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Abstract

We report the isolation of a novel soybean geltsg, which is highly expressed in developing soybean pods.

The gene shows significant homology to a family of fruit- and flower-specific genes, designated the major latex
protein (MLP) homologues, so far reported in only a few species and whose functions are unknown. The MLPs
are more distantly related to a group of pathogenesis-related proteins (IPR or PR-10) whose functions are likewise
unknown. This is the first report of a MLP homologue in a plant for which there is already an IPR-protein reported.
We performed an analysis of tisg promoter with 14 different promoter fragments ranging from 0.65 kb to
2.26 kb, fused to theiidA (GUS) gene. High transient expression was obtained with all the constructs upon
particle bombardment in soybean and green bean pods. @tedil@opsistransformants were obtained with the
Agrobacteriumvacuum infiltration method. The promoter is fully activeArabidopsisonly in plants transformed

with the 2.26 kb fragment promoter, expressing GUS in nectaries, nodes, short style and in guard cells of the
silique, pedicel and stem but not in mature leaves. Surprisingly, the proximal 650 bp TATA-containing region
cannot function on its own iMrabidopsisand can be deleted without a change in expression pattern in both
Arabidopsisand soybean. Thus, tissue-specific regions of the conitégppromoter reside in the distal Begions
upstream of a dispensable TATA box in contrast to many examples of tissue-specific elements that reside much
closer to the TATA box.

Introduction 1987; Busto®t al, 1991; Zhacet al,, 1994; Hamilton
et al, 1998; Ruiz-Rivero and Prat, 1998). The TATA
Combinatorial regulation is the result nsacting box is the binding site for the TBP (TATA-box-binding
factors interacting with the specific set ofs re- protein) which is part of the transcription-initiation
gions (boxes or elements) in a promoter, leading to complex. In a recent report it was shown that in a
tissue-specific gene expression (Singh, 1998). The mammalian system, naturally occurring transcription-
transacting factors themselves may be expressed initiation complexes that lack TBP or TBP-like pro-
tissue-specifically or constitutively. Many previously teins could initiate transcription from both TATA-
reported promoters are shown to have elements thatcontaining and TATA-lacking promoters (Wieczorek
control the levels of gene expression (quantitative re- et al, 1998). We report the discovery of a novel soy-
gions, enhancers) at distal §ites and tissue-specific  bean gene, thelsggene, whose’Hlanking promoter
regions proximal to the TATA box (Stougaaed al., has multiple tissue-specificis regions that extend
E—— to over 2 kb upstream of the start site of the gene.
The nucleotide sequence data reported will appear in the Gen- Even more unusual is that the TATA box and 650

Bank, EMBL and DDBJ Nucleotide Sequence Databases under the . ) .
accession number AJ239127. bases of proximal’Ssequence of this promoter can be
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eliminated without affecting the basic tissue-specific ing Facility at the Biotechnology Center, Univer-
expression patterns of the reporter gene. sity of lllinois. The DNA sequence was analyzed
This unusual gene was found in a search for pod- using the functions at the BCM Search Launcher
specific promoters that can potentially be used to on the Internet (http://gc.bcm.tmc.edu:8088/search-
direct expression of anti-fungal genes in the pod. The launcher.html). The putative amino acid sequence was
pod is responsible for protecting the developing seeds analyzed by using Proteomics tools at the ExPASy
from pathogens, and especially fungal pathogens web site (http://expasy.hcuge.ch/).
can attack soybean pods, leading to decreased seed
yield and quality. Many seed-borne fungi will also Construction and screening of the cDNA library
kill the next generation of seedlings. Pod and stem
blight (DiaporthdPhomopsis(Kulik, 1984), pod and A CDNA library was constructed using the Superscript
seed decayAlternaria) and anthracnosé&{omerelld Lambda system kit obtained from BRL (Life Tech-
(Schneideet al, 1974) are some examples of fungal Nnologies, Gaithersburg, MD). About 1,8y of mMRNA
pathogens on soybean. By expressing anti-fungal pro- from young soybean pods (UC75, an isoline of cv.
teins in the soybean pod but not in the seed itself, the Clark), isolated by the PolyATtract mRNA isolation
fungus may be inhibited and the risk is small for carry- kit (Promega), was used to construct the cDNA library
over of foreign substances (|e anti_fungaj proteins) in aCCOfding to the manufacturer’s instructions. The size-
the seed product. fractionated cDNAs were ligated tbZipLox, Not-
There is no guarantee that a non-constitutive pro- Sal arms, packagedn vitro with the i-packaging
moter from a heterologous species will regulate gene System (BRL) and used to infe¢scherichia coli
expression as anticipated when introduced into soy- Y1090(ZL) cells.
bean. To date, apart from the seed-specific (Chen  Bacteriophage clones containing cDNA inserts
et al, 1989; Choet al, 1995) and nodule-specific Were identified by PCR. Primary phage plagues were
promoters (Stougaarelt al, 1987; Lauridseret al., picked from the library and resuspended in 500f
1993), not very many soybean promoters have beenSM buffer (100 mM NaCl, 8 mM MgS@ 50 mM
characterized. Thus, there is a need for a larger variety Tris-HCI pH 7.5, 0.01% gelatin) and 20l of chlo-
of promoters with defined patterns of tissue-specific roform. Aliquots of individual phage stocks (bl
expression. Using conventional RNA blotting, we Volume)were subjected to quick-freeze-thaw in liquid
screened 160 random inserts from a pod cDNA library hitrogen for a total of three times. These DNA samples
for tissue expression patterns. One cDNA had a high Were then amplified by PCR using M13 forward and
level of expression in the pod and was used to isolate reverse primers. After amplification, the PCR prod-
and identify a novel soybean gemésg that is related ucts were electrophoresed through a 0.7% agarose gel
to the major latex proteins (MLPs) of poppy seed and in 1x TA (40 mM Tris, pH 7.8) (Sambroolet al,
intracellular pathogenesis-related proteins (IPRs) from 1989). After staining the gels with ethidium bromide
a number of plants. Deletion analysis of tkeg pro- the fragments of interest were cut out and purified
moter in transgeniérabidopsisevealed the complex by passing through a 0.2m syringe filter (Gelman

pattern of its tissue-specific expression and that the Sciences #4192, Ann Arbor, MI) (Let al., 1994).
native TATA box is dispensable. The syringe-purified PCR products were used as

probes for northern blots. Probes were prepared by
random primer reaction and labeled witA2P-dATP

