3' 
sides. Sal I and Xba 1 sites from the MI 3mpl9 polylink.er 
are upstream of the 8am HI site and a Sal I and a Pst I 
site from the pUC8 polylinker are on the 3' side. 

pAHCJ 5 and pAl!C27 (pUbi-GUS) 

These plasmids contain the maize Ubi-1 promoter, 5 ' 
untranslated region and first intron fused to the cod ing 
region o f the £. coli uidA gene (GUS) ( Fig. I). To 
produce pAIIC 15, I fin dill- Eco RI fragment of pBl IO 1.2 
(Jefferson et al., 1987) containing the Hin dlll to Sma I 
region of the pUC 19 polylinker, the GUS cod ing 
sequence, and 260 bp of the nopaline synthase gene 
po lyadenylation signal was cloned into the Hin dIIl and 
Eco RI sites of pUC19 (pUC l 9-GUS-NOS). The 1992 bp 
Pst I fragment of the maize Ubi-1 gene (Christensen et al., 
1992) was cloned into the Pst l site of the polylinker 
sequence upstream of the GUS coding sequence in 
pUC 19-GUS-NOS. The construct contains the Ubi-1 
sequence in an orientation such that transcription w ill 
proceed through the ubiquitin 5' exon, intron and the GUS 
coding sequence, terminating in the NOS 3' sequence. 

pAHC27 contains the same Ubi-GUS-NOS construct as 
pACH 15 but as a Hin dill fragment cloned into the 
Hin dlll site of pUC J9 (Fig. 1). This construct was 
generated to facilitate the production o f pAHC25 (see 
be low). The Eco RT s ite at the 3' end of the chimeric 
gene in pAHCl 5 is not unique as there is an additional 
Eco RI site in the Ubi-1 intron. I lowever. the Hin dlll site 
at the 5' end of the chimaeric gene is unique. To allow 
the entire construct to be removed as one fragment for 
further subcloning, a Hin dlll site was introduced at the 
3 ' end of the chimaeric gene. This was achieved by 
partially digesting pAH C I 5 with Eco RI, optimizing the 
digestion for linear fragments. The Eco RI s ites were 
filled in with dNTPs and Klenow fragment of DNA 
Polymerase and a /-fin dill linker (5' CAAGCTTG 3'; 
New England Biolabs) was added. Addition of the linker 
a lso restored the Eco RI site. The DNA was digested wi th 
I fin dIII to remove excess linker and to cut at the 5' end 
of the chimaeric gene. The 4. 15 kb Hin dll I fragment 
containing the Ubi-1 gus chimaeric gene was gel-purified 
and subcloned into Hi11 dlll digested pUC l9. The 
chimaeric gene in the resultant pAHC27 is oriented such 
that the entire pUC 19 polylinker is upstream of the Ubi-1 
promoter (Fig. I). 

pA!IC/8 - pUbi-LUC 

This plasmid contains the Ubi- 1 promoter-5' exon-first 
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PSaXBSa P 

HSpPX Sa tfB' H 

pAHC17 11 pUC8 

PSaXBSm 

HSpPX Sa ril' Sc E H 

11 I I pUC19 
pAHC15 GUS 

PSaXBSm 

Sc EH EScKSm B XSaP SpH 

pAHC27 GUS 
pUC19 

P Sa X BE E Sc K Sm B Sa P 

pAHC18 
H; T .. __ s_a~~-x XEX ... x_; _ E_il _~ _c _, _• _•_1 ... •E---1 • ___ p_uc_a ___ __.l 

PSaXB SaP 

HSpPX Sa x{:J"¼f H 

11 pUC8 I pAHC20 .: BAR I 
1 kbp 

PSaXBSm EHSpP PSaXB SaP 

HSpPX Sa iDD' Sc [ Sa :e:y;~c H 

pAHC25 11 
XB< 

pUC8 
GUS I I fJ BAR I 

Fig. I. Schematic diagrams of expression vectors based on maize Ubi-1 sequences. The relative sizes of the various segments of the 

linearized plasmids are drawn to scale. Bold straight line, Ubi-1 promoter sequences; filled box, Ubi-1 exon; angled line, Ubi-1 intron; 

labelled open boxes, reporter gene sequences; blank open box, nopaline synthascs 3' untranslated sequence; thin straight line, pUC8 

(pAI IC17, 18, 20, and 25) or pUC l9 (pAHC15 and 27) sequence. Arrow at the Ubi-1 cxon signifies transcription start site and direction. 

