Beet Mosaic and Beet Yellows Virus Transmission
by the Green Peach Aphid

EpwarD S, Syrvister'

For a period ol years, vecor-virus relationship studies have been in
progress in many arcas of the world, and much of this work has been with
vivus discases ol sugar beets. The knowledge that has been accumulated s
still far from complete, but it is at a stage which allows for some specula-
tion concerning the phylogeny of vector-virus relationships.  The follow-
ing remarks will be confined to o relatively narrow portion of the phylo-
genetic continuuin which secmns 1o be emerging within the aphid-borne
_viruses.  However, it appears likely thut the other vectorvirus relationships
will fit into the same general scheme,

In general, present day dassification puts vector-virus associations into
two broad. relatively inclusive, groups: pamely, the persistent and the
nonpersisient, 'The implications of the wominelogy are that the former are
retained for long pertods of chwe by vectors, while the latter are not

Beet mosalc virus, in s vector association, might be cited as being
typical ol the nonpasistent group, while the yellow-ner virus might be
sadd to be representative of the persistent group, Yellows, in its vector-
virus relationships, is ncither typically persistent, nor is it typically non-
persistent. Being somewhat  intermediate between the two  extremes, it
might be called semi-persisient. "The rescmblances and differences between
these two virnses, Ze., beet mosaic and beer yellows, perhaps can be best
iltustrated by taking up three fundamental phases ol aphid tansmission:
acquisition, inoculation, and retention.

Acquisition

Beet mosaic 15 @ viras that can be acquired by aphids within a tew
seconds of feading on diseased tissue. The graph (Figure 1), illustrates a
theorctical curve which might be derived lrom the published dat (4, 5) on
the acquisition threshold period of becr mosaic and the green peach aphid,
Myzus persicae (Sulzy. It should be emphasized that the time scale is in
seconds. As can be seen, between 5 oand 10 seconds the insects begin to
acquire virus. The probability of virus acquisition rises o a maximum
in the 20 10 30 second range, and then, il the Jeeding period is prolonged,
loss ol infectivity oceurs. "This is of importance, since the wual terruption
of a trial poncrration by an aphid which has previously been fasted occurs
in the 15 to 20 second range.

Recent evidence by Bradley (2) and others {1y, indicates that the
insects anequire such viruses as beet mosaic from the epidermal tssues ol the
plants, and that as aphids penctrate into deeper tissues, they begin to feed
in arcas which ware relatively poor sources of virus. Thus, it would appear
that beet mosaic is @ virus which reaches the most favorable concenwations
for insect transmission i the epidermal layers of the plant

An examination of the linited data on the acquisition of beet yellows
virus by the green peach aphid would indicate that the same type ol curve
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could be htted, and such a graphic representation is scen in Figure 2. The
main difference is in the time scale, With beet mosaic, the time scale was
in seconds, while in yellows, the time scale was in hours. These data indi-
cate that as aphids leed for o period of hours on a yellows infected plang
there is a gradual rise in the probability of virus acquisition until 4 maximum
is vreached between 12 and 24 hours. Extension of the curve is hazardous,
amd whether or not prolonged feeding on the diseased source will cause
a gradual decrease i vector dfficiency is not known at the present time,
The only indications are [rom lmited experiments where the performance
of insects fed on w virus source plant lor a single 24 hour period was com-
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Figure l.—Theoretical curve calculated from published data on the
acquisition threshold perviod of beet mosaic virus and the green peach aphid,
¥ o= 2087 - 4.3 (X — 50) — (.08 (XY — 1083.3).
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Figure Z.-—Theoretical curve calculated from data gatchered on the
acquisition threshold period of the beet yellows virus and the green peach
aphid, ¥ = 14.23 ¢ 334 (X — 6.55) — 0.093 (X* — 84),
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pared to that of inscets [ed on the same virus source plant for 2 consccutive
24 hour periods. In this case the 24 bour fed insccts transmitted virus at
about 30 poreent efliciency, while the 48 hour fed insccts transmitted virus
at about TP percent efhciency (41 infections out of 140 plants  tested,
versus 16 infections out ol 140 plants tosted, adjusted X* = 1268, d.f. 1,
p = .00l

However, using the 48 hour result in the caleulation of the parabola,
it is evident that the estimated parvabola decreases wo fast. Fowever, the
hypothesis that a parabolic curve, or somc portion thereol, could be used
to represent the manner in which the beet yellows virus is acquired by
feeding green peach aphids has yer to be disproven,

Thus, 1t is quite possible that a similar pattern of virus acquisition
“exists for both the beet mosaic and the beet yellows viruses, except that
the tme scales are entirely different, one being in scconds, and the other
being in hours. With this as a buasis, 1t might be speculated that the ac-
quisition of the mosate virus is best when the aphid stylets are in the
cpidermal region, while acquisition ol the vellows virus is best when the
hiscats are penctrating into the mesophyll or mesophyll-phlocm area. In
any event, it would scem that i the fickd, the prevention ol inseers from
acquiring beet yellows virus would be a much casier task than the pre-
vention of the acquisidion of beet mosaic virus by migrating alate,