Materials and methods as described (Feinberg and Vogelstein, 1982). Total
RNA from soybean seed coats, immature cotyledons,
DNA and RNA methods leaves, stems, roots, young and old pods along with

appropriate markers were electrophoresed on gels and
Standard laboratory procedures were used for DNA blotted onto supported nitrocellulose membranes (Op-
and RNA extractions, blotting, DNA probe la- titran; Schleicher & Schuell, Keene, NH; cat. 68390).
beling, PCR and restriction enzyme digestion of The RNA on the membranes was hybridized to the
DNA as described (Sambroo#t al, 1989; Lind- labeled probe at 68C and detected on X-ray film
strom et al, 1990; Choet al, 1995; Todd (Hyperfilm MP; Amersham LifeScience, Bucking-
and Vodkin, 1996). Sequencing and primer syn- hamshire, UK; product RPN1678H).
theses were performed by the Genetic Engineer-
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The cDNA library was also screened using the MSGb, a 3.2 kb fragment containing the coding region
radioactively labeled PCR product of the VS-107 (pMSG250) and a 6.3 kb fragment containing the 5
cDNA clone as a probe. Three plates with an aver- flanking (promoter) region (pMSG251). The digested
age of 40 000 pfu per plate were screened using the DNAs were purified by QIAquick PCR Purification
Y1090 E. coli strain as a host. The total number of kit (Qiagen, No. 28104) and then ligated at 12
positive plaques was counted and 12 positives were overnight. The ligation products were transformed into
isolated by secondary and tertiary screening. The vec- DH5« using standard procedures (Sambraakal,

tors werein vivo excised into plasmids pZLVS107:1-
pZLVS107:12 by mixing 251 of phage solution with
100ul of E. coliDH10B(ZIP) cells, incubated at room
temperature and plated on LB plates containing 10
mM MgCl, and 100ug/ml ampicillin. Plasmid DNA
was extracted using the QIAprep Spin Miniprep kit

1989) and selected on LB plates containing ampicillin
(50 ug/ml). Positive clones were identified following
plasmid mini-prep (Zhoet al, 1990) and restriction
enzyme digest.

Constructs for promoter analysis

(Qiagen, Santa Clarita, CA, cat. 27104).
Primers were designed to anneal&t256 (MSG1F),

—1684 (MSG4F)~1220 (MSG5F)—651 (MSGSF),
—634 (MSG2Ratg and MSG3R), 0 (MSG6Ratg)
A soybean genomic library in the Lambda Fix Il and +3 (MSG7R) relative to the start codon (Fig-
Vector (Stratagene, La Jolla, CA, cat. 946103) was yre 3). A Hindlll restriction enzyme site was
screened using the PCR product of the pod-specific included as an overhang in the-énd primers
VS-107 cDNA clone as a probe and tke coli host (MSG1F, MSG4F, MSG5F and MSG8F) and a
strain XL1-Blue MRA(P2). The library was made BanH| site was included in the ‘3&nd primers
from DNA of cv. Williams 82 partially digested with (MSG2Ratg, MSG3R, MSG6Ratg and MSG7R). Two
SawBA I. The host bacteria were gI’OWﬂ, infected and sets of deletion fragments were made using ei_
plated as described in the library instruction manual. ther MSG2Ratg/MSG3R (A92atg-F219 constructs)
An average of 45 000 pfu were plated on each of primers or MSG6Ratg/MSG7R (G305atg-N353 con-
12 Petri plates (size 150 mm 15 mm, Fisherbrand  strycts) as the reverse primer. The forward primers
cat. 08-757-14) making the total number of phage ysed to obtain 5deletions were the MSGL1F for the
screened ca. 540 000. Plaque lifts were performed A92atg, B103, G305atg, H358 constructs, MSG4F for
using 0.45.m, 137 mm NitroPure, supported nitro-  the C211atg, D162, 1372atg, J312 constructs, MSG5F
cellulose membranes (Micron Separations, Westboro, for the E178atg, F219, K340atg, L318 constructs and
MA; cat. WP4HY13750) and fOllOWing the procedure f|na||y the MSGSF for the M347atg and N353 con-

in the library instruction manual. The probe was radio- strycts. The resulting constructs, name and size can be
labeled and hybridized to the DNA on the membranes seen in Figure 6. For the A92atg-F219 constructs the
at 68°C. Positive clones were detected on X-ray film. pMSG251 subclone was used as a PCR template and
After the tertiary screening, the isolated phage plaques for the G305atg-N353 constructs the lambda MSGb
were diluted and stored as described for the cDNA pNA was used. The PCR product was purified using
clones. the QIAquick PCR Purification kit and the fragments
and the recipient plasmid pBI101 (Bevan, 1984; Jef-
fersonet al,, 1987) were double-digested wianmH|
andHindlll. The fragments and linear plasmid were

The genomic lambda clones were cultured (500 mi) @9ain purified with the QIAquick PCR kit and then
as described (Sambrookt al, 1989), and DNA ligated at 122C overnight. The ligation products were
was extracted using the Qiagen Lambda Maxi Kit transformed intd. coliDH5w. Plasmid DNA was ex-
(cat. 12562). The lambda DNA was restriction- Uracted using Qiagen Plasmid Maxi kit (Qiagen, No.
digested and maps were combined of results from 12162). Restriction enzyme digests wiianH| and

X-ray-RFLP data and from the FLASH fluorescent Hindlll, and PCR with the cloning primers, confirmed

kit data (Stratagene, cat. 200381). The plasmid DNA the transformants. The plasmid DNAs containing the
(PGEM3zf+, Promega, Madison, WI) and the 16 kb inserts were used for particle bombardment of soybean

lambda MSGb DNA were double-digested wial and green bean pods and for freeze-thaw transforma-
andEcadRl. Two fragments resulted from the lambda

Screening a genomic library

Mapping, subcloning and sequencing of genomic
lambda clones
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tion of Agrobacterium tumefaciendolsterset al., A pr*’
1978).

Agrobacteriumnfiltration/floral dippingin planta
transformation

TheAgrobacteriuminfiltration procedure was adapted
from Bechtoldet al. (1993) and Clough and Bent
(1998). Arabidopsis thalianeecotype Columbia was
sown in pots covered with window nylon mesh and _;ff & 2 Jﬁf
cultured in 18-24 h light until bolting. The main shoot & pF e
was cut down to promote side shoots forming. The d}ﬁﬁfﬁfﬁffﬁfff
transformation procedure was performed when un-

opened flower buds were numerous (about 2-5 days L BN |

after the main shoot cutting)Agrobacterium tume- '

faciens strain GV3101 (pMP90) (Koncz and Schell,

1986) transformed with th&isg promoter:GUS con-

structs was grown to a high density (g9 >1.2) in

YT medium containing kanamycin (0.05 mg/ml). The &

. . f" 2
cells were harvested by centrifugation at 5509 and &£, ﬁﬁﬂﬂﬁﬁﬁ?$ﬂﬁ$% .p‘fb.m., “'j_;ﬂ*
resuspended in infiltration medium containing /2 P R P P I F I
MS salts and Gamborg's vitamins, 44 nM benzyl- . . 5%, ., S eiees

amino purine, 5% sugar and 0.005% Silwet L-77,
pH 6.3. A beaker containing the infiltration media and

the suspended bacteria was placed in a dessicator and

the potted, bolting plants were placed inverted in it.