GUS, 13-glucuronidase (Jefferson et al., I 987); LUC, firefly luciferase (Ow el al., 1986); BAR, phosphinothricin acetyltransferasc (De 

Block et al., 1987). Restriction sites used in construction of the chimacric genes and in adjacent polylinkcr sequences are shown. The 

8am J-11 site marked with an asterisk in pAHC 17 is an unique site for c loning 8am 111 or Ba111 HI-compatible fragments. (Note: The Xba I 

sites located in the Ubi-1 intron are subject to mcthylation interference in dam+ E. coli strains. Also, although the Eco RI site in the Ubi-1 

intron upstream of the gus sequence in pAHC15 is cleaved efficiently, in both pAHC27 and pAIIC25 the corresponding Eco RJ site is cut 

very inefficiently). B, 8am HI; E, Eco RI; 11, Hin dlll; K, Kpn 1; P, Pst I; Sa, Sa/I; Sc, Sacl; Sm, Sma I; Sp, Sph I; X, Xba I. 



216 

pAHC17 

UBl1 lntron 

Pst I Sal I Xba I Barn HI Sal I Pst I ------------
..... ctgcagGTCGACTCTAGAGGATCCGTCGACCTGCAG .... . 
..... gacgtcCAGCTGAGATCTCCTAGGCAGCTGGACGI'C . ... . 

pAHC15 / 25 / 27 

UBl1 lntron 

NOS3' 

Pst I Sal I Xba I Bam HI Sma I 
GUS (from pBl101.2) 

..... ctgcagGTCGACTCTAGAGGATCCCCGGGTAGTCAGTCCCTTATG .... . 

..... gacgtcCAGCTGAGATCTCCTAGo:;GCCCATCAGTCAGCGAATAC .... . 

pAHC18 

UBl1 lntron 

Pst I Sar I Xba I Bam HI 
LUC (from pDO432) 

Christensen and Quail 

..... C tgcagGTCGACTCTAGAGGATCCGAGCTTGGAATTCCTTTG'l'G'.l'TACATTCTTGAATGTCGCTCGCACTGACATTAGCATTCCGGTACI'GTTGGTAAAA'm .... . 

. . . . . gacgtcCAGCTGAGATCTCCTAGGCTCGAACCTTAAGGAAACACAATGTAAGAACTTACAGCGAGCGTCACI'GTAATCGTAAGCCCATGACAACCATTTTAC .... . 

pAHC20 / 25 

UBl1 lntron 

Pst I Sal I Xba I Barn HI 
BAA (from pUC/BASTA) 

..... C tgcagGTCGACTCTAGAGGATCCATCGATTAGGAAGTAACCA n; .... . 

. . . . . gacg lcCAGCTGAGATCTCCTAGGTAGCTAATCCTI'CATTGGTAC .... . 

Fig. 2. Nucleotide sequence of the polylinker region comprising the junction between the Ubi-1 intron and the reporter gene or NOS 3' 
sequence. The Uhi-1 mtron sequence (lower case) ends with a Pst I site containing the 3' splice junction. The reporter gene sequences 
shown downstream of the polylinker are those upstream of the respective coding sequence and end with the ATG translation start codon 
(italici-led) shown for each. 

intron fused to a lueiferase (LUC) reporter coding 
sequence (Fig. I). An 1892 bp Bam Hl fragment of 
pDO432 (Ow et al., 1986) containing 80 nucleotides of 
5' untranslated sequence, the luci ferase coding region 
( 1649 nucleotides) and 163 bp of 3' untranslated sequence 
was cloned into the unique Bam HI site of pAHC 17. This 
construct contains the luciferase coding sequence in the 
same orientation as the ubiquitin promoter. 

pAHC20 - pUbi-BAR 

The Ubi-BAR chimaeric gene in this plasmid provides 
selection of trans formants resistant to Basta™ herbicide 
(phosphinothricin) (De Block et al., 1987). The Ubi-BAR 
construct was formed by ligating a 570 bp Bam HI Bell 
fragment containing the har gene into the Barn HT site of 
pAHC 17. The bar gene fragment was excised from a 
plasmid (pUC8/BASTA) obtained from Dr M. Fromm 
(Fromm et al., 1990). The resultant pAHC20 plasmid has 
bar in the same orientation as the maize Ubi-1 promoter 
(Fig. 1). The construct contains 18 bp of sequence 
between the Bam HJ site and the translation start codon 

of the bar gene (Fig. 2). The Bel I site is 11 bp 
downstream of the TGA stop codon. 

