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Abstract. We have investigated the levels of cell- 
specific expression of wheat-germ agglutinin 
(WGA) during the development of embryos and 
in 3-d-old seedlings. Southern blot analysis of ge- 
nomic DNA derived from hexaploid and diploid 
wheat (Triticum) species indicates that the isolated 
cDNA (complementary DNA) clone is specific for 
isolectinB (WGA-B). Specific accumulation of 
transcript for WGA-B was determined by RNA 
blot analysis and in-situ hybridization. The WGA- 
B mRNA increased tenfold during embryogenesis 
between 10 and 40 d post-anthesis and then de- 
clined again as the seed reached maturity. The root 
tips of 3-d-old seedlings contained approximately 
threefold more WGA-B mRNA than mature seeds. 
In-situ hybridization experiments showed that dur- 
ing embryogenesis, WGA-B mRNA was present 
only in the epidermal layers of the radicle and the 
coleorhiza, while in 3-d-old seedlings it was found 
in the root-cap cells. To analyze de-novo transcrip- 
tion of WGA-B mRNA a new variation of in-situ 
hybridization was developed. RNAs from develop- 
ing embryos and seedlings were labeled with 
[3H]uridine and then hybridized in-situ with unla- 
beled antisense and sense transcripts. These experi- 
ments demonstrated that accumulation of WGA-B 
mRNA in embryos and 3-d-old seedlings resulted, 
at least partially, from de-novo transcription. All 
cells containing WGA-B mRNA also contained 
WGA, as shown by immunocytochemistry. 
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Introduction 

Most developmentally regulated genes exhibit tis- 
sue-specific expression. We are interested in exam- 
ining the cell-type-specific expression of genes 
coordinately expressed in embryos and in young 
seedlings. 

The development of plant embryos is charac- 
terized by the regulated expression of different 
gene sets whose products accumulate in specific 
cell types or tissues. The spatial and temporal regu- 
lation of these gene sets is the subject of consider- 
able research. It has been well documented that 
the genes for storage proteins and lectins in legume 
embryos are developmentally regulated, but little 
is known about their spatial regulation except that 
they are expressed in embryos and not in other 
organs (roots, flowers, leaves, stems) (Goldberg 
1986). 

In developing wheat embryos the well-charac- 
terized lectin, wheat-germ agglutinin (WGA), pro- 
vides a good model for the study of cell-type or 
tissue-specific gene expression. Wheat-germ agglu- 
tinin is synthesised during embryogeny and accu- 
mulates in morphologically distinct cell layers of 
several embryonic organs: the coleoptile, the col- 
eorhiza, the epiblast and the radicle (Mishkind 
et al. 1982; Raikhel et al. 1984 a; Raikhel and Qua- 
trano 1986). After the seeds germinate, WGA accu- 
mulates in the root caps of young seedling roots 
(Mishkind et al. 1982; Raikhel et al. 1984b). It is 
not known whether this accumulation results from 
de-novo mRNA synthesis or the translation of pre- 
existing mRNA. 

In the hexaploid wheat Triticum aestivum, 
WGA is encoded by three different genes (or sets 
of genes), each of which is located on one of the 
homeologous group 1 chromosomes (I A, 1 B, 1 D). 
Each gene directs the synthesis of its own isolectin 
(Stinissen et al. 1983). Previous work has shown 
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that the isolectin composition of WGA is virtually 
identical in embryos and root caps of young seed- 
lings (Cammue et al. 1988); however, it is not clear 
wheather distinct cell layers of wheat embryos ex- 
press all three isolectins. Wheat-germ agglutinin 
in both the embryo and in the root caps of young 
seedlings is predominantly located in the peripher- 
al tissues of the organs that come in close contact 
with the outside environment, indicating a role for 
this lectin in plant defense. We are interested in 
analysing cell-specific expression of isolectins A, B 
and D. Recently, we isolated and characterized a 
complementary DNA (cDNA) clone ~ N V R t )  en- 
coding WGA isolectin B (Raikhel and Wilkins 
1987). Using this clone as a hybridization probe, 
we now present evidence that the WGA-B m R N A  
is expressed in the radicle and coleorhiza of em- 
bryos and in the root caps of young seedlings. Us- 
ing a combination of in-vivo labeling and in-situ 
hybridization we also show that at least part of  
this m R N A  expression results from de-novo tran- 
scription. WGA-B m R N A  is not detectable in the 
coleoptile or epiblast of the embryo despite the 
fact that WGA protein can be detected in the cells 
of these organs (Raikhel and Quatrano 1986). 