Vacuum was applied briefly. The pots were returned _ _ ) ,

to the 18—24 h light culture condition and maintained Figure 1. Preferential expression of cDNA clone VS-107 in devel-

e 9 . oping soybean pods. A, B. Total RNA, 109 per lane, from the

until siliques were dried and opened and the seedsindicated tissues and stages of development were hybridized with

ready to harvest. The transformed seeds were selectedhe labeled insert of cDNA clone VS-107 from the pod cDNA li-

on 1/2x MS plates containing kanamycin (5@/m|) brary. Panel B is overexposed to illustrate the weak expression that is
. h ical f d ];l present in roots, nodes, stems, shoot tips and flowers as compared to

HI_StOC emical GUS assays were pertormed on HOoW- the high expression in pods. C. Total RNA from the different stages

ering plants and as described (Jefferson, 1987) andof development of pods (lanes 1-8, pod length indicated), seed coats

modified as in Stomp (1992). The plant tissue was (lanes 9-13, from seed of the indicated fresh weight range) and

immersed in GUS assav buffer containing 5-bromo-4- cotyledons (lanes 14-18, from seed of the indicated fresh weight)

. y . . 9 was hybridized to cDNA clone VS-107.
chloro-3-indoylg-D-glucuronic acid (X-gluc) (Jersey
Lab Supply, Livingston, NJ) and incubated at 32

overnight. transient GUS expression, the plasmid pZA300 en-
coding a CaMV3534dA construct was used. The
Particle bombardment pZA300 plasmid was a gift from J.H. Zhou and A.G.

] _ Atherly, lowa State University. Soybean cotyledons,
Pods and leaves of field-grown soybeai@lycine seed coats and leaves were also bombarded with the
max(L.) Merr., and pods of green beaRhaseolus  same constructs. Two days after the bombardment, a

vulgaris (L.), from the grocery store were collected pjstochemical GUS assay was performed as described
and surface-sterilized in a 50% bleach, 0.1% Tween gpgve.

20 solution. After the seeds and seed coats were re-
moved, the inside of the pods were shot using gold
particles (1 um diameter with 2.5ug of plasmid
DNA/shot) with a BioRad Biolistic PDS-1000/He gun
(DuPont) (Kleinet al, 1987) or a particle inflow
gun (Fineret al, 1992). As a positive control for
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3 s e & & Isolati dch terization dflsg f i
SN L N N R & T solation ana characterization avisgirom a genomic
‘\‘a ‘2‘\0 Q° Q*‘Q o ® Y'OQ,&Q,& Q‘S’\Q st %0\\0\ |ibrary

Using the VS-107 cDNA clone as a probe, a

1 kb soybean genomic lambda library (Stratagene) was
screened. Out of about 500 000 genomic lambda

clones screened, two positive clones were isolated and

NS & ,afs\\ designated MSGa and MSGb. Restriction mapping

showed that the 16 kb MSGb insert contained more
------------ : flanking DNA than the 13 kb MSGa clone and was
‘ therefore chosen for further investigation. Figure 2
4 shows a schematic view of the lambda MSGDb insert

0 s i s
| | . e and the 4 kb that have been sequenced, containing
1 kb r P the coding region oMsggene that corresponds to the
n VS-107 cDNA.
Figure 2. Map of the 16 kiMsggenomic fragment representing the Figure 3 shows the sequenceM$gand about 2.8

pod-specific cDNA clone VS-107. The enlarged segment represents kb of the B-flanking region. The coding region of the

the 4 kb of the MSGb clone that have been sequenced and the darkgene is 459 bp Iong and it is interrupted by an intron

boxes represents the two exons of teg gene, interrupted by a - . .

small intron. The sequence of the original cDNA clone (VS-107) is of 105 bp at positiont+190 to +295 in the flgure.
translation, there are five conserved direct repeats of

30 bp each in a row with a consensus sequencé-of 5

Results TAAGACCCTTTAAGGGCGGTGAGTTAATTA-3.
o ) These repeats have the potential to form hairpin struc-

Identification of an abundant mRNA preferentially tures and/or act as binding sites interacting with

expressed in soybean pods the regulation of the gene. The putative TATA box

(TATATATA) is positioned from—89 to —96 from the
translational start and the poly(A) signal (AATAAA)
from 4593 to +598, 25 bp downstream of the stop
codon (TAA). When aligning the cDNA sequence to
the genomic sequence, the 300 bp lohg&translated
region is evident. The original cDNA (VS-107) was
not full-length, it begins at position-85, and the in-
tron was spliced following the GT-AG rule. We have
since isolated full-length cDNAs from the original

DNA library with the VS-107 as a probe. Thsg
gene, when translated, would yield a 17.7 kDa protein
(153 aa) with a predicted pl of 6.25.

We constructed a lambda cDNA library of soybean
pod mRNA and isolated 160 random lambda clones.
The insert from each clone was labeled and used to
examine its expression pattern by hybridization to to-
tal RNA extracted from soybean roots, stems, leaves,
seed coats, cotyledons and pods. Figure 1A shows a
northern blot probed with the insert from the random
cDNA clone VS-107. This clone is highly expressed in
the developing pods while virtually no expression can
be detected in the other tissues assayed. Sometime
a very weak expression is observed in roots, nodes
and stem as seen in the overexposed northern blot in
Figure 1B. In Figure 1C, the pod specificity is demon-
strated by hybridization of VS-107 to RNA extracted
from pods (lanes 1-8), cotyledons (lanes 14-18) and
seed coats (lanes 9-13) at different stages of devel-Database analysis of the coding sequence indicates
opment. No expression of VS-107 can be detected at that the gene belongs to a family of fruit- and flower-
any time or stage of development in the seed coats or specific genes, the major latex protein homologues.
cotyledons. In the pods, however, the expression is These have so far been reported in opium pogiay (
high at all stages of pod expansion up to full length paver somniferumNessler and Von der Haar, 1990),
of 4 to 5 cm. Expression of VS-107 mRNA declines tobacco Nicotiana tabacum Meeks-Wagneet al,,
in older pods as the seeds reach full maturity before 1989; Nealeet al,, 1990), bell pepperGapsicum an-
dehydration. nuum Pozueta-Romeret al, 1995), musk melon
(Cucumis melpAggeliset al,, 1997), and wild straw-
berry (Fragaria vesca Nam et al, 1999). There

Msg has homology to the major latex proteins, a
family of fruit- and flower-specific genes
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-2274 TCCA’I"I‘GTGGMACC(;.‘G AGTTTAATCACAAGCACAACGAGTTAAAATGATTTTGAAAATAATTGAGTAGTTGTGTGTATTGCATAGTTCATAGGTAA 100
indl ﬁ) MusGly
in