The unique Hin dill site at the 5' end of the Ubi-1 
sequence makes this plasmid very adaptable. This 
restriction site is suitable for insertion of a second 
chimaeric gene, such as a scorable marker also driven 
by a second Ubi-1 promoter, as detailed below for 
pAHC25, or for any other desired promoter- gene 
combination. 

pAIIC25 pUbi-GUS/Ubi-BAR 

pAJIC25 contains both a selectable marker (bar) and a 
scorable marker (GUS), each under the transcriptional 
control of a separate Ubi-1 promoter (Fig. I). The two 
chimaeric genes were first assembled separately in 
pAIIC20 and pAHC27 and then the double construct 
was formed. This was achieved by excising the Ubi-GUS­
NOS-containing I fin dIIl fragment from pAI IC27 and 
subcloning it into Hin dIII-digested pAHC20. The resul­
tant pAHC25 plasmid has both Ubi-BAR and Ubi-GUS 
chimaeric genes in the same orientation. 
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Discussion 

The high activity of the maize Ubi-1 promoter has now 

been documented in transient and/or stable transformation 

configurations in a number of monocot systems including 

rice (Bruce et al., 1989; Toki et al., 1992; Cornejo et al., 

1993; Uchimiya et al., 1993; Takimoto et al., 1994), 

wheat (Taylor et al., 1993; Weeks et al., 1993), barley 

(Wan and Lcmaux, I 994), sugarcane (Gallo-Meagher et 

al., 1993; Taylor et al., 1993), maize (Christensen et al., 

I 992; Gallo-Meagher et al., 1993) Pe11nisetum (Taylor et 

al., I 993 ), Pa11icu111 (Taylor et al., 1993) and lemna 

(Rolfe and Tobin., I 991 ). Whether or not the high level of 

expression of selectable marker genes fused to Ubi-1 

actually increases the efficiency of recovery of fertile 

transgenic plants relative to less active promoters like that 

from the CaMV 35S gene is yet to be rigorously examined 

(see Wan and Lemaux, 1994 ). However, the high level of 

GUS expression provided by the Ubi-GUS constructs has 

proven valuable in enabling rapid histochemical screening 

of transformants for transgcne activity (Cornejo et al., 

1993 ). 
The origina l intron present in the 5' -untranslated region 

of the Ubi-1 gene (Christensen et al., 1992) was retained 

in all the constructs here because of numerous previous 

studies showing that introns frequently strongly enhance 

transgene expression in cereals (Callis et al., 1988; Bruce 

and Quail, 1990; McElroy et al., 1990; Vasil et al., 

1993 ). The influence of the Ubi- 1 intron has not been 

tested directly, but there is evidence that this maize 

sequence is spliced correctly in transgenic rice cells (Toki 

et al., 1992). 
Detailed examination of the spatial and temporal 

expression patterns of the Uhi-1 promoter in transgenic 

plants is yet to be reported. l lowever, initial data with a 

Ubi-gus construct indicate expression in all organs of 

transgenic rice consistent with a potential for targeting a 

wide spectrum o f cells (Cornejo et al., 1993; Takimoto el 

al., 1994). 
An additional potentially usefull feature of the Ubi- 1 

promoter is that it is stress-inducible. Both thermal and 

mechanical stress have been shown to cause a strong 

enhancement of the Ubi-gus transgenc act1v1ty in 

transformed rice (Cornejo et al., 1993; Takimoto et al., 

1994 ). It is possible that this fact may result in stronger 

expression of selectable marker fusion genes during the 

early stages of transformation, where recipient cells arc 

exposed to a variety of stresses such as high osmotic 

pressures, particle bombardment and growth on toxic 

compounds. A subsequent decrease in expression level is 

expected upon removal of the selective conditions so that 

regenerated transgenic plants would presumably not 

continue to express the marker at high levels when it is 

no longer needed. The stress-inducibility of the Ubi-1 

promoter might also be useful for driving conditional 
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expression of genes that confer tolerance or resistance to 

various biotic and abiotic stresses such as pathogen 

attack, heat and water deficit (Takimoto et al., 1994). 
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