
design of a better annealing schedule and, 
hence, more accurate structures. 

Evidently the capacity of these Hamilto- 
nians per residue is significantly larger than 
it is for Ising neural networks per spin (2, 3). 
The energies of the final annealed structures 
are sufficiently close to those obtained by 
annealing the x-ray structure of the target 
protein that rms values less than 3.0 A are 
secured for most calculations. The number 
of protein families being small-of order 20 
to 40 (19)-one has hope that a cunningly 
chosen database would have sufficient capac- 
ity to classify proteins into these families. 

The Hamiltonian can also recognize vari- 
ant sequences as demonstrated in the last 
entry of Table 1 and in Fig. 1C. The De- 
sulJovibvio vulgauis rubredoxin differs from 
the Clostvidium pasteuvianium form included 
in the database at 50% of the residues. Of 
these, six are not synonymous in terms of 
our simple hydrophobicity scale. The 2.5 A 
rms value demonstrates the Hamiltonian is 
able to generalize to this degree of substitu- 
tional mutation. 

The large capacity of this simple associa- 
tive memory Hamiltonian and its modest 
ability to generalize with respect to site 
mutations suggest that this approach offers a 
fruithl perspective on tertiay structure rec- 
ognition. As it stands, the associative memo- 
ry approach should be considered as a 
framework (as opposed to a method) for 
predicting structures. The recall of structure 
is, however, comparable or better than earli- 
er studies that used only hydrophobicity 
statistics (20), which give rms values of 4 to 
8 A, although this is a somewhat unfair 
comparison. Further features must be incor- 
porated in a hllp predictive associative- 
memory Hamiltonian. Structures which 
have been modified by insertions and dele- 
tions must also be recognized. This requires 
a consideration of the invariances of Harnil- 
tonians to these sequence transformations. 
The role of vector charges, many-body inter- 
actions, and modifications of the interaction 
network, such as dilution or changing the 
range of the potentials, are also of interest. 
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Styles of Volcanism on Venus: New Arecibo High 
Resolution Radar Data 

Arecibo high-resolution (1.5 to 2 km) radar data of Venus for the area extending from 
Beta Regio to western Eisila Regio provide strong evidence that the mountains in Beta 
and Eisila Regiones and plains in and adjacent to Guinevere Planitia are of volcanic 
origin. Recognized styles of volcanism include large volcanic edifices on the Beta and 
Eisila rises related to regional structural trends, plains with multiple source vents and a 
mottled appearance due to the ponding of volcanic flows, and plains with bright 
features surrounded by extensive quasi-circular radar-dark halos. The high density of 
volcanic vents in the plains suggests that heat loss by abundant and widely distributed 
plains volcanism may be more significant than previously recognized. The low density 
of impact craters greater than 15 km in diameter in this region compared to the 
average density for the higher northern latitudes suggests that the plains have a 
younger age. 

v OLCANISM IS ONE OF THE FUNDA- 

mental processes of heat transfer 
from planetary interiors (1). The 

location of volcanic deposits and edifices, 
their volumes, and their sequence provide 
evidence for quantitative assessments of heat 
transfer in space and time. The nature of 
volcanic deposits provides clues to the style 
of volcanism, which is related to composi- 
tion, volatile content, interaction with the 
crust during ascent, and the structure of the 
crust and lithosphere (2). New data for 
about 32 x lo6 km2 of the equatorial region 
of Venus (7% of the surface area of the 
planet) (Fig. 1) provide higher quality im- 
ages than previously available for this region 
because of significant improvement in sensi- 
tivity and increased resoiution by a factor of 
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to Rico 00612. 

5 to 10 for more than 50% of the region. 
They provide information about the nature 
of volcanic deposits and permit comparison 
to other parts of Venus previously imaged at 
both high and low resolution. These new 
data show that volcanism is an extremely 
widespread process in this part of Venus and 
that volcanic deposits cover most of the 
surface area and occur in a variety of envi- 
ronments and styles. 