Materials and methods 
Plant material. Caryopses of 72 monococcum L., T. tauschii 
Schmalh., T. tongissimum Bowden, T. bieorne Forssk., and 7". 
speltoides Gren. were obtained from the National Small Grains 
Collection, U.S. Department of Agriculture, Beltsville, Md. and 
seeds of bread wheat (Triticum aestivum L. cv. Marshall) from 
Minnesota Crop Improvement Association, St. Paul, Minn., 
USA. The plants were grown in soil in a growth chamber under 
the conditions described in Raikhel and Quatrano (1986). As 
soon as the ears were fully emerged all primary ears were 
trimmed by removing the top and bottom three rows of grains 
as well as the middle grains in each row. Trimming the ears 
facilitated the marking of individual grains and allowed for 
more aynchronous grain development of the remaining grains 
within a single ear. Secondary ears were not used but were 
retained on the plants. Individual grains were marked on the 
day of anthesis as defined by the first appearance of bright- 
yellow anthers outside the glumes. 

Experiments with germinated wheat seeds were performed 
as described by Triplett and Quatrano (1982) with some modifi- 
cations. Briefly, seeds were surface-sterilized (Raikhel et al. 
1984a) and cultured for 3 d in darkness at 30 ~ C on filter paper 
containing growth medium (Triplett and Quatrano 1982). 

For in-situ hybridization experiments, wheat embryos were 
collected at 10, 20, 30 and 40 d post anthesis (DPA). Embryos 
from dry seeds were obtained after 4 h of imbibition in aerated 
water. Coleoptiles and roots from 3-d-old seedlings were excised 
prior to sectioning. 

For experiments on de-novo RNA synthesis, developing 
embryos and dry seeds were cultured for 2 d as described above 
and then incubated for 10 h in the same medium supplemented 
with [3H]uridine (1.74-103 GBq. retool- 1 ; New England Nucle- 
ar, Boston, Mass., USA;  1.01.10 s Bq per 200 ~tl of growth me- 
dium for each embryo or seed). The specimens were rinsed 
in growth media at the end of the incubation period. 

RNA isolation, in-vitro translation and immunopreeipitation. To- 
tal RNA was isolated from 4 g of developing embryos (10- 
40 DPA), embryos derived from dry seeds, and roots and shoots 
of 3-d-old seedlings, according to Mansfield et al. (1988). Polya- 
denylated RNA (poly(A)+RNA) was purified by chromato- 
graphy on oligo(deoxythymidine)-cellulose (New England Bio- 
labs, Beverly, Mass., USA) as described by Silflow et al. (1979), 
except that poly(A)+ R N A  was eluted at room temperature. 
The amount of poly(A) + RNA was quantified using an [3H]po- 
ly(U) hybridization assay (Bishop et al. 1974). Polyadenylated 
R N A  was translated in-vitro using a rabbit reticulocyte lysate 
(Bethesda Research Laboratories, Gaithersburg, Md., USA) 
supplemented with [35S]methionine (4.2.104 GBq.mmo1-1.  
New England Nuclear). Wheat-germ agglutinin was immuno- 
precipitated from the translation products using polyclonal an- 
tiserum raised against denatured W G A  (Mansfield et al. 1988). 
The immunoprecipitate was purified with Pansorbin (Calbio- 
chem, San Diego, Cal., USA). Labeled polypeptides were ana- 
lyzed after sodium dodecyl sutfate-polyacrylamide gel electro- 
phoresis (SDS-PAGE) by fluorography (Mansfield et al. 1988). 

