
p34cdc2 are used to precipitate p34cdc2-con- 
taining complexes from cell extracts, a num- 
ber of bands are detected (27). Moreover, it 
has been proposed that p34cdc2 might par- 
ticipate in a number of different complexes 
(28). One of them might include the un- 
known Ca2+-regulatory component. 
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Far-Red Radiation Reflected from Adjacent Leaves: 
An Early Signal of Competition in Plant Canopies 

When individual seedlings of Datwra ferox and Sinapis alba were transferred to 
populations formed by plants of similar stature, they responded with an increase in the 
rate of stem elongation. The reaction was detected within 3 days after transplanting 
and occurred well before shading among neighbors became important. This rapid 
response, which may be crucial for success in the competition for light, was reduced or 
abolished when individual internodes were "blinded" to the far-red radiation scattered 
by the surrounding seedlings. These results show the operation of a localized, 
photomorphogenetic control of stem elongation that may play a central role in the 
plastic adjustment of plants during the early stages of canopy development. 

0 NE OF THE MOST STRIKING CHAR- 

acteristics of higher plants is their 
capacity to react to the presence of 

neighbors kith changes in the-pattern of 
morphological development. This is docu- 
mented by a large number of descriptive 
studies, but few ecological experiments have 
been conducted at a sufficiently reductionist 
level to establish the precise nature of the 
morphogenetic signalsA (1, 2). 

A classic example of morphological plas- 
ticity is the redistribution of growth toward 
stem elongation exhibited by plants of many 
species when growing in dense populations 
(I) .  Several factors of the aboveground envi- 
ronment that may influence elongation, 
such as light intensity and spectral distribu- 
tion, air movement, air h-iditv and tem- 
perature, are substantially altered when the 
number of plants per unit area increases (3). 
The spectral distribution of radiation, par- 
ticularly the ratio of red (R) to far-red (FR) 
wavelength bands (R:FR), is now widely 
accepted to be a powerful environmental 
signal for plants gowing in the lower strata 
of established canoples (4). Perception of a 
low R :  FR balance by phytochrome, a pho- . - .  
tochromic plant pigment, may trigger mech- 
anisms whereby these plants react to shad- 
ing, accelerating stem elongation (shade- 
avoidance reactions). This idea is supported 
by (i) spectroradiometric studies showing 
that light filtered through a leaf canopy has a 

Departamento de Ecologia, Facultad de Agronomia, 
Universidad de Buenos Aires, Av. San Martin 4453, 
(1417) Buenos Aires, Argentina. 

low R:  FR ratio due to preferential absorp- 
tion of R light by chlorophyll (5)  and (ii) 
physiological studies with isolated plants in 
which light conditions simulated those ex- 
perienced by heavily shaded individuals (6). 

Recent analysis of the growth of plants in 
even-aged populations revealed, however, 
that the stems start exhibiting increased rates 
of elongation well before the leaves become 
shaded, and thus before they experience the 
R-impoverished light that prevails under 
dense vegetation (7, 8). This behavior may 
be crucial for success in the competition for 
light since, in fast-developing stands, indi- 
viduals are likely to be rapidly suppressed if 
their mechanisms of "shade avoidance" be- 
gin to operate only after light availability has 
been severely reduced (8). We show that this 
early reaction to the presence of neighbors is 
triggered by low R :  FR ratios received at the 
stem level and that this localized drop in the 
R:FR balance is mainly a consequence of 
the FR light reflected from nearby leaves. 