Observations of Venus were made during 
the summer of 1988 with the 12.6-cm wave- 
length Arecibo radar facility, and data were 
obtained with resolutions between 1.5 and 2 
km. A circularly polarized signal was trans- 
mitted, and both senses of received circular 
polarization were recorded. The equatorial 
region was viewed at incidence angles from 
about 12" to 60" (the extremes encompass 
only a small fraction of the area, and the 
incidence angle for most of the coverage was 
between 20" and 50°, similar to the range 
expected for the Magellan mission), and the 
signal-to-noise ratio decreased with increas- 
ing incidence angle because of both the 
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decrease in backscatter cross section and 
increased atmospheric absorption. Twenty- 
five "looks" (estimates of the backscatter 
cross section) were averaged to form the " 
images. This area was chosen for the initial 
data reduction and analysis because its lati- 
tude range, 12"N to 45"N, overlapped the 
southern edge of the coverage from the 
Venera 15116 spacecraft by about 10" (3) 
and extended the coverage another 23" to- 
ward the equator. It also provides overlap 
with earlier lower resolution Earth-based 
radar studies (4) and with Pioneer Venus 
radar images (5). " \ ,  

The data cover an area extending from 
just west of Beta Regio (270" longitude) 
across Guinevere Planitia to the eastern ex- 
tent of western Eisila Regio (10") and in- 
clude the central part of Guinevere Planitia 
and, north of Eisila, the southern part of 
Sedna Planitia (Fie;. 1). Beta and Eisila 

\ "  / 

Regiones, rising up to several kilometers 
above mean planetary radius, form part of 
the equatorial highlands ( 6 )  that stretch 
almost completely around the circumference 
of Venus (7). The lowlands of Guinevere 
Planitia, lying below mean planetary radius, 
are the only major zone of l&dands disrupt- 
ing the generally continuous equatorial 
highlands (Fig. 1). 

Beta Regio is a large topographic rise that 
is characterized by the convergence of sever- 
al rift zones, the most distinctive of which, 
Devana Chasma, is oriented generally north- 
south (Fig. 1). Geologic relations indicate 

that thermal uplift, rifting, and associated 
volcanism are prominent in this area (8-10) 
and that it is similar to several other regions 
identified as tectonic junctions in the equa- 
torial highlands (11). Earlier analyses have 
suggested that rifting and volcanism are 
intimately interrelated (8). In the case of 
Rhea Mons, volcanic construction appears 
to have predated the major rifting, whereas 
for Theia Mons, volcanism largely follo\ved 
rifting, forming a large construct along the 
western edge of the rift and filling in the rift 
zone (8-10). The new images reveal that 
Theia Mons is located where three or more 
major rift zones intersect (Fig. 2, A and B) 
and that extensive faulting cuts the central 
part of the volcano in a zone 60 to 100 km 
wide and oriented about NIOoE. The orien- 
tation of this fault zone is different from the 
generally N3O0-4O0E trend of the braided 
lineaments of Devana Chasma just north of 
Theia, and the fault zone generally bisects 
the trend of the two southern arms of the 
rift zone. This relation mav indicate that 
extension on the various rift arms has not 
been synchronous, but rather that it oc- 
curred.in different Darts of the rift. with 
different orientations, at different times. The 
shape of the dark, central caldera-like struc- 
ture is apparently controlled by this zone of 
faulting. We intrepret the central dark de- 
posits to be relatively smoother or lower 
reflectivity summit lava flows that have 
eru~ted  in and adiacent to the caldera and 
flowed along structurally controlled fault 

I Theia Mons I 

vvaswrn Eisila Regio 

/,A 

Fig. 1. Location and contour map of the Beta Regio-Western Eisila Regio area. Contours are derived 
from Pioneer Venus altimetry data (5) and are at 0.5-km intends. Boxes show locations of areas of 
detailed analysis illustrated in Fig. 2. Topographic profile (A-A') across region is show~n at the base. 
Location of circular features of probable impact origin (stars) and possible impact origin (filled circles) 
arc shown. 

zones to produce this elongate deposit paral- 
lel to the general fault zone. 