-2174 AGTGTGTG ’K}A‘i’l‘cA’ICAAA’K}TGATGAC)\'ICTTMA'I'PGAGAﬂATACTAmmmMAWAWTMAmmANTACGTGAm 200

-2074 TGATGTTGTTTGCATTGAGTTATGAACTATGAATTGTACAATCATATGACTTTAAGACCCTTTAAGGGCGGCGAGTTAATTATAAGACCCTTAAAGGGCG 300

-1974 GTGAGTTAATTATAAGACCCTTTAAGTGCGGTGAGTTAATTATAAGACCCTTTAAGGGCGGTGAGTTAATGCTAAGACCCTTTAAGGGTGACGAGTTAAA 400

-1874 A-éTAT’I'I'I'I’GAGAATM’I'NAOGACPCG’!‘GTG’I‘I'I’I‘GTACAGTI‘CATAGATAGAu TTTGTGTGCTAAAATGTTTTCTGAGTTGGACCTGAATCAGGAGGG 500
-1774 AGAGGCCCTGACGGACTCTTCGGAGTGTAGGCCTTGGGGGTCACCCGATTTGAGTGTTTC TTTAAGCCTATGTTGATCCCATATGAT! fﬁAGCATTCTCG 600
-1674 ‘I‘MX}\ACAC'I‘(.‘.’I‘G}\’I‘CC'I‘G}\C’I‘GG’I‘(."I‘CCC'I‘A’I‘GA’I‘l\’I'I‘ACC'I'AG'I‘GAG}\G'I"l‘}\C'I"IG;‘\C’I‘’I‘ACTAG'IK}TG’I‘GG’I"I"I‘GTC’X"I‘G’IBC.’;:"I)‘:}T}&CTCCTAG’:::?}‘Cr 700
-1574 CCGACGAGATTTTTCACTGACATGGTAGCACATTGCATATAGACTTGAGTTTTAGCATAACTGTTGCATACGCTTGCTAATTGTTTATCATGAAATTGAT 800
-1474 GTG'I"I‘A’I"I‘A’Z‘GTC'I“I‘GA’I‘CAGAG'I?I‘I:}I’I‘GA’I"I‘C'mTATA’I'I‘GTGATGGATGA’I"ICAAAGG‘I‘GTCA’I'PGAT'I‘GMAAGTGAA’I'I"I'I‘GMTGACMAGTGG 300
-1374 TGAAATAATGTGAGCTATGCTAAGTAGAT TGTATTTGGCTACTATATGTTATCTCGT TTCTCTCTAGTAGTTAGGAATGTGATAACTCACTCTCGGTTTG 1000
-1274 CTGGTA'I‘TTGMTCCTG’ICATCATCC'I‘GAA’I'I”I'PGTATI‘CAAGGAGCGAGQ’{? TAGATGAACTGCTTTAAGGAATATTGTGCTGAAGGATGTCGGGAC 1100
-1174 ACAATGC‘I‘C’I’GATAGGA’I‘GTGACA’I'I‘GGATMTAAG’I'I‘I"I'I‘ATA’X‘TAK"}‘T;I‘TATCATG’I'I‘A“AS’I‘GCS';A’I'I'I"I‘A’I"X'I"I‘AC CTCACTGATTTAACAAAATATTT 1200
-1074 TTATAAATTTGTGACGGACTTATTTTGAGCCGAATATGT TTT TAATAAGTTTTAATTGATAATAGTGCAGTGGATGTGAACCTTTTAGCCATGTGAATTT 1300

-974 GTTTTCCAATATTTTTATATATTTTATTTATATATACATATATGTCGGGGTAGAGGATGTCACATC TTCACTCCAAACATCTCATTAATATCAATCATAT 1400

-874 TCTTCTTGATTATCATATCTAGCCACCCTTTTATCTCATTTCTTTCACTAGGTGTCCAATAATT TTTTAGTGTCTACCAATCCATTTTTATATATAGATA 1500

Accl
-774  TATATTGTTGATTATGGTATTGATATAAAATAATTACTA GTAACGATTAATATTCATTAGAAATCGTGAGCACACTTAAGGTAAGTACTCTCCT 1600
MSG2Ratg/MBG3R
-674  TTCATTATGATTTATTTTATA CAAAG’I‘QGAA%’#TZGMATTWCACWMAWACATATATAMCAC’ICAAAA 1700
pind% MSG8FECORI

~-574 TAAACATAAAAATGACACTTAATAATAATTGTTTTCTTTCTATTTTTTGAAATACCAAAACTTTGTTTCATATGTARAGGGAAAAGGAATAATACTATTA 1800
-474 AGCTACACCATGAAATCAAACAAAAATTATCATTGGGAATGATATAAAAAAATCAATARATTTATCCACATATTATAATTTATGATTTCATACACAATAG 1900
-374 GATAATAGTTTTACACTTTCATTGCAACAGTATATAATATGACATATTTATTTCTACGTTGTGTGCCCACTTATTCTTTAATAATAGTAGAAGAGGAAAG 2000

-274 GGAAATTCAATATTTACTTCTTCATTTTCCCTTTTAGCCGTTCATCAT TTT TTCAACTTTGAAAGTTTTTTT TTGTCTTTT TTCAAAAGAAATTCTCATT 2100

-174  GTATTAATACATTGAGAAAAGAAGACAAAGATAAAACAATGTTAAGTTTAAGATGTGAAAAACCACGACCA
MSG6Ratg/MSGTR
-74  TGCTCAAACATGACAAGCCAGTGATAGTTGCTTTCAGATAACTGATAGTTGTGTGCAATTA

TGTCTCGTA 2200

AR TGIICTCAACCCGACTCGTTGGTGGC 2300
,,,,,,,,,,, EcoRI. M S @ P D S L V A

+27  TGAGATTGAGGTGAAAACCTCTGCTGATCACTTTTACGACACCTTGAAGGGTAAGAAALAGCATCGTATTCATGATGTTGCCCETCATCATATCEATARG 2400
. E L E V K T S A D H F Y D T L K G K K Q HyR I H D V A P H H I H K

+127  GTGGAAGTTCATGAAGGTGAGTGGGATAAATCTGGCAATATCAAGGTGCTTACATTCGCTGA' AAGTTAAACTTAATAAACACAATTCACAGCTATA 2500
VEVHEGEWDI KSGNTIZKVILTTFAD  §

+227  TATCTTCTATTCCATATTGTTGTTATGATTAAGTTATCATTGTTATTATTGTTGTTGAATATTATGTAGGGGACACTGTIGAGACCTTAAAGGAGAGAGT 2600

+327  TGATTTTGATGATGAAAACAAGAAGATAACCTACACCATATTGGAGGGTGTCATGTTGAAGTACTATAAGAGCTACAAGGTTATCGTTCATGTTTTACCA 2700
D FDDENTZKTZ KTITZYTTIULESGVMLZEKTYZYZEKSTSZYZ KUVTIUVHUVTLTFP

427  AAAGGTGATGAGCACAGCCTTGTGAAGTGGACTTTCTTGTATGAGAAGGTGGATCACACTGECCCTGAGCCAACCAAGTACAAAGATTTGGTGGTTAAAC 2800
K G D E H S L V KWTTF LY EJZKUVDHTATPEZPTIEKTYKTUDTLUV VK