RNA blot analysis. Polyadenylated RNA was subjected to elec- 
trophoresis in adjacent lanes (1 gg per lane) on 2% agarose 
gels containing 6% formaldehyde, transferred to nitrocellulose 
filters (Thomas 1980), and hybridized at 42 ~ C in 50% forma- 
mide (Bethesda Research Laboratories) with the insert of 
pNVR1 (Raikhel and Wilkins 1987) that had been labeled with 
5'-[~-32P]deoxyadenosine triphosphate (dATP) (1.11.105 GBq. 
mmol-1;  New England Nuclear) using the random primer 
method of Feinberg and Vogelstein (1983). Typical labeling 
yielded D N A  probes with a specific activity of 3.36.107-6.73 - 
107 B q - g g - 1  Filters were washed under highly stringent condi- 
tions with 0 .2xSSC ( l x S S C = 0 . 1 5 M  sodium chloride, 
0.015 M sodium citrate, pH 7), 0.1% SDS at 60 ~ C as described 
in Thomas (1980). Autoradiograms were scanned with a Gilford 
(Oberlin, Oh., USA) densitometer. 

Genomic DNA analysis. Total D N A  from leaves was isolated 
according to Shure et al. (1983), digested with restriction en- 
zymes, subjected to electrophoresis in 0.8% agarose gels in 
89 mM 2-amino-2(hydroxymethyl)-1,3-propandiol (Tris), 
89 mM boric acid, 2 mM disodium ethylenediaminetetraacetate 
(Na2EDTA) (TBE). DNA was transferred to nitrocellulose 
filters (Maniatis et al. 1982). Hybridization to the random 
primer-labeled probe was in 50% formamide at 42 ~ C and the 
washes were carried out as described for R N A  blot analysis. 

In-situ hybridization and immunocytochemistry. Fresh tissue was 
frozen in O.C.T. compound (Fisher Scientific, Pittsburgh, 
Penn., USA), and sections 8 gm thick were prepared as de- 
scribed by Raikhel et al. (1984 b) and placed on slides precoated 
with 50 gg. ml -  1 poly-D-lysine hydrobromide (Sigma Chemical 
Co., St. Louis, Mo., USA) in 10 mM Tris-HC1, pH 8.0. The 
sections were briefly dried, fixed in freshly prepared 4% para- 
formaldehyde in phosphate-buffered saline for 20 min at room 
temperature, and then dehydrated by passing them through 
an ethanol dehydration series (30, 70, 95, 100%). Sections for 
hybridization were used immediately upon preparation. 

In-situ hybridization was performed as described by Meyer- 
owitz (1987), with some modifications. The tissue sections on 
the slides were rehydrated using an ethanol series (100, 95, 
70, 30%) and two distilled-water washes at 5 min per solution. 
The slides were then incubated in 0.2 M HC1 for 20 min, rinsed 
twice in 2 x SSPE (2 mM NazEDTA, 16 mM NaOH, 20 mM 
NaH2PO4, 360 mM NaC1) for 5 min each and followed by in- 
cubation in pre-heated 2 x SSPE at 70 ~ C for 30 min. After this, 
the sections were rinsed twice in distilled water and treated 
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with 0.5 gg.m1-1 proteinase K (Sigma) dissolved in 100 mM 
Tris-HC1 (pH 8.0), 50 mM EDTA at 37 ~ C for 30 min, washed 
briefly in distilled H20, and dipped in 100 mM triethanolamine- 
HC1 (pH 8.0) at room temperature (Cox et al. 1984). 

Positive charges on the sections and slides were neutralized 
by treatment with 0.5% acetic anhydride (Sigma) in 100 mM 
triethanolamine (Sigma) as described by Hayashi et al. (1978). 
The slides were washed twice in 2 x SSPE for 5 min each and 
rinsed twice in water. The sections were then dehydrated by 
passing the slides through the ethanol series (2 rain each) and 
air dried. 

Hybridization probes were prepared using the Bluescript 
T3 and T7 transcription vector system (Stratagene, La Jolla, 
Cal., USA). The insert from cDNA clone pNVRI (Raikhel and 
Wilkins 1987) was subcloned into XbaI-digested Bluescript 
(M13 +)  vector DNA. Labeled RNA transcripts were prepared 
from this Bluescript vector construction following the manufac- 
turer's protocol. The specificity of 32p-labeled transcripts 
[32p]uridine 5'-(c~-thio)triphosphate (rUTP), 2.96.104 GBq- 
mmol-  t ; New England Nuclear) was analyzed by hybridization 
with unlabeled transcripts (50 ng) and poly(A)+ RNA (1 pg) 
that was separated on an 2% agarose-6% formaldehyde gel 
and transferred to nitrocellulose (data not shown). 