The detailed configuration of the Theia 
Mons de~osits  and their relation to the rift 
zones are also clear. A broad, generally 
circular bright deposit 300 to 400 km in 
diameter surrounds the irregularly shaped 
central dark structure. It is centered on the 
butterfly-shaped flanking deposits that are 
arranged bilaterally about the strike of the 
rift zone. The stratigraphic relations for 
Theia Mons can be seen in terms of the map 
patterns of the deposits: the broad butterfly 
shape of the deposits to the northwest and 
southeast represent volcanic material em- 
placed on the flanks of the rift zone, but 
where the flanks of Theia slope into the rift 
zones, a more complex relation is seen. The 
gentle slopes strongly suggest that lava from 
the volcano has been emplaced in this area, 
but much of the surface is dominated bv 
younger faults. In several places, particularly 
to the northeast of Theia, zones of flows 
from Theia can be seen to be superposed on 
the more intensely faulted rift interior (A in 
Fig. 2B). On the basis of these relations, we 
conclude that volcanism and rifting are inti- 
mately interrelated in the evolution of the 
volcano and the interior of the rift zone and 
that extension was a continuous process 
throughout the evolution of Beta ~ e ~ i o .  

Eisila Regio is a prominent linear high- 
land 1000 to 3000 km wide trending gener- 
ally west-northwest, extending some 10,000 
krn west from Aphrodite Terra, and rising 
up to about 1.5 km above mean planetary 
radius. Classified as an upland rise (5, II) ,  
Eisila Regio generally lacks the distinctive 
rift zones characteristic of Aphrodite to the 
east and Beta to the west; i t s  characterized 
by a series of mountains (Sif, Gula, Sappho, 
and others) situated on or near the summits 
of the broad rises (5) .  The data show that Sif 
Mons, in westernmost Eisila Regio, is a 
central volcano whose deposits form a 400- 
to 600-km-wide edifice, rising some 1.5 km 
above Eisila Regio (Figs. 1 and 2, C and D).  

Sif Mons is characterized by a classical 
shield volcanic form in plan view, with a 
central circular feature about 50 km in diam- 
eter from which radiate a series of radar- 
bright, elongate, lobate features interpreted 
to be lava flows or flow complexes. These 
flow units are generally 20 to 30 km wide 
and 100 to 150 km in length, but some are 
up to 400 to 600 km long. Their orientation 
is in many cases controlled by topographic 
slope (for example, flow unit A in Fig. 2, C 
and D). 

Although the tectonic structure in this 
upland rise (5, 11, 12) is not nearly as well 
developed as that in Beta, there is evidence 
for some structural control of deposits. For 
example, there is a northwest to southeast 

SCIENCE, VOL. 246 



uni 

C- 
L 

summit 

C 

f \ l  
%nd scarps 

trend to the topography ot Western Eisila 
(Fig. l), and the two linear dark deposits (B 
and C in Fig. 2D) and the summit of Sif 
Mon! ted and aligned along this 
trend ion, the deposits of Sif are 
asym distributed in a butterfly-like 
arrangement, and deposits to  the northeast 
and southwest are texturally different. Struc- 
tures appear to be oriented en echelon along 
the dominant trend (Fig. 2, C and D), 
some 
east i 
Aphn 

A number ot  small radar-br~ght teatures 
with surrounding radar-dark area 
preted to be volcanic sources and I 

occur aligned along a northwest-soumeasr 
axis : 
Mom 
to th 
dance ot indrvidual volcan~c sources in the 
lowlands, the great distances involved, and 
the concentration of deposits within about 
400 km of Sif suggests that most of the fill is 
from 

Thl 
just t 
regionally flat (k~gs.  1 and 2, k and k). 1 he 
plain5 ~cterized, particularly in the 
weste f Guinevere, by (i) abundant 
VPar ~ic sources vents (5 to 20 km 
in dia 
tled t 
wides 

,om the source vents. These two 
ristics also distinguish the plains 

rrom tne edifice deposits. There is a wide 
ers in Fig 
s than 25 
:omplex c 

O U y L I y V a L U  V L I  " L u a u  O l l l L I U a  100 to 2C 
in diameter, (iii) distinct and diffuse 
deposits from 25 to 50 km in diarnete~ 
(iv) concentric arcs forming centers , 

; are loca 
. In addit 
metrically 

variety c 
includini 
diameter 
c,,n-.-nn. 