The possibility that FR radiation reflected 
from neighboring plants may initiate shade- 
avoidance reactions before canopy closure 
was suggested by previous experiments in 
canopies of low leaf area index (LA1 = leaf 
area per unit of soil area) (7). The strongest 
evidence for this hypothesis came from fiber 
optic studies showing large changes in the 
fluence rate of FR light inside the internodes 
in response to relatively small changes in 
canopy density (9) .  In the present experi- 
ments, seedlings of Datuvafevox L. and Sina- 
pis alba L. were grown in stands of different 
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Fig. 1. Diagram showing the dis- 
position of the annular filters and 

adjusted to maintain a constant R :  FR ratio 
at the first internode level (Fig. 2A). 

densities with their internodes surrounded 
by annular cuvettes containing CuS04 solu- 
tions (Fig. 1) that removed a large propor- 
tion of the FR component from the light 
received at the stem level (10). The key 
advantage of this approach is that we could 
maintain the R :  FR ratio sensed by an inter- 
node constant and high over a range of 
canopy densities by adjusting the CuS04 
concentration (Fig. 2). 

The experiments were conducted in a 
greenhouse at the Faculty of Agronomy, 
Universidad de Buenos Aires (3435 's )  
58"29'W), under natural radiation. Seeds of 
S,  alba (white mustard, Compariia Fanacoa, 
Argentina) and D. Jevox (collected from 
plants invading soybean crops) were germi- 
nated and the seedlings planted in individual 
500-cm3 pots; other cultural practices were 
as described previously (9). The cuvettes 
were fitted around the seedlings when these 

Fig. 2. (A) Relations between the 
R:FR ratio received at the first 
internode level and the LAI of the 
canopy for different concentrations 
of CuS0, in the filters. The solid 
line parallel to the abscissa is the 
average R:FR ratio received by in- 
ternodes of isolated seedlings. To 
maintain a constant R:FR ratio 
during the experiments, we 
changed the CuSO, concentration 
from 6 to 16 g liter-' and from 16 
to 25 g liter-' when canopy LAI 
exceeded values indcated by "1" 
and "2", respectively. (6 )  The effect 
of increasing LAI on the fluence 
rate of R light (650 nm) received 
by the internodes when they were 
surrounded by water (-) or 
CuS0, (- - - - - -)  filters. Results 
were normahzed to the value for 
isolated plants surrounded by water 
filters. To construct the CuSO, 
curve, we selected the salt concen- 
tration according to canopy LAI as 
indicated in (A). R :  FR determina- 
tions 1650 nm:725 nm auantum 

;he arrangement of the seedlings in 
the experimental populations (16). 

were at the cotyledonary stage. After the 
primary leaves had begun to expand and 
when the first internode was about 8 to 12 
mrn high, the cotyledons were severed and 
the cuvettes were raised to cover the inter- 
nodes completely. The seedlings were intro- 
duced into canopies 65 by 65 cm formed by 
platits of S. alba or D .  fevox of the same 
height as treated individuals. The number of 
neighbors in each canopy was adjusted to 
obtain initial LA1 values ranging from 0 to 
0.85 (1 1). Then the cuvettes were filled with 
the appropriate CuS04 solution (see Fig. 
2A) and, to provide control plants, we filled 
half of the cuvettes with water. In addition, 
some plants lacking cotyledons were intro- 
duced in the canopies without cuvettes. The 
duration of each experiment was 3 days (D. 
Jevox) or 4 days (S. alba). The LA1 of the 
canopies was checked daily (II) ,  and the 
concentration of CuS04 in the filters was 

-',, -\ . . Line of LA1 = O  I 

16 g l i ter '  - 
0.7 '.. 6 g l i ter '  

0 3 

flux ratio) were taken with'an inte- 3 s I I p ,;I 5 i l 0  
grating-cylinder probe attached to - lo0 

an SR spectroradiometer (ISCO) 005 o I 0 5  I z 
(17). The probe was held inside the 2 .- - LA1 
filters in the place of the internodes - o 
(see diagram at the upper-right cor- 
ner). The different LAI values were 
obtained with combinations of seedling numbers and size. Measurements were made at midday (solar 
elevation 236"); clear sky. 