+527  TCACCAAGAACGTGGAGGCTCATCTTGTTGAGGCTCGTIAARATGATCCCTARGTGGTTCACGCETA STTGTGATCTGTCTGETGTGTTGCATGT 2900
L T X NV E A MLV E A RSOD o POLYA signal .
+627  GGCCCCTTGGTTAATTATCAGCCATTATGTTTGC TTTARATTGCCETGCCTAATATG T TG TGETTAACTTCTTAAAAATATTGGTTCTCAACCATAAGT 3000
HinclII

+727  TGTGTAATGTGTTGTTGGTTTATTCARAATATTGGC CGGGGATCACAGGGAGGSCTACATGCCTTTGTATGTCTGTGATTTGTAATCTTCGACCAGCTAT 3100
+827  TGATTAATTGATGTTAAGGGGGATTTATCCTTGT I TG T TCAAACATT TTGCCARATACT TTTGATAACTAGAAGGTTTGTGGATAGCCGGTTTTTCTTC 3200
+927  ATTGGGAAGCTTACAGGCATGCATTGGCTAAAAACCAGAAGAAATTAAATGTCAAAATGCTTCCACAAAAGTTGTTTAATTTAAATTAAACACTTGAATA 3300

HindIII SphI
+1027 TGTTTTAATCCCTGAAAAATTTACAGATC TTGCATT TGATATTTAATAATTTCT TTC TTAACT TT TGATTCCTGARAAATTATTTTATAT TTGATTCTTG 3400

Figure 3. The nucleotide sequence bfsg and flanking regions. The primers used to obtain the PCR fragments for the promoter analysis
are indicated by an arrow, with the overhang indicated by the name of the restriction site. Restriction sites are underlined and the splicing
sites of the intron are marked by vertical arrowheads. The putative TATA box, start, stop and polyadenylation signals are boxed. The original
cDNA sequence (VS-107) is indicated by a dashed overline, starting and ending with arrows. The protein sequence is given below the coding
nucleotide sequence. Betweerdl871 and-2026, five highly conserved repeats are located (marked with thin lines and arrows).

are also sequences in the databasesAi@bidop- seyevet al, 1997) and the parsley PR1 protein (Rush-
sis thaliang rape seedBrassica napus raspberry ton et al, 1996) and to the related allergens such as
(Rubus idaeysand common ice plantesembryan-  Api g | of celery (Breitenedeet al., 1995) and espe-
themum crystallinum The function of the MSG pro-  cially to the major tree pollen allergen proteins such as
tein and its family members are unknown but they are Cor a | of hazel (Breitenedest al. 1993) andCar b |

all expressed in fruits and/or related organs such as of hornbeam (Larseet al., 1992).

flower parts and in general they are of low copy num- Figure 4 presents an alignment of the gene prod-
ber. They are 16.8-18.1 kDa in size and pl's range be- ucts of the published major latex homologues. In the
tween 5.5 and 6.7. These sequences also show signiffigure, only those amino acid residues that are iden-
icant homology to pathogenesis-related plant proteins tical matches to the soybeansg are boxed. Some
(PR proteins) such as ribonuclease of ginseng (Moi- regions are highly conserved, for example a glycine
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31 45

1. Capsicum annuum (Sn-1) LFHIHA- }{HVPNIS?
2. Nicotiana tabacum (FB7-4) h b HF;{SNP HQTS’I‘MSP
3. Glycine max (MSG) I ADHFYD TLmeQQRIHDVAx
4. Cucumis melo (MEL7) MSL IFKDQC-FQVPNITR
S. Papaver somniferum (MLP 22) MAEHHHTISGI,}VGK;I,; IFKHH——EDLPNAIP
46 60 61 75 76 90 120

1. NFINHFEIHEGETVK VG--SVVSWSYNEAG QKRYMKQLIEDIDPD SYNSFTIVT----- s
2. TG - - SVVSWKEVLEG KERH.AKQVLH IDDA KKSIT SMTATL----- T
3. DK SGN- ~IKVLTEFADGD JYRVIVHVLPKG
4. ] i DG HGHGSIKSWYYTIDG G KPAYQFVPKD
5. HIYRGVKAVEGDRIT SEF--IKEWHYIIEG KPLTCKER’I"I‘ -YEDE ARTIHHSTVEGVLLD DYKKFDATLVNPKAD

121 135 136 150 151 165
1. SEHEWTTWEIEYEKK TEGTPEPLVLLGLVL DMTKDIEAHLLKK- 147
2. AEGNWMTWTFVYEKL NENIPERLDIFELAT CLLKDLEPHHVGK- 146
3. DEHSLYKWTFLYEKV DHTAPEPTKYKDLVV KLTKNVEAHLVEAR 153
4. RNHCQAILSIEYEKL HHGSPDPHKYIDIMI GIINDIGSHIK--- 151
5. GHGSIVTWIVEYEKI NEDSPVPISYLTFH- KT IEDLNTYLCASD 158

Figure 4. Sequence alignment of the published proteins belonging to the major latex protein homologue family. The MAP, Multiple Sequence
Alignment function at BCM Search Launcher was used for the alignment. Only those amino acids that perfectly match with MSG have been
boxed. The MSGGlycine maxis marked in boldCapsicum annuurtsn-1), accession number X79230rotiana tabacum(FB7-4), S44872;

Glycine maxMSG); Cucumis mel¢MEL7), Z70522;Papaver somniferurMLP 22), 320544.