)f source . 
g (i) small 
., (ii) dor 
.-A n" h.-" 

vents (lett 
domes les 
nes and ( 

,-A -h;-lAe 

;. 2F) 
km in 
raters 
In L, 
IV N I 1  

dark 
r, and 
about 

what simil 
n the equ: 
odite Terr 

!ar to thos 
  to rial hig 

,e observe1 
hlands in 

d farther 
Western 

50 km i 
arcs app 
shields ii 
nh.. -el 

n diamete 
ear to be 
n many ar~ 
P C  PVO"+ A. 

r. The d a ~  
located o 

eas, but tk . . 
=+P.-m."o+.. 

rk deposit 
n local ri: 
ie low top 
," A$ PlP.,. 

s and 
ies or 
logra- 
. + ; n n r  

y l n y  IllanLa LnaLr u L L L L I ~ u s I a L ~ u t &  UL LILY c 

impossible with available data. An extc 
radar-dark flow unit (Fig. 2, E an 
probably consists of multiple flows 

1 L I U I I . 7  

:nsive 
ld F) 
from 

s, inter- 
deposits, 

I . 

md on th 
i clearly h; 

e flanks o 
as contrib 
ding plair 
. .  . 

~f the volt 
uted somr 
IS, but t E  

:ano. Sif 
: lava fill 

several SI 

vicinity 
across th 

ources; on 
of a diffi 
lat appear5 

le flow em anates fro1 
deposit 51 
asis of its 

. .  . 

m the 
0 km 
form, 
me n.- 

--/ 

Dark he 

Interic 
a e  dark I 

re abun- 
. . 

;, on the b e surroun 
- .  .. . 

to be centered on a 200-km-w~de do1 
shieldlike structure. The density of 
identified in a 2.3 x lo6 km2 area in Fi 
is about 12 to 15 per 10%k The mo 

lains is cl~ 
zrlapping 
.d by di 

roughness or dielectric properties, or  
The causes of the differences in radar 
scatter (such as differences in compos 
surface flow texture, age, or  mantlinl 

1,- V L  

vents 
g. 2C 
ttling 

other soul rces. 
' Guinever 

observec 
embayin 
units cl 

I in the p 
g and ovt 

early relat 
flows and 
fferent st 

ed to 
flow 

F d a c e  
hnrh . 

ages and , .. ge 

km 

ological ske . . .  . 
e plains of e Planitia lie at. or  

ig. 2. Areci 
laps. (A) anc - 

tch 
3 ( D) aoum-centra Beta ~eglo,  show- 

~g vevana Chasrna and Thera Mons and rf t -  
dated edifice volcan~srn; (C) and (D) Western 
rsda Reglo, showlng Srf Mons and central edfice 
~lcarusrn; (E) and (F) southwestern Gumevere 
lanrtla, showlng mottled plms and abundant 

:es; (G) and ne- 
, showrng ers 
tures rdenuf 

bo radar im , ,", " . an planet; -. - try radius . -  - . and are 
-. -. 

; are char; 
rn areas 01 
cnt volcan 

- 
back- 
,ition, E 
3, for 

meter) an 
)right and 
pread and 

d (ii) bro; 
dark d e ~  

superposc 

td regions 
yosits repr 
:d flows tt 

of mot- 
csenting 
rat origi- 

example: 
not kno. 
there dc 

) and thei 
wn. In th 
)es not a1 

r absolute 
e overall 
>pear to 1 

magnituc 
region im 
be a cons 

ie are ;( 

l a g 4  , 
istent pc 

~Icanic soun 
:re Planitia. 
sint out feat 

I (H j South- 
dark-halo ] 
ied in text. 