As in previous experiments (7, X), first- 
internode elongation was strongly stimulat- 
ed by a short exposure to an increased 
number of neighbors. Average promotion 
by a canopy of LA1 in the range of 0.6 to 0.9 
varied between 52 and 107% (P < 0.001). 
A sjmilar response to plant density was 
measured for internodes surrounded by cu- 
vettes filled with water (Fig. 3). Two strik- 
ing features of the phenomenon are the 
rapidity of response and the relatively low 
LA1 values required to stimulate elongation. 
Much of this reaction to the presence of 
neighbors was due to the perception by the 
stems of FR light scattered by leaves of 
adjacent plants. This is demonstrated by the 
markedly reduced effect of canopy density 
when internodes were covered by CuS04 
filters (Fig. 3). These experiments provide 
direct evidence that elongation responses to 
plant density are photomorphogenetically 
controlled. Moreover, our results show that, 
in even-aged canopies, the R:  FR ratio of the 
light that impinges laterally on the stems 
controls stem elongation well before the 
leaves are subjected to an important drop in 
light availability (see Fig. 3, A and C, trian- 
gles) . 

Interestingly, at LA1 values greater than 
1, CuS04 filters did not completely cancel 
the elongation response to plant density 
(Fig. 3, A, C, and D). At these LA1 values 
the low R:FR ratio at the stem level is 
mainly a consequence of the reduced fluence 
rate of R light (7) (Fig. 2B), and the filters 
did not prevent the R :  FR ratio from drop- 

:ping slightly (-20%) below that measured 
for LA1 = 0 (Fig. 2A). Although this reduc- 
tion might be sufficient to stimulate elonga- 
tion (9, 12)) a possible direct effect of the 
lower fluence rate (13) cannot be ruled out. 
Moreover, at LA1 > 1  some leaves are shad- 
ed by neighboring plants (Fig. 3); therefore, 
perception of low R:  FR ratios by leaves (12, 
14)) a better water status of the shoots in the 
densest stands, or both, might also have 
contributed to promote elongation. 

More studies in real canopies are needed 
to understand how planti integrate the 
"light information" received by different or- 
gans and how this information interacts 
kith other environmental signals. But the 
present experiments show that in canopies 
(or sites in the canopy) where mutual shad- 
ing is low, internode elongation is locally 
modulated by the spectral light environment 
prevailing at the stem level. This finding 
calls attention to two important points. The 
first is that the spectra obtained with cosine- 
corrected planar sensors, which have been 
used almost universally to describe the radia- 
tion environment in canopies (5, 15)) may 
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not adequately reflect the light conditions at The second point is connected with the 
the photoreceptive site in even-aged popula- ecological significance of R:  FR perception 
tions (for example, crop stands). This is the by plants. Our results indicate that, by sens- 
reason why the R: FR-triggered responses ing local modifications in the R: FR balance 
reported here could not be predicted on the at the stem level, the elongating shoots may 
basis of classic spectroradiometer studies. acquire information about their relative po- 

Fig. 3. Elongation of the first internode of S ,  alba (A and 6 )  or D. ferox (C and D) seedlings when 
plants were exposed to background canopies of different LAI: (0) internodes surrounded by water 
filters; (0) internodes surrounded by CuS04 (FR-blocking) filters. Exposure times were 4 days (A and 
B) or 3 days (C and D). The dashed line is the extension rate of isolated seedlings with internodes 
covered by water filters (18). Also shown is the effect of canopy density on PPF intercepted per 
individual seedlings (A, PPF = photosynthetic photon flux, 400 to 700 nrn). The dotted line represents 
PPF intercepted by isolated plants. Elongation rates were obtained from length measurements taken 
from the cotyledonary node to the first leaf node at the beginning and at the end of the treatment 
period. Each point is the average elongation of 17 plants (? 1 SE) plotted against the LAI estimated for 
the middle of the experimental period (11). PPF intercepted per seedling was estimated as follows. Five 
plants were randomly selected to represent each LAI treaunent; PPF at the adaxial surface of each 
individual leaf was measured with a cosine-corrected sensor (LI-190SB, LI-COR) held at the same 
angle of display as the lamina; then the figures were integrated for the whole seedling on the basis of leaf 
area data (8). Peak levels of PPF at midday on a horizontal plane were > 1300 kmol m-2 s-' (A and B) 
or >1500 pmol m-2 s-' (C and D). Photoperiod was 12.2 hours (A), 12.6 hours (B), 13.9 hours (C), 
and 14.3 hours (D). 

sition in the stand at a very early stage of 
canopy development. This information may 
influence growth pattern and hence light 
interception in the near future. Thus, indi- 
vidual differences in the capacity to detect 
and react to localized changes in the R:FR 
ratio might determine quite different abili- 
ties to compete for light in rapidly growing 
populations. 
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Specific Expression of a Tyrosine Kinase Gene, 
blk, in B Lymphoid Cells 

Several pathways of transmembrane signaling in lymphocytes involve protein-tyrosine 
phosphorylation. With the exception of p561ck, a tyrosine kinase specific to  T lymphoid 
cells that associates with the T cell transmembrane proteins CD4 and CD8, the kinases 
that function in these pathways are unknown. A murine lymphocyte complementary 
DNA that represents a new member of the src family has now been isolated and 
characterized. This complementary DNA, termed blk (for B lymphoid kinase), specifies 
a polypeptide of 55  kilodaltons that is related to, but distinct from, previously 
identified retroviral o r  cellular tyrosine kinases. The protein encoded by blk exhibits 
tyrosine kinase activity when expressed in bacterial cells. I n  the mouse and among cell 
lines, blk is specifically expressed in the B cell lineage. The tyrosine kinase encoded by 
blk may function in a signal transduction pathway that is restricted to  B lymphoid cells. 

T HE PROG/RAMS OF LYMPHOCYTE 

proliferation and differentiation that 
underlie the humoral immune re- 

sponse are mediated by the binding of spe- 
cific antigens, cell-surface adhesion mole- 
cules, and lymphokines to receptors on B 
and T cells. Protein-tyrosine phosphoryl- 
ation is implicated as being important in 
these processes. Stimulation of T cells by 
specific antigen results in tyrosine phospho- 
rylation of specific substrates, including the 
zeta chain of the T cell receptor-CD3 com- 
plex (1). Likewise, within several minutes of 
exposure to interleukin-2 (IL-2), a number 
ofproteins in responsive cells become phos- 
phorylated on tyrosine residues; the concen- 
tration of IL-2 required for phosphorylation 
is similar to that required for proliferation 
(2 ) .  Interleukin-3, which exerts its effects on 
lymphoid and myeloid progenitor cells, also 
induces phosphorylation of specific sub- 
strates on tyrosine, including a 140-kD pro- 
tein that may represent a component of the 
IL-3 receptor (3). 

By analogy to the receptors for epidermal 
growth factor and insulin, some of the trans- 
membrane proteins implicated in lympho- 
cvte activation mav exert their effects 
through specific tyrosine kinases. In the 

S. M. Dymecki and S. V. Desiderio De artment of 
Molecular Biology and Genetics, a d  &e Howard 
Hughes Medical Institute Laboratory of Genetics, The 
Johns Hopkins University School of Medicine, Balti- 
more, MD 21205. 
J. E. Niederhuber, Departments of Surgery, Oncology, 
and Molecular Biolo and Genetics, The Johns Hopkins 
University School op~edicine,  Baltimore, MD 21205. 

growth factor receptor kinases, ligand-bind- 
ing and kinase domains are covalently linked 
(4). Such an association can also be achieved 
by noncovalent interactions. The lck gene, a 
member of the svc family, is expressed pre- 
dominantly in T lymphocytes (5). Its rod 
uct, a 56-kD tyrosine kinase (p561c'), iI 
specifically associated with two transmem- 
brane proteins implicated in T cell activa- 
tion, CD4 and CD8; cross-linking of CD4 
is accompanied by an increase in- the pro- 
tein-tyrosine kinase activity of p561"k (6 ) .  
Other lymphocyte transmembrane proteins 
may also couple to tyrosine kinases of the 
Src-type. seven members of the svc family 
have been described: svc, lyn, yes, fyn, fgu, 
hck, and lck (7, 8). Of these, only lck is 
expressed predominantly in lymphoid cells. 
The participation of tyrosine phosphoryl- 
ation in multiple pathways of signal trans- 
duction in B and T cells suggested the 
existence of additional, lymphoid-specific 
members of the svc family. 

The catalytic domains of Src-type tyrosine 
kinases are highly conserved (7, -8), sbggest- 
ing that degenerate oligonucleotide probes 
could be used to identify genes encoding 
similar proteins. We compared the nucleo- 
tide sequences of four tyrosine kinase genes: 
lck (5), v-abl (9) ,  c-svc (lo), and v-yes (11). 
Two regions of highly conserved nucleotide 
sequence were identified, and three degener- 
ate oligonucleotides, complementary to the 
coding strand within these regions, were 
synthesized (12). A mixed B and T cell 
cDNA library was screened with a pool of 

these probes, and seven independent cDNA 
clones were isolated. On the basis of DNA 
hybridization, clones 54, 96, 100, 108, and 
109 were uniquely represented in the set, 
whereas clones 102 and 103 appeared to be 
closely related. By nucleotide sequence, 
clones 54, 96, and 108 were found to 
represent suc, lck, and abl, respectively (13). 
Clones 100 and 109 are likely to be murine 
homologs of yes and fyn because partial 
nucleotide sequence analysis revealed >95% 
identity with the human genes (13). The 
nucleotide sequences of clones 102 and 103 
confirmed that they were overlapping 
cDNAs and indicated that thev were derived 
from a new member of the suc family, which 
we have called blk. 

On rescreening the library with blk cDNA 
probes, three additional 5' overlapping 
clones, designated 201, 205, and 215, were 
obtained. These five cDNA clones define a 
DNA sequence spanning 2094 bp. An open 
reading frame of 499 codons extends from a 
Met codon at nucleotides 350 to 352 to an 
amber stop codon at nucleotides 1847 to 
1849 (Fig. 1). The Met codon at positions 
350 to 352 occurs in a context favorable for 
translation (14). Four termination codons 
occur upstream from this Met codon in the 
same reading frame. Five other potential 
Met codons lie upstream from nucleotide 
350, but these are followed by in-frame 
termination codons (Fig. 1A). Thus, the 
entire blk coding sequence is represented 
within the region included in the clones. 
The most 3' terminal clone, 103, contains 
245 bp of 3' untranslated region and is 
devoid of a polyadenylated tract or a poly- 
adenylation signal (15); it is likely that this 
clone does not include the complete 3' 
untranslated sequence of blk. 

To prove the integrity of the large open 
reading frame predicted by the nucleotide 
sequence, we synthesized blk transcripts in 
vitro, and translated them in a cell-free 
system (Fig. 2). The complete sense tran- 
script directed the synthesis of a polypeptide 
of apparent molecular mass 55-kD, in agree- 
ment with the molecular mass predicted by 
the nucleotide sequence (Fig. 2B, lane 1). A 
truncated transcript that includes 314 co- 
dons of blk open reading frame and 6 addi- 
tional codons derived from the bacterial 
cloning vector (Fig. 2A), directed the syn- 
thesis of a 33-kD polypeptide (Fig. 2B, lane 
2), thus verifying that the major translation 
product is initiated at or near the Met codon 
at nucleotides 350 to 352. No polypeptides 
of comparable size were detected in reac- 
tions dkected by antisense transcripts (Fig. 
2B, lanes 3 and 4) or in reactions devoid of 
exogenous RNA (Fig. 2B, lane 5). 

The protein encoded by blk (p55b'k) rep- 
resents a new member of the Src family of 
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