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cis-elements trans-elements 3
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Table 1 Vascular specific promoters
Gene Source Expression References
Phenylalanine ammonia lyase Bean Vascular sepals anthers carpels 1
Profilin2  PFN2 Arabidopsis thaliana Vascular 23
GRP1.8 Bean Vascular 4
MsPR10-1 Medicago sativa Vascular 5
TED2 TED3 TED4 Zinnia elegans Vascular 6
rolA B and C Agrobacterium rhizogenes Phloem root cap 7
Sucrose synthase-1 Rice maize Phloem 89
Glutamine synthetase Pea Phloem 10
Vein 1 Bean Phloem 11
CoYMV Commelina yellow mottle virus Phloem 12 13 14
VAHOX 1 Tomato Phloem 15
PP1 Pumpkin Phloem 16
PP2 Cucurbita maxima Phloem 17 18
BSP Populus deltoides Phloem 19
vs-1 Tomato Xylem 20
SodA2 Nicotiana plumbaginifolia Predominantly in vascular bundles of roots leaves stems and flowers 21
Actinl Ubiquitin Emu
CaMV358 350 bp - 343 ~ 22 358 1A -90
+8 ~+8
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GUS —-330~ -200 bp DNA
Al -90~ -46 3 Motif as-1
1 GATA CA ASF-1
GATA1  CAF -46~ +8
TATA box 35S TATA -72~ +8 GRP1.8 profi-
35S B lin2 PAL
gus
2B -343~ -90
1.1 Gmp 1.8
A B 60% GRP1.8
GRP
grpl.8
1
gpl.8 CaMV35S
-1
gus 8o Profilin2 NRE 1
gus -205 -186 -121 94 76 -64 -36
> 1 ///#|
PP1 ! gpl.8
16 ol C qus Fig.1 Regulatory elements in the bean grp 1.8 promoter
NRE negative regulatory element SE1 stem element RSE  root-spe-
¢ cific element VSE vascular specific element
Vein1
11 CFDV DNA Keller —427 bp grpl.8 gus
DNA gus gus 8us
25 CoYMV Keller & Baumgartner *  grp1.8
qus 5 -502 -304 -205 -
199 —186 - 143 —-121 -94 -76 -2 bp 5’
- 230 ~ — 200 bp 7 gus
CaMV35$ as - 1 = 502/ gus - 304/
85% gus — 205/ gus - 199/ gus
~159~ — 84 bp 21 gus ~ 186/ gus
MsPR10-1 s gus gus - 94/ gus
Osmotin PR-5 - 12l/gus 1710
ABA G,H, NaCl gpl.8 -121~ -9 bp
2 27 — 248~ — 108 bp C,H, ABA NaCl — SE Stem element 1
2 gus - 502/ gus - 304/ gus -
3100 bp 205/ gus —199/gus — 186/ gus — 143/ gus — 121/ gus — 94/ gus
Rastogi » ~ 76/ gus
~1730 -773 -330 200 bp ~ 9 gus grl.8 -9~
, - 76 bp RSE 1
4 5 gus
, Keller & Heierli gpl.8-205 ~ - 64
gus 5
CaMV 355 - 82 5
0 o ) 205~ - 36 i?s 82
~3100 ~ - 330 bp TR -
, 5 -64~ -36
5 =200 bp © DEREEMEBFRATAARABES nttp:// journals, in. ac. on



133

28 bp CTTTGCTCTCAACGCGCCTTCCCA ATCC wse-1
gpl.8 1 VSE
CATGCTCCGTTGGATGTGGAAGACAG-

VSF-1 VSF-1

C _

vs-1
CA bzIP
vs-1 DNA vs-1
gus
arpl.8
CaMV35S-82 bp 5’
gus
grp1.8-76 bp 5
gus
»
1.2 PFN2
Profilin 12~ 15 kD
Profilin
Actin

actin
3

Columbia
4 pfn

cDNA

pnl pfn2 pfn3
Pfal P2

Christensen

pm4

89% Pi3 Pfd

91% profilin
71% ~75%  Northern
pn3 pfa4

pfnl pfn2

pml pMm2
profilin
pm3 pm4
pm2 pMm4
pfn4

-

pn2

Liu °
1667 ~ — 1 bp p/n2

pn2 5 -
qus
5’ - 1380
bp gus
- 1153 bp -969
- 597 bp

~ 1380 bp

pfn2
A -1667 ~ - 1380 bp

B — 1153 ~ — 597 bp
C -597 ~
—1bp

pfn2 pn2

- 1391 ~ - 1388 bp - 565~ —562 bp
bZzIP ACGT
0, VSF-1 bZIP
DNA ACGT bZ1P
ABA
3
pfn2 - 1647 ~ - 1640 bp
PAL2 AC-I CCCACCTACC
CCACCTAC  ACGT AC-I pm2
1.3 PAIL2
Phenylpro-
panoid
Suberin
Phenylalanine ammonia lyase PAL
Bevan
PAL2 1200 bp gus
Hat-
ton » -
1190/ gus — 420/ gus — 342/ gus — 283/gus — 254/ gus — 123/
gus —75/gus 7 5
5 gus - 123/
gus
GUS gus
- 75/ gus gus PAL2
- 194 bp~ -75 bp
- 194~ -123 bp gus
- 245~ - 123 bp gus
—-245~ =75 bp gus
gus
Leyva * - 280~ — 74
bp PAL2
-383~ -175
CaMV35S - 60 5 gus
1200 bp gus
PAL2 -83~ -74 -131
~ —120 -246~ -238 3
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Vascular-specific Promoters and cis-regulatory Elements

LIU Yu-Hui JTA Shi-Rong”
Biotechnology Research Institute  Chinese Academy of Agricultural Sciences  Beijing 100081 China

Abstract Vascular-resided bacterial and fungal diseases have caused a great deal of yield loss and quality reduction in crop
production world-wide. For genetic engineering of crops resistant to these diseases it is disirable to have a strong and vascular-
specific promoter. This article reviews the progress in identification of vascular-specific promoters and its function. To date

roughly twenty vascular-specific promoters have been documented . The cis-elements and motifs have been studied in detail for the
promoters of bean phenylalanine ammonia lyase PAL2  bean glycine-rich protein grp1.8 and Arabidopsis profilin2 pfn2 in
particular. The motif of vs-1 CATGCTCCGTTGGATGTGGAAGACAGCA found in grpl. 8 promoter was a cis-element that
specificically bind to a transcription activation factor VSF-1 protein one of the bZIP proteins . Mutation of vs-1 prevented it from
binding to VSF-1 that resulted in abolishing the vascular-specific expresson of gus gene.Motifs of AC- I and AC-I[ found in
PAL?2 promoter were also found to be essential for vascular-specific expression. In our laboratory we have dissected pfn2 promoter
into three domains A B C through 5’-deletion analysis. In this promoter we have identified two core sequences of ACGT that is
commonly found in the binding sites of bZIP protein the most abundent transcription factor existed in plants. In additon the pfn2
promoter also contains an AC- | like sequence CCACCTAC that is similar to the AC- I motif CCCACCTACC found in PAL2
promoter . These promoters and cis-elements may have a wide range of potential applications to the genetic improvement of crops

resistant to vascular diseases.

Key words vascular-specific promoter cis-regulatory element motif
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