.central Gui 
>lains. Lett 

20 OCTOBER 1989 REPORTS 375 



relation between youth and radar backscat- 
ter cross section. 1n some places the relative- 
ly youngest flows appear dark (Fig. 2, E and 
F), while in others (for example, Theia and 
Sif) many of the youngest flows are bright 
(Fig. 2, A and C). The generally mottled 
nature of the plains is clearly a result of the 
ponding of flows and flow. deposits in re- 
gions of low slopes, relative to the more 
distinctive flows seen in many areas of the 
steeper flanks of the isolated edifices. The 
general style of volcanism is similar to plains 
volcanism on Earth (13), in which abundant 
small shields and vents are the source of 
numerous flows that coalesce to form re- 
gional plains deposits. 

Irregular deposits with extremely low ra- 
dar backscatter (indicating smooth surfaces 
or materials of low dielectric constant, or 
both) have been observed in the lowest 
terrain of central Guinevere Planitia (Figs. 1 
and 2, G and H )  and northeast of Western 
Eisila Regio (4). Such deposits are also 
common at low northern latitudes in the 
Pioneer Venus imaging data (5, 14). These 
dark deposits occur in relatively low-lying 
areas. In addition to their anomalously low 
radar backscatter, these areas, which range 
in width from 300 to 1000 krn, are charac- 
terized by difFuse boundaries with the sur- 
rounding plains and an interior radar bright 
spot that typically displays a craterlike mor- 
phology with associated bright deposits. 
These central features and their halos could 
be either impact craters or volcanic craters 
and surrounding deposits (5, 15). We tenta- 
tively interpret the central bright spots in 
Fig. 2G to be of volcanic origin on the basis 
of the size of the extensive bright deposits 
relative to that of the crater and their flow- 
lobe like nature, as compared to other cra- 
ters interpreted to be of impact origin on 
Venus (15). The dark halos may be smooth 
flow deposits associated with the central 
structure. but the diffise nature of the outer 
halo boundary suggests that they may be 
related to pyroclastic deposits, even though 
ex~losive volcanic eru~tions in the Venus 
environment would require magmas with a 
high volatile content (16). Three dark-halo 
deposits containing a total of nine bright 
central features have been identified. 

In the region covered by the new data, 
volcanic deposits occur over most of the 
area. and we have documented two distinct 
associations and styles of volcanism. In edi- 
fice volcanism (Theia and Sif Mons), large 
200- to 600-km-wide volcanic constructs 
occur on regional topographic rises, and the 
location of the edifice is closely linked to 
regional structural and topographic trends; 
the majority of the volcanism occurs at or 
near the central part of the edifice. The 
structural and topographic control of the 

edifice deposits commonly results in a but- 
terfly-like array of deposits. In the case of 
Theia, there has been a constant interplay 
between rifting and volcanism. Sif Mons 
appears more isolated but is associated with 
en echelon structures along the linear crest 
of Western Eisila Regio, and it may repre- 
sent an earlier stage of evolution of volca- 
nism and rifting compared to Beta Regio. 
These volcanic edifices, which are clearly 
associated with topographic rises that may 
be related to larger scale mantle anomalies, 
appear to dominate the volcanic activity and 
output in the region and, in the case of 
Theia Mons, are intimately linked to exten- 
sional deformation. In plains volcanism, 
which occurs in the lowlands between and 
adjacent to Beta and Eisila Regiones, there 
are abundant source vents. These source 
vents display a variety of styles, are rather 
subdued topographically, and are character- 
ized by flows and related deposits that co- 
alesce and overlie one another in the rela- 
tively flat lowlands to produce the mottled 
radar-bright and -dark appearance of the 
plains. The large number and wide distribu- 
tion of vents in the lowlands (12 to 15 per 
lo6 km2) strongly suggest that plains volca- 
nism is an important aspect of surface evolu- 
tion and contributed to heat loss on Venus, 
in addition to the topographic rises and 
localized central edifices (such as Beta and 
Theia, and western Eisila and Sif). 