Inoculation

The inoculation threshold period ol beet mosaic virus by the green
peach aphid, like that of the acquisition threshold period, 15 a mater of
sceonds. The carve (Figure $) rises rapidly o a maximum, and further
increasc t penetration time is ol no beneht. The same type of curve
(Figure 4y is applicable to data on the inoculaton threshold period of
bect vellows virus, hut, as in the case of the acquisition period, the time
scale is in hours. However, based upon the available evidence, the rapid
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Figurc 3.—Theoretical curve (¥ =0 1 e e, o = 60, t = seconds — 53)

caleulated from duta published on the inoculation thresheld period of the
beet mosaic virus and the green peach aphid: 22 percent transmission was
taken as unity,
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Tigure 4.-——Theoretical curve (Y =0 1 — eat, , = 0.345, t = hours) cal-
culated from data gathered on the inoculation threshold period of the
beet yellows virus and the green peach aphid; 1144 percent transmission
was taken as unity.

initial rise of the curve mdicates that the moculation threshold period is
a matter of minutes, with a maximum cfficiency in virus inoculation being
reached in about 3 hours.

It would appear that the ocalation of virus is not as rigidly de-
pendent upon a particular tissue as is acquisition, f.e., the probability of
successtully establishing an infection s not as precisely governed by specific
tissue regions as is that of acquiring virus. This may mean that the virus
when once introduced into a favorable ussue can survive with low levels
of muldiplication until such time as it is translocated to the more [avorable
regions for virus increase,

Virus Retention by Aphids

Since the beet mosaic virus is rapidly acquired and rapidly inoculated,
it is not pardcularly surprising to find that the period ol retention of a
virus charge by au infective insect is bricf. The actual time which a given
aphid will retain a virus charge sufliciently large to insure infection de-
pends to a considerable extent upon the treatment ol the vector, eg.,
whether the aphid is feeding or lasting alter acquisition, as well as the
teraperature. However, for practical simplicity, beet mosaic is not retained
by the green peach aphid lor much more than a hall hour. The data can
be reduced to an exponential carve of the order p == ¢et ¥ and cstimating
the half-life from limited data gathered at Berkeley, it would place the
hall-lile of beet mosaic viras in a {eeding inscct at approximately 5 minutes.
This would mean that there is a 30 percent reduction in the probability
ot having an infective insect for every 5 minutes that it {ceds on a healthy
plant. A graphic representation of such data is given in Figure 5.

The same type of curve can be developed using the beet yellows virus
and the green peach aphid, but here again the time scale is different. In

3 In the equation, p the probability of obtaining an infection, e is the base of natural
fogarithms, o is a constant, and t = time.
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the case ol the beet yellows virus, the hall-lile is approximately 8 hours,
instead of 5 minutes, as is illustrated in Tigure 6.

Thus, it canr be seen that the basic type ol relationship existing between
the beet mosaic and the beet yellows viruses and the vector Myzus persicar
(Sulzy under the experimental conditions bmposed, differs mainly in a
quantitative way, rather than in a qualitative way. This is not a new con-
cept. It has been suggested and advocated with various lines of rcasoning
by the knglish workers for a period of vears, mainly K. M. Smith (3) and
M.OA Watson (6). [t must be remembered, however, that data ure not
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Figure b—Theoretical curve (¥ = e, , = 0.148, t = minutes) cal-
culated to fit data published on the retention of beet mosaic virus by the
green peach aphid. The curve was calculated 1o {it 16 percent transmission
at zero time. The dotted portion represents extrapolation.
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Figure 6.—Theoretical curve (‘:’ = e at, , = 0086, t = hours) calcul-

ated from data gathered on the retention of beet yellows virus by the green
peach aphid. The curve was calculated to it 224 percent transmission at
zevo time.
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available to date which permit proper assessment of the limitations of the
concept.

Speculating further, 1t might be suggested that the more dependent a
virus has become upon a particular host plant, or the more specific are the
demands of the virus for certain tissue regions, the more tenacious are the
vector-virus relationships likely to be.

Beet mosaic, a virus which recaches maximum concentration for vector
transmission within the cpidermal tissues of the plant, but a virus which
has not yet become specialized to the extent that it can be readily trans-
mitted [rom plant o plant by wind-blown Jeaf contact, is still dependent
apon insects lor its transmission and prepetuation. Evolution (without any
implied teleology) has admirably fitted beet mosaic virus to transport by
means ol aphids, since these insects apparently find their host plants largely
by chance and random probing in cpidermal tissues of plants. Tavoring
the transmission are the low degree of vector specificity, the rapid acquisi-
tion during a wial feceding penetration, and the rapid inoculation by a
similar feeding attempt. What is lost in advantage by the inability of the
virus to survive for long periods within the vectors is gained in the Jack of
vector specificity,

Beet yellows wvirus, one which apparently requires a slightly different
tissue for optimum multiplication and survival in transmission concentrations,
presumably the mesophyll or the mesophyll-phloem tissue, is more depend-
ent on insect vectors for survival. In this case, the vector-virus relationships,
i.e., acquisition, inoculation, and retention, arc less cphemeral. Since the
vectors, to acquire the virus, must penetrate more deeply into the tissues
of the plant and since only those vectors which can use beet for a host
plant for their own benefit are likely to penctrate the beet tissue for long
periods, the vector specificity found in beet vellow is likely to be stronger.
However, in the case ol beet yellows virus, the greater restriction of vector
specificity 15 compensated by an increase in the time which the virus s
retained.
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