at position 62 in the figure, a lysine at position 81, clone). Three bands are detected wkimdlll di-
an isoleucine at 94, a glutamic acid and a glycine at gestion, the longest of which is about 8.5 kb. This
100-101, a tyrosine, a lysine and a serine at 107-109,fragment is consistent withtdindlll- Hindlll fragment
a tyrosine, a glutamic acid and a lysine at 132—-134, of the MSGb map (Figure 2). The other two fragments
proline-glutamic acid-proline at 140-142 and, finally, in the Hindlll genomic blot are about 4 and 2.3 kb
a histidine at 159. The meloMEL7 is 31.6% iden- or 4 and 3.1 kb for cv. Williams (lane 3). Each of
tical to theMsg protein, the poppWMLP22is 29.6% these two fragments could represent additional copies
identical, the tobacc&B7-4 protein 29.4% identical,  of genes related thlsg Alternatively, they might rep-
and the bell peppeBn-1protein is 28.6% identical to  resent one copy containingkindlll polymorphism
the Msgprotein. In general, these proteins have about that interrupts the coding region of that gene. The two
30% overall identity to each other and as a group they smaller bands are also fainter than the 8.5 kb band,
show about 25% identity to the IPRs (Osmaikal., which could be due to sequence divergence with a sec-
1998). ond or third copy of theMsg sequence. Figure 5 also
The B-flanking region of théMlsggene is very A/T- shows that there is a polymorphism detected in one of
rich (68% overall in the region investigated) and has theHindlll fragments in cv. Williams.
a region at—711 to—767 that shows high homology
(70% identity) with a promoter region from a soybean Design ofMsg promoter:GUS fusions
heat shock protein (Schoét al., 1984).
Fourteen PCR-generated deletions of #eg pro-
On|y afew sequences in the Soybean genome moter were fused to theidA gene in the pBllOl
hybridize toMsg binary vector (Bevan, 1984; Jeffersen al, 1987).
Figure 3 shows the positions of the primers and Fig-
Figure 5 shows the restriction fragment patterns of ge- ure 6 shows the names and sizes of the constructs.
nomic DNA when hybridized to the VS-107 cDNA  Series G305atg—N353 represents a conventional dele-
clone. There are possibly one or two additional copies tion series in which successively longer regions of the
of genes related thsg based on both thEcoRI and 5'-flanking promoter are eliminated as shown in Fig-
HindlIl restriction patterns. TwdecoRI fragments of ure 6A. Series A92atg—F219 represents the same three
10.0 kb and 6.5 kb are found although there are no distal 8-deletion fragments as G305atg—L318 except
EcoRl sites internal to the probe (the VS-107 cDNA that the 650 bp proximal to the start codon of Wsg
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Figure 5. Genomic DNA blots indicate that there are at least two
Msg genes in soybean. Genomic DNA (1) was digested with
EcaRl or Hindlll, electrophoresed, and probed with the cDNA clone
VS-107. Lane 1 is cv. Richland, lane 2 is T157, and lane 3 is
cv. Williams. Clark has the same polymorphism as Williams (not
shown).

gene have also been deleted as shown in Figure 6B
In essence, A92atg—F219 represent the deletion of the
650 bpEcaRI fragment of the promoter (Figure 3) that
contains the TATA box and all of the'-bintranslated
region of theMsg gene. Initially, this deletion was a
mistake in that the close proximity of tlieoRI site to

Primer & & & & § ,,}é&
i & &
£ &L
A 2 ? 572bp { 464!)07 587bp fmeE Name
2259 | # l l G305atg
2256 | 1 i 2 H358
1687 | ‘ : ; 1372atg
1684 : 4 : : J312
1223 | | t+—————— 4 K340atg
1220 | ! ! —_— 4 L1318
655 | ; | j——— M347atg
652 | 1 : — | N353
1626 | # — A92atg
1623 | ¢ 1 ‘ ) B103
1054 | —_— C211atg
1051 | — D162
590 | : — E178atg
587 | | 1 — F219
L L A L
1
-2400 1200 -1 (bp)

the start site of the gene leads to accidental loss of thatFigure 6. Deletion constructs of thélsg promoter. A. The pro-

fragment in subcloning of the promoter region.

The PCR primers were designed to anneal at 2.26,
1.68, 1.22 and 0.65 kb from the translational start
codon of the gene. The reverse primer used to amplify
the Msg promoter was designed to either include or
exclude a start codon in the overhang. The A92atg,

C21llatg and E178atg constructs contain an atg pro-

vided by the primer. The practical difference between
the ‘atg constructs’ and the others is that in the atg
constructs 10 extra amino acid residues (9 without the
methionine) from the polylinker cloning region will

be fused to the GUS protein. In the B103, D162,

and F219 constructs, on the other hand, 30 extra base’

pairs will be part of the untranslated region. The in-
serts of all 14 constructs were confirmed by PCR and
by Southern blot afteBarH| and HindllI restriction
digests of plasmid preparations.

Stable transformation dkrabidopsigeveals
complexity of the tissue-specific promoter

The 14 Msg promoter constructs were transformed
into A. tumefacienstrain GV3101(pMP90) (Koncz
and Schell, 1986) which were then used for vacuum
infiltration or floral dipping-mediated transformation
(Bechtoldet al,, 1993; Clough and Bent, 1998) Afa-
bidopsis thalianaecotype Columbia. Bolting plants
were subjected to vacuum infiltration @fgrobac-

moter of Msg was successively 'Hleleted as indicated in the
G305atg—N353 constructs and the resulting regions were fused to
the uidA (GUS) reporter gene. B. Each of the A92atg—F219 con-
tructs also lack 635 bp adjacent to the start codon oMbggene

that contains the TATA box. (Note: because the primers used to
amplify the M347atg and N353 constructs contains 17 bases of
Msgsequence, the total lengths of the M347atg and N353 contructs
are 655 and 652 bp, respectively, whereas the exact length of the
deletion in the A92atg—F219 constructs is 635 bp; these exact sizes
are shown in the figure; however, for simplicity throughout the pa-
per, we have referred to the promixal region as 650 bp.) The PCR
primers indicated in the figure were custom-made with restriction
enzyme overhangdi{ndlll and BarrHl) to facilitate cloning of the
fourteen different promoter PCR fragments into the promoterless
binary vector pBI101. For each construct there are two versions;
ne contains the start codon (atg) incorporated into the primer that
amplifies theMsgpromoter fragment and the other contains the start
codon from theuidA gene. The ‘atg’ in the vector name designates
the construct in which the atg derives from the primer used to am-
plify the Msg promoter. The ‘atg’ constructs contain 9 extra amino
acids from the polylinker region fused to GUS whereas the other
constructs contain these 27 bases as part of the untranslated region.

terium and the seeds were harvested and selected on
plates containing kanamycin.; ransformants were
transferred from the plates to soil and a histochemi-
cal GUS assay was performed on flowers, leaves, and
siliques at different stages of development. Southern
blots confirm that all constructs have been successfully
transformed intoArabidopsis(data not shown). Fig-
ure 7A—F show GUS expressionAtrabidopsigrans-
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formants. The longest construct (G305atg, 2.26 kb) Arabidopsisalthough they are expressed transiently in
drives GUS expression in the short style, the nectaries soybean pods as are all of the constructs (see below).
and in the guard cells of the silique and the pedicel Itis clear that the most distal Sequences of thiglsg
but not in the leaves. In general, fewer expressing cell promoter are required for adding tissue-specific ex-
types and less intense expression was correlated withpression inArabidopsiswith or without the proximal
successive deletion of the Begion as illustrated in 650 bp containing the TATA box.
Figure 7F. In addition, developing siliques generally
showed higher expression than mature siliques. The High transient expression of GUS is observed in pods
short style expressed GUS at early silique develop- of soybeans and green beans after particle
ment but not in mature siliques. The guard cells and bombardment
nectaries also showed the highest expression during
f|owering and in the ear]y stage of Si”que deve|op_ Particle bombardment (Klelﬂt al., 1987; Finert al.,
ment. The § and T3 generations show similar patterns  1992) of developing soybean and green bean pods
of gene expression (data not shown). were performed to test for transient expression of
There was no major difference found between the constructs. All fourteeMsg promoter:GUS con-
the expression pattern and the position of the atg in structs, a CaMV3SSGUS-pOS|tlve control construct
the different constructs. Therefore, these have been(PZA300) and the pBI101 promoterless negative con-
grouped together in Figure 8, which presents a graph- trol were precipitated on gold particles. Soybean
ical representation of the expression patterns found in @nd green bean pods were surface-sterilized and the
the 14 constructs. The largest number of cell types pods were shot on the inside surface after the seeds
that express GUS iArabidopsiswere obtained with ~ had been removed. Two days after bombardment, a
the largest promoter fragments (2.26 kb, constructs histochemical GUS assay was performed. Figure 7
G305atg and H358). In these cases, GUS is expressedPanels G, H, and ) illustrate the typical results. In
in nodesl Sepa|S, short Sty|e’ nectarieS, and in guardsoybean pOdS, visual examination indicates that the
cells of the silique and the pedicel. Sometimes guard G305atg—N353 constructs express GUS stronger than
cells of the cauline leaves expressed GUS though nothe control CaMV35S:GUS construct. The A92atg—
expression was ever observed in guard cells of mature F219 constructs are almost as strong as the CaMV35S