Individual flow units and the mottled 
nature of the plains are much more apparent 
in these data than in Venera 15 and 16 data 
for much of the northern high latitudes (17). 
The moderate radar illumination character- 
istic of the Arecibo viewing geometry and 
incidence angles (12" to 60") enhances the 
detection of variations in surface roughness 
relative to the lower incidence angles charac- 
teristic of the Venera 15 and 16 systems (3). 
This difference may account for some of the 
differences in images, although additional 
study of the regions where the two data sets 
overlap is required. The detection of indi- 
vidual flows and flow units at the incidence 
angles of the recent Arecibo data indicates 
that data from the upcoming Magellan mis- 
sion, where incidence angles will be in the 
same range, will be extremely useful in the 
study of volcanic deposits and stratigraphy. 

In all, 127 probable impact craters with 
diameters greater than 15 km have been 
identified in the Venera 15 and 16 data for 
the northernmost quarter of the planet's 
surface (15). Seven of these fall within the 
coverage of the new Arecibo data, and a 
comparison of the images of these seven 
craters for the different incidence angles of 
the two radars provides a model for the 
identification of probable impact (or, at 
least, the same type of) craters in the Areci- 

bo data. Approximately 24 circular features 
of possible impact origin and with diameters 
>15 km have been identified (black circles 
and stars in Fig. 1). However, less than half 
of them have a general appearance similar to 
the probable impact craters in the Venera 
data. Virtually all of these (stars in Fig. 1) 
are located on the margins of Beta and Eisila 
Regiones whereas most of the remaining 
features (black circles in Fig. 1) are located 
on the plains. 

Estimates of the mean crater retention age 
of the northernmost quarter of the surface of 
Venus based on the number of probable 
impact craters in the Venera 15 and 16 data 
vary from about 150 million years (18) to 
approximately 1 billion years (15), depend- 
ing on the model used for the cratering rate. 
If all 24 of the circular features in the 
Arecibo data are impact craters, then the 
density of craters greater than 15 km in 
diameter is approximately 0.7 per lo6 km2, 
slightly lower but not significantly different 
from the average value of 1.1 per 1 O6 km2 
derived from the Venera data. However, if 
only the circular features in the Arecibo data 
that resemble the probable impact craters in 
the Venera data are counted, then the densi- 
ty is less than 0.4 per lo6  km2, significantly 
less than that for the more northerly regions 
and indicative of a younger surface. The 
absence of these most likely candidates for 
impact craters in the volcanic plains may 
imply that the surface is very young or that 
the radar signatures of impact craters in the 
volcanic plains and on the margins of the 
rises are different. 
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Movement Protein of Tobacco Mosaic Virus Modifies 
Plasmodesmatal Size Exclusion Limit @ o - + ~ ~ ~ ~ ~ ~ ~ ~  Liposome-tonopiast fuSio" 

O a m  r Target molecule 

SHMUEL WOLF, CARL DEOM, ROGER N. BEAcHy, W1LLL4M J. LucAs Fia. 1. Schematic reoresentation of the techniaue 
e&loved to introddce fluorescentlv labeled taket 

The function of the 30-kilodalton movement protein (MP) of tobacco mosaic virus is moiecules, in viva, the c~tOsO1 tObarcO 
mesophyll cells. Lucifer yellow CH (LYCH; Sig- to facilitate cell-to-cell movement of viral progeny in an infected plant. A novel method ma) and FnC-labeled hexaglycine (F-Gly6) and 

for delivering non-plasmalemma-permeable fluorescent probes to the C ~ ~ O S O ~  of dextrans with molecular masses of 3,900, 9,400, 
spongy mesophyll cells of tobacco leaves was used to study plasmodesmatal size and 17,200 daltons were used as fluorescent 
exclusion limits in transgenic plants that express the MP gene. Movement of fluoresce- probes and were prepared as described by Simp- 

in isothiocyanate-labeled dextran (F-dextran) with an average molecular mass of 9400 ~~~~i f ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ $ ~ ~ ~ a ~ ~ f ~ ~ ~ ~  
daltons and an approximate Stokes radius of 2.4 nanometers was detected between by Madore et (5) and were back-loaded via 
cells of the transgenic plants, whereas the size exclusion limit for the control plants was capillary action into the tips of glass micropipettes 
700 to 800 daltons. No evidence of F-dextran metabolism in the leaves of the having a tip diameter of 0.5 to 1.0 pm. The 

transgenic plants was found. Thus, the tobacco mosaic virus movement protein has a 
direct effect on a plasmodesmatal function. 