For in-situ hybridization experiments, transcripts were pre- 
pared using [3SS]rUTP (5.18.104 GBq. retool-1; New England 
Nuclear). The transcripts were hydrolyzed at 60~ in 0.1 M 
NaHCO3 (pH 10.2), 10 mM DL-dithiothreitol (DTT; Sigma), 
to lengths of approx. 150-200 bases (Cox et al. 1984), and 1 gl 
of each reaction was run on a 8% polyacrylamide 1 x TBE/ 
7.6 M urea sequencing gel alongside radiolabelled markers to 
ensure appropriate size of the transcripts. After hydrolysis, 
transcripts were precipitated and resuspended in 50% deionized 
formamide, 10 mM DTT. The probes were stored at - 8 0  ~ C 
and were used for in-situ hybridization during two months. 
The hybridizations were carried out in 50% deionized forma- 
mide, 0.3 M NaC1, 10 mM Tris-HC1 (pH 6.8), 10 mM Na phos- 
phate (pH 6.8), 5 mM Na2EDTA, 10% dextran sulphate, 1 mg- 
m1-1 yeast tRNA (Sigma), 10 mM DTT and 0.5 mg.ml 1 po- 
ly(A) (Sigma). Twelve microliters of hybridization solution con- 
taining 7.82.10'* Bq of 3 ~ S-labeled transcript was added to each 
slide, and the preparations were carefully overlaid with 22-mm 
sigmacoated (Sigma) coverslips. The coverslips were sealed with 
rubber cement and the slides were placed in moist chambers. 
Hybridization was allowed to proceed at 50 ~ C for 12-16 h. 

Following hybridization, the rubber cement were removed 
from the slides by gently pulling them off with forceps. The 
slides were incubated in wash buffer containing 50% forma- 
mide, 10 mM DTT, 0.3 M NaC1, 10 mM Tris-HC1 (pH 6.8), 
10 mM Na-phosphate buffer (pH 6.8), 5 mM NazEDTA, for 
5 h at 50 ~ C. They were then treated with 20 lag.ml 1 RNase A 
(Sigma) in solution containing 500 mM NaCI, 10 mM Tris-HC1 
(pH 8.0), 1 mM Na2EDTA, 10 mM DTT (NTE), at 37 ~ C tbr 
30 min and washed extensively in NTE solution at 37~ for 
1 h to remove non-specifically bound probe. After RNase treat- 
ment the slides were reintroduced into fresh wash buffer at 
50 ~ C overnight, dehydrated through an ethanol series of 30, 
70, 95 and 100% (2 min in each), and air-dried. The slides 
were dipped in preheated to 45 ~ C Kodak NTB-2 photographic 
emulsion (Eastman-Kodak, Rochester, N.Y., USA) diluted 1 : 1 
with water, air-dried on ice for 1 min and at room temperature 
for 4 h in the dark, and stored in light-tight boxes at 4~  
for 62 h. All photographic manipulations were carried out with 
a Kodak safe filter No. 2, prewarmed at room temperature for 
30 min. The slides were developed in Kodak D-19 developer 
for 5 min, fixed in Kodak fixer, rinsed briefly in distilled water 
and safranin 0 (Aldrich, Milwaukee, Wis., USA), briefly des- 
tained in distilled water, and allowed to air-dry. They were 

permanently mounted with Permount (Sigma), viewed through 
the Zeiss Axiophot microscope (Carl Zeiss, D-7082 Oberko- 
chen, West Germany) equipped for dark-field microscopy, and 
photographed using Kodak Techican Pan X film (Eastman-Ko- 
dak). 

Immunocytochemistry was performed as previously de- 
scribed (Raikhel and Quatrano 1986). Antibodies to WGA 
(Mishkind et al. 1982) were used at a concentration of 30 mg. 
ml 1. The antibodies were visualized using the peroxidase-anti- 
peroxidase procedure (PAP), and slides were viewed with the 
Zeiss Axiophot microscope equipped with differential interfer- 
ence contrast optics (DIC). 