leaves. Within the same raceme, GUS was sometimescontrol for both soybean and green bean pods. No ex-

present in some pedicels but not in others. Interest- Pression was seen when bombardment was done with

ingly, if the 650 bp proximal to the start of translation the promoterless plasmid vector (pBI101).

is removed (constructs A92atg and B103), the expres-  Typically after bombardment of developing soy-

sion in short style and sepals is generally weakened butPean pods, the sclerenchyma cells and inner epidermis

is otherwise similar to that of the G305atg and H358 cells in the seed cavity were transformed leading to

transformants. the conclusion that the promoter is transiently active
When the 570 bp most distal to start site are re- in both of these cell types. Similarly, in green bean

moved (C211atg, D162, I372atg and J312 constructs), Pods the inner epidermis and the immediately un-

expression is lost in the guard cells, sepals, short style derlying tissue in the seed cavity express GUS. The

and nectary lobes and only nectary base cells and CaMV35S:GUS positive control construct also gave

nodes show some expression. If another 460 bp arethe same cell type pattern. Bombardment of soybean

deleted, only nodes (E178atg and K340atg constructs) cotyledons, seed coats and leaves showed a maximum

and occasionally nectary base cells (L318 but not F219 of 1 or 2 dots per bombardment, which could be due

construct) show expression. to contamination. Though transient expression of the
All of the A92atg—F219 transformants, lacking Msgpromoter is strong in the pods, itis not detected in

the proximal 650 bp with the TATA box, show sim- the leaves and this result is consistent with the general

ilar patterns as the correspondingdgletion trans-  Pattern seen in RNA blots (Figure 1).

formants (G305atg—-L318), although with somewhat

weaker levels of expression. Thus, the 650 bp proxi-

mal deletion that contains the TATA box does not seem

to alter the tissue-specific expression pattern. The con-

structs that contain only the 650 bp proximal to the

start site of theMsg gene are not expressed at all in



226




227

Figure 7. Transient and stable expression patternlsfpromoter:GUS fusions. A—F. Stable expression of GUAraibidopsisunder control

of Msg promoter deletions. A. A transformant (t) and a control non-transformant plank &) 8. A group of strongly expressing cells are
situated in the node by the base of cauline leaves and pedicels. The guard cells of the upper stem and pedicels are also G&S@jositive (

C. Guard cells of a siliqgue expressing GUS100). D. GUS expression in nectaries at the base of the flower, petals, sepals, and short style
(arrow) of the pistil/premature siliquex@0). E. GUS expression in nectary lobes and adjacent cells of the nectary at the base of the flower or
siliqgue are expressing GU80). F. Siliques of T plants transformed with (from left to right): G305atg (2.26 kb), J312 (1.68 kb), K340atg
(1.22 kb). G-I. Transient GUS expression in pods of soyb&dyc{ne may, and green bearPfaseolus vulgar}s after particle bombardment

(x5). G. Soybean pod bombarded with pBMGL318 (1.22 kb). H. Soybean pod bombarded with control 35S-GUS construct. |. Green bean pod
bombarded with pBMGB103 (1.62 kb, and lacking the proximal 635 bp).

A B
. . b 5700 460 by 590 by 650 . 4 .
Arabidopsis (stable) 3 P l P I P ¥ Soybean (transient)
-2260 8 AR ) et
L p c‘c;‘o'?/ 4].“04;,
sepals
short style [ Gaosatg ] pod expression with
nectary lobes™ ASTatg T all constructs
guard cells

[
nectary _ { L 1372atg ‘} —
base [ Cz11alg

[ Ka4oatg ] } /

nodes
no expression M347atg

Figure 8. 5'-Deletions of theMsg promoter lead to loss of expression in variodiabidopsiscell types. A. Tissue-specific expression in
Arabidopsisplants transformed with the indicated deletions. B. All constructs tested for transient expression in soybean activate GUS in pods
but not in leaves.

A

Discussion wild strawberry (Nanet al, 1999). The name may be
misleading since latex is not a feature of every plant
Soybean contains both MLP (major latex protein) and for which the genes have been found.
IPR (intracellular pathogenesis-related protein) gene These homologues are similar in size and location
families of the intron and no obvious signal peptides have been
found in any of them. In opium poppy, however, the
We describe the isolation and characterization of a proteins have been localized to membrane-bound vesi-
soybean geneMsg that shows a high level of ex-  cles in the laticifers (Griffing and Nessler, 1989) and
pression in soybean pod tissue. We have shown thatihe Sn-10of bell pepper has been shown to be asso-
theMsggene has significant homology with the major  cjated with small vacuoles close to the plasmalemma
latex protein (MLP) homologues, a family of flower-  (pozueta-Romeret al, 1995). The tobacc&#B7-4
and fruit-specific genes for which the function of \yas initially reported to be expressed during floral
the gene products are unknown. The first major la- jnjtiation (Meeks-Wagneet al, 1989) and was later
tex protein reported was from opium popiapaver  shown to be highly expressed in the basal internodes
somniferumwhere it is present at high levels in the ofthe stem (Nealetal, 1990). The meloMEL7 gene
latex (Griffing and Nessler, 1989; Nessler and Von and the strawberry 3.1.R4 gene are highly expressed in
der Haar, 1990; Nesslest al, 1990; Nessler and  ripening fruits but also to some extent in root and stem
Burnett, 1992; Nessler, 1994), a substance believed (aggelis et al, 1997; Namet al, 1999). In poppy,
to have a protective function to the plant. Homo- the major latex proteins are reported to be highly ex-
logues are also reported in tobacco (Meeks-Wagner pressed in flower buds and weakly in roots in addition
etal, 1989; Nealeet al, 1990), bell pepper (Pozueta-  tg the laticifers (Nessler and Burnett, 1992) which are
Romerecet al., 1995), melon (Aggellet al., 1997), and present throughout the poppy p|ant_
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The major latex protein homologues also show in rosette leaves or roots. Guard cell-specific expres-
significant homology to major pollen allergen pro- sion is reported for genes involved in different tasks.
teins and other pathogenesis-related (PR) proteins, i.e.Guard cells of transgenic tobacco are reported to ex-
Cor a | of hazel (Breitenedeet al., 1993), Car bl press GUS driven by a 2753 bp fragment of the tomato
of hornbeam (Larsewt al, 1992), ribonuclease of tasl4 promoter (del Mar Parrat al, 1996). The
ginseng (Moiseyeet al, 1997), Api g | of celery tas 14 gene is an inducible dehydrin involved in wa-
(Breitenedeeet al, 1995), and parslel?lR1(Rushton ter stress but it is also developmentally expressed in
et al,, 1996). Especially the intracellular patogenesis- flowers and pollen. The promoter of arabidop-
related proteins, the IPR-Ps, seem to have an inter-sis acidic chitinase is also proved to activate GUS
esting relation to the major latex protein homologues in guard cells of transgeni&rabidopsis(Samac and
as recently reviewed by (Osmaseht al, 1998). The Shah, 1991). Stomates are natural openings through
homology between the two gene families is not more which pathogens can intrude and chitinase is involved
than about 25% but they have similar structures, sizesin the plants’ primary defense against pathogens. Ex-
and pl's and their functions are unknown (Osmark pression due to the chitinase promoter was also seen in
et al, 1998). There is an IPR protein reported for anthers (Samac and Shah, 1991). Expression of GUS
soybean, SAM22 (Crowedt al., 1992), which makes in guard cells of different floral organs and the recep-
our report the first report of a plant that has represen- tacle was observed when the GUS gene was driven
tative genes from both the MLP family and the IPR by the promoter region of thehal gene fromAra-
family. SAM22 is highly expressed in roots but is also bidopsis(Terrynet al,, 1993). Therhal gene encodes

expressed in leaves after wounding (Crowedllal, a small GTP-binding protein involved in secretion and

1992). The soybean SAM22 and MSG proteins show vesicle-mediated transport.

25.3% sequence identity. The relationship of the major latex homologues to
the PR proteins and allergens and the activity of the

Msgis highly expressed in pods and maintains Msg promoter in guard cells, fruit and floral organs

tissue-specific expression in transient assays in may be a clue to a putative defense or stress function

soybean of theMsggene product.

We have shown by transient expression assays that therheMsg promoter appears to have multiple

promoter from theMsg gene can function as a strong  tissue-specific elements in the distal region of the
activator of GUS in soybean and green bean pods after promoter

particle bombardment (Figure 7). Control bombard-
ment of leaves and cotyledons did not result in GUS Tissue-specific expression is assumed to be the result
expression. The transient experiments agree well with of combinatorial regulation due to the specific set of
the expression oMsg transcripts as determined by regions present in the promoter (Singh, 1998). Many
RNA blots (Figure 1) in which there is strong expres- previously reported promoters are shown to have dis-
sion in the pods but notin the expanded leaves orin the tal quantitative regions and proximal tissue-specific
developing cotyledons. Some expression is detected inregions (Stougaardt al, 1987; Bustost al, 1989;
nodes but it is not clear if this is due tdsg or the Zhaoet al, 1994; Hamiltoret al, 1998; Ruiz-Rivero
second related gene that is detected by DNA blotting. and Prat, 1998). However, this may not be a strict rule.
In the case of two fruit ripening-specific gené&sl@nd

TheMsg promoter directs a complex pattern of E8) from tomato, sites flanking the genes were shown
regulation in transgeni@rabidopsisncluding guard to contain protein-binding sites. The genes are simul-
cell expression taneously expressed but the positions of the binding

_ _ sites in the 5regions of the two genes differed by
In contrast to the transient soybean transformation, 900 bp (Cordet al, 1989; Deikmaret al., 1998).
maximal tissue-specific expression in stabiebidop-  Our results also show that the tissue specificity is not
sis transformants required 2.26 kb of tiiésg pro- necessarily confined to the most proximal region of
moter. The expression was localized to nodes betweeng promoter but might be much farther out. Tiisg
pedicel and stem, or cauline leaf and stem, to nec- promoter appears to gain expression in specific tissues

taries, short style and to guard cells of the stem, with the addition of increasing amounts dfs&quence
pedicel and silique. GUS expression was never seen(rigures 7 and 8).
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The proximal 650 bp of thielsg promoter that ers. Such exciting systems have been reported from
contains the TATA box is not required for expression other organisms (Wieczorek al, 1998).
The Msg promoter behaves differently in stably

Surprisingly, our stable transformation experiments transformedArabidopsisand transiently in soybean.
show that the proximal 650 bp alone does not induce Thjs indicates the importance of well-defined regu-
gene expression at all iArabidopsisas illustrated in |ating sequences useful for other species than model
Figure 8, although it can transiently express GUS in plants. Tissue-specific regulation in different plants
soybean pods by particle bombardment. In fact, in- mjight occur in different tissues due to differences in
cluding this region in the promoter does not alter the set of organs and function of the organ. Soybean does
pattern of organ/tissue specificity either. The transfor- not have nectaries and the function of the gene product
mants of the constructs inClUding the 650 bp show the is apparenﬂy carried out in the pod though the cell type
same pattern as do the transformants of the counterparin the pod has yet to be determined. However, based
constructs without the 650 bp From both the transient on the expression pattern and the h|gh level of expres-
eXpreSSion experiment in Soybean and the stable tranS'Sion, theMsg promoter will be a useful promoter to
formation ofArabidopsisit appears that including the  drive transgene expression in pods of not only soybean
650 bp enhances the expression of GUS. These resultyt also other legumes and plants with a similar fruit
suggests three things: (1) the A/T-rich proximal 650 bp anatomy.
mlght contain tranSCfiption enhancer elements; (2) the In summary, we have identified a Soybean equiv_
590 bp region just upstream of the proximal 650 bp alent of the major latex protein homologues and
contains regions that can take over the basic promotion hereby reported the first plant to have both a major
functions (i.e. TATA box, etc.); and (3) the conserved |atex protein (MLP) homologue and an intracellular
repeats found in the most distal 570 bp (2 kb upstream pathogenesis-related protein (IPR-P). The function of
of the start codon) might be responsible for the speci- the gene product is unknown but it is highly expressed
flCIty of eXpreSSion in the Style, nectaries and guard in Soybean pods_ We have shown that the promoter
cells inArabidopsis contains different regions important for maximal ex-

Small repeated motifs have been reported from pression of GUS in a heterologous plant but that,
other regulating domains in tissue-specific promot- syrprisingly, the 650 bp adjacent to the start codon

ers such as thg-phaseolin storage protein of bean (pes not affect the pattern of expression.
(Bustoset al, 1991). For the samg-phaseolin pro-

moter, A/T-rich domains have been reported to en-
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