P LASMODESMATA ARE NARROW throughout the host by moving through 
strands of cytoplasm that penetrate plasmodesmata, as in the case of mosaic 
adjoining cell walls to interconnect viruses (10-12). Electron microscopic evi- 

plant cells, thus forming a community of dence of viral particles moving through plas- 
living protoplasts termed the symplasm, modesmata of a variety of plants has been 
Cells and tissues that are remote from direct reported (11, 13). Virus gene expression, 

capillary was sealed into a micropipette holder 
equipped with a luer port, and pressure was 
controlled by a Pneumatic PicoPump (World 
Precision Instruments, model PV830). Injection 
pressure was 7 to 15 psi. Pipette movement for 
cell impalement was controlled by a hydraulically 
driven micromanipulator (Narishige model MO- 
102). 

ture-sensitive (ts) in cell-to-cell movement 
sources of nutrients can be nourished by the therefore, may provide a system forstudying (16). In transgenic plants infected with Lsl 
movement of carbohydrates, amino acids, plasmodesmata as well as virus movement and maintained at the nonpermissive tem- 
and inorganic ions through plasmodesmata. (14, 15). perature, cell-to-cell movement of the Lsl 
Plasmodesmata also reDresent ~otential Conclusive evidence that the 30-kD virus was ~otentiated in both inoculated and 
pathways for the passage of signals, either movement protein (MP) of tobacco mosaic upper systemic leaves. Although this finding 
electrical or hormonal, which could inte- virus (TMV) is involved in cell-to-cell move- provides direct evidence that the MP of 
grate and regulate the activities of different ment of the virus was demonstrated by TMV is necessaw for virus movement, little 
parts of the symplasm (1). Deom et al.  (14). Expression ofthe MP genk is known about the mode by which the MP 

The function of the symplasmic pathway in transgenic plants complemented the Lsl facilitates movement. We now show that the 
in tissues and organs of diverse plant species mutant of TMV, a mutant that is tempera- expression of the TMV MP gene in trans- 
has been reported (2). Techniques for mi- 
croinjection of nontoxic membrane-imper- Table l. Mobility of fluorescent probes through the symplasmic pathway of mesophyll cells of 
meable fluorescent dyes (for example, Luci- transformed tobacco plants. Data are presented as the percentage of injections that showed movement 
fer yellow CHI, used extensively for tracing of the specific probe, as determined 2 min after injection. (Values in parentheses represent number of 

neurological interactions (3) and studying injections). 

gap junctions (4), have been used in a 
Molecular Percentage 

number of plant tissues (2, 5-7). Synthesis 
Probe* mass Transgenic MP of injections 

offluorescent peptide probes of known mo- (daltons) plant line genotype expressing 
lecular mass and radius, developed to probe movement 

the size exclusion limits of gap junctions ( 8 ) ,  LYCH 457 277 MP+ 100 (5) 
has also been ex~loited bv ~ l a n t  scientists to 306 MP- 100 15) , L 
establish the eGent of symplasmic perme- F-G1~6 749 
ability in plant tissues (2, 5-9). F-Dextran 3,900 

Certain types of plant viruses spread 
F-Dextran 9,400 277 MP+ 93 (15) 

306 MP- 
17,200 277 MP+ 

0 (12) 
S. Wolf and W. J. Lucas, Botany Department, University F-Dextran 
of California, Davis, CA 95616. 306 MP- 

0 (6) 

C. M. Deom and R. N. Beachy, Department of Biology, 
0 (6) 

Washington University, St. Louis, MO 63130. "Described in Fig. 1. 
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