For localization of mRNA transcribed de-novo, [3H]uri- 
dine-labeled developing embryos and 3-d-old seedlings were 
rinsed in growth medium without label and processed as de- 
scribed for in-situ hybridization, except that 5-lain frozen sec- 
tions were obtained. Unlabeled sense or antisense transcripts 
were used to create duplexes with metabolically labeled mRNA. 
Non-hybridized labeled RNA was removed by treatment with 
RNase as described above. Exposure times in these experiments 
were about one week. 

Results 

Specificity of  cDNA clone pNVR1 to isolectin B. 
Comparison of the amino-acid sequence deduced 
from the cDNA clone pNVRI  and known protein 
sequences for isolectin A and D indicated that 
clone pNVR1 encodes isolectin B (Raikhel and 
Wilkins 1987). To confirm the specificity of 
pNVRI,  genomic DNA from the hexaploid wheat 
T. aestivum (ABD), and the diploid wheats T. long- 
issimum (B), T. monococcum (A) and T. tauschii 
(D) was isolated and digested with the restriction 
enzymes EcoR1 and HindIII. Figure 1 shows that 
at stringent criteria, pNVRI  hybridized to DNA 
isolated from hexaploid wheat and from the dip- 
loid wheat 7". longissimum (Fig. 1, lanes ABD and 
B, respectively). Although diploid progenitors of 
the A and D genomes in hexaploid wheat have 
been identified, the diploid donor for the B genome 
has not been determined (Feldman 1976). It is gen- 
erally agreed, however, that the B genome is de- 
rived from the so-called "sitopsis" group, which 
includes T. searsii, T. speltoides, T. bicorne, T. shar- 
onensis and T. longissimum (Feldman 1976). Since 
the diploid source of the B genome remains un- 
clear, genomic DNA from two other representa- 
tives of the "sitopsis" group (T. bicorne and T. 
speltoides) was also analyzed. The pNVR!  clone 
hybridized to DNA fragments in restriction digests 
of these genomes (data not shown); however, hy- 
bridization intensity was less pronounced than in 
DNA derived from T. longissimum. No hybridiza- 
tion ofpNVR1 was observed to DNA from diploid 
wheats carrying the A and D genomes (Fig. 1, 
lanes A and D). Thus, based on the genomic DNA 
analysis, the cDNA clone pNVR1 is specific for 
isolectin B and will be referred to as WGA-B. 
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Fig. 1. Southern blot analysis of DNA from the hexaploid 
wheat T. aestivum (genome ABD) and the diploid wheats T. 
longissimum (B), T. monococcum (A), and T. tauschii (D). Three 
micrograms of DNA isolated from wheat plants were digested 
with the restriction enzymes EeoRI and HindIII (left and right 
lane of each pair, respectively), fractionated on 0.8% agarose 
gels, transferred to nitrocellulose, and probed with 32p-labeled 
DNA insert from p N V R I  under stringent conditions. The posi- 
tions of molecular-weight markers in kilobases (kb) are shown 
at the left 

Developmental changes in the level and translational 
activity of the WGA-B mRNA. To investigate the 
levels of WGA-B mRNA during embryogenesis 
and early seedling development poly(A)+RNA 
was isolated from embryos at various times after 
anthesis and from 3-d-old seedlings. The concen- 
tration of poly(A)+RNA was determined by a 
[3H]poly(U) assay according to (Bishop etal. 
1974). Samples of poly(A)+RNA I gg from 
each stage were analyzed by RNA blot analysis, 
and the 32p-labeled cDNA insert from clone 
pNVRt  was used to determine the relative levels 
of WGA-B mRNA at stringent criteria. Figure 2A 
shows the relative abundance of a 1.1-kilobases 
mRNA at different embryonic stages and in the 
roots of the 3-d-old seedlings. The WGA-B mRNA 
was first detectable at 10 DPA and increased ap- 
prox. tenfold during embryogenesis to maximum 
levels at 30-40 DPA (Fig. 2A, lanes 3 and 4). The 
message level then decreased markedly but the 
message was still detectable in mature, dry seeds 
(Fig. 2 A, lane 5). The level of WGA-B mRNA in- 
creased again about threefold in the roots of 3-d- 
old seedlings compared to the mature seeds 
(Fig. 2A, lane 6). No detectable signals were found 
in mRNA from young leaves (data not shown). 

To investigate the mechanisms controlling the 
accumulation of WGA, the translational activity 

Fig. 2A, B. Comparison of WGA-B mRNA levels (A) and of the in-vitro translation products of RNA (B) isolated from developing 
embryos (10, 20, 30, 40 DPA; A, 1-4, B, 1-4), embryos isolated from mature seeds (A-5, B-5) and the roots of 3-d-old seedlings 
of T. aestivum (A-6, B-6). The position of the molecular-weight markers is shown at the left for A and at the right for B. 
A Polyadenylated RNA (1 gg) isolated from different developmental stages was size-separated on formaldehyde-agarose gels, 
transferred to nitrocellulose, and probed with 32P-labeled cDNA insert from p N V R I  under stringent conditions. The amount 
of poly(A)+ RNA was measured by a [3H]poly(U)-hybridization assay (Bishop et al. 1974). B Polyadenylated RNA from various 
stages was translated in vitro in the presence of [3SS]methionine. Atiquots of equal radioactivity were challenged with polyclonal 
WGA antiserum. The immunoprecipitates were separated by SDS-PAGE and visualized by fluorography 
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of m R N A  isolated at each developmental stage 
was analyzed. The relative abundance of WGA-B 
m R N A  (Fig. 2A) was correlated with the amount 
of WGA recovered from in-vitro translation assays 
by immunoprecipitation with a polyclonal antise- 
rum developed against WGA (Fig. 2B). At 
10 DPA, embryos contained very little m R N A  that 
was translatable into WGA (Fig. 2B, lane 1). After 
20 DPA, however, the increase in translational ac- 
tivity was notable (Fig. 2 B, lanes 2, 3 and 4). Very 
little in-vitro-synthesized protein was immunopre- 
cipitated from assays programmed with m R N A  
isolated from mature seeds (Fig. 2B, lane 5). The 
m R N A  from 3-d-old seedlings also gave rise to 
WGA (Fig. 2 B, lane 6). Thus, WGA m R N A  is ex- 
pressed in a translatable form during embryo de- 
velopment and in 3-d-old seedlings. 

Analysis of  spatial and temporal patterns of  WGA-B 
gene expression by in situ hybridization. The intra- 
cellular distribution of WGA-B m R N A  was deter- 
mined by in-situ hybridization on developing and 
mature embryos and 3-d-old seedlings using 35S- 
labelled sense and antisense RNA transcripts as 
hybridization probes. In order to assure the speci- 
ficity of WGA-B m R N A  to the genome B, the hy- 
bridization temperature was increased to 50 ~ C. 
The WGA-B m R N A  detected in-situ by hybridiza- 
tion with antisense RNA transcripts exhibited tis- 
sue-specific expression in root tissue. As illustrated 
in Figs. 3 and 4, WGA-B m R N A  was localized in 
the epidermal layer of the radicle and coleorhiza 
of developing embryos (Fig. 3 A, C, E) and the in 
root cap of 3-d-old seedlings (Fig. 4B). The 
m R N A  was first detected in embryos as early as 
20 DPA (Fig. 3 A) in the epidermal layer of the 
radicle (Fig. 3A). Sections from embryos at 
30 DPA exhibited additional expression of WGA-B 
m R N A  in the coleorhiza (Fig. 3 C). The same tis- 
sue-specific pattern of expression was observed in 
embryos at 40 DPA, although the level of  expres- 
sion was more pronounced than in earlier stages 
of embryo development (Fig. 3E). No WGA-B 
m R N A  was detected in the coleoptile and epiblast 
nor in the primordial leaves of the embryo (data 
not shown). However, WGA protein has been lo- 
calized in the coleoptile and epiblast using immun- 
ocytochemical techniques (Raikhel and Quatrano 
1986). No hybridization was observed in control 
sections in which the sense transcript was used as 
a probe (Fig. 3 F). 

For in-situ hybridization of mature embryos, 
dry seeds were imbibed for 4 h in order to obtain 
high-quality sections of the embryo. Expression of 
WGA-B m R N A  in mature embryos was confined 

to the outer cell layer of the radicle (Fig. 4A). To 
determine whether the pattern of WGA-B m R N A  
expression remained similar after germination, in- 
situ hybridization was performed on roots and 
shoots of 3-d-old seedlings. WGA-B m R N A  was 
observed in the root cap of 3-d-old seedlings 
(Fig. 4B), but not in other tissues of the root or 
shoots (data not shown). Thus, WGA-B m R N A  
is specifically expressed only in the radicle and col- 
eorhiza of embryos and in the root caps of 3-d-old 
seedlings. Parallel immunocytochemical studies us- 
ing antibodies against WGA (Fig. 4D) demon- 
strated that WGA was present in the cell layers 
where the WGA-B m R N A  was detected (Fig. 3 E). 

De-novo transcription. Because the amount of 
WGA-B m R N A  fluctuates during development, at 
least some of the m R N A  presumably arise from 
de-novo transcription. To test this, dry seeds and 
embryos at 20 DPA were cultured in the presence 
of [3H]uridine as described in Materials and meth- 
ods. Frozen sections from embryos and sections 
of roots and coleoptiles from 3-d-old seedlings 
were subjected to in-situ hybridization using unla- 
beled sense or antisense transcripts as probes. Non- 
hybridized labeled RNA was removed by treat- 
ment of sections with RNase. As demonstrated by 
the dark-field photographs in Fig. 5, a hybridiza- 
tion signal was found in the epidermal layer of 
the radicle in developing embryos (Fig. 5A) and 
in the root cap of 3-d-old seedlings (Fig. 5 B) when 
an unlabeled antisense transcript was used. Nega- 
tive results were obtained with the coleoptile (data 
not shown). Also, no hybridization was observed 
when an unlabeled sense transcript was used (data 
not shown). Thus, newly transcribed m R N A  ac- 
counts for at least some of the WGA-B m R N A  
present in the developing embryos and in root caps 
of 3-d-old seedlings. 

Discussion 

We report here data on the abundance, translation- 
al activity, and localization of m R N A  for the 
WGA-B gene recognized by the clone pNVRI.  
Southern blot analysis of  genomic DNA derived 
from hexaploid and diploid wheats confirmed that 
cDNA clone pNVRI  is specific for isolectin B. It 
is known that the isolectins differ by only a few 
amino acids (Wright et al. 1984, 1986); however, 
the presence of the 340-base-pairs untranslated re- 
gion in pNVR1 (Raikhel and Wilkins 1987) and 
potentially significant differences at the nucleotide 
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Fig. 3A-G. Localization of pNVR1  m R N A  in developing T. aestivum embryos of 20, 30, 40 DPA by hybridization with T3 
(antisense) and T7 (sense) R N A  polymerase transcripts. Photomicrographs of embryo sections showing details of cellular organiza- 
tion are shown as pairs in dark-field and bright-field (20 DPA, A and B; 30 DPA, C and D; 40 DPA, F and G). An embryo 
section at 40 DPA is shown in dark-field in E. Silver grains developed in the autoradiographic emulsion appear as bright dots 
under dark-field optics. Hybridization in epidermal layers of the radicle (R) and coleorhiza (C) was observed with the ~S-labeled 
antisense transcript (A, C, E). No specific hybridization was visualized in the control section incubated with 3SS-labeled sense 
probe (F). WGA-B m R N A  accumulated first in the radicle at 20 DPA (A) and was present in the radicle and coleorhiza at 
30 DPA (C). The message was abundant in both the radicle and coleorhiza at 40 DPA (E). x 200, bar = 100 ~tm 
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Fig. 4A-D. Localization of WGA transcripts in dry seeds (A) and in 3-d-old seedlings (B, C) of T. aestivum and immunolocalization 
(D) of WGA at 40 DPA. Experimental conditions for in-situ hybridization are the same as described in Fig. 3. Immunolocalization 
of WGA was performed using specific anti-WGA antibodies. The sites of antibody binding were visualized with the peroxidase- 
antiperoxidase (PAP) technique, and the sections were photographed with differential interference contrast optics. A The mRNA 
recognized by the clone pNVR1 was present in the epidermal layer of the radicle (R). B, C A longitudinal section through 
the root tip of a 3-d-old seedling (C, bright-field micrograph) was hybridized with an antisense transcript. Specific hybridization 
was observed in the root cap (RC) (B, dark-field micrograph). D Immunolocalization of WGA occurred in the same epidermal 
layers of the radicle (R) and coleorhiza (C) as localization of WGA transcripts (see Fig. 3E) A, D, x200, bar=100 p.m; 
B, C, x 75, bar = 100 pm 

level in the coding region could provide a basis 
for the specificity of clone pNVRI for isolectin B. 
Although it is possible that some cross-reactivity 
between the three isolectin genes occurs in RNA 
blot analysis and in-situ hybridization experiments, 
the fact that WGA-B m R N A  is not detected in 
the coleoptile and epiblast of  developing embryos 
favors the interpretation that clone pNVRI is spe- 
cific for isolectin B. Given the sensitivity of in-situ 
hybridization the WGA-B m R N A  is not localized 

in the coleoptile or epiblast but is always present 
in the radicle and coleorhiza. In contrast, the WGA 
protein accumulates not only in the radicle and 
coleorhiza but also in the coleoptile and epiblast 
(Raikhel and Quatrano 1986). Thus, it is possible 
that the WGA detected in the coleoptile and epib- 
last is a product of  the A and-or D genes. It was 
previously shown that the A and D genes are ex- 
pressed in the radicle (Camnme et al. 1988). 

Wheat embryo development is characterized by 
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Fig. 5A, B. Localization of de-novo-transcribed mRNA in de- 
veloping embryos and young seedlings of T. aestivum. Twenty- 
day-old embryos and dry seeds were incubated in the presence 
of [3H]uridine. Histochemistry was performed similarly to ex- 
periments described for in-situ hybridization except that 5-gm 
frozen sections were probed with unlabeled antisense transcript. 
The antisense transcript hybridized to metabolically labeled 
mRNA expressed in the outer layer of the radicle (R) in the 
developing embryo (A) and in the root cap (RC) of 3-d-old 
seedlings (B). x 200, bar = 100 gm 

an increase and subsequent decline in the level of 
WGA-B mRNA to a low level in dry seeds. Unlike 
typical seed-specific mRNAs which disappear dur- 
ing germination (see Goldberg 1986), WGA-B 
mRNA is expressed in the root caps of 3-d-old 
seedlings. The relative abundance of WGA-B 
mRNA correlates with the amount of WGA recov- 
ered from in-vitro translation and immuno-precipi- 
tation assays. Since WGA-B mRNA is expressed 
during embryo development, in mature seeds and 
in 3-d-old seedlings, this gene is not a member of 
the embryo-germination or post-germination gene 
set (Quatrano et al. 1983). 

Although the presence of a given mRNA in 
a cell does not necessarily mean that the mRNA 
is being actively translated, the coincident presence 
of its corresponding protein is prima-facie evidence 
for the endogenous biosynthesis of that polypep- 
tide. Thus, comparison of the localization of WGA 
and its corresponding mRNA permits us to deter- 
mine the actual site of WGA synthesis. Our results 
indicate that cells containing WGA-B mRNA al- 
ways contain WGA. Although in-situ hybridiza- 
tion experiments demonstrate the cellular distribu- 
tion of a specific mRNA, they do not address the 
question of whether the mRNA is being actively 
synthesized. It is possible that the mRNA detected 
in the root caps of 3-d-old seedlings represents car- 
ryover from the embryo. However, the experiments 
in which metabolically labeled mRNA was hybrid- 
ized with unlabeled antisense transcripts unequivo- 
cally demonstrate that WGA-B mRNA is synthe- 
sized de-novo in the root caps of 3-d-old seedlings. 
The detection of labeled WGA-B mRNA in both 
developing embryos and roots caps of 3-d-old 
seedlings shows that the expression of this gene 
is controlled in part at the transcriptional level. 
Furthermore, root-specific expression of WGA-B 
mRNA raises an important question concerning 
the regulation of this gene in different developmen- 
tal stages. We are continuing to investigate whether 
the root-specific expression of WGA-B mRNA can 
be accounted for by differences in the transcription 
of individual genes or by different promoters on 
the same gene